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PREFACE 
 

Sri Bharathi Engineering College for Women, Kaikkurichi, Pudukkottai has 

organized a “National Conference on Applications of AI and IoT in Engineering 

and Technologies (NCAAIET – 2024)” and conducted by the Departments of 

Civil, Computer Science and Engineering & Information Technology, Electrical 

and Electronics Engineering, Electronics and Communication Engineering. We 

feel swollen with pride and fortunate enough to systematize NCAAIET – 2024 on 

10th February 2024. 

 

The field of Engineering while looking back to the origins of the history, 

the contributions where astonishing as well as they stand wonders to exhibit for 

our age. Due to the wide expansion of the knowledge as well as the population 

growth, the field of engineering has to spread over a wide spectrum. This has 

resulted in multi various aspects in the field of engineering and requires 

specialization in each of the field. Now living through the current age, 

specialization in a particular field alone will not be helpful.  

 

In such a condition integration of multi various activities of engineering 

will alone fulfill the requirements of the high-tech modern world and in the days 

to come. As a fore thought and also to bring out the talents of the students of the 

various fields of engineering into one point of confluence to understand better and 

this is a joint venture for this Educational Institution also. We hope very much that 

such an effort will definitely give raise to a modern world through fulfillment of 

technologies with inter disciplinary applications.  

 

Our conference aims to integrate the various engineering disciplines and we 

feel our aim is fulfilled and now we are encouraged by more number of research 

scholars, academicians and industrialists through their proposals in the form of 

their full research papers going to be presented at this conference. We have 

received 102 papers from distinguished and multi-disciplinary engineering 

domains such as Civil, Electrical, Electronics and Information Technology and 

Computer Science. Our Technical Core committee short listed those papers into 
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70 in numbers through an optimum quality policy in selection from those 102 

papers. 

All those selected papers are to uplift the objectives of the conference and to 

interlink the multi-disciplinary engineering domains with a fore thought to achieve 

a new generation of engineers with an inter-disciplinary understanding.  

 

My sincere thanks to the respected Chairman cum Managing Director,    

Thiru. G.Dhanasekaran M.Com., M.A., M.Phil., Sri Bharathi Educational 

Institutions who is the main root for the cause of this National Conference and also 

thanks to the Secretary, Mr. L. Dawood Gani, and our thanks to the Correspondent 

Er. N. Kanagarajan and all the Trust members who have shouldered the 

organizational role. My sincere thanks to Chief Advisor of this conference Thiru. 

A. Krishnamoorthy, Administrative Officer and Institutional Publisher, SBECW, 

Pudukkottai. 

 

I feel my immense pleasure to thank our Patron Dr. S. Thilagavathi, M.E., 

Ph.D., Principal for giving me this great opportunity for this National Conference 

NCAAIET – 2024. 

 

I feel my jubilant thanks to all committees especially for Advisory committee, 

Technical committee and Editorial and Printing committee. I am gratified to the 

members of NCAAIET – 2024, judges of various session, participants of multi-

disciplinary. 

I also feel my triumphant delight to all delegates, faculties and non-teaching 

faculty members of SBECW, supportive staff of NCAAIET – 2024 and finally I am 

very grateful to the scholars of SBECW. 

 

February 10, 2024, 

Kaikkurichi. 

Convenor: NCAAIET – 2024, 

                                                                            Dr. B. Prakash Ayyappan, 

  Associate Professor, Department of EEE, 

Sri Bharathi Engineering College for Women, 

      Kaikkurichi, Pudukkottai. 
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ABOUT THE CONFERENCE 

 

  This Conference plays an imperative role in meeting demands of the 

society and taking the illumination of acquaintance to the depth of 

obscurity, uplifting the embarrassed by providing the education to the 

society. This conference will enable under graduate, post graduate, 

Research scholar, Faculties and Industrial Participants from the various 

streams of engineering to interact the people and making the bend with 

the society and awareness about multi-disciplinary fields. 

 

  “A unity in diversity” is the normal slogan that is known to most of 

the Indian Citizen. The Constitution, Government, Law and the basic 

human rights are all unified irrespective of its diversified regional, 

religious, linguistic and cultural habitual of the Indian people, does not 

stand in the way of the unity of Indians. If the country is so, why not 

we, the engineers who are the pillars of the monumental structure shall 

unite and hold the nation’s pride. The diversified fields are only various 

parts of the body. The function of a human being is only on united 

action of the various parts of the body. For anything and everything we 

need a building or structure with all amenities. For that we require 

invariably the services of engineers of various disciplines all that we 

know. As a matter of fact, we are supposed to find out a solution oby 

finding a way for inter connecting the activities of various disciplines. 

As the first step, as the Armstrong set his foot on the moon, a proposal 

for conducting a national conference of this nature is formulated.  
 

 

 

 

 

 

 



NATIONAL CONFERENCE ON APPLICATIONS OF AI AND IoT IN ENGINEERING AND TECHNOLOGIES (NCAAIET-24) 

 
 

 

ISBN: 978-81-965236-7-1 

 

 

Thiru. G. Dhanasekaran, M.A., M.Com., M.Phil., 

Chairman and Managing Trustee, 

Sri Bharathi Group of Institutions, 

Kaikkurichi, Pudukkottai – 622 303. 

 

 

MESSAGE 

 

It gives me immense pleasure to know that the Departments of CIVIL, ECE, EEE, CSE, 

and IT of Sri Bharathi Engineering College for Women, Kaikkurichi, Pudukkottai is organizing 

a “National Conference on Applications of AI and IoT in Engineering and Technologies 

(NCAAIET – 2024)”. 

 

This conference will sharpen the intellects of the Faculty members and students of this 13 

years old Institution and will enlighten the participants with latest trends in Multi-Disciplinary 

Engineering Domain. 

 

My appreciation and congratulations are due to the faculty members and students for their 

excellent contribution to the academic growth of this Technical Institution, started exclusively 

for the benefit of women students of rural areas. 

 

I extend my warm greeting to the Principal, Staff and the participants to this occasion. 

 

“When aims are high and efforts are superfluous, 

Production and outcome will be a great success” 

 

I wish the conference a great success. 

  

 

 

 

Thiru. G. Dharasekaran, 

Chairman & Managing Trustee 
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Mr. L. Dawood Gani, 

Secretary, 

Sri Bharathi Group of Institutions, 

Kaikkurichi, Pudukkottai – 622 303. 

 

 

MESSAGE 

I am happy to note that a “National Conference on Applications of AI and IoT in 

Engineering and Technologies (NCAAIET – 2024)” is being organized by various Departments 

of Sri Bharathi Engineering College for Women, Kaikkurichi, Pudukkottai on 10th February 2024. 

It is interesting to know that a Souvenir is also being released on this occasion. 

 

This conference will provide an excellent platform for the Faculty members & Research 

Scholars for exchanging their ideas and experiences for the benefit of the students. 

 

I congratulate the Principal & Faculty members of the various departments such as  CIVIL, 

ECE, EEE, CSE & IT for organizing the conference. 

 

“Creativity is must to shine in this competitive world 

Conference is the best way to reach that Paradise” 

 

I wish the conference a great success. 

 

 

 

Mr. L. Dawood Gani, 

Secretary 
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Er. N. Kanagarajan,  

Correspondent, 

Sri Bharathi Group of Institutions, 

Kaikkurichi, Pudukkottai – 622 303. 

 

 

MESSAGE 

I am very pleasure to inform you that the “National Conference on Applications of AI and 

IoT in Engineering and Technologies (NCAAIET – 2024)” is being organized and conducted by 

the various Departments CIVIL, ECE, EEE, CSE & IT of Sri Bharathi Engineering College for 

Women, Kaikkurichi, Pudukkottai on 10th February 2024.  

 

This conference will provide an excellent platform for the Faculty members & Research 

Scholars from various parts of the state and country for exchanging their ideas and experiences 

for the benefit of the students. 

 

I congratulates the Principal & Faculty members of the various departments such as CIVIL, 

ECE, EEE, CSE & IT for organizing this national conference NCAAIET – 2024. 

 

I wish this conference for a great success. 

 

 

 

Er. N. Kanagarajan, 

      Correspondent 
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Dr. S. Thilagavathi, M.E., Ph.D., 

Principal, 

Sri Bharathi Engineering College for Women 

 

 

 

MESSAGE 

 

It is a great pleasure for me as a dream has been translated into reality in organizing a 

“National Conference on Applications of AI and IoT in Engineering and Technologies 

(NCAAIET – 2024)” in our Fifteen years old college on the most auspicious day of 10th February 

2024. I strongly believe that this conference provides a platform for the participants of various 

disciplines to disseminate, share and exchange their ideas. I promise that Sri Bharathi Engineering 

College for Women will serve as a grooming ground for new generation of women leaders to 

exhibit their talents on research through this national conference. 

 

I take this opportunity to sincerely thank the management of our college for encourage 

financially supporting and extending tall the cooperation in organizing this Sixth National 

Conference on Cutting Edge Technologies in Science and Engineering in our campus. I would like 

to place on record my whole hearted appreciating for all the members of the various committees 

for their untiring efforts put in to make this conference a splendid one. It is hoped that the 

participants will have a pleasant stay in the campus during the conference period and carry the 

message of the conference for the benefit of large section of students spread over different 

institutions. The college will be conducting many more programs in the years to come with 

continued support from the management and with encouragement received from all the 

participants. I also thank the principals of other colleges for motivating their faculty and students 

to submit papers. 

 

I wish the conference a grand success. 

 

 

Dr. S. Thilagavathi 

     Principal 
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Abstract - The major source of accessible fresh 

water, rivers, faces contamination from various 

sources including population growth, industries, 

and agriculture, posing significant health risks. 

Continuous monitoring of parameters like pH, 

turbidity, dissolved oxygen (DO), and biological 

oxygen demand (BOD) is essential to ensure safe 

water supply. Traditional manual methods are 

inefficient and time-consuming. Integrating 

Wireless Sensor Networks (WSN) with IoT 

offers a cost-effective solution for real-time data 
collection, transmission, and analysis. Sensors 

placed at different sampling locations gather 

data which is then pre-analyzed and transmitted 

to a central office for monitoring. WSN provides 

autonomy, reliability, and cost-effectiveness, 

revolutionizing water quality monitoring 

practices. 
 
Key words: Water Quality, Monitoring, Internet 

of Things, Sensors 
 

I INTRODUCTION 

  Water pollution poses a significant threat 
to ecosystems and human health, underscoring the 
urgent need for advanced monitoring technologies. 
The scarcity of safe water is exacerbated by factors 
such as population growth, pollution, and climate 
change, making water pollution a major 
impediment to sustainable development [1]. 
Continuous monitoring of drinking water quality is 
essential to ensure a safe supply. Hence to avoid 
serious health issues, minimize load in water 
treatment plant and ensure the safe supply of 
drinking water there is a need for continuous 
monitoring of these parameters [2]. They include 
pH, turbidity, dissolved oxygen (DO), biological 
oxygen demand (BoD) etc. 
 

Traditional methods are manual, which 
includes sample collection and laboratory-based 
analysis and are less effective, costly, time 
consuming, and lack of real-time results and hence 
challenging. Thus there is a need to rely on 
wireless sensor networks or wireless technology, 
which present challenges including data security 
vulnerabilities, limited communication coverage, 
and energy consumption management issues.  
 

The emergence of the Internet of Things 
(IoT) has revolutionized water quality monitoring             
by facilitating the development of more efficient, 
secure, and cost-effective systems with real-time 
capabilities.  

 
 
By leveraging IoT technology, stakeholders 

can address the pressing need for comprehensive 
water quality management, mitigating the adverse 
impacts of pollution and fostering sustainable 
practices in the face of global challenges [3, 4]. 
 

II CONCEPTS OF IoT IN WATER QUALITY 

MONITORING 
 

Integrating Wireless Sensor Networks 
(WSN) with the Internet of Things (IoT) represents 
an innovative approach for real-time data collection, 
transmission, and processing in water quality 
monitoring systems [4]. Sensors placed strategically 
at various sampling locations within water sources 
detect key parameters, with the collected data 
undergoing initial analysis before transmission to a 
centralized office. Subsequently, sensor data is 
routed through a gateway to the cloud or stored 
within software via communication networks. 

 
Key sensors employed in these systems 

encompass pH, turbidity, conductivity, dissolved 
oxygen, and biological oxygen demand sensors. 
Management software platforms such as Arduino 
UNO, Raspberry Pi, ZigBee, and XBee facilitate data 
handling and analysis [5-7]. Continuous monitoring 
ensures adherence to quality parameters. 

 
The benefits of employing wireless sensor networks 
are manifold, including autonomy, reliability, 
robustness, flexibility, speed, accuracy, and cost-
effectiveness [8]. By harnessing these advantages, 
stakeholders can enhance water quality management, 
addressing environmental concerns and safeguarding 
public health more effectively. 

 

III RELATED WORK 

 
Petkovski et al. conducted an SLR on IoT-

based aquaculture systems, defining five research 
questions regarding sensor types, single-board 
computers, data transport protocols, cloud platforms, 
and IoT benefits. They found 17 sensor types, with 
temperature, pH, and DO most common. Raspberry 
Pi, Arduino, and ESP were the top single-board 
computers. However, the study lacked details on 
sensor manufacture, models, and costs, leaving gaps 
in practical implementation understanding. Manoj 
reviews Water Quality Monitoring Systems (WQMS) 
for fish ponds, focusing on IoT solutions and 
implementing a water quality management system 
with underwater sensors.  
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They identify fifteen recent papers on 
WQMS, mostly incorporating IoT and pH and 
temperature sensors. The authors note limited 
information on sensor costs, mostly deeming them 
low-cost. Notably, some papers highlight the use of 
nitrate (NO− 3) and ammonia (NH3, or AmmoLyt) 
sensors to gauge freshwater concentrations, crucial 
for managing total nitrogen levels. 

 
Silva et al. review online and in situ water 

quality monitoring advancements, focusing on 
various parameters like color, temperature, DO, 
turbidity, chlorine, fluorine, metals, nitrogen, pH, 
phosphorus, ORP, algae, cyanobacteria, coliforms, 
and E. coli. They highlight optical and 
electrochemical sensors as common measurement 
methods, urging for robust real-world assessments 
to validate recent technological developments. 
Alexander et al. developed an affordable water 
quality monitoring system using commercial 
electrochemical sensors, integrated with WSN and 
GSM technology. The system accurately monitors 
water parameters and displays real-time results via 
a web interface. Tested against standard laboratory 
setups and Horiba handheld multi-tester, it provides 
valuable insights into water quality. The system 
comprises off-the-shelf sensors, a microcontroller, 
wireless communication, and a customized buoy, 
disseminating data via a web portal and 
preregistered mobile phones. 

 
Rahman et al. integrated a smart sensor 

interface device with Arduino to monitor water 
quality parameters such as pH, turbidity, 
temperature, dissolved oxygen, and salinity. The 
system utilizes Node MCU for online data 
transmission and features QR codes for users to 
verify water safety. Suitable for agriculture and 
public water supply, this innovative solution 
enables real-time monitoring and ensures safe 
water consumption. 

 
IV COMPONENTS OF IOT IN SWQM 

SYSTEM 
 
As an example of high-level flow chart of 

how an IoT system for water monitoring might 
work, the sequence of information flow may look 
like the following (Figure 1). Various components 
include: Sensors -Water quality sensors are 
installed in the water sources for real time 
monitoring [3]. These sensors collect data on 
various parameters such as pH, temperature, and 
dissolved oxygen levels; Data collection and 
transmission- The data collected by sensor is 
transmitted to a central server or cloud service 
using a wireless communication protocol such as 
WiFi, Bluetooth, or cellular [9, 10];  Data storage 
and processing- The sensor data is stored on the 
central server or cloud service and then processed  
and analyzed by algorithms or software to identify 
trends and patterns; Alerts- If the sensor data 

indicates that there is a problem with the water 
quality an alert is sent to the appropriate authorities 
[11];  Database- The authorities can gather 
information in database for taking action to address 
the issue and for future reference. 

 
Fig1. Schematic arrangement of IoT 

components for WQM 
 

 

Fig. Various Components identified with IoT 

 

V ADVANCES OF IoT IN WATER QUALITY 

MONITORING 
 

Continuous Monitoring: IoT devices enable 
continuous data collection, providing real-time 
insights into water quality parameters such as 
temperature, pH, and oxygen levels [5, 8]. 
Remote Access and Analysis: Data collected by IoT 
devices can be accessed and analyzed remotely, 
facilitating monitoring of water quality in remote or 
inaccessible locations. 
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Quick Response to Issues: Continuous monitoring 
allows for early detection of water quality issues, 
enabling prompt intervention to prevent further 
deterioration and mitigate risks to human health and 
the environment [13, 14]. 
Increased Efficiency: IoT technologies streamline 
the process of water quality assessment, leading to 
more efficient and cost-effective monitoring 
practices. 
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Abstract -With the rapid development of the 

Internet of Things (IoT), the security and privacy 

of smart home systems based on IoT are more and 

more popular. As the key component of IoT, 

wireless communication and sensor technology are 

prerequisites for the security and confidentiality of 

smart home systems. Smart home systems 
integrate electronic information technology and 

computer control. By designing and installing 

various sensors in the home for collecting data, 

and then using the IoT platform for data 

transmission, the remote control of the home 

running state can be realized. Home security is 

guaranteed. This study designs the IoT 

architecture of a smart home, and then hardware 

and software are designed according to the system 

architecture. The hardware part is mainly 

analyzed from the image recognition module and 

speech recognition module. In addition, a stereo 
matching algorithm for smart video surveillance is 

proposed to optimize the accuracy of the 

surveillance system. Finally, the simulation results 

prove that the designed smart home systems have 

a low cost and high accuracy. It not only optimizes 

the performance of smart home systems but also 

improves the safety factor. 

 
1. INTRODUCTION 

 
Smart Home Environments integrate multiple 

IoT device send services that collect, process, and 
exchange data. They provide users with several 
possibilities to control and adapt the status of their 
home, either manually or automatically. For that 
purpose, Smart Home devices and services exchange 
data with internal and external actors. These 
interaction stake place with mobile applications on 
end-user equipment (smartphone) and also with 
remote services in the Cloud. Due to their 
interconnected nature, Smart Home devices are 
subject to several security threats either from remote 
attackers or from inside the Home Area Network 
(HAN). Moreover, these threats have an impact not 
only on a user’s data but also on his/her health and 
safety: this changes the accepted idea that the home is 
usually a safe place to live in. Smart Home 
Environments are an emerging domain and because 
the liabilities are not well defined, it becomes 
important for all actors to develop adapted security 
measures to prevent cyber threats. For that purpose, 
there is a need to secure Smart Home Environments 
and effectively reduce the threats. 
 
 
 
 
 

 
2. LITERATURE SURVEY 

 
2.1. AUTOMATIC SMART HOME SECURITY 
SYSTEM 

Today is the world of advanced ubiquitous 
mobile applications which are used thoroughly 
to save energy and time. These applications ease 
the day-to-day life of common people. Based on 
these applications and technologies we designed 
an & quot; Automatic Smart Home Security 
System & quot;. An attractive market for a & 
quot;Smart Home Security System & quot; is 
busy families and individuals with physical 
disabilities.Users can control electrical appliances 
in the home or office via smart phone. The 
application will also provide secure notification 
and alarm for Burglary, fire hazards, and LPG 
leakage. This project aims at controlling every 
happening at home or office on your fingers. 
 
2.2. IOT-BASED SMART SECURITY AND 

HOME AUTOMATION 
 

Internet of Things is a system where 
appliances are embedded with software, sensors, 
and actuators Wi-Fi is one of the main wireless 
communication protocols for connecting 
different devices for the exchange of data over 
the Internet. IoT is implemented in smart home 
security to device embedded module for 
standalone operation of collecting and 
monitoring different sensor data for home 
security. This project focuses on building a 
home security system that will be wireless. 
Security over a network is achieved using 
Arduino Uno. This system was used for 
monitoring the status of the home by using 
different sensors. 

 
3.1 EXISTING SYSTEM 

The recent developments in this 
technology which allow the use of Bluetooth and 
Wi-Fi have enabled different devices to have 
capabilities of connecting each other. Using a Wi-
Fi shield to act as the micro- web server for the 
Arduino eliminates the need for wired connections 
between the Arduino board and computer which 
reduces the cost and enables it to work as a stand-
alone device. The Wi- Fi module needs connections 
to the internet from a wireless router or a wireless 
hotspot and this would act as the gateway for the 
Arduino to communicate with the internet. With 
this in mind, an internet- based home security 
system for remote control is designed. 
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3.2 PROPOSED SYSTEM 

The smart home system has a plurality of 
sensing nodes, including the door magnetic 
sensing node, the smoke detecting node, the 
gas detecting node, the infrared detecting 
node, and the temperature and humidity 
detecting node. Based on the data collection 
of each monitoring node in the home, the 
smart home system can realize real-time 
information transmission with the network 
layer. 

4. BLOCK DIAGRAM 
 
 

 
BLOCK DIAGRAM DESCRIPTION 

4.1 ARDUINO MICROCONTROLLER 
Arduino is an open-source electronics 
platform based on easy-to-use hardware and 
software. Arduino boards can read inputs - 
light on a sensor, a finger on a button, or a 
Twitter message -and turn them into an output 
- activating a motor, turning on an LED, 
publishing something online. To do so you 
use the Arduino programming language 
(based on Wiring), and the Arduino Software 
(IDE), based on Processing. 

Why Arduino? 
Thanks to its simple and accessible user 

experience,  Arduino has been used in 
thousands of different projects and applications. 
The Arduino software is easy-to-use for 
beginners, yet flexible enough for advanced 
users. It runs on Mac, Windows, and Linux. 
Teachers and students use it to build low-cost 
scientific instruments,  g,  and  robotics. 
Designers and architects build interactive 
prototypes. 

 
-platform - The Arduino Software 

(IDE) runs on Windows, Macintosh OSX, and 
Linux operating systems. Most microcontroller 
systems are limited to Windows. 

 

breadboard version of the module to understand 
how it works and save money. 

4.2 GAS SENSORS 
 

 
Gas sensors detect dangerous gas leaks in the kitchen 
or near the gas heater. This unit detects 300 to 
5000ppm of Natural Gas. Ideal to detect dangerous gas 
leaks in the kitchen. The sensor can be easily 
configured as an alarm unit. The sensor can also sense 
LPG and Coal Gas. 

 
 

Structure and Measuring Circuit 
 
 

 
The gas sensor is shown as Fig. 1 sensor 

composed of a micro AL2O3 ceramic tube, Tin 
Dioxide (SnO2) sensitive layer, measuring electrode, 
and heater fixed into a crust made of plastic and 
stainless steel net. The heater provides necessary work 
conditions for the work of sensitive components. The 
enveloped MQ-5 gas sensor has 6 pins,4 of them 
are used to fetch signals, and the other 2 are used for 
providing heating current. 

The electric parameter measurement circuit is 
shown in fig. 2E. Sensitivity characteristic curve 
Sensitivity characteristics. 

 
RESULT: 

 

 
Fig.3 shows the typical Sensitivity characteristics of 

the MQ-5 sensor for several gases.  
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Temp: 20 
Humidity: 65% 
O2 concentration 21% RL=20kΩ 
Ro: sensor resistance at 1000ppm of H2 in the 
clean air. 
Concentrations of gases. 

ADVANTAGES AND APPLICATIONS 

ADVANTAGES 

 
 

APPLICATIONS 
 

This project can be used in our homes 
for security purposes and it can be used for any 
place that needs security. 

 
CONCLUSION 

 
With the improvement of people&#39;s 

living standards and the popularization of the 
network, security and privacy protection have 
become more and more popular. Especially the 
concept of IoT and smart home systems has 
promoted the application of electronic products 
in the family. Smart home systems can 
guarantee the security and privacy of life and 
effectively improve the efficiency of life. The 
development of smart home products has 
become a hot topic. It relies on seamless 
compatibility with the IP network and remote 
real-time video processing capabilities provided 
by high-performance embedded processors. It 
provides technical support for smart homes 
and has broad market application prospects. 

 
1) Integrating Zigbee, WiFi, GSM/GPRS, and 
other technologies, this study puts forward an 
overall design idea for the security and privacy 
of smart home systems via advanced IoT 
technology. 

 
2) According to the structure of smart home 
systems, based on the consideration of economy 
and low consumption, the design of hardware 
and software of the system is completed, which 
provides technical support for the realization of 
intelligent monitoring. 

 
REFERENCES 
 
[1] Gómez J, Oviedo B, Zhuma E. Patient 
monitoring system based on internet of 
things[J]. Procedia Computer Science, 2016, 
83: 90-97. 

 
 
 
 

 

[2] Rau P L P, Gao Q, Wu L M. Using mobile 
communication technology in high school 
education:Motivation, pressure, and learning 
performance[J]. Computers and Education, 2008, 
50(1):0-22. 

 
[3] Ferreiros J, Pardo J M, Hurtado L F, et al. ASLP- 
MULAN: Audio speech and language processing for 
multimedia analytics[J]. Natural, 2016 (57): 147-150. 

 
[4] Yuan J S, Zhang J, Wang Y. Applied Technology in 
Smart Home Furnishing Control System in the Internet of 
Things Based on SCM Microcontroller and GSM[J]. 
Applied Mechanics and Materials, 2014, 540:372-375. 

 
[5] Wang Y, Wang H, Li X. An intelligent 
recommendation system model based on style for virtual 
home furnishing in Three-Dimensional scene[C]//2013 
International Symposium on Computational and Business 
Intelligence. IEEE, 2013: 213-216. 

 
[6] Shi C B, Li WB, Wang K H, et al. Intelligent home 
furnishing management system[J]. Electronic Design 
Engineering, 2014, 22(3):136-138. 

 
[7] Zhang S, Xiao P, Zhu J, et al. Design of smart 
home control system based on Cortex-A8 and 
ZigBee[C]//2014 IEEE 5th International Conference on 
Software Engineering and Service Science. IEEE, 2014: 
675-678. 

 
[8] Alagoz B B. Obtaining Depth Maps from Color Images 
by Region Based Stereo Matching Algorithms[J]. Computer 
Science, 2008. 

 
[9] Banks J, Bennamoun M, Corke P. Fast and Robust 
Stereo Matching Algorithms for Mining Automation[J]. 
Digital Signal Processing, 1999, 9(3):137-148. 

 
[10] Hamzah R A, Kadmin A F, Hamid M S, et al. 
Improvement of a stereo matching algorithm for 3D surface 
reconstruction[J]. Signal Processing: Image 
Communication, 2018, 65:165-172. 

 
[11] Hvistendahl M. China pushes the &#39;Internet of 
Things[J]. Science, 2012, 336(6086):1223. 

 
[12] Tsai M F, Ye C K, Sinn A. Smart service relying on 
the Internet of Things technology in parking systems[J]. 
Journal of Supercomputing, 2016,13(1):1- 24. 

 
[13] Zee E V D, Scholten H. Spatial Dimensions of Big 
Data: Application of Geographical Concepts and Spatial 
Technology to the Internet of Things[J]. Nature Genetics, 
2013, 22(1):13 

NATIONAL CONFERENCE ON APPLICATIONS OF AI AND IoT IN ENGINEERING AND TECHNOLOGIES (NCAAIET-24)

ISBN: 978-81-965236-7-1
6



 

 

Review Paper: Enhancement of Efficiency and Response time of Automated 

Fire Fighting Drone  
1Dr. B. Prakash Ayyappan, 2Ms. R. Kaviya, 3Ms. S. Kopperundevi and 4Ms. S. Ramadevi  

1Associate Professor, Department of EEE, Sri Bharathi Engineering for Women, Pudukkotai-622 303 
2,3,4Student, Department of EEE,  Sri Bharathi Engineering for Women, Pudukkotai-622 303.

 
Abstract: Fires present an immense threat to 

humanity, causing massive and irreversible 

destruction. Firefighters worldwide bravely risk 

their lives to combat these infernos. Despite 

considerable technological advancements, 

effectively addressing fires remains challenging. 

The proliferation of urban areas has transformed 

our society into high-rise concrete jungles, often 

inaccessible during crises, particularly structural 

fires. Harnessing drone technology could 

revolutionize firefighting services. Our project 

focuses on developing a prototype firefighting 
drone to contain fires and minimize casualties. 

Drones offer versatility, allowing customization to 

meet specific requirements. To ensure the system's 

efficacy, we have outlined requirements and 

functionalities, designing a quadcopter equipped 

with an extinguishing system and a 

surveillance/navigation camera. This drone can be 

remotely controlled by firefighters, significantly 

reducing human involvement and the risk of 

physical injuries during firefighting efforts. 

 
Keywords: Drones, Firefighting Extinguishing 

system, Fire containment, Safety Equipments. 
 
Introduction: 

Globally, fires have an inevitable impact on 
humanity, wildlife, and vegetation, causing extensive 
destruction in both urban and rural areas. The inherent 
unpredictability of fires makes them highly perilous 
and life-threatening, with a small flame capable of 
escalating into a large-scale inferno in less than thirty 
seconds. In the contemporary world, firefighting 
primarily relies on manually operated fire equipment, 
necessitating the active involvement of firefighting 
personnel at the fire site. Firefighters put their lives 
on the line, facing both physical and mental risks. 
Developing effective methods for extinguishing fires 
with minimal casualties has become imperative. It is 
crucial to explore how technology can be harnessed to 
contain crises such as wildfires or structural fires 
while ensuring public safety. 

Recently, there has been a growing focus on 
research in Unmanned Aerial Vehicle (UAV) 
systems, both in civilian and military applications. 
These systems are gaining attention for their capacity 
to operate autonomously in complex, challenging, and 
uncertain environments, leading to increased 
endurance. A UAV, or unmanned aerial vehicle, 
operates without an onboard human pilot. Drones 
have played a significant role since their inception in 
1907, a decade before the first airplane was invented. 
 

 

Drones, or UAVs, can either fly 
autonomously or be remotely piloted, offering the 
flexibility to carry diverse payloads based on specific 
requirements and applications. Multi-rotor drones, 
relying on multiple propellers, are a notable category 
in this domain. They are relatively easy to 
manufacture and cost-effective compared to other 
drone options. The number and placement of rotors 
on the drone can be tailored according to its intended 
functionality. 

Despite the versatility of drone technology, 
there is a noteworthy contention that it remains 
underutilized, potentially offering remarkable 
advantages to emergency responders and specialists. 

Capitalizing on advancements in drone 
technology, we can employ drones for firefighting 
services. Drones currently possess a superior capacity 
for early identification compared to the unaided eye, 
especially in the case of rapidly spreading fires. This 
project aims to leverage drone technology for fire 
extinguishing purposes. A quadcopter equipped with 
an extinguishing system is meticulously designed, 
taking into account the layout of requirements and 
functionalities. Fire personnel can control the drone 
from a safe distance, while the camera mounted on 
the drone ensures proper monitoring of the fire site. 
Upon identifying the target, the user can instruct the 
drone to spray extinguishing liquid to contain the fire. 
This project proves effective in suppressing small-
scale fires. 
 
Methodology: 

In recent times, there has been a significant 
increase in reports of fire accidents, predominantly 
involving small-scale fires escalating into 
uncontrollable large-scale incidents. It is crucial to 
address and contain these fires at their initial stages. 
This project aims to achieve that objective by 
developing a prototype of a firefighting drone. The 
system must be designed to provide an effective and 
reliable solution while being user-friendly for fire 
personnel. To ensure the framework's effectiveness, a 
comprehensive layout of requirements and 
functionalities must be established. 

Selecting an appropriate fire extinguishing 
solution is a critical requirement to extinguish the fire 
effectively. A thorough survey and analysis of each 
subsystem have been conducted to identify the most 
effective components and methodologies for the 
firefighting drone's development. After careful 
consideration of various options and weighing their 
pros and cons, a quadcopter emerged as the ideal 
choice for this project.  
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Tri-copters presented challenges in 
assembling hardware due to flight restrictions, and 
their control software was comparatively more 
complex than that of a quadcopter.  An analysis of 
various fire extinguishing solutions, a conclusion was 
reached that a simple yet effective mixture of water, 
baking soda, and dish soap stands out as the most 
practical extinguisher among all the options. 
 
Proposed Technique:  

This project entails the implementation of a 
firefighting drone featuring an extinguishing system 
mounted on a quadcopter. The requirements are 
categorized into subsystems, specifically mechanical, 
electronics, and software. Within the mechanical 
system, the first requirement is the drone platform 
equipped with the payload and the extinguishing 
system. The second involves selecting the container 
for holding the extinguishing liquid, and thirdly, a 
pumping system to transfer the liquid from the 
container to the nozzle. 

In the electronic realm, a crucial requirement 
is a custom-designed printed circuit board (PCB) or a 
power distribution board (PDB) to regulate and 
control the distribution of electrical power for each 
subsystem. The PDB and the controller collaborate to 
manage the on-board mechanisms and facilitate 
communication between multiple subsystems or 
devices. Additionally, there is a need for a circuit 
design to operate the pumping system. 
 

The software component encompasses 
designing the drone platform using computer-aided 
design (CAD) and establishing drone controls through 
Mission Planner software. 
 
System Components: 

The choice of components is contingent 
upon the specific requirements of the project and the 
intended application of the drone. The selection 
process initiates with estimating the drone's weight 
according to project specifications, determining the 
type and size of the frame and propellers, and 
subsequently calculating the necessary thrust for each 
motor to maintain stable flight. Based on the power 
and current specifications of the motor, appropriate 
power supply and Electronic Speed Controllers 
(ESCs) must be selected. 
 

When deciding on the propellers, various 
factors such as the number of blades, current draw, 
weight, and stiffness need to be taken into 
consideration. In the case of frame selection, 
parameters such as size, material, configuration, and 
geometry are crucial factors that need careful 
evaluation. The following section provides a 
description of the components utilized in this project. 
The frame serves as the primary structure or body of 
the drone, providing support for all components, 
including hardware and payload, through the use of 
suitable mounting hardware. An A4-arm X-
configuration is adopted for its ease of fabrication and 
control.  
 

The frame is specifically tailored and 
designed using computer-aided design (CAD). 
Constructed with aluminum arms and a polycarbonate 
plate, it offers a rigid structure while remaining cost-
effective.The motors must be chosen to provide 
ample thrust for the drone, ensuring stable flight with 
a heavy payload, such as the extinguishing system, 
while considering torque, speed, and KV variations. 
The A2212 2450KV brushless DC motors are deemed 
suitable for this purpose. Two sets of 1045 propeller 
pairs, each consisting of one clockwise-rotating and 
one counter-clockwise-rotating propeller with 2 x 
propeller shaft adapters, are utilized. These propellers 
control motor speed by adjusting the current based on 
instructions received from the flight controller, 
supplying the necessary 3-phase AC current to drive 
the motors. 

For motor speed regulation, a fully 
programmable 30Amp BLDC ESC Circuit with 5V, 
3A BEC (battery eliminating circuit) is employed. 
The Pixhawk 2.4.6 32bit ARM RC Flight Controller 
processes and coordinates instructions from other 
electronic components when signals are transmitted. 
Equipped with various sensors such as a gyroscope, 
magnetometer, accelerometer, etc., the flight 
controller senses different parameters and conditions 
during operation. 

The selection of a battery is influenced by 
factors such as the number of cells, capacity, and C 
rating. In this project, a 3-cell, 11.1V LiPo battery 
with a capacity of 2200 mAh is employed. To address 
post-flight battery drainage, an appropriate battery 
charger is chosen. 

The power distribution board (PDB) takes 
the battery voltage as input, offering multiple 
connection points for all other electronic components. 
A regulator or Battery Eliminating Circuit (BEC) is 
included to power low voltage components. 

For communication between the ground 
station and the drone, a Flysky i6B 2.4GHz 
transceiver set is utilized. The flight controller 
receives signals from the transmitter or remote control 
through a radio receiver. 

The extinguishing system comprises a mini 
12V DC brushless water pump, a nozzle, and a 
suitable container for the extinguishing liquid. An 
optional FPV camera can be incorporated for 
surveillance and target recognition. The camera 
transmits signals to the Video Transmitter (VTX), and 
the VTX sends the signal through the antenna to a 
video receiver, which, in turn, transmits it to a screen. 

For an FPV setup, two video antennas are 
typically needed for transmission and reception. A 
2.4GHz transmitter and receiver are considered ideal. 
Alternatively, a camera module can be interfaced with 
a Raspberry Pi 3 B+, and the video can be streamed to 
the Pi's screen. 
 
Working:  

Manual control of the firefighting drone is 
facilitated through the radio receiver, enabling the 
operator to command the quadcopter's movement in 
various directions.  
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Stability is achieved by adjusting the speed 
of the motors and the motion of the propellers. The 
transmitter at the ground station, manipulated by the 
user, sends signals to the receiver.  

Subsequently, the receiver communicates 
this information to the flight controller, which utilizes 
Electronic Speed Controllers (ESCs) to regulate 
motor speed, resulting in controlled movement. 

The operator receives visual feedback from 
the quadcopter. The transmitter transmits this 
feedback to the receiver, which relays it to a display 
device, such as a screen or a base computer. This 
display aids the operator in navigation and decision-
making regarding the target location, specifically the 
location of the fire. 
The extinguishing liquid consists of a solution of 
baking soda, detergent or dish soap, and water. The 
pump within the extinguishing container is connected 
to a power supply and a controller to enable 
automation. The controller interfaces with a receiver, 
and the transmitter connects to a controller and a 
switch under the operator's control. The switch 
regulates the on-off function of the pump for the 
purpose of spraying. 
 
Design and Implementation: 

The initial phase in constructing a drone 
involves deciding on its configuration and assembling 
various frame components, such as the landing gear 
and mounting plate, using screws and nuts. After 
determining the suitable positions and orientations for 
all components, the Power Distribution Board (PDB) 
is affixed. Before mounting, the battery connector and 
other small pads are soldered to the PDB. 
Subsequently, the motors are securely fastened 
according to their designated positions. 

As there are two sets of clockwise and 
anticlockwise motors, opposite motors within the X 
configuration must spin in the same direction. After 
positioning the motors, the four Electronic Speed 
Controllers (ESCs) are affixed to the arms of the 
frame using double-sided tape. Each motor possesses 
three wires that will be connected to the ESC with a 
bullet connector. 
 

 
 

Fig.3.1 Block diagram of Fire Fighting Drone 
 

The next step involves connecting the other 
end of the Electronic Speed Controller (ESC), which 
has a positive and negative wire, to the respective 
pads on the Power Distribution Board (PDB). With 
the power system now ready, the setup of the First 
Person View (FPV) system can proceed by powering 
the camera and Video Transmitter (VTX) from the 

PDB. Alternatively, a Raspberry Pi can be utilized to 
interface with the camera and stream video on its 
screen. It's worth noting that the use of the camera is 
optional since the primary goal of this project is to 
extinguish small-scale fires. 

Moving on to the wiring of the flight 
controller, it requires 5V power supplied by the power 
module, which also enables the Pixhawk to monitor 
the current and voltage levels of the main battery. The 
power module has a 6-pin cable plugged into the 
power port of the flight controller. The signal wire 
and signal ground wire from each ESC are connected 
to the flight controller, with output connections to the 
motors arranged according to their specified order. 
Additionally, a safety switch and a buzzer must be 
connected to the Pixhawk flight controller in their 
designated ports. 

The receiver is then mounted and powered, 
receiving power from the flight controller. The signal 
wire in the receiver is connected to either a UART 
RX based on the mode of communication. Pixhawk is 
compatible with a PPM-Sum receiver, so the ground, 
power, and signal wires are plugged into the RC pins 
on the flight controller (Pixhawk). Completing the 
setup involves binding the transmitter and receiver. 
The battery can be connected through the power 
module as needed. 

For the extinguishing system, an electronic 
submersible pump, along with a bent pipe for 
improved efficiency, is placed inside a suitable 
container. A nozzle is connected at the container's 
mouth for spraying the extinguishing liquid. Switch A 
on the transmitter is programmed to control the on-off 
function of the pump. Specifically, switch A is 
assigned to channel 5 on the receiver. The flight 
controller receives information from this channel 
through the receiver, and output pin 5 is connected to 
the pump. This setup allows the user to control the 
pumping action from the ground station, completing 
the hardware implementation of the project. 
 
Software Implementation: 

The Mission Planner software, an essential 
ground station application provided for drone pilots, 
facilitates the configuration of various drone aspects. 
Calibration and setup of the drone are conducted 
through this software. After installing the software on 
a PC, establish a connection between the drone and 
the PC using a USB cable. Subsequently, peripheral 
setup is required, involving the configuration of the 
drone by selecting the frame layout, calibrating 
various components, and setting up flight modes. 

For optimal drone performance, assumptions 
about the aggregate weight of the quadcopter are 
made to determine the appropriate frame size, 
propeller size, and the thrust generated by the motors 
to lift and maintain stable flight. In this instance, the 
selected motors are designed to provide an 
approximate thrust of 800g each. Specific parameters 
such as the angle between the frame surface and the 
landing gear (-50 degrees), the height of the landing 
gear (4.5 inches), and the width of the landing gear 
(0.2 inches) are considered during the configuration 
process. 
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Top of Form 
 Quadcopterflighttime=(batterycapacity*batteryd

ischarge/averageAmpdraw) *60 
 Battery capacity= 2200mAh 
 Battery discharge=80% 
 Avg amp draw=20A 
 Quadcopter Flight time = 

([(2200/1000)*(80/100)] /20)*60 
 Quadcopter Flighttime = 5.28minutes 

 
Results and discussion: 

Through extensive research, design 
modeling, and multiple testing techniques, a 
meticulous selection process was employed to meet 
all the specified requirements for developing and 
constructing an efficient system. Initially, calibration 
challenges were encountered, but after two attempts, 
successful calibration was achieved. The quadcopter, 
equipped with the extinguishing system, 
demonstrated the ability to fly and hover over a 
location illuminated with fire. It is crucial to exercise 
caution when setting up the fire. 

In the initial attempts, a challenge emerged 
as the drone unintentionally contributed to the fire's 
escalation due to downward thrust. This issue was 
attributed to the arrangement of the extinguishing 
bottle, with its nozzle facing vertically downward. To 
address this problem, corrective measures were taken 
by placing the nozzle horizontally at an angle and 
bending the nozzle pipe. 
In summary, the design and development of a 
firefighting drone, capable of extinguishing small-
scale fires, have been successfully executed. For 
experimental purposes and unforeseen circumstances 
during test flights, the project was also conducted 
using a pre-made drone frame. 
 
Conclusion:  

Fire, an age-old destructive force, has 
become more manageable with technological 
advancements. This paper presents a solution to 
firefighting challenges using drone technology and a 
specialized extinguishing system. It outlines and 
illustrates the construction process for a drone capable 
of extinguishing small-scale fires. In conclusion, 
leveraging continually evolving drone technology 
offers a safer approach to firefighting, reducing 
firefighter involvement and minimizing the risks of 
physical injuries and life-threatening situations. 
Comparing this prototype with the current technology 
employed by fire departments, which predominantly 
uses drones for surveillance purposes only, highlights 
the efficiency of this project.  

One notable advantage of drones lies in their 
dynamic payloads, allowing for multiple equipment 
configurations based on user requirements. With 
adequate funding, further development of this 
prototype could involve the incorporation of thermal 
imaging and GPS modules, enabling autonomous fire 
detection and navigation through flames, eliminating 
the need for human control.  

 
 

 
Expansion possibilities include integrating 

multiple drones through Flying Ad-Hoc Networks, 
forming an interconnected drone network or a swarm.  
This approach could address large-scale structural 
fires and wildfires, providing enhanced monitoring 
and firefighting coverage. Another potential 
enhancement involves using a high-grade 
extinguishing fuel, equipping the drone with a fire 
extinguishing bomb that outperforms many existing 
firefighting techniques when deployed into the fire. 
Utilizing such innovative solutions can alleviate the 
pressure on the drone and enhance firefighting 
effectiveness. 
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Abstract - Batteries play a crucial role in electric 

vehicles, serving as the primary components 

responsible for the charging and discharging 

functions that supply power to the vehicle's motor. 

Without properly functioning batteries, an electric 

vehicle cannot operate efficiently. Variations in 

current and voltage have a direct impact on the 

battery system, making accurate predictions of these 

measurements challenging. The primary objective of 

this study is to observe and optimize Battery Energy 

Management Systems (BEMS) using the Internet of 

Things (IoT) and Artificial Intelligence (AI). The 

research also aims to explore effective strategies for 

managing batteries in electric cars. The choice of 

lithium-ion batteries is based on their higher energy 

density compared to conventional batteries. Given the 

costliness of batteries in electric vehicles, there is a 

significant opportunity to enhance predictions of 

Battery State of Health (SOH) and State of Charge 

(SOC) through AI-Powered Cloud Services, 

promoting cost-effectiveness and durability.The 

proposed system, driven by artificial intelligence and 

hosted on a cloud platform, has the capacity to adapt 

to evolving changes in battery health resulting from 

operational conditions. It continuously provides 

updated information to the battery management 

system, enabling it to make progressively improved 

management decisions. The neural network 

algorithm is implemented using a Python script, while 

Node-RED is employed for designing the user 

interface and login on the web server. In the realm of 

embedded devices, sensors, and mobile apps, the 

Internet of Things plays a significant role, and the 

MQTT protocol serves as a reasonably lightweight 

messaging solution. 

Keywords: Battery Management System, Electric 

Vehicle, Embedded System, Artificial Intelligent and 

Internet of Things. 

I. Introduction 

Implementing a Battery Management System 
(BMS) is crucial for monitoring battery life, charging 
and discharging processes, and overall system operation. 
Instruments used to measure physical quantities like 
temperature, electric current, and battery potential 
difference fall under this category. Analyzing these 
characteristics allows for the assessment of the battery’s  

 
State of Charge (SOC) and State of Health (SOH). 
Ensuring the reliable and safe operation of lithium-ion 
batteries in electric vehicles requires the adoption of 
online monitoring and status assessment techniques. A 
battery monitoring system enables car owners and 
service providers to conveniently evaluate their vehicle's 
battery condition, regardless of location or time 
constraints. It allows for the timely identification and 
replacement of failing batteries before they impact others 
in the pack.The Battery Management System (BMS) 
supervises and controls individual cell attributes within 
the battery pack through continuous monitoring. The 
capacity of the battery pack can vary among cells, 
showing an upward trend as charging and discharging 
cycles increase. Advancements in notification system 
design have popularized the use of Internet of Things 
(IoT) technology in providing manufacturers and 
customers with real-time battery status information.  

This proposed work is considered a 
recommended regular maintenance procedure, as 
suggested by manufacturers.Electric vehicles (EVs) 
have emerged as environmentally friendly 
transportation options, but their limited travel range, 
dependent on battery size and condition, remains a 
significant drawback. Monitoring the battery's 
condition is crucial for ensuring the safe and effective 
operation of EVs. The Internet of Things (IoT), 
offering real-time monitoring and remote device 
control, has gained attention across various industries, 
including automotive. Integrating IoT into EVs has the 
potential to enhance user satisfaction, improve battery 
performance, and increase efficiency.This paper 
proposes an IoT-based battery monitoring system 
tailored for electric vehicles, comprising battery 
sensors, a microprocessor, a wireless connection 
module, and a cloud server. Battery sensors collect 
voltage, current, and temperature data, transmitting it 
to the microcontroller. The microcontroller processes 
the data and sends it to the cloud server via the wireless 
connection module. Data is stored on the cloud server, 
allowing analysis to reveal information about the 
battery's condition. The suggested solution provides 
real-time monitoring, optimizing performance, and 
extending battery life. Additionally, the system's data 
can be utilized to forecast the remaining range of the 
EV, aiding drivers in route planning. 
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II. Methodology 

          The analysis is structured into three main 
categories: control system, battery monitoring system, 
and Internet of Things (IoT). In the IoT battery 
management system, real-time battery-related data, 
including voltage, current, and temperature, is promptly 
transmitted to the cloud during both charging and 
discharging processes. Subsequently, the system employs 
machine learning and artificial intelligence algorithms to 
analyze the data. If any battery malfunction or defect is 
detected, the driver or service provider is promptly 
notified. Figure 1 illustrates the overall processes. 

 

Fig.1. Block Diagram Representation 

 

Fig.2. General Flow Diagram 

Lithium-ion batteries are composed of one or more 
lithium-ion cells, along with a protective circuit board 
and additional components. When these cells are 
integrated into a device equipped with a safeguarded 
circuit board, they are commonly referred to as 

batteries. In the lithium-ion battery, the process 
involves the migration of lithium ions (Li+) from the 
cathode to the anode. Simultaneously, electrons exhibit 
migratory behavior in the external circuit, moving in 
the opposite direction. This electron movement 
generates the electrical current, powering the device. 
During discharge, the anode transports lithium ions to 
the cathode, facilitating an electron flow that 
contributes to powering the associated device. 

III. Working Principle:  

 

Fig. 3. Overview of Lithium-ion Battery  

        The operation of a rocking chair powered by 
lithium-ion batteries involves the conversion of chemical 
energy into electrical energy through redox reactions. 
Typically, a lithium-ion battery comprises two or more 
electrochemical cells that are electrically interconnected. 
During the charging of the battery, ions tend to migrate 
towards the anode, the negatively charged electrode. 
Upon complete discharge, lithium ions undergo a process 
of returning to the positive electrode, or cathode. This 
illustrates the reciprocal migration of lithium ions 
between the positive and negative electrodes during the 
charging and discharging process.Batteries are equipped 
with anode and cathode electrodes, where the cathode 
forms the positive terminal, and the anode forms the 
negative terminal.  

The cathode in a lithium-ion battery primarily 
consists of a lithium emulsion, while the anode is 
predominantly composed of graphite. The movement of 
lithium ions within the battery occurs from the cathode to 
the anode, or from the positively charged electrode to the 
negatively charged electrode when the battery is 
electrically connected. This represents the charging 
process of the battery. During the discharge phase, 
lithium ions transfer from the anode to the cathode, 
corresponding to the movement of ions from the negative 
electrode to the positive electrode. This discharge 
process results in the generation of electrical energy. 

IV. Sensors 

        This detector serves to calculate, cover, and 
determine voltage force. It can ascertain the presence of 
AC or DC voltage, offering the capability to take voltage 
as an input and provide switches, analog voltage signals, 
current signals, or audio signals as output.  
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Fig.4. Voltage Sensor 

 

Fig.5. Current Sensor 

To measure the current flowing through a 
circuit, the ACS712 Current Sensor is employed as a 
detector, capable of detecting and quantifying the 
amount of current passing through the circuit.For device 
functionality, the ACS712 Current Sensor is crucial in 
accurately assessing current flow. In the context of 
physical processing, the Raspberry Pi, a Linux-based 
computer, features a set of GPIO (general-purpose 
input/output) pins. These pins enable the Raspberry Pi to 
both gather information about and manipulate electronic 
components. The ESP32, known as the Expressive 
Systems chip, is a significant component in this setup. It 
facilitates bidirectional Bluetooth and Wi-Fi connectivity 
for embedded devices. While manufacturers commonly 
refer to modules and development boards utilizing this 
technology as "ESP32," it's essential to recognize that 
ESP32 is fundamentally a chip. 

 

Fig.6. ESP32 Chip 

The Gated Recurrent Unit (GRU), a variation of 
the recurrent neural network (RNN), is utilized to 
address challenges associated with long-term memory 

and gradients during backpropagation. In comparison to 
the Long Short-Term Memory (LSTM), the GRU boasts 
a simpler structure with one fewer gate. Figure 7 
illustrates the two gates in the GRU model: a reset gate 
and an update gate. This simplicity results in a model 
that requires fewer parameters, demands reduced 
computing power, and facilitates faster training. The 
reset gate manages the preservation of historical data, 
with a higher reset gate value indicating fewer disregards 
of past data. The update gate governs the integration of 
current and new input.The flow diagram depicted in 
Figure 7 highlights the effectiveness of GRU in handling 
large time series data.  

 

Fig.7. GRU Block Diagram 

 

Fig.8. Architect of Electric Braking System 

 

Fig.9. GRU Mathematical Representation 
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The GRU design allows for the utilization of the 
same parameters at different time steps, making it well-
suited for one-dimensional time series data from 
batteries, encompassing voltage, current, and 
temperature.Shifting focus to Long-Short-Term Memory 
(LSTM), the memory cell in the Hidden Layer plays a 
pivotal role as the foundational building block of the 
neural network. It characterizes the transient dynamics 
within a group of objects, underscoring the significance 
of memory in item categorization. Hidden Layer 1 
reflects variants through the connections between 
memory cells and gates, while Hidden Layer 2 dictates 
the frequency of a cell's state updates. The output layer 
integrates an LSTM block, relying on LSTM architecture 
for the recognition of a battery system. 

 

Fig.10. MQTT Cloud with IoT Device 

Conclusion:  

         This research undertakes a thorough exploration 
of the battery management system, emphasizing two 
pivotal aspects: state of charge and state of health. The 
primary aim of this undertaking is to pinpoint the most 
cutting-edge AI technology applicable to battery 
management systems. Consequently, an exhaustive 
review of pertinent literature concerning these specific 
AI technologies is undertaken, with a special emphasis 
on the associated challenges. The selection of Li-ion 
batteries as the optimal energy storage solution for 
electric vehicles is driven by factors such as extended 
lifespan, diminished discharge rates, heightened 
efficiency, and superior power and energy densities. Our 
research focus is dedicated to scrutinizing and evaluating 
these crucial characteristics.To ensure the secure and 
dependable operation of batteries in electric vehicles, this 
study offers a comprehensive analysis of primary 
parameters and their respective roles in facilitating safe 
operation and the operational lifespan of a battery 
management system. These parameters are regularly 
updated on the webpage, and notifications are accessible 
on the dashboard. The IoT and artificial intelligence-
based battery energy management system prove to be 
highly efficient. 
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Abstract - Metal halide perovskite is a promising 

material for next generation solar cell application 

due to their promising optical properties. Over the 

last few years, there are witnessed in high 

progress photo conversion efficiency (PCE). Till 

date, highest efficiency 25% is achieved. Here 

some potential strategy is giving in this present 

work like novel 2D MOF metal halide perovskite 

thin film is focused in this presented work. 

Moreover, two major challenged problems have 

found and analyzed. In this research work, 2D 

MOF, n-ZnO, p-CuO materials are used for retain 

stability, electron transport layer and hole 

transport layer respectively. Moreover, spray 

pyrolysis technique is used for making thin film 

fabrication. Therefore, we are used some potential 

strategies for fabricating wide area perovskite thin 

film, high stability and high photo conversion 

efficiency (PCE).Finally, future application is also 

discussed in the present work. 

 

Keywords: 2D-MOF, Perovskite, high stability, high 

efficiency, Spray Pyrolysis. 

 

I. Introduction 

The project is focused on fabricate metal halide 
Perovskite with 2D metal organic frame work for 
achieving high stability and efficiency for solar 
energy harvesting application. To date, Perovskite are 
one of the leading and peculiar candidates among the 
solar energy harvesting materials. Perovskite is a 
good player and sensational candidate in solar cell 
manufacturing industries. Moreover, Perovskite have 
promising potential strength such as wide range of 
band gap which can use absorb all spectrum and 
transfer its energy efficiently that it uses to make a 
highly efficient solar cell device. Besides, Perovskite 
are offering more and more advantages such as low  

 

 

cost and low temperature manufacturing process. The 
Perovskite materials can also be made cheaper and 
performed better than conventional device and 
manufacture at less than 200°C by solution and vapor 
deposition. So, very recently, Perovskite is strongly 
promoted to technologically for solar energy 
production. So far, the efficiency of Perovskite 
candidate rapidly increased from 3.8% to 25%.The 
pivot points of Perovskite is encouraged to make a 
highly power conversion efficiency solar cell. 
However, there are some challenging problems 
therefore the problems such as in stability, large area 
with high uniformity are not yet to be overcome. To 
eliminate these problems, to retain material stability, 
we have to use some potential strategies means that 
new kind of materials such as 2D metal organic 
framework (2D-MOF) will use as the protection layer 
on Perovskite layer for no loss efficiency. Therefore, 
metal halide Perovskite ABX3 (A=Metal perovskite, 
B= Pb, X=I, Cl, Br), p-CuO (HTL), n-ZnO (ETL) and 
FTO, ITO will use as materials and substrates to 
fabricate 2D MOF metal halide Perovskite thin 
film.Therefore, let us considered a 2D metal organic 
framework (2D-MOF) on Perovskite layer to achieve 
stability to retain stability and efficiency. So, the new 
construction approach will be a blueprint for solar 
cell applications. Therefore, the research direction is 
1.Material construction to improve stability with high 
efficiency, 2.Spray pyrolysis, 3.Stability Analysis, 
4.Efficiency Measurement, 5.Device Fabricate. This 
research ideas work will demonstrate stability and 
efficiency of Perovskite.   
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II. METHODOLOGY  

Material and Coating Technique 

This work focused on fabrication of 2D metal 
organic framework (MOF) metal halide Perovskite 
thin film for solar cell application. Simple spray 
pyrolysis can use to fabricate Perovskite thin film. 
Moreover, spray pyrolysis is an undoubtedly 
desirable and gifted technique to control the growth 
properties of the layers. Spray pyrolysis deposition 
offers more advantages to scalable fabrication, low 
cost in fabrication and uniform deposition over large 
areas. Therefore, undoubtedly, spray pyrolysis 
deposition will be potential technique to develop 
scalable device. In spray coating technique, 
Perovskite shows different photo conversion 
efficiency (PCE) according to substrate active area, 
example is 13.9 % (PCE) for 1 cm2 (active area), 
11.7% (PCE) for 3.8 cm2, 15.5%for 5 cm2 and  
remarkably 17.6%,18.26% and 19.19% for 1 cm2. At 
research level, they attempt only preliminary level to 
reveal the photo conversion efficiency (PCE) based 
on the active area size or substrate size. Therefore, in 
this work, large active area thin film solar cell will 
fabricate by spray pyrolysis deposition. In this work, 
concentration of solutions will concentrate to 
fabricate uniform large area scalable Perovskite 
device with high stability. Therefore, 2D metal 
organic framework metal halide Perovskite thin film 
will fabricate based on given optimization 
parameters.FTO, Glass will use as substrate, 
Perovskite solution concentration and viscosity, 
Substrate temperature ,Nozzle diameter, Spray flow 
rate. Materials formula is ABX3 (A=Formamidinium 
(FA) , A= CH3NH3, B= Pb2+, X=I, Cl, Br), 2D MOF 
(metal organic framework) and n-ZnO and p-CuO 
will use to fabricate scalable device. 

 

III.  Device fabrication  

 

To fabricate scalable device, viscosity, solution 
concentration, floe rate and substrate temperature will 
strongly be promising factors for fabricating high 
quality 2D MOF perovskite thin film for solar cell 
application. Majorly, the parameters will be used to 
morphology and film uniform control that lead to 
fabricate high quality perovskite active layer, electron 
and hole transport layer. Therefore, spray pyrolysis 
technique is considering carefully for fabricating 

scalable perovskite thin film for solar cell application. 
Our major objective is to fabricate 2D MOF metal 
halide perovskite thin film for achieving high 
stability and photoconversion efficiency (PCE). Here, 
schematic illustration of 2D MOF metal halide 
perovskite thin film solar cell device in fig 1. 

 

 

 

 

 

 

 

 

 

 

 

Fig.1.Schematic diagram of 2D-MOF Perovskite 

thin film. 

The major strategy is, material construction is 
main one to achieve high stability and high efficiency 
Perovskite thin film device. To achieve high stability 
such potential materials are introduced here namely 
metal halide perovskite, 2D-MOF.Because,2D MOF 
helps to retain stability. Bearing these aims in mind, 
we turn our care to 2D MOF layer on metal halide 
perovskite for achieving high stability with no loss 
efficiency. There is no doubt that the new entrant 
material construction will offer prospects of 
captivation. Hence, due to these the present 
strategies, stability and efficiency can be improved.   
 

IV. C onclusion 

For future energy compromise, some important 
strategies which mean that potential candidates are 
introduced namely 2 dimension- metal organic 
frameworks (2D MOF) for achieving high stability 
Perovskite for solar energy harvesting device 
fabrication. The 2D MOF metal halide Perovskite 
device will play a remarkable role in material 
stability. The performance of this fabricate Perovskite 

Substrate 

ETL 

Perovskite 

2D 

MOF 

HTL 

Metal 
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will be a new mile stone in energy production. 
Therefore, the some main expected results are 
demonstrate positive contribution stability and energy 
efficiency, Identification suitable way to achieve 
stability and efficiency, Capture more light, Improve 
efficiency, stability at all levels, High efficiency than 
conventional, High stability than conventional, 
Working long time, working at moisture and other 
environmental conditions with no loss in stability and 
efficiency, Minimum degradation. Hence, the given 
strategy and  potential candidates will be playing a 
important  roll on Perovskite  thin film solar cell 
device fabrication. 
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Abstract

Recent urban infrastructure growth in India has led to 

an increase in the use of paved surfaces around 

buildings and along roads. Traditional concrete pavers 

are the most appropriate, affordable, and locally 

accessible material for this paving surface. As a result 
of increased industrialization and urbanisation, the 

Indian concrete industry must now satisfy the need for 

cost-effective and efficient building materials in order 

to meet the country's growing infrastructure demands. 

They are commonly used on sidewalks, garden paths, 

courtyard pavers, bus stop shelters, parking lots, and 

work spaces in industry. Increasing infrastructure 

development is concurrently accompanied by a rise in 

construction waste production. This project is 

comprised of three sets of concrete paver blocks cast 

using an M20 mix design. In the first batch of paver 
blocks, sand is completely replaced by crusher dust 

and plastic waste in proportions of 15%, 30%, and 

45%; however, coarse aggregate is not utilized. In the 

second batch of paver blocks, sand is completely 

replaced by crusher dust and plastic waste in 

proportions of 15%, 30%, and 45%; however, coarse 

aggregates are still utilized. 7-day, 14-day, and 28-day 

tests were conducted on the compressive strength 

behaviour of paver block specimens. In addition to the 

compressive strength and water absorption tests, these 

blocks were also employed for the compressive 
strength test. Utilizing waste materials helps to address 

the problems of scarcity, reduction of disposal costs, 

low prices, and available quantity of construction 

materials. Safeguard the environment by lowering 

production costs and resolving the problem of building 

waste disposal. 

 

Keywords: Paving surface, Paver block, Compressive 

Strength, waste disposal. 

I. INTRODUCTION  

For many years, concrete paving blocks have 
been widely employed in many nations as a problem-
solving technology to supply pavement in locations where 
conventional forms of building are less durable due to 
several operational and environmental restrictions. 
Initially implemented in India's building industry several 
decades ago to meet a specific need (footpaths, parking 
lots, etc.), the technology is now being widely used in a 
variety of contexts where the fabrication of pavement 

utilizing bituminous combination or cementitious 
technology is neither possible nor desirable. 

Large infrastructure demands owing to rising 
industrialization and urbanisation provide the greatest 
issue now facing the Indian concrete sector. Because of 
this, it is essential to utilise high-quality concrete that 
maximises strength, durability, and other desired concrete 
attributes while minimising the usage of resources like 
lime stone, energy, and money. 

The aggregates needed to make conventional 
concrete blocks for sidewalks, highways, and airport 
runways have been depleted in recent years due to rising 
global demand. Since local supplies have been depleted 
by the massive quantities of aggregate previously used, 
the only option for filling the gap is to import resources 
from outside. Spoil heaps are an unpleasant reality in most 
cities, occupying valuable real estate that cannot be 
developed. 

 

II. LITERATURE STUDY 

In this article, researchers Sarang Shashikant Pawar 
and Shubhankar Anant Bujone present their findings from 
an experiment with fly ash, plastic drooping strip, and 
plastic wire. The plastic bags used in the production of 
paver block concrete may be reduced, and the tensile 
qualities of the concrete itself can be improved by using 
recycled plastic. You may save money on paver blocks by 
mixing in some of this plastic and fly ash. The article 
reaches the conclusion that plastic may be used to enhance 
the qualities of concrete, making it a potential plastic 
reusing technique. Up to 40 percent less plastic might be 
produced utilising recycled plastic in paving blocks. The 
boost in power might go as high as 35 percent. 
Shanmugavalli, Gowtham, Jeba, Nalwin, and Eswara 
Moorthy explains that the goal of the initiative is to make 
paver blocks cheaper by using recycled plastic instead of 
cement. In this study, they combined plastic trash with 
stone dust, coarse aggregate, and ceramic trash in varying 
percentages. There may be financial and environmental 
benefits to using plastic trash in cement production. Tests 
indicate that polyethylene terephthalate may be recycled 
into plastic paver blocks by combining it with 50% quarry 
dust and 25% fly ash.  

To make the concrete, we employed three different 
aggregate replacement rates: 10%, 20%, and 30% by 
weight. Over 150 degrees heat is used to melt plastic trash 
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in this process. 215mm*115mm*6mm  plastic paving 
blocks.Peak Maximum load at fracture was measured, and 
crushing strength was then determined. Recycling plastic 
into paver blocks is an effective method of disposing of 
unwanted plastic. Compared to concrete paver block, the 
price of paver block is more reasonable. It is suitable for 
usage in areas with low traffic volumes or on roads that 
see minimal foot and vehicle volume. One more seeks to 
investigate substituting plastic waste for cement in the 
production of paving blocks.  

The focus of this research is on polyethylene 
terephthalate-based polymers. Waste plastic is transported 
to a melting facility, where it is combined with other 
materials, such as fly ash and stone dust (weighted at 25% 
PET, 25% fly ash, and 40-50% quarry dust, accordingly). 
Improvements in recycling practises have allowed paver 
blocks to use waste materials as a primary component, 
cutting down on environmental pollution while making the 
most of available materials. Cement manufacturing is a 
major contributor to climate change because of the carbon 
dioxide (CO2) emissions. The usage of cement may be 
reduced, saving the planet. Plastic paver blocks made from 
50% dust and 25% fly ash may be recycled from PET. 
PPB-2, with its 30% PET content, 25% fly ash, and 45% 
quarry dust, is the most powerful of the tested mixtures. 
Based on the findings, this research concludes that waste 
material (Quarry dust, Fly ash, and PET) may be utilised 
as key constitutions in the production of paver blocks with 
improved durability. The authors (Nivetha C. and Rubiya 
M.) 

  The aggregates were replaced at 10, 20, and 30% of 
their original weight in the concrete mix. Including post-
consumer plastic trash in concrete not only provides a 
secure means of disposing of this material, but it also has 
the potential to enhance the concrete's mechanical 
properties, chemical resistance, drying shrinkage, and 
creep qualities. Given that the amount of aggregate in 
concrete is between 60 and 70, it is calculated that using 
20% Recycled plastic material in concrete, which does not 
alter the characteristics of concrete, is feasible. The plastic 
can replace up to 20% of the coarse aggregate by weight in 
a concrete mixture. By replacing some of the water in the 
concrete with plastic, we can cut the weight of each cube 
by 15 percent. Their research led them to the conclusion 
that using Recycled plastic aggregate in concrete is the 
most effective method of disposing of plastic, which in 
turn helps to lessen environmental degradation caused by 
trash. 

A. Materials Study: 

Cement: Paving blocks are made with cement that meets 
the standards set out by the Indian Standard (IS) as either 
good mechanical properties ordinary Portland  

cement (IS: 8112) or Portland Pozzolana cement (IS: 
1489). 

Polyvinylchloride:  After polyethylene and 
polypropylene, polyvinyl chloride (abbreviated PVC) is 
the synthetic plastic polymer that is mass-produced in the 

third largest quantity worldwide. There are two primary 
types of PVC, rigid and flexible.  

Rigid PVC is used for piping and profiles like those 
seen in doors and windows. Bottles, non-food packaging, 
and greeting cards are additional common uses for it. The 
most common type of plasticizer utilised is a phthalate, 
which makes the material softer and more flexible. As a 
rubber substitute, it finds widespread usage in these forms, 
as well as in the plumbing, electrical wire insulation, 
imitation leather, signs, phonograph records, and inflatable 
product industries. Polyvinyl chloride in its purest form 
looks like a white, crumbly solid. While it doesn't dissolve 
in booze, tetrahydrofuran is a little more forgiving. 

 

TABLE 1 - PROPERTIES OF LDPE 

Si

No 
Particulars Value 

1 Melting point 150˚ 

2 Thermal coefficient of expansion 100-200X10-6 

3 Density 0.910-0.940 

4 Tensile strength 
0.20-

0.40(N/mm2) 
 

 Quarry dust : An often-observed by-product of the mining 
and quarrying industry is crusher dust. Crusher dust, 
which contains tiny particles like soft sand, may be used 
as a filler and filling material around water tanks, and it 
can be used with natural sands to increase the durability 
of the concrete and decrease the amount of water needed 
to set the concrete. Rock is broken down in state-of-the-
art crushing machines to generate crushed sand with a 
particle size smaller than 4.75 millimeters. Quarry fines 
are a byproduct of stone cutting and processed in a 
nearby quarry. 

 

TABLE 2-PROPERTIES OF QUARRY 

DUST 

SLNo Description Value 

1 Specific gravity 2.62 

2 Grading zone Zone II of soil 

3 Fineness modulus 2.952 

4 Water absorption 1.80 
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TABLE 3- MIX PROPORTION FOR PAVER 

BLOCKS 

 

Fig. 1.Images of PVC powder & Quartz sand 

     III    MIXING AND CASTING TECHNIQUES 

Mixing concrete is simply defined as the “complete 
blending of the materials which are required for the 
production of a homogeneous concrete”. The moulds for 
making concrete paver block specimen were of 
130*130*70mm in size, conforming to IS 15658:2006. All 
the materials were mixed by means of weigh batching in 
the pan and the concrete was filled in the moulds. The 
moulds were compacted by using table vibrator in order to 
avoid air voids in the concrete paver blocks. 

 

Fig. 2. Mixing and Mould for Paver Blocks 

 
A. COMPRESSIVE STRENGTH AND WATER 

ABSORPTION 

The sample should be dried in a 50 °C oven at a low 
humidity until its bulk is somewhat stable. If the item is 
too hot to touch, it must be cooled to room temperature 
before its weight may be taken. For 24 hours at 
27 °C rehydrate a thoroughly dry specimen in clean water. 
Taking the item out of the water, wiping off any 
remaining moisture with a wet cloth, and then weighing it 
is the standard procedure. 

 

 
Fig. 3. Testing of Specimen 

 

TABLE 4- COMPRESSIVE STRENGTH 
 

Pavement 

block 

Compressi

ve 

strength-

Convention

al 

(MPa) 

Compressive 

strength-Without 

Coarse Aggregate 

(MPa) 

Compressive 

strength-with 

coarse aggregate 

(MPa) 

15% 30% 45% 15% 30% 45% 

7days 33.8 30.96 38.2 45.8 55.73 55.96 56.02 

14days 36.4 30.4 35.4 39.2 55.97 57.84 57.91 

28days 42.8 34.4 36.24 42.44 56.96 57.88 58.56 
 
Low permeability, especially in regards to freezing and 
thawing, is a crucial feature of high-quality concrete. 
Low-permeability concrete is more impervious to water 
and hence less vulnerable to the damaging effects of 
temperature swings caused by freezing and thawing. 
Water can seep through the aggregate and into the cement 
paste.Drying a specimen to a consistent weight, weighing 
it, submerging it in water for a certain length of time, and 
measuring it again are all part of the standard test method 
for concrete pavers. Weight gain is expressed as a 
percentage of starting weight ( in percent). No sample's 
average absorption rate may exceed 5%, and no single 
unit's absorption rate may exceed 7%. 

 

 
Fig.4.Compressive strength of Paver block without 

coarse aggregate  

Material 
Percentage of Replacement of Fine 

aggregate used 

PVC 
powder 

15% 30% 45% 

Crusher 
dust 

85% 70% 55% 
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Fig.5.Compressive strength of Paver block with coarse 

aggregate  
 

TABLE 5- WATER ABSORPTION OF PAVER 

BLOCKS 

Pavement 

block 

Water 

Absorpti

on-

Conventi

onal 

(%) 

Water 

Absorption-

Without Coarse 

Aggregate 

(%) 

Water 

Absorption-

with coarse 

aggregate  

(%) 

15

% 

30

% 

45

% 

15

% 

30

% 

45

% 

7days 2 1.6 1.27 0.61 1.89 1.46 0.60 

14days 0.89 1.33 0.96 0.57 1.92 1.51 0.65 

28days 0.40 1.2 0.94 0.53 1.85 1.51 0.71 

 

 

Fig.6.Water Absorption of Paver block without coarse 

aggregate 

 
 

Fig.7.Water Absorption of Paver block with coarse 

aggregate 
 

IV. CONCLUSION AND RECOMMENDATIONS 

 

 Pavement block without coarse aggregate attains 
maximum compressive strength of 42.44MPa at 
45% replacement of PVC powder and crusher 
dust at 28 days.  

 But the paver block with coarse aggregate attains 
compressive strength value of 55.73MPa at 15% 
replacement of PVC powder and crusher dust at 
7 days.  

 If the replacing content increases the 
compressive strength with increase in curing 
period and reach maximum compressive strength 
58.56Mpa at 28days with 45% replacement.  

 But the water absorption value decreases with 
increase in addition of PVC powder and crusher 
dust. Paver block with coarse aggregate gives 
better water absorption properties than pavement 
block without coarse aggregate 

 The only major limitation is the decrease in 
workability which can be overcome by the use of 
flyash or chemical admixtures such as 
superplasticizers which give high workability at 
the same water contents. 

 To make PVC blocks more accessible and 
affordable, the use of pozzolanic materials and 
rubber crump is required. 

 Excellent mechanical behaviour is seen after 
addition of waste materials in PVC 
blocks. Hence, the development of PVC blocks 
has to be evaluated using more affordable and 
readily accessible. 
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Abstract -India is a nation dependent upon 
agriculture. Improving the efficiency and quality 

of agro-based goods, therefore, is very critical 

because crop forms are many times damaged by 

animals like buffaloes, cows, goats, birds, and 

wild elephants. This causes major losses for the 

farmers. To overcome these problems, an animal 

detection system has been designed to detect the 

presence of the animals and it offers a warning 

and diverts the animal without any harm. The 

designed system will continuously check for any 
animal to enter the field. PIR sensors are used in 

this project to detect animal movement and to 

give a signal to the controller. Further, the 

animals are being diverted by generating sound 

signals, and this signal is being transmitted to 

IoT. The complete safety of crops was ensured by 

this system from animals thus protecting the 

farmer's loss. 

1. INTRODUCTION 

 
India is an agrarian region. Agriculture has 

perpetually been India’s most significant economic 
sector. While most of India’s population is dependent 
on agriculture, the farmers still experience many 
issues. Overpopulation takes place through 
deforestation this outcome in a shortage of food 
water and shelter in forest areas. So, animals' 
interference in residential areas is growing day by 
day which disturbs human life and property causing 
human-animal conflict as per nature's law every 
single living creature on this earth has a key role in 
the ecosystem. Agriculture is the strength of the 
economy but because of animal interference in 
agricultural lands, there will be a massive loss of 
crops. The developed system will not harmful and 
injurious to an animal as well as human beings. The 
theme of the project is to design an intelligent 
security system for farm protection by using an 
embedded system. 

2. LITERATURE SURVEY 

 

1. Varshini B., Sushma –Describe microcontroller 

(Arduino UNO) is used for reading the inputs from 
PIR, soil moisture sensor, and smoke sensor. The 
GSM to a farmer when movement or smoke is 
detected. 

 

 

 

 

 

 

2. Describe used IR and an ultrasonic sensor to detect the 
moment of the animal and send the signal to the controller 
it diverts the animal by producing sound and signals 
further, this signal is transmitted to GSM and which gives 
an alert to formers and forest department immediately. 

3. Describe the system which will monitor the field that is 
at first it will detect intrusion around the field using the 
sensor, then the camera will capture the image processing 
and then take suitable action based on the type of the 
intruder. 

 
4. Finally, send a notification to farm owner and forest 
officials using GSM, describe during night time the 
flashlight will be on and the message will be sent to the 
farmer. Whenever there is an attack by animals on crops 
in the agriculture field, this system detects sound produced 
by a buzzer and generates an SMS alert within sound in 
the field. 

3. EXISTING SYSTEM 
 

The existing systems mainly provide surveillance 
functionality. Also, these systems don't protect wild 
animals, especially in such an application area. They also 
need to take actions based the on the type of animal that 
tries to enter the area, as different methods are adopted to 
prevent different animals from entering such restricted 
areas. Also, the farmers resort to other methods by erecting 
human puppets and effigies on their farms, which is 
ineffective in warding off the wild animals, though is useful 
to some extent to ward off birds. The other commonly used 
methods by the farmers to prevent crop vandalization by 
animals include building physical barriers, use of 
electric fences and manual surveillance, and various 
exhaustive and dangerous methods. 

Disadvantages 

 A very low range of connectivity 

 Data can’t be accessed on time if there are any 
internet issues 

 Weather dependent 

 High cost 

 Harmful to animals 
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4. PROPOSED SYSTEM 

 
In proposed system then checks for the 

number of PIR sensors that have gone HIGH, to 
automate the animal ward-off system discussed, we 
take a decision based on the number of sensors that 
have gone high. The motion detects then denotes an 
animal smaller in height such as a wild boar, deer, 
etc., and we immediately turn on the rotten egg 
spray unit, which helps to keep away the pigs. 
Similarly, if more than half or all of the employed 
PIR sensors have gone high it is naturally because of 
a huge animal such as the elephant which is another 
major threat to such farmlands, we initiate the 
electronic firecrackers to turn ON, the loud noise 
which in turn helps to ward off the bigger animals. 
Finally sends a notification to farm owner and forest 
officials. 

BLOCK DIAGRAM 
 
 
 
 
 
 
 
 
 
 

 

              Fig:1 Block Diagram 

WORKING ON THE SYSTEM 

The system comprises a base station and a 
Wireless sensor node. A microcontroller acts as a 
base station. PIR, and IR sensors with associated 
signal conditioners attached to ATMEL 32-bit 
controller. Fig. 1 shows the block diagram of the 
system. In this project, we are measuring the vital 
parameters. The motion detects then denotes an 
animal smaller in height such as a wild boar, deer, 
etc., and we immediately turn on the rotten egg 
spray unit, which helps to keep away the pigs. 
Similarly, if more than half or all of the employed 
PIR sensors have gone high it is naturally because of 
a huge animal such as the elephant which is another 
major threat to such farmlands, we initiate the 
electronic firecrackers to turn ON, the loud noise 
which in turn helps to ward off the bigger animals 
Finally sends a notification to farm owner and forest 
officials using IoT. 

 

 
5. HARDWARE DESCRIPTION 

 

5.1 AT Mel MICROCONTROLLER 

The Atmel AVR® core combines a rich 
instruction set with 32 general-purpose working 
registers. All 32 registers are directly connected to the 
Arithmetic Logic Unit (ALU), allowing two 
independent registers to be accessed in a single 
instruction executed in one clock cycle. The resulting 
architecture is more code efficient while achieving 
throughputs up to ten times faster than conventional 
CISC microcontrollers. The ATmega328/P provides 
the following features: 32Kbytes of In-System 
Programmable Flash with Read-While-Write 
capabilities, 1Kbytes EEPROM, 2Kbytes SRAM, 23 
general purpose I/O lines, 32 general purpose working 
registers, Real Time Counter (RTC), three flexible 
Timer/Counters with compare modes and PWM, 1 
serial programmable USARTs, 1 byte-oriented 2-wire 
Serial Interface (I2C), a 6- channel 10- bit ADC (8 
channels in TQFP and QFN/MLF packages), a 
programmable Watchdog Timer with internal 
Oscillator, an SPI serial port, and six software 
selectable power saving modes. 

 
5.2. PIR SENSOR 

The electronic sensor is used to detect the 
movement of a human being within a certain range of 
the sensor or passive infrared sensor (approximately 
have an average value of 10m, but 5m to 12m is the 
actual detection range of the sensor). Whenever a 
human being (even a warm body or object with some 
temperature) passes through the field of view of the 
PIR sensor, then it detects the infrared radiation 
emitted by a hot body motion. Thus, the infrared 
radiation detected by the sensor generates an electrical 
signal that can be used to activate an alert system or 
buzzer, or alarm sound. 
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5.6. BUZZER 

A buzzer is a mechanical, electromechanical, 
magnetic, electromagnetic, piezoelectric audio 
signaling device. A piezoelectric buzzer can be 
driven by an oscillating electronic circuit or with 
other audio signal sources. A click or beep can 
indicate that a button has been pressed. There are 
several different kinds of buzzers which are based on 
their sound levels. The common sizes for Sound 
levels are 80 dB, 85 dB, etc. 

 

 

6. RESULTS 
The implemented system was tested 

efficiently and tested for proper working. The 
initialization of the IOTand working of the sensors 
was verified. Messages were obtained after each 
alert and corresponding data was uploaded to the 
cloud storage. The buzzer and sprinkler also worked 
efficiently. 

 
7. CONCLUSION 

Encounter severe threats in rural parts of 
India like damage done by birds and animals. 
Hence, to overcome this issue we have designed a 
system in which sound is played to scare the animals 
and birds so that they will automatically run away. 
The GSM module makes a call to the farmer to 
alert him. 

Therefore, the designed system is 
affordable and useful to the farmers. The designed 
system won't be harmful to animals and people, 
and it protects the farm areas. 
 

8. FUTURE SCOPE 

A Voice announcement system can be 
added to indicate the Status of a device. If we 
can add a voice announcement system with the 
buzzer and call alert so if there are hazardous 
parameters then that problem is easily detected 
then accordingly respective voice message will 
be announced. 
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Abstract—The mobile communications systems 

revolution the way in which the people communicate with 
each other. Nowadays Wide range of telecommunication 

services including advanced mobile services supported by 

mobile and fixed networks, which are increasingly packet 

based, along with a support for low to high mobility 

applications and wide range of data rates for multiuser 

environment are provided by 4G wireless standard LTE 

(Long Term Evolution). For the next generations of 

wireless technology will be required to achieve as much 

as a thousand-fold throughput increase over the current 

4G systems. This can be achieved through different 

physical layer techniques such as a use of massive 
number of antennas and the use of centimeter and 

millimeter wave spectrum among others. In addition to 

this, more sophisticated transceiver architecture is 

required to increase the throughput with the physical 

layer techniques. In band full duplex technology will 

double the spectral efficiency. This transceiver 

architecture will help to reduce the demand from 

applications such as machine to machine communications 

called Internet of Things (IoT). To simulate the full 

duplex transceiver architecture using XILINX ISE 14.7. 

The simulated results produces increased throughput 

with reduced delay. 

Keywords—5G, FDD, LTE, In-band full duplex 

transceiver, IoT, Peak service rate, digital self-

interference cancellation, spectrum efficiency, 

throughput, VLSI signal processing 

 

 

I. INTRODUCTION  

The wireless cellular networks of 4G LTE technologies 
are having great communicational technologies globally. 
Most of the devices communicate each other via broadband 
wireless networks because of the advantages of wireless 
connectivity. This will helps to motivate the major 
manufacturers and mobile network operators for the 
development of LTE and LTE-Advanced standards. The road 
map from LTE to LTE-Advanced is illustrated in Fig.1. 

 

Fig.1. Road map from LTE to LTE Advanced 

Signal processing is the most important role in the 
wireless technology. There are more number of signal 
processing techniques will be used in next wireless 
technology of 5G in order to increase the peak service rates, 
and also greatly increasing capacity, coverage, compatibility, 
reliability, convergence and efficiency in terms of both power 
and spectrum. In order to design the more sophisticated 
transceiver to increase the throughput, In-band full-duplex 
technology can be used to double the spectrum efficiency 
(bit/second/Hz) and it helps to reach the 5G standard with full 
potential [1]. 

 The LTE-Advanced networks use cellular bands from 
600 MHz to 3.5 GHz. The new frequency bands above 6 GHz 
(upto 100GHz) including the so called millimeter (mm) wave 
bands are expected in 5G. The standardization process for 5G 
is also expected to play a crucial role for the commercial 
success in the upcoming year [2]. 

 

Fig.2. LTE FDD Spectrum Allocation 

 

Full duplex means that “Bi-directional Communication”, 
the device can transmit and receive at the same time over the 
same frequency. This will be used in 5G to reuse radio 
resources simultaneously for access and backhaul. The 
implementation of full duplex is the self-interference (SI) 
signal (i.e.).the part of the transmitted signal that leaks into 
the receiver chain. 

 

Fig.3. In-band full duplex 

II. SELF-INTERFERENCE 
 
The “Transmitter Leakage” that the signal leaks from the 

device transmitter to its own receiver. It will become an 
serious issues in decoding the desired signal, which could be 
noisy with a dramatically affected Signal-to-noise-ratio 
(SNR). In order to achieve the best performance of a full 
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duplex system, the Self Interference (SI) signal has to be 
suppressed to reach the receiver‟s noise floor. There are 
several SI cancellation methods are described in the current 
scenario. 

The unavoidable SI in the full duplex transceiver limits 
the throughput, when the transmitted signal couples back to 
the receiver. Even though the transmitted signal is known in 
the digital baseband, it cannot be eliminated completely in 
the receiver because of Radio Frequency (RF) impairments 
[3] and large power difference between the transmitted and 
received signals. Co-channel Interference is also a dominant 
issue than SI. So it is the most challenging task to realize the 
higher levels of SI cancellation as the required isolation 
bandwidth is greater and also cause multipath scattering. It is 
possible for SI cancellation with multi antenna in full band 
radio transceivers by the use of non linear adaptive SI 
cancellation algorithms.  

 
 

Fig.4. A multiantenna radio transceiver 
 

III. DIGITAL SELF INTERFERENCE CANCELLATION  

ALGORITHMS 
 

A. Signal Model 
 
The baseband model of a communication link of a 

communication link with full duplex transceivers is shown in 
the Fig.1. It shows that the system includes bidirectional 
communication (source and destination are the same node). 
Here the full duplex transceiver acts as a relay link and it is 
simultaneously serving an uplink user and a downlink user in 
the same frequency band. 

Where, As Source transmit antennas and AD destination 
receive antennas. Atx transmit antennas and Arx receive 
antennas. These two antenna arrays are spatially separated 
and the model is applied to the single array design [4][5].  

Equation (1) for the MIMO channels from the source to 
the transceiver. 

 
   𝐻𝑆𝑇  𝑛 ∈ 𝐶𝐴𝑟𝑥  𝑋  𝐴𝑆           (1) 
Equation (2) for the MIMO channels from the transceiver 

to the destination. 
   𝐻𝑇𝐷  𝑛 ∈ 𝐶𝐴𝐷  𝑋  𝐴𝑡𝑥           (2) 
At the time n, the source transmits signal vectors in 

Equation (3) 
   𝑋𝑆 𝑛 ∈ 𝐶  𝐴𝑆                          (3) 
At the time n, the transceiver transmits signal vectors in 

Equation (4) 
   𝑋𝑇 𝑛 ∈ 𝐶  𝐴𝑡𝑥                          (4) 

While it simultaneously receives signal vector in Equation 
(5) 

  𝑌𝑇 𝑛 ∈ 𝐶  𝐴𝑟𝑥                          (5) 

The output 𝑌𝑇 𝑛  creates an unavoidable SI feedback loop 
from the transceiver output to the transceiver input through 
channel shown in Equation (6) 

   𝐻𝑇𝑇  𝑛 ∈ 𝐶𝐴𝑟𝑥  𝑋   𝐴𝑡𝑥           (6) 
Spatial interference suppression is provided by the 

precoding matrix 𝐺𝑡𝑥  𝑛  and beamforming matrix 𝐺𝑟𝑥  𝑛  and 𝐴 𝑛  is used to subtract the contribution of the transmitted 
signal form the received signal for the purpose of 
cancellation. The corresponding received signals in the 
transceiver and in the destination node can be expressed in 
Equations (7) and (8). 

 
   𝑌𝑇 𝑛 = 𝐺𝑟𝑥  𝑛 ∗ (𝐻𝑆𝑇 𝑛 ∗  𝑋𝑆 𝑛 +  𝐻𝑇𝑇 𝑛 ∗ 𝐺𝑡𝑥  𝑛 ∗  𝑋𝑇 𝑛 ) + 𝑛 𝑇 𝑛     (7) 
 
           𝑌𝐷 𝑛 =  𝐻𝑇𝐷 𝑛 ∗ 𝐺𝑡𝑥  𝑛 ∗  𝑋𝑇 𝑛 + 𝑛 𝐷 𝑛              (8) 
 
Equations (9) and (10) are additive noise vectors in the 
transceiver and in the destination (∗ 𝑟𝑒𝑓𝑒𝑟𝑠 𝑡𝑜 𝑐𝑜𝑛𝑣𝑜𝑙𝑢𝑡𝑖𝑜𝑛) 

. 
                                 𝑛𝑇 𝑛 ∈ 𝐶  𝐴𝑟𝑥                                       (9) 
                                 𝑛𝐷 𝑛 ∈ 𝐶  𝐴𝐷                                      (10) 

Here the signal is capable of modeling multipath MIMO 
channels in the time domain with arbitrary modulation. 

 

B. Basic Principles 
 

Digital cancellation techniques includes the SI signal is 
generated and then subtracted from the received signal. But 
here we can apply spatial suppression if transmitter and 
receiver antennas are spatially separated. This requires 
multiple antennas in both ends, at the transmitter side 
precoder is used and the receiver side beam former is used to 
simultaneously attenuate the SI signal and receive the 
payload signal. In order to attenuate the effect of RF 
imperfections RF beam former is used, because they pass 
through the same channel together with the known part of the 
SI signal.  

 
This may cause interference in the system, to make a 

nearly interference–free system, the proper cancellation 
method is used for each application. When both transmit and 
receive sides of the full-duplex device behave primarily like 
a linear filter, cancellation can be reduced to designing a 
filter that identifies the SI channel, since the transmitted 
signal is known at every time instant. Any linear cancellation 
architecture cannot mitigate nonlinear behavior and noise 
sources, such as nonlinear distortion of the PA, I/Q 
imbalance during modulation/demodulation, phase noise, or 
quantization noise at the receiver [6][7][8][9]. So we use the 
nonlinear architecture for full duplex transceiver architecture. 
Here digital mitigation is performed in both the time domain 
and the frequency domain. 
 

The mitigation in the frequency domain involves the 
processing of each subcarrier signal individually, which may 
cause the computational demand if the number of subcarriers 
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is large. On the other hand, mitigation in the time domain 
involves processing the signal samples independently of the 
number of subcarriers, but, due to the different interference 
paths between antennas, requires gauging the delay spread of 
the SI channel [10]. Mitigation takes place after baseband 
demodulation and digital conversion of the received signal, 
usually being the first operation within the digital pipeline. 
As a result, the employed signal must be sampled above the 
Nyquist rate, which demands the use of special techniques to 
deal with arbitrary signal spectra [10]. 

 

C. Spatial suppression 
 

Spatial-domain suppression [11] employs receive- and/or 
transmit-side feed forward filters, namely Grx[n] and Gtx[n], 
which are matched to the SI channel alone without relying 
upon accurately knowing actual signals. This is in contrast to 
the feedback filters used in subtractive cancellation for 
generating an estimated copy of the SI signal from the 
imperfectly known transmitted signal. Nevertheless, spatial 
suppression can similarly mitigate SI; the pros and cons are 
weighed up next, when we compare the approach to time-
domain cancellation. 

In principle, suppression works by employing beam 
forming filters that direct reception and/or transmission of 
the signal of interest to the null space of the SI channel such 
that signal propagation is ideally blocked completely or, if 
the spatial degrees-of-freedom are scarce, to the weakest 
Eigen modes thereof such that the effective gain of the 
residual feedback channel is minimized. Mathematically this 
means solving in terms of some suitable matrix as in 
Equation (11) 

 
min ||𝐺𝑟𝑥 [𝑛] ∗ 𝐻𝑇𝑇[𝑛] ∗ 𝐺𝑡𝑥 [𝑛]||

𝑖𝑑𝑒𝑎𝑙𝑙𝑦      𝐺𝑟𝑥  𝑛 ∗ 𝐻𝑇𝑇 𝑛 ∗ 𝐺𝑡𝑥  𝑛 = 0          (11) 
 

Such a mitigation approach is therefore applicable only 
with multi-antenna transceivers, and having low rank in the 
SI channel can boost suppression performance significantly. 
Likewise, beamforming always consumes the degrees-of-
freedom, restricting the trade-off between spatial diversity 
and multiplexing in the signals of interest, which can be seen 
as reducing the effective number of antennas used for data 
transmission if suppression is implemented transparently 
around actual en/decoding blocks. Suppression is also 
obviously sensitive to estimation error in feedback channel-
state information, not so unlike cancellation. However, the 
residual interference signal is not linearly proportional to the 
error term or its gain level because estimation error manifests 
itself as distorted beam patterns. 

The main benefit of suppression over cancellation is the 
fact that it mitigates blindly all signal, distortion and noise 
components that pass through the loopback SI channel. Such 
a receive filter satisfies the Equation (12) 

 
               min ||𝐺𝑟𝑥 [𝑛] ∗𝐻𝑇𝑇 [𝑛]||

𝑖𝑑𝑒𝑎𝑙𝑙𝑦      𝐺𝑟𝑥  𝑛 ∗ 𝐻𝑇𝑇  𝑛 = 0                 (12) 
 

This means that all the adverse transmit-side 
components caused by non-linear RF imperfections are 
suppressed at the receiver side together with the linear signal 
components, no matter how large the transmitter‟s EVM is 
Yet suppression is achieved with simple linear digital signal 

processing without any need for modeling or implementing 
complex transceiver electronics, in contrast to analog or non-
linear digital cancellation. Transmit-side beam forming will 
conversely suppress SI on-the-air before it even reaches the 
receiver front end such that problems related to limited ADC 
dynamic range and quantization noise are alleviated. In 
Equation (13) 

 
               min || 𝐻𝑇𝑇 [𝑛] ∗ 𝐺𝑡𝑥 [𝑛]||

𝑖𝑑𝑒𝑎𝑙𝑙𝑦      𝐻𝑇𝑇  𝑛 ∗ 𝐺𝑡𝑥  𝑛 = 0                 (13) 
 

Thus it is also beneficial to employ spatial-domain 
suppression together with linear time-domain cancellation 
such that the latter efficiently eliminates the linear signal 
components and then takes care of the residual non-linear 
distortion components in an economic way. 

 

IV. NONLINEAR CANCELLATION 
 

The different RF impairments distort the observed SI 
signal such that it is no longer a linear transformation of the 
original TX signal. This means that nonlinear modeling is 
required to fully grasp the effects of the effective SI 
propagation channel, which includes various sources of 
nonlinear distortion. Nonlinear effects, such as amplifier 
distortion or mixer nonlinearities, can be accurately modeled 
using polynomial-based systems [12, 13, 14], whereas I/Q 
imbalance can be modeled using widely linear filters [24], 
which have been extensively studied in the literature. 

As a starting point, the baseband signal of TX j (j = 1, 2,. 

. . , Ntx) is denoted by xj (n). The first component distorting 
the TX signal is the I/Q modulator, [14] which will 
inherently introduce some I/Q imbalance. The output signal 
of the I/Q modulator model (using a frequency-independent 
model for simplicity) is in Equation (14)  

 
                   𝑥𝑗𝐼𝑄𝑀  𝑛 = 𝑘1,𝑗 𝑥𝑗  𝑛 + 𝑘2,𝑗 𝑥𝑗∗ 𝑛                      (14) 

                   𝑘1,𝑗 = 1/2(1 + 𝑔𝑗 exp(𝑗𝜑𝑗 ))                     (15) 
                   𝑘2,𝑗 = 1/2(1 − 𝑔𝑗 exp(𝑗𝜑𝑗 ))                     (16) 
where 𝑔𝑗  , 𝜑𝑗  are the gain and phase imbalance parameters of 
TX j. Notice that for any practical TX front end |𝐾1,𝑗 | ≫
|𝐾2,𝑗 |. The strength of the induced I/Q image component, 
represented by the conjugated signal term in Equation (14), is 
typically characterized with the image rejection ratio as 
10 𝑙𝑜𝑔10 (|𝐾1,𝑗 |2/|𝐾2,𝑗 |2). 
 

The output signal of I/Q modulator is then fed to the TX 
PA, which will further distort it. A common approach is to 
use polynomials to model the nonlinear distortion produced 
by the PA. In brief, polynomial-based systems model 
nonlinearities by processing higher-order terms of the input 
signal. Typically, a parallel Hammerstein (PH) model with 
polynomial branch nonlinearities and FIR branch filters is 
assumed for the PA. Using the PH model, the output signal 
of the PA can be written as in Equation (17). 

 
   𝑥𝑗𝑃𝐴 𝑛 =   𝑝 ,𝑗  𝑚 𝜑𝑝𝑀𝑚=0

𝑃𝑃=1𝑃  𝑜𝑑𝑑 (𝑥𝑗𝐼𝑄𝑀 𝑛 − 𝑚 )       (17) 

 
where M and P denote the memory depth and 

nonlinearity order of the PH model, 𝑝 ,𝑗  𝑚  denote the FIR 
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filter impulse responses of the PH branches for TX j, and the 
basis functions are defined as in Equation (18). 

      𝜑𝑝 𝑥 𝑛  =  𝑥 𝑛  𝑝−1𝑥 𝑛 = 𝑥(𝑛)
𝑝+1

2 𝑥∗(𝑛)
𝑝−1

2         (18) 
 

In general, the number of parameters of a Hammerstein 
model grows linearly with order P, while in the MIMO case, 
the increase is also relative to the number of TX and RX 
antennas [14]. The PH nonlinearity is a widely used 
nonlinear model for direct as well as inverse modeling of 
PAs and has been observed, through RF measurements, to 
characterize the operation of various PAs in an accurate 
manner [15]. 

Using Equation [14] and [17], the overall output signal 
of the TX can be expressed as 
 
   𝑥𝑗𝑃𝐴 𝑛 =   𝑝 ,𝑗  𝑚 𝜑𝑝𝑀 𝑚=0

𝑃𝑃=1𝑃  𝑜𝑑𝑑 (𝑥𝑗𝐼𝑄𝑀 𝑛 − 𝑚 )       (17) 

1.4 Layer Mapping 

The Layer mapping process maps the complex valued 
modulation symbols onto each layer used for transmission. 
Two layers are used to carry modulated transmit code words 
with transmit diversity. Transmit diversity is used to separate 
one source signal into two or more independent signals. The 
use of transmit diversity is implied when using DCI format 
1A [6]. 

 
1.5 Pre Coding 

The vectors x(i)= [𝑥 0  𝑖 … 𝑥 𝑣−1 (𝑖) ]𝑇,i= 0,1,…..,𝑀𝑠𝑦𝑚𝑏𝑙𝑎𝑦𝑒𝑟 − 1 is 
the input block of the precoder from the Layer mapping and 
generates a block of vectors y(i) =  [… 𝑦 𝑃 (𝑖) … ]𝑇 , i = 

0,1,…..,𝑀𝑠𝑦𝑚𝑏𝑎𝑝 − 1  to be mapped onto resources on each of the 
antenna ports, where  𝑦 𝑃 (𝑖) repersents the signal for antenna 
port p. 

1.6 Mapping to Resource Elements 

The RE mapping process maps complex-valued 
modulation symbols for each antenna port to corresponding 
REs on resource grids. All REs are mapped in terms of 
Resource Element Groups (REGs)[8]. Every four REs 
available for mapping L1/L2 control signals forms a REG. 
Each REG is mapped with a symbol quadruplet which 
consists of 4 complex-valued symbols. This mapping method 
is used to support transmit diversity. 

2.PCFICH Receiver 
 

 
 The receiver  part of the PCFICH from the channel 
including the reverse process of transmitter part block and get 
the original CFI value are discussed below. 
 
2.1 Layer Demapping and Deprecoding 

 
The layer demapping and deprecoding returns the block 

of symbols di. After layer mapping and precoding𝑟𝑖(𝑝)
, where 

p is the antenna port index, the process is according to 
Equation 1 and 2.  

 

d2i =Re(𝑎𝑖0) + Im(𝑏𝑖0) ∙ j for i = 0 , … ,
𝑁
2
−  1                        (1) 

d2i + 1 =Re(𝑎𝑖1) + Im(𝑏𝑖1) ∙ j for i = 0 , … ,
𝑁
2
−  1                    (2) 

 
where N is the length of input complex-valued symbols 

and  𝑎𝑖(𝑝)  and 𝑏𝑖(𝑝)𝑎re generated according to Equation 3, 
4,5and 6. 𝑎𝑖0=𝑟2𝑖(0)

+  𝑟2𝑖+1  

(1) 𝑓𝑜𝑟𝑖 = 0, … ,
𝑁
2
−  1  (3) 𝑎𝑖1 = 𝑟2𝑖(1) − 𝑟2𝑖+1  

(0) 𝑓𝑜𝑟𝑖 = 0, … ,
𝑁
2
−  1         (4) 𝑏𝑖0=𝑟2𝑖(0) − 𝑟2𝑖+1  

(1) 𝑓𝑜𝑟𝑖 = 0, … ,
𝑁
2
−  1      (5) 𝑏𝑖1=𝑟2𝑖(1)

+  𝑟2𝑖+1  

(0) 𝑓𝑜𝑟𝑖 = 0, … ,
𝑁
2
−  1      (6) 

 

2.2  Demodulation 

 
The BPSK demodulation generates a block of bits 𝛽𝑖𝑓𝑜𝑟𝑖 = 0,1, … , 𝑁 − 1  where N is the length of input block 

of symbols di. The BPSK demodulation process is according 
to Table III 
 

TABLE III BPSK demodulation lookup table 
 

di 𝜷𝒊 
1 + 1𝑖 0 −1 − 1𝑖 1 

0 0 

 
 
 
The QPSK demodulation generates a block of bits 𝛽𝑖𝑓𝑜𝑟𝑖 = 0,1, … ,2 𝑁 − 1, where N is the length of input 

block of symbols di[11].The process has hard decision type 
and soft decision type. The hard decision process returns the 
bit sequence with value 0 or 1 and is used for PCIFCH 
demodulation. The hard decision process is done according 
to Table IV. 
 

Table IV Hard decision QPSK demodulation 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

Re(di) Im(di) bi , bi+1 ≥ 0 ≥ 0 00 ≥ 0 < 0 01 

< 0 ≥ 0 10 

< 0 < 0 11 
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2.3 Descrambling 
The descrambling process is the reverse of scrambling 

process which returns the unscrambledbit sequence bi from 
scrambled bit sequence Bi. The process is as defined by the 
Equation 7. 
 
Bi = (Bi  + ci )mod2 for i=0,…, L-1   (7) 
 

WhereL is the length of Bi and ciis the scrambling 
sequence, generated as described in the Section 1.2. 

 
IV PCFICH ARCHITECTURE 

The Architecture flow of the PCFICH is drawn based on 
the blocks present in the block diagram. The flow of this 
diagram is fully based on the DSP. This can be made 
efficient using the various VLSI concepts like unfolding and 
retiming. Here both of the conceptsare used to achieve the 
efficient architecture. 

 

 

Fig.4 PCFICH Transmitter architecture 
 

3.1 PCFICH Transmitter Architecture 

  
The transmitter architecture of PCFICH downlink 

physical control channel is presented in Fig.4. The block 
diagram of the PCFICH transmitter is discussed in the 
chapter III.The first block of this architecture is block 
coding. 

The input of this block code is the 2 bit CFI value R1 and 
R0. The 2 bit value is converted into 32 bit value by block 
coding.The first two bits are same as the original bits and the 
third bit is the XOR value of the first two bits. The 3 bit 
pattern is repeated until the required 32 bits are obtained[10]. 
It is represented in Fig.5. These 32 bits form the CFI 
codeword. 
  
 
 
 
 
 
 

 

Fig.5 Block code 

  
The second block is the scrambling process. This process 

requires gold sequence generation. The gold sequence is 
produced by using the two sequences 𝑥1 and 𝑥2. Here the x1 
sequence is the predefined sequence 
i.e,“10000000000000000000000000000000”. The 𝑥2 
sequence also have 31 bits that is assumed according to the 
applications. The 32ndbit of both sequences are calculated 
using Equation (8),(9) and (10). Then these 2 sequences are 
XORed to get the gold sequence. The result is also a 32 bit 
value. 

 𝑥1 𝑛 + 31 =  𝑥1 𝑛 + 3 + 𝑥1 𝑛  𝑚𝑜𝑑2           (8) 
 𝑥2 𝑛 + 31 =  𝑥2 𝑛 + 3 + 𝑥2 𝑛 + 2 + 𝑥2 𝑛 + 1 + 𝑥2(𝑛) 𝑚𝑜𝑑2   (9) 
 𝑐 𝑛 = (𝑥1 𝑛 𝑥2(𝑛) )𝑚𝑜𝑑2            (10) 
 

Then scrambling is done by XOR of the block coded 
sequence and the gold sequence. It is shown in Fig.6 
 
  
 
 
 

Fig.6 Scrambling process 
 

The resultant scrambled sequence isstored in a shift 
register. The shift register is set to shift 2 bitsper clock cycle 
for QPSK modulation. The shifted 2 bits aregiven as control 
lines for the multiplexer. The inputs to themultiplexer are 
stored in RAM table. There are 4 possible 
complexmodulated QPSK symbols. Based on thecontrol, the 
output appears, which is represented as 16 bitvalue. 

The 16 complex modulated symbols are then layer 
mappedto one, two or four layers based on the information 
fromhigher layer.Z1 is the output if one antenna is 
selected.Z2,Z3are outputs if 2 antennas are selected and 
Z4,Z5,Z6,Z7 if 4antennas are selected. 

 The modulated symbol is multipliedwith the complex 
channel frequency response vector hk, whichis also 
represented as a 16 bit value. The resultant is a 32 bitvalue. 
Then noise which is represented using 16 bits is added.Thus 
the resultant signal yk is a 32 bit value. 
 
3.2 PCFICH Receiver Architecture 
 

The received signal is demapped from the 16 positions of 
first OFDM symbol, where CFI value is available. The 
receiver architecture is presented in Fig.7. It is known that, 
there are only three possibilities of signal transmitted, 
namely01,10 or 11(CFI-1,2 or 3)[12].So, the demodulated 
signal will be one among the three. The received signal is yk 
and is multiplied with the conjugate of the complex channel 
frequency response vector   𝑘∗ , element by element. Then 
thisresultant term undergoes inner product with the three 
possible values of d(m). The inner product is done using.  

The d(m)* is multiplied with (𝑦𝑘0 𝑘∗ ) product .For allthe 
elements the multiplication is done and the results 
areaccumulated, and the result is a 64 bit value[13]. The real 
part of accumulated value alone is taken, which is a 32 bit 
value.  

32 

BLOCK 
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Block  
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This process is done for the three values viz. 
d(0),d(1),d(2).Then among the three results, the codeword 
which has the maximum argument value is detected as the 
CFI. 

 
In the receiver side, after removal of cyclic prefix from 

the received signal, then FFT is performed and then resource 
element demapping is done. The complex valued output at 
the k-th receive antenna is modeled in Equation(11) 

 𝑦𝑘 = 𝑘0𝑑(𝑛) + 𝑢𝑘  , 𝑘 = 1,2, … , 𝑘        (11) 
 

 
 

Fig.7   PCFICH Receiver architecture 
 

 

ykis 16x1 received subcarrier vector, d
(n) is the 

16x1complex QPSK symbol vector corresponding to the 32- 
bit CFI code words, where n varies from 1 to 3, hkis 
16x1complex channel frequency response and uk represents 
the contribution of thermal noise and interference.  

The received signal yk is represented in the figure 2,for 
single antenna case. The noise term ukis modeled as zero 
mean circularly symmetric complex Gaussian with 
covariance𝐸 𝑢𝑘𝑢𝑘𝐻 =  𝜎𝑢2𝐼,since the interferers are 
uncorrelated due to independent large scale propagation, 
short term fading and uncorrelated scrambling sequences. 
 

4.1CFI  Estimation 

  
The ML decision rule, by maximizing the log-likelihood 

function of yk and hkis given in Equation (12) 
 

CFI = min𝑚=1,2,3
  𝑦𝑘 −  𝑘0 𝑑 𝑚   2𝑘𝑘=1        (12) 

Which simplifies to 
 

𝐶𝐹𝐼 = argmax𝑚=1,2,3 𝑧(𝑚 )   (13) 
  
Where the soft outputs are given by 
 𝑧(𝑚 ) =  𝑧𝑘(𝑚  )𝑘𝑘=1        for m = 1,2,3                          (14) 
 
Which is simplified as  
 

CFI =argmax𝑚=1,2,3

 𝑅𝑒  𝑦𝑘0𝑘∗𝑑(𝑚 )  𝑘𝑘=1 (15) 

 
4.2 Received Signal 
 

The received signal y kis element by element multiplied 
with the conjugate of the complex channel frequency 
response vector hk

*.Then this term and three possible values 
of d (m) undergoes inner product. The inner product is given 
in Equation (16) 

  𝑥, 𝑦 =  𝑥𝑖𝑦𝑖∗𝑘𝑘=1                                                        (16) 
 
The real part of the resultant value is taken. This is done 

for number of times as the number of antennas used to 
receive. Then argument max among the three values is 
selected as the CFI value. If CFI is maximum value when 
m=1, then the codeword detected is 01, when m=2, it is 10 
and when m=3, it is 11. 

 

V UNFOLDING AND RETIMING 

5.1 Unfolding 

Unfolding = = Parallel Processing 

 

In a „J‟unfolded system each delay is J-slow. if input to a 
delay element is the signal x(kJ + m), the output is in 
Equation (16) 
 
x((k-1)J + m) = x(kJ + m – J)    (16) 

Algorithm for unfolding 

For each node U in the original DFG, draw J node U0, 
U1,U2,… , UJ-1 

For each edge U V with w delays in the original DFG, 
draw the J edges UiV(i + w)%J with [(i+w)/J] delays for i= 0, 
1, … , J-1. 

Unfolding of an edge with w delays in the original DFG 
produces J-w edges with no delays and w edges with 1delay 
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in J unfolded DFG for w < J and unfolding preserves 
precedence constraints of a DSP program[14]. 
 
Properties of unfolding : 
 

Unfolding preserves the number of delays in a DFG. 
Thiscan be stated as follows(17), 
 

-  
      (17) 

5.2 Retiming 

This section considers some techniques used for retiming.  

First, two special cases of retiming, namely, cutset 

retiming and pipelining, are considered. Two algorithms are 
then considered for retiming to minimize the clock period 
and retiming to minimize the number of registers that are 
required to implement the circuit.Cutset Retiming is a useful 
technique that is a special case of retiming. A cutest is a set 
of edges that can be removed from the graph to create 2 
disconnected subgraphs. Cutset retiming only affects the 
weights of the edges in the cutset. If the 2 disconnected 
subgraphs are labeled G1 and G2, then cutset retiming 
consists of adding k delays to each edge from G1 to G2 and 
removing k delays from each edge from G2 to G1. For 
example, a cutset is shown with a dashed line in Fig. 4.4(a). 
The 3 edges in the cutset are 2 → 1, 3 → 2, and 1 → 4. The 2 
subgraphs G1 and G2 found by removing the 3 edges in the 
cutset are shown in Fig.8. For k = 1, the result of cutset 
retiming. The edges from G1 to G2 are 3 → 2 and 1→ 4, and 
one delay is added to each of these edges[15]. The edge 
from G2 to G1 is 2 → 1, and one delay is subtracted from this 
edge[7]. 

VI RESULTS AND DISCUSSION 

 

6.1 Simulation result for PCFICH  
The each and every block of the PCFICH downlink 

physical control channel is simulated using the Xilinx ISE 
14.7 software.Verilog Hardware description language 
(VHDL) is used to simulate the codes for each and every 
block for PCFICH transceiver with unfolding and retiming 
approach for efficient architecture. The CFI is detected as the 
output of the after 15 time units. 
6.1.1 Block coding 
 The input of the block code is 2 bit and the output of 
this block code is 32 bit. It is analyzed based on the CFI 
present in the system and also depicted according to the 
application. The simulation waveform for the block code is 
depicted in the Fig.9. 

 

 
Fig.9 Simulation result for Block coding 

6.1.2 Scrambling and Descrambling 
  

The input of the scrambler block is 32 bit and the output 
of this scrambler block  is also 32 bit. Here 31 gold sequence 
also generated using the cell specific sequence generator. It 
was analyzed based on the CFI present in the system and also 
depicted according to the application. The original CFI value 
is get back in receiver. The simulation waveform for the 
block code scrambling and descrambling  is depicted in the 
Fig.10. 

 

 
Fig.10 Simulation result for scrambling block 

6.1.3 QPSK Modulation and Demodulation 

The output of the 32bit scrambling sequence is given to 
the input of the QPSK modulation and the reverse process is 
the QPSK demodulation and the simulation result for QPSK 
modulation and demodulation is shown in Fig.11. 

 

Fig.11 Simulation results of QPSK modulation and 

demodulation 

6.1.4 PCFICH Transceiver Output 

The entire block of the transceiver architecture coded and 
combined as the consequence of output to get the simulation 
result as in Fig.12. 

 

Fig.12 Simulation results of PCFICH Transceiver 
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6.1.5 Unfolding and Retiming 

The Output of the PCFICH transceiver is fed into the 
unfolding and retiming process to get the efficient output of 
minimum delay and maximize the efficiency. It is shown in 
Fig.13. 

 

 
 

Fig.13.Simulation results of Unfolding and Retiming 

 
VII CONCLUSION 

 
This paper describes about simulated results of each 

and every block of the transceiver architecture. The output of 
the entire block is combined and the total output of the 
system in the receiver side is getting the CFI value. This 
output will have larger delay due to the channel noise and 
architecture flow. The unfolding concept is used at the CFI 
of the receiver architecture to reduce the delay and power 
consumption. The retiming is also used to reduce the number 
of registers present in the architecture. The output of the 
normal architecture will give the best result of time delay of 
5 time units. The increased efficiency of architecture is 1.44. 
The overall architecture result produced in our paper creates 
the better performance than the previous one. In future work 
the proposed work will be extended to minimize the number 
of delays by the use of any other VLSI DSP concept 
techniques. 
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Abstract — The Back Propagation Network algorithm is 
widely utilized in training neural networks, particularly in 

the context of automated kidney stone classification using 

image and data processing. Traditional methods for 
classifying and detecting kidney stones in medical resonance 

images rely on human examination, which is inherently 

imprecise when handling large datasets. Magnetic 

Resonance (MR) Images may exhibit noise due to operator 

errors, leading to significant inaccuracies in image 

processing for disease classification. However, the 

integration of artificial intelligence, neural networks, and 

feature extraction has demonstrated significant promise in 

accurately identifying regions of interest using the back 

propagation network algorithm. In this study, we employed 

the Back Propagation Network for kidney stone detection, 
involving two key stages: 1. Feature extraction using 

principal component analysis and 2. Image classification 

using Back Propagation Network (BPN). Additionally, we 

introduced a segmentation method utilizing the Fuzzy       

C-Mean (FCM) clustering algorithm. The performance of 

the BPN classifier was evaluated in terms of training 

execution and classification accuracies. Notably, the Back 

Propagation Network exhibited precise classification 

compared to alternative neural network-based methods. 

 
Keywords— Renal Calculi, Back Propagation Network, 

Magnetic Resonance Imaging, Artificial Neural Networks. 
 

I. INTRODUCTION 

The entities within the provided image undergo 
processing using conventional image manipulation 
techniques, including noise reduction and feature extraction, 
aimed at identifying specific textured areas in the image. 

 
To facilitate computer-based processing, the image is 

initially converted into numerical format, enabling the 
computer to analyze it. Each numerical value in the image 
corresponds to a specific brightness level at a designated 
location, referred to as a pixel. A digital image chosen for 
analysis typically comprises 512 × 512 pixels, totaling 
approximately 250,000 pixels. Modern computing systems 
may handle larger-sized images. 

Once digitized, three fundamental operations are 
carried out on the image within the computer. Firstly, in 
point operation, a single pixel in the input image contributes 
to generating a pixel value in the output image. Secondly, 
for local operations, the output image's value is influenced 
by multiple pixels in the input image. Finally, in global 
operations, each pixel in the input image contributes to 
producing a pixel in the output image. These operations can 
be applied individually or in combination to enhance and 
compress the image. Image enhancement occurs when the 
information within the image becomes more discernible. 

Identifying object groups in real-time images represents 
a significant breakthrough in image processing, marked by 
the intricate challenges posed by variations in object 
similarity within the same class. The complexity is further 
compounded by distortions arising from cluttered 
backgrounds, changes in scale, and shifts

in  viewpoint,  resulting  in  disparate  appearances  of 
identical objects. Another layer of difficulty arises from images 
that may look similar despite distinct classifications, adding to 
the intricacies of classification problems. Consequently, models 
designed for object classification must dynamically adapt to 
accommodate class variability while maintaining the necessary 
discriminative power to sift through true object occurrences in 
visually chaotic images. 

This paper delves into two distinct approaches for recognizing 
and classifying objects, with a particular emphasis on addressing 
the inherent challenges associated with object class recognition. 
The primary goal of image classification is to accurately pinpoint 
the region of interest within the analyzed image. The proposed 
approach in this work concentrates on object class recognition 
using exclusively edge information. This focused methodology 
allows for efficient computations of matches between primary 
images, leveraging geometric properties. This stands in contrast to 
fragmented approaches that necessitate intricate analyses between 
each individual edge pixel or changes in technical terminology 

The back propagation network algorithm has demonstrated 
superior performance in the context of kidney stone detection 
within the aforementioned image processing framework. The term 
"back propagation" signifies the reverse propagation of error, 
wherein an error computed at the outer layer is retroactively 
disseminated throughout the network's layers. Geometric 
properties present a more straightforward challenge, as they can be 
easily rectified to address similarities across various scales. 
However, contour fragments lack scale invariance, requiring 
additional steps to achieve it. One viable solution involves 
rescaling through the introduction of aliasing effects, such as 
adjusting the placement of edge pixels. Alternatively, remodeling 
the imaging sizing before fragment extraction represents another 
strategy, albeit at the cost of potential reductions in image 
resolution or alterations in technical terminology. 

The back propagation network algorithm has shown best 
result for the above explained image processing for the kidney 
stone detection. The phrase back propagation states the backward 
propagation of error as an error determined at the outer layer is 
distributed backwards throughout the network’s layers. Geometric 
properties can be fixed easily, they solve similarities across scales. 
But, contour fragments are not scale invariant. It must be rescaled 
by introducing aliasing effects (for e.g., placement of edge pixels 
apart), or to remodel the imaging sizing before extracting 
fragments from the image. This may further reduce image 
resolution. 

In literature, it is shown that the standard nature of line 
segments and definite shapes meet the requirements of the ability 
to portrait intricate shapes and structures. As individual structures, 
it appears to be less unique. When the same features are 
combined, their features are enhances and thereby appears to be 
adequately discriminative. A bi-level basic abstraction is being 
performed. Initially, at the first layer it is performed with pairs of 
primitives. Later, a learned number of shape indications. No 
constraint is imposed to have standard values of shape-tokens. But 
it also allows it to be repeated and adaptable to an 
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Object class. This value influences a combination’s ability to 
represent shapes, where simple shapes favor fewer shape- 
tokens than challenging ones. Continuously, discriminative 
combinations of varying complexity can be exploited to 
represent an object class. We study this combination by 
exploiting, demarcating the shape, geometric, and 
fundamental restrictions. The shapes inhibit, describes the 
visual approach of shape tokens, while geometric constraints 
describe its spatial outline. Structural constraints establish 
possible structures of an object by the relationships between 
shape- tokens./change in technical word 

 
II. IMAGE CATEGORIZATION 

Primarily, image classification is founded on pixel color 
considerations. Depending on the desired output 
effectiveness, images can be maintained in their original state 
or transformed into a different format. This minimizes 
computational complexity and enhances system processing 
time to yield efficient outcomes. The ensuing list delineates 
various image types, each explained below. 

 
A. Binary Image 

A binary image exhibits two distinct pixel-level outcomes. 
Typically, the colors black and white are employed, but any 
two colors can be substituted. The foreground color represents 
objects, while the rest of the image constitutes the background. 
Binary images are often referred to as bi-level or two-level, 
signifying that each pixel is stored as a single bit (0 or 1). 
While commonly associated with black and white, 
monochrome, or monochromatic terminology, it can encompass 
any image with a single sample for each pixel. 

 
B. Gray Scale Image 

In a grayscale image, each pixel holds a single sample, 
conveying information solely based on intensity. These images 
exhibit varying shades of gray within the 0-255 value range, 
with black (0) representing the weakest shade and white (255) 
the strongest. Grayscale images are distinct from one-bit black- 
and-white images, which are fundamental in computer imaging. 
Unlike binary images, grayscale images feature multiple shades 
of gray and are characterized by their monochromatic nature, 
indicating the absence of color-based changes. 

Grayscale images convey light intensity at each pixel 
across the electromagnetic spectrum, captured at a single 
frequency, rendering them monochromatic. 

 
C. Color Image 

A color image assigns color information to every pixel, 
determined by three numbers. These values signify the color 
decomposition in the three primary hues: red, blue, and green. 
Essentially, an image is a vast two-dimensional array, encoding 
properties of colors and pixels. Each pixel is coded in 3 bytes, 
representing the three primary colors. Employing RGB 
encoding, a total of 16.8 million distinct colors (256x256x256) 
can be generated, adjustable to human vision. 

II. METHODOLOGY 

The detection of kidney stones is accomplished through the 
utilization of a Back Propagation Network (BPN), which is 
evaluated in terms of performance and classification metrics. 
BPN proves to be an efficient and accurate tool for both quick 
classification and the identification of kidney stones. Moreover, 
it is adept at classifying patterns associated with malignant and 
benign  cancer.  The  back-propagation  mechanism  is 

instrumental in adjusting the weights and biases of networks, 
contributing to the minimization of squared error within the 
network. 

A graphical representation of the kidney stone detection process 
is commonly referred to as a "Schematic Diagram for Kidney Stone 
Detection" or simply a "Kidney Stone Detection Block Diagram." 
Such diagrams visually outline the sequential stages and components 
involved in the detection methodology, providing a clear overview 
of the entire process. 

In Figure 1, the block diagram illustrates the process of kidney 
stone extraction, which involves a two-stage approach to distinguish 
between normal and abnormal kidney images. The initial stage 
involves training the network with a known dataset. Subsequently, 
when subjecting a sample image, initial level classification is 
achieved through feature extraction using the GLCM method. The 
classification accuracy is further enhanced through preprocessing 
before feature extraction. Image preprocessing, a term commonly 
used, operates on images at the lowest level of abstraction, with 
intensity images as input and output. The primary objective of 
preprocessing is to refine image data by reducing unwanted 
distortions and enhancing essential image features for subsequent 
processing. 

Following the back propagation network's classification of the 
input image, the results indicate whether the input images represent 
normal or abnormal kidney conditions. If the image is classified as 
normal, the deduced image does not depict a kidney stone. 
Conversely, if the image is deemed abnormal, the deduced image is 
identified as depicting a kidney stone. 

 

 
Fig 1 Block Diagram for Kidney stone Detection 

 
III. RESULTS AND DISCUSSIONS 

In Figure 2, the input image serves as the sample image for the 
training system. Subsequently, the image undergoes preprocessing, 
and through the utilization of GLCM-based feature detection, the 
detection process is initiated. The preprocessed image is visualized 
in Figure 3, revealing clearly defined edges from the original image. 
This enhancement is instrumental in focusing on the region of 
interest within the image, facilitating the initial stage classification 
of image detection as normal or abnormal. 

Figure 4 portrays the image after feature extraction, highlighting 
the salient features obtained from the preprocessing stage. Finally, 
Figure 5 illustrates the segmentation of stones from the image, 
showcasing the successful isolation of kidney stones based on the 
applied methodology. 
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Fig 2 Input Image 

 

Fig 3 Processed Image 
 

 
Fig 4 Feature extracted image 

 

 
Fig 5 Output Image 

These results collectively demonstrate the 
effectiveness of the proposed approach in detecting kidney 
stones through a systematic process of preprocessing, feature 
extraction, and segmentation. The discussion will further 
delve into the quantitative measures of classification 
accuracy and performance metrics, providing a 
comprehensive evaluation of the proposed kidney stone 
detection methodology. 

 
The isolated stone region plays a pivotal role in the 

early detection of kidney stones. Additionally, individuals 
undergoing medical treatment can be closely monitored to 
document their response to the intervention. The method 
allows for precise monitoring of stone sizes, presenting a 
distinct advantage over alternative approaches. Due to 
elevated levels of noise associated with other methodologies, 
the efficiency of early detection and continuous monitoring is 
notably superior in the analysis of MR images. 

 
IV. CONCLUSIONS 

This study employs the Back Propagation Network 
(BPN) for the detection of kidney stones in MR images. The 
two-stage detection process, involving feature extraction and 
classification, successfully identifies stones within the 
kidney. Through qualitative analysis, the method proves 
effective in pinpointing the position of even small-sized 
stones within the kidney. Notably, the Back Propagation 
Network demonstrates superior precision in classification 
compared to alternative neural network-based methods. 

 
The method's advantages lie in its ability to accurately 

separate stone regions from the images, making it well-suited 
for the precise classification of kidney stone images and 
enabling early detection. The results of this study highlight 
the efficacy of utilizing the Back Propagation Network for 
kidney stone detection in MR images, showcasing its 
potential as a reliable and accurate tool in medical imaging 
applications. Further research may explore enhancements and 
optimizations to refine the methodology for broader clinical 
applications. 
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Abstract: 
Design of power-efficient and high- speed 

data path logic systems are one of the most 

substantial areas of research in VLSI system 

design. In digital adders, the speed of addition is 

limited by the time required to propagate a carry 

through the adder. The sum for each bit position 

in an elementary adder is generated sequentially 

only after the previous bit position has been 

summed and a carry propagated into the next 

position. 

 
The CSLA is used in many computational 

systems to alleviate the problem of carry 

propagation delay by independently generating 

multiple carries and then select a carry to 

generate the sum. However, the CSLA is not area 

efficient because it uses multiple pairs of Ripple 

Carry Adders (RCA) to generate partial sum and 

carry by considering carry input, then the final 

sum and carry are selected by the multiplexers 

(mux). The basic idea of this work is to use Binary 

to Excess-1 Converter (BEC) instead of RCA in 
the regular CSLA to achieve high speed and low 

power consumption. 

 

Keywords: CSLA, RCA, BEC, area-efficient, low 

power, propagation delay. 

Introduction: 

Design of high speed data path logic 
systems are one of the most substantial research area 
in VLSI system design. High- speed addition and 
multiplication has always been a fundamental 
requirement of high- performance processors and 
systems. 

 

The major speed limitation in any adder is in 
the production of carries and many authors have 
considered the addition problem. The basic idea of 
the proposed work is using n-bit Binary to Excess-1 
Converters (BEC) to improve the speed of addition. 
This logic can be implemented with Carry Select 
Adder to Achieve Low Power and Area Efficiency. 
The proposed 32-bit Carry Select Adder compared 
with the Carry Skip Adder (CSKA) and Regular 32- 
bit Carry Select Adder. 

 

The main advantage of this Binary to Excess 
Converter (BEC) is logic comes from the lesser 
number of logic gates than the n- bit Ripple Carry 
Adder (RCA). A structure of 4-bit Binary to Excess 
Converter (BEC) and the truth table is shown in 
Fig.1.1 and Table 1 respectively. 
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Fig: 1.1:4-bit Binary to Excess-1 Converter (BEC) 

 

Table-1: 
 

 

Table.1: Functional Table of 4-Bit BEC 

 
 

Fig.1.2. 4-b BEC with 8:4 mux 

 

How the goal of fast addition is achieved 
using BEC together with a multiplexer (mux) is 
described in Fig.1.2, one input of the 8:4 mux gets as 
it input (B3, B2, B1, and B0) and another input of the 
MUX is the BEC Output. 

This produces the two possible partial 
product results in parallel and the Muxes are used to 
select either BEC output or the direct inputs 
according to the control signal Cin. 

 
The Boolean expressions of 4-bit BEC are 

listed below, (Note: functional symbols, ~ NOT, & 
AND, ^ XOR). 

X0 = ~ B0  

X1 = B0 ^ B1 

X2 = B2 ^ (B0 & B1)  

X3 = B3 ^ (B0 & B1 & B2) 

 

1. Carry Select Adder: 

 
A carry-select adder is divided into sectors, 

each of which – except for the least- significant –
performs two additions in parallel, one assuming a 
carry-in of zero, the other a carry-in of one. A four bit 
carry select adder generally consists of two ripple 
carry adders and a multiplexer. The carry- select 
adder is simple but rather fast, having a gate level 
depth of O (√n). Adding two n- bit numbers with a 
carry select adder is done with two adders (two ripple 
carry adders) in order to perform the calculation 
twice, one time with the assumption of the carry 
being zero and the other assuming one. 

 
After the two results are calculated, the 

correct sum, as well as the correct carry, is then 
selected with the multiplexer once the correct carry 
is known. The design schematic of Carry Select 
Adder is shown in Fig.2.1. 

 

 

 
Fig.2.1: The N-bit Ripple Carry Adder 

Constructed by N set single bit Full-adder 
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In the N-bit carry ripple adder, the delay time 
can be expressed as: 

TCRA = (N-1) Tcarry + Tsum 

 

In the N-bit carry select adder, the delay time 
is: 
TCSA = Tsetup + (N/M) Tcarry + MTmux + Tsum 

 
In our proposed N-bit area-efficient carry 

select adder, the delay time is: 
Tnew = Tsetup + (N-1) Tmux + Tsum 

 
The carry select adder comes in the category 

of conditional sum adder. Conditional sum adder 
works on some condition. Sum and carry are 
calculated by assuming input carry as 1 and 0 prior 
the input carry comes. When actual carry input 
arrives, the actual calculated values of sum and carry 
are selected using a multiplexer. 

 
The conventional carry select adder 

consists of k/2 bit adder for the lower half of the bits 
i.e. least significant bits and for the upper half i.e. 
most significant bits (MSB‟s) two k/bit adders. In 
MSB adder‟s one adder assumes carry input as one 
for performing addition and another assumes carry 
input as zero. The carry out calculated from the last 
stage i.e. least significant bit stage is used to select 
the actual calculated values of output carry and sum. 
The selection is done by using a multiplexer. This 
technique of dividing adder in to stages increases the 
area utilization but addition operation fastens. 

 
2. Carry Skip Adder: 

A carry-skip adder consists of a simple ripple 
carry-adder with   a   special   speed up carry chain 
called a skip chain. Carry skip adder is a fast adder 
compared to ripple carry adder when addition of 
large number of bits take place; carry skip adder has 
O(√n) delay provides a good compromise in terms of 
delay, along with a simple and regular layout This 
chain defines the distribution of ripple carry 
blocks, which compose the skip adder. A carry-
skip adder is designed to speed up a wide adder by 
aiding the propagation of a carry bit around a portion 
of the entire adder. 

Actually the ripple carry adder is faster for 
small values of N. However the industrial demands 
these days, which most desktop computers use word 
lengths of 32 bits like multimedia processors, makes 
the carry skip structure more interesting. The basic 
structure of Carry Skip Adder is shown in Fig.3.1. 

 
 

 
 

(a). Carry Propagation 
 

 

(b).Adding By Pass 

Fig.3.1. Carry skip adder structure – basic 
concept 

 

3.1.1. 32-bit Carry Skip Adder 

A carry skip divides the words to be added 
in to groups of equal size of k-bits. Carry Propagate 
pi signals may be used within a group of bits to 
accelerate the carry propagation. If all the pi signals 
within the group are pi=1, carry bypasses the entire 
group as shown in Fig.3.1.1. 

 
P = pi * pi+1 * pi+2 *… pi+k 
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Fig.3.1.1. 32-bit Carry skip adder 

 
 

In this way delay is reduced as compared to 
ripple carry adder. The worst- case carry propagation 
delay in a N-bit carry skip adder with fixed block 
width b, assuming that one stage of ripple has the 
same delay as one skip, can be derived: 

 
TCSKA      = (b -1) +0.5+ (N/b-2) + (b -1) 

= 2b + N/b – 3.5 Stages 

 
3. VLSI: 

VLSI stands for "Very Large Scale 
Integration". This is the field which involves packing 
more and more logic devices into smaller and smaller 
areas. 

 Simply we say Integrated circuit is many 
transistors on one chip. 

 Design/manufacturing of extremely small, 
complex circuitry using modified 
semiconductor material. 

 Integrated circuit (IC) may contain millions 
of transistors, each a few mm in size. 

 Applications wide ranging: most electronic 
logic devices. 

 
3.1 VLSI Design Flow 

3.1.1 Digital Circuit: 

Digital ICs of SSI and MSI types have 
become universally standardized and have been 
accepted for use. Whenever a designer has to realize 
a digital function,  

he uses a standard set of ICs along with a minimal set of 
additional discrete circuitry. Consider a simple example of 
realizing a function as 

 
Q n+1 = Q n + (A B) 

 
Here on, A, and B are Boolean variables, 

with Q n being the value of Q at the nth time step. 
Here A B signifies the logical AND of A and B; the 
„+‟ symbol signifies the logical OR of the logic 
variables on either side. A circuit to realize the 
function is shown in Figure. The circuit can be 
realized in terms of two ICs – an A- O-I gate and a 
flip-flop. It can be directly wired up, tested, and used. 

 
 
 
 

O 
 
 
 
 
 
 
 
 
 
 

Fig 4.1.1(a): Simple digital circuit 

C 

A 
 
B   
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System requirements 

ICs Other 

Circuit requirements 

Final circuit 

With comparatively larger circuits, the task 
mostly reduces to one of identifying the set of ICs 
necessary for the job and interconnecting; rarely does 
one have to resort to a micro level design. The 
accepted approach to digital design here is a mix of 
the top-down and bottom-up approaches as follows. 
• Decide the requirements at the system level and 
translate them to circuit requirements. 
• Identify the major functional blocks required like 
timer, DMA unit, register file etc., and say as in the 
design of a processor. 
• Whenever a function can be realized using a 
standard IC, use the same –for example 
programmable counter, mux, demux, etc. 
• Whenever the above is not possible, form the 
circuit to carry out the block functions using standard 
SSI – for example gates, flip- flops, etc. 
• Use additional components like transistor, diode, 
resistor, capacitor, etc., wherever essential. 

 
 
 
 

 

 
 
 
 
 
 

 

 

Fig 4.1.1(b): Process flowchart 

Once the above steps are gone through, a 
paper design is ready. Starting with the paper design, 
one has to do a circuit layout. The physical location of 
all the components is tentatively decided; they are 
interconnected and the ―circuit-on paper‖ is made 
ready. Once a paper design is done, a layout is carried 
out and a net-list prepared. Based on this, the PCB is 
fabricated and populated and all the populated cards 
tested and debugged. 

 
4. ROLE OF VHDL: 

 
VHDL is an acronym for Very High Speed 

Integrated Circuits Hardware description Language. 
The language can be used to model a digital system 
at many levels of abstraction ranging from the 
algorithmic level to the gate level. The complexity of 
the digital system being modeled could vary from that 
of a simple gate to a complete digital electronic 
system. The VHDL language can be regarded as an 
integrated amalgamation of sequential, concurrent, net 
list and waveform generation languages and timing 
specifications. 

 
5. Software Used: 

XILINX: 

Xilinx software is used by the 
VHDL/VERILOG designers for performing 
Synthesis operation. Any simulated code can be 
synthesized and configured on FPGA. Synthesis is 
the transformation of VHDL code into gate level net 
list. It is an integral part of current design flows. 

Algorithm: 

Start the ISE Software by clicking  the 
XILINX ISE icon. 

Create a New Project and find the following 
properties displayed. 

PCB layout 

Wiring & testing 
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Create a VHDL Source formatting all inputs, outputs 
and buffers if required. Which provides a window to 
write the VHDL code, to be synthesized? 

 
6. RESULTS: 

CSLA WITH RCA IMPLEMENTATION 
SYNTHESIS REPORT: 
Release 8.2i - xst I.31 

Copyright (c) 1995-2006 Xilinx, Inc. All rights 
reserved. 
--> Parameter TMPDIR set to 

./xst/projnav.tmp 
CPU: 0.00 / 0.32 s | Elapsed : 0.00 / 0.00 s 

--> Parameter xsthdpdir set to ./xst 
CPU: 0.00 / 0.32 s | Elapsed : 0.00 / 0.00 s 
--> Reading design: CSLA_32_RCA.prj 

 
POWER REPORT OF CSLA WITH BEC: 
Started: "Generate Power Data". 

Loading device for application Rf_Device from 
file 'v50.nph' in environment C:\Xilinx. 
"CSLA_32" is an NCD, version 3.1, device xcv50, 

package bg256, speed -5 

Design load 35% complete 
Process "Generate Power Data" completed 
successfully. 

 Comparison Table Between CSLA Adders with 

RCA and BEC in terms of timing (delay) and 

power by using the device : xcv50-5-bg256 to 
analysis 

 
 TIMING 

REPORT 
POWER 

CSLA WITH 
BEC 

36.876ns 7mw 

CSLA WITH 
RCA 

51.536ns 27mw 

 

 WAVEFORM OF CSLA WITH BEC:
 

 
 
 WAVEFORM OF CSLA WITH RCA:
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7. CONCLUSION 

 
Addition is the most common and 

often used arithmetic operation on microprocessor, 
digital signal processor, especially digital computers. 
Also, it serves as a building block for synthesis all 
other arithmetic operations. Therefore, regarding the 
efficient implementation of an arithmetic logic unit, 
the adder structures become a very critical hardware 
unit. 

In any book on computer arithmetic, 
someone looks that there exists a large number of 
different circuit architectures with different 
performance characteristics and widely used in the 
practice. Although many researches dealing with the 
adder structures have been done, the studies based on 
their comparative performance analysis are only a 
few. 

Digital Adders are the core block of DSP 
processors. The final carry propagation adder 
(CPA) structure of many adders constitutes 
high carry propagation delay and this delay 
reduces the overall performance of the DSP 
processor. In this project, qualitative evaluations of 
the CSLA adder with and without BEC architectures 
are given. Among the huge member of the adders we 
wrote VERILOG (Hardware Description Language) 
code for Carry skip and carry select adders to 
emphasize the common performance properties 
belong to their classes. With respect to delay time 
and power consumption we can conclude that the 
implementation of CSLA with BEC is efficient.   The    
main advantage of this BEC logic comes from the 
lesser number of logic gates than then-bit Full Adder 
(FA) structure. 

Now a day‗s Carry Select Adder (CSLA) 
used in many data-processing processors toper form 
fast arithmetic functions. That‘s why we have 
designed a configurable adder with minimal delay 
overhead, and power efficient. CSLA RCA can be 
replaced by CSLA BEC Where the speed and power 
are the major constraints. The proposed CSLA BEC 
consumes only 17mw which is very less when 
compare to the existing CSLA RCA which consumes 
37mw. 
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Abstract — Artificial Intelligence (AI) emulates human 

intelligence through computer-based simulations, 

functioning akin to human beings. As a key driver of the 4.0 

industrial revolution, AI plays a pivotal role in enhancing 

education, particularly in English Language Teaching 

(ELT). This library research aims to explore the significance 

of AI in ELT and investigate its various applications. The 

findings reveal that AI contributes to creating an optimal 
learning environment for English acquisition. Its substantial 

capacity allows for the customization of learning 

atmospheres, enabling learners to engage multiple senses 

while honing English skills based on their proficiency levels, 

vocational requirements, or personal interests. 

AI facilitates real-life simulated dialogues, including 

spoken English, and enhances practical skills such as written 

communication. This results in heightened student 

engagement and optimizes the overall impact of English 

language instruction in ELT. The evolution of technology 

and platforms makes learning English more accessible, with 

AI technology presenting opportunities to refine language 
skills. A plethora of ELT applications grounded in AI, such 

as Google Translate, Text to Speech (TTS), English Able, 

Orai, Elsa, Chatbot, Duolingo, Neo platforms, and others, 

serve as smart machines capable of simulating human-like 

intelligence. These technologies offer diverse learning 

experiences, making it easier for students to comprehend 

and master the English language. 
 

Keywords— Artificial Intelligence, English Language, 
Learning, Teaching 

 

I. INTRODUCTION 
 

The industrial era has compelled individuals to adapt 
swiftly to rapid changes. The advent of globalization and the 
fourth industrial revolution has ushered in novel forms of 
creativity, opportunities, and challenges, particularly in the 
realm of technology. Consequently, technology assumes a 
crucial role in disseminating information through various 
mediums such as text, images, and sound, as highlighted by 
Rahayu and Pujiyono (2017). The primary purpose of 
technology is to streamline human tasks and activities. Among 
the technologies undergoing intensive development, Artificial 
Intelligence (AI) stands out as a noteworthy example. 
 

Artificial Intelligence (AI) stands out as a facet of 
computational creativity, garnering increased attention for the 
development of AI technologies (Cheng & Day, 2014). Various 
AI technologies have been implemented to imbue computers 
with creativity, as highlighted by Rahman (2009, p. 343). These 
technologies involve creating software capable of autonomous 
functions such as knowledge filtering and computational tasks, 
contributing to areas like student searches. 

AI, also known as Machine Intelligence (Mehrotra, 
2019), strives to emulate human intelligence in computer 
systems and robotic devices (Karsenti, 2019). It encompasses the 
prediction of machine intelligence through the demonstration of 
natural intelligence exhibited by humans, essentially infusing 
machines with human-like cognitive abilities. The field of AI, as 
defined by Mehrotra (2019), explores the analysis and 
development of smart machines and applications, aiming to 
make machines think and behave intelligently, akin to human 
beings. 
 

The term "AI" comprises "artificial" and "intelligence" 
(Ahmet, 2018). "Artificial" denotes something simulated, not 
entirely real but not necessarily fraudulent. On the other hand, 
"intelligence" encompasses various complex attributes such as 
reasoning, self-knowledge, understanding, emotional awareness, 
preparation, consciousness, and creativity. 
 

Joshi (2019, p. 4) emphasizes that AI does not 
necessarily imply creating an incredibly smart computer that can 
solve all problems; rather, it involves building machines capable 
of human-like actions. The objective of AI is to develop 
computer software or hardware systems that exhibit human-like 
thought processes or display traits traditionally associated with 
human intelligence (Campesato, 2020). AI, as a theoretical 
concept, can perform tasks typically involving human 
intelligence, including speech understanding, language 
awareness, decision-making, and visual perception. 
 

AI plays a pivotal role in language education, offering 
tireless and individualized training, providing learners with 
abundant feedback and scaffolding activities crucial for fluency 
development. The promise of AI lies in its potential to expedite 
skill development. 
 

Kaur & Gill (2019) assert that AI represents a digital 
endeavor to achieve human-level intelligence through various 
computational processes. It encompasses advanced technologies 
that enable humans to perceive, comprehend, function, and learn 
from machines. AI, as a branch of computer science, emphasizes 
thinking and acting like humans, borrowing human intelligence 
traits and incorporating them in a computer-friendly manner. 
Tasks such as learning, planning, decision-making, and language 
understanding can be performed by AI. 
 

The integration of technology and digital platforms has 
facilitated English language teaching and learning, offering 
opportunities for skill enhancement. However, the development 
of an English class model utilizing AI should complement, rather 
than replace, traditional teaching methods. Ribeiro (2020) 
underscores the pragmatic use of AI in English Language 
Teaching (ELT), especially given the systematic grammatical 
structure of the English language. 
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In conclusion, this research seeks to comprehend the 
role of Artificial Intelligence (AI) and investigate AI 
technologies in English Language Teaching (ELT), recognizing 
the potential for transformative impacts on education and 
language learning processes. 
 

II. METHOD 

 
This constitutes a library-based research endeavor, 

involving the systematic collection of data or scholarly writings 
with the specific goal of addressing the research objective or 
amassing bibliographic information. It is an investigative 
process conducted to tackle a problem, grounded in a meticulous 
and comprehensive exploration of pertinent library materials. 
Notably, one distinguishing feature of library research is the 
direct engagement of the researcher with textual sources, as 
articulated by Zed (2004, p. 4). The forthcoming analysis will 
encompass an exploration of various reference books, journals, 
and the findings of previous related studies, establishing a 
theoretical foundation for the subject under investigation. 
The data sources utilized in this research encompass books, 
journals, and internet sites pertinent to the selected topic. The 
researcher draws upon a diverse range of books and journals 
related to the research topic to gather comprehensive research 
data. The method employed for data collection in this analysis is 
documentation, entailing the search for information within 
documents, books, articles, papers, posts, newspapers, and other 
relevant sources. However, in this study, an evaluation of 
concepts and theories is prioritized, relying on the existing 
literature, particularly drawing insights from various articles 
published in reputable scientific journals. 

Following the collection of all pertinent data, the 
subsequent phase involves data analysis to derive meaningful 
conclusions. Employing content analysis techniques is crucial 
for ensuring accurate and reliable results in the data analysis 
process. Content analysis, a form of study involving a 
thorough scrutiny of the contents of written materials, is 
chosen because the nature of the data necessitates a 
descriptive elucidation.  

 

III. FINDINGS AND DISCUSSION 

Relationship between Artificial Intelligence and English 
Language Teaching 

AI-assisted devices form a subset within computer-
assisted language learning (CALL), particularly in the context of 
foreign language learning. The field of AI brings forth a plethora 
of advancements in foreign language education, propelled by the 
exponential growth in natural language processing and 
technologies adept at handling vast amounts of data (Li, 2020). 
English Language Teaching (ELT) holds a crucial position as an 
educational objective, aiming to enhance students' ability to 
engage globally (Mukhallafi, 2020). The expansive development 
of natural language processing and technologies proficient in 
managing big data has enabled AI to provide a wide array of 
improvements in the realm of foreign language education. 
 

Teaching English through artificial intelligence (AI) is 
a dynamic and challenging domain (Zhu, 2017). AI technologies 
have the potential to make classrooms accessible to individuals 
of diverse linguistic backgrounds or those with visual or 
auditory impairments, fostering inclusivity on a global scale 
(Marr, 2018). As highlighted by Gawate (2019), AI serves as a 
crucial support system, benefiting both English language 
students and teachers. This assertion is echoed by Li (2017), 

who states that "Artificial intelligence also functions as a tool for 
enhancing English teaching." In the realm of AI, the integration 
of language literacy and digital literacy proves to be a synergistic 
approach to enhancing global competence, particularly in 
English language acquisition. The importance of personalized 
content remains pivotal in digital learning technology, with 
adaptive systems leveraging big data and artificial intelligence 
now readily available. 
 

In the current study, Mukhallafi (2020) defines artificial 
intelligence (AI) as the utilization of AI systems for enhancing 
the teaching and learning of English, specifically focusing on 
improving the organization, arrangement, and selection of 
instructional content. This approach aims to diversify 
instructional sources and educational streams based on learners' 
proficiency levels. Additionally, AI is employed to individualize 
self-study procedures, simulate intelligent and expert systems, 
and establish innovative teaching techniques and assessment 
methods. Wang (2019), in his research titled "Research on 
Artificial Intelligence Promoting English Learning Change," 
explores the relationship between Artificial Intelligence and 
English teaching, elucidating the connection as follows: 
 

1. Artificial intelligence changes the atmosphere in which 
English is learned. Artificial intelligence offers a good 
learning atmosphere for immersive English learning. 
Through integrating and logically interpreting 
information such as images, sound, and text in an 
intelligent device, English learning becomes more 
stereoscopic and visual. Students communicate with AI 
through the interface between man and computer, which 
not only improves the validity of language environments. 
This statement is also supported by (Zilberman, 2019) 
that AI has a significant ability to create a personalized 
atmosphere in which adult learners use all their senses to 
concurrently exercise English skills in conjunction with 
their present level of English or occupational needs or 
wishes. 

2. Artificial Intelligence optimizes the teaching impact of 
English. AI will provide a real simulation dialog 
platform for the teaching and learning of English in 
English. We will help students make better use of 
English words, spoken English, and English writing, and 
develop their comprehension skills. Not only can the 
cultural and customs awareness of the various English-
speaking countries collected in AI be used to 
communicate and connect with students, but it can also 
significantly enhance the interest of students in learning 
English. 

3. Artificial Intelligence increases the practical skill of the 
students in English class. Artificial Intelligence (AI) is 
currently the hotspot technology material of social 
science within the industry. The application of science 
and technology in English Language Teaching (ELT) 
requires that teachers and students understand the ability 
to work the system and solve problems in time. 
Therefore, as AI is applied to English teaching, it 
increases the practical operational capacity of the 
students. 
According to Gawate (2019) in his article entitled 

―Artificial Intelligence (AI) Based Instructional Programs in 
Teaching-Learning of English Language‖ states that any 
advantages of AI-based English language teaching and 
learning instructional programs are: 
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1. Friendly need-based instructional programs for 
consumers. The AI-based teaching software combines 
aim learners and their contextual needs. It is laid down 
with the learners' clear expectations and exact criteria. 
English language teaching-learning misleads to no 
endpoint without analyzing learners' needs. 

2. Qualitative contents: through Artificial Intelligence, it is 
possible to create qualitative teaching-learning material 
that operates on all levels of language such as hearing, 
speaking, reading, and writing. 

3. Supplementary teacher and student support system. As 
an external support mechanism, AI plays a critical 
function for students and teachers of the English 
language. AI, when it incorporates humanized 
knowledge, will do this at anytime and anywhere with 
precise assistance. While AI-based services are built-in, 
the position of educators is not denied. 

4. Fast feedback system: AI-based systems can be built to 
learn English in a variety of ways to get feedback. It can 
be used in AI-based instructional programs to quantify 
and interpret the input according to the needs of the 
students, such as gradation, review, cross verification, 
and in-depth presentation. All facets of the students' 
success are assessed. 

5. Changing the teacher's role as a guide and director. It is 
difficult to change the position of the instructor as a 
guide and director and exclude the teacher from the 
method. AI-based systems only modify the teacher's role 
in the ELT process. Students should be led and assisted 
by teachers. The teacher can handle and manage such an 
AI-based program that needs a few manual 
modifications, and teachers can do it. AI-related 
instructional services can only be an aid in teaching-
learning of the English language. 

6. Connectivity globally. For some AI-related instructional 
systems, it gives students all the possibilities. Owing to 
Artificial Intelligence, spatial and time constraints are 
solved. It is possible to exchange knowledge from 
quality organizations as well as from organizations. This 
is truly incredible access to AI-based instructional 
software. With the help of facial recognition, voice 
recognition, and movements of the students, it allows 
remote access. In short, all student behaviors can be 
managed with AI-based applications. 

7. Teaching-learning personalization in English. As per the 
demand and needs of the students, the course can be 
created. It can be student-centered in its personalization. 

8. The AI-based learning platform helps learners to learn at 
their speed, to repeat topics, and to highlight items that 
they have issues with to involve them with activities, to 
cater to their interests, etc. For the advancement of 
teaching-learning English, AI-based instructional 
programs are tailored. It emphasizes the need-based 
creation of the English course material. 

 
Artificial Intelligence Technology in English Language 

Learning 
Artificial intelligence technology is a technology that 

explores how the robot can complete the intelligent work 
that only human beings can complete initially as one of the 
world's most advanced information systems (Han, 2019). 
Technology also develops in such a way that it becomes 
more advanced and makes it easier for us to do some work, 
such as teaching and learning English. One technology that 
is often discussed in the wider community is artificial 

intelligence technology. Technology is opening up many new 
possibilities for language learning (Fryer & Carpenter, 2006). 

 
Luo & Cheng (2020) states that teaching foreign 

languages is powered by Artificial Intelligence (AI) 
technologies. The challenges of short teaching hours, limited 
space, limited resources, and a monotonous measurement 
method can be solved efficiently by Artificial Intelligence 
(AI) technology, etc. Thornton (2007, p. 1) defines that 
almost all programs/technologies Artificial Intelligence (AI) 
can be said to be doing some form of problem-solving. It 
means that Artificial Intelligence (AI) is a broad area of 
science that incorporates this dynamic problem-solving and 
human-like capacity to sense behavior and purpose. (Cobar, 
2019). 

 
The goal of AI can create smart machines that think and 

act like humans, with the ability to simulate intelligence and 
produce decisions through a process in a similar manner to 
human reasoning   (Salvaris et al., 2018, pp. 3–4). AI works by 
combining the presence of several data, repetitive processing, 
and intelligent algorithms. This allows the software to learn 
automatically from the patterns or features that exist in the 
data. AI is a very broad field of study. The scope of theories, 
methods, technologies, and sub-fields that exist in AI is varied 
including machine learning, neural networks, cognitive 
computing, computer vision, and scientific language 
processing. When humans communicate with others by using 
a language, they may employ, almost effortlessly or 
extremely complex and still little understood process 
(Nilsson, 2014). Thus a computer system capable of 
producing and interpreting fragments of the English language 
has been very difficult to create. One cause of the challenge is 
that language has arisen within intelligent beings as a means 
of communication. 

Teaching and learning English has become easier with 
the development of digital platforms. Artificial intelligence 
(AI) technology now offers the opportunity to improve 
English language skills. Language literacy and digital literacy 
are a neat combination to improve global competence. AI 
bases its process on the text processing of a language. The 
more sophisticated the AI, the more and more accurate the 
language he mastered. Therefore, the use of AI technologies 
would strengthen foreign language teaching and learning. 
(Yingsoon, 2021). 

AI plays a role in conveying various information and also 
helps in making the English learning process even more 
effective. The existence of various kinds of learning 
technology makes it easier for these learners to understand 
what has been explained by the teacher. Even students also 
have the ease of learning even without having to face the 
teachers directly. There are so many choices of language 
learning applications based on the technology of Artificial 
Intelligence (AI) which can be used by both English 
educators and students/learners. Some examples of AI 
technology that can be used in English language learning are 
as follow: 

 

1. Google Translate 

Google has created an enormous suite of tools for users, 
but after their original search engine, possibly the most 
important application is Google Translate which can be 
accessed on http.google.com/translate (Smallwood, 
2015, p. 51). Text speech has even been replaced by a 
translator. Applications like Google Translate are 

NATIONAL CONFERENCE ON APPLICATIONS OF AI AND IoT IN ENGINEERING AND TECHNOLOGIES (NCAAIET-24)

ISBN: 978-81-965236-7-1
48



 

already integrated with Google Board. So translating 
Indonesian to English, or vice versa is as easy as typing 
on a keyboard. Covili (2016) states that there are five 
things about Google Translate, they are: Google 
Translate can translate into up to 50 different languages. 
The users can translate entire documents using Google 
Translate. Google Translate can pronounce words in 
the new language and provide definitions of the words. 
By using the mobile app for „translate‟, the users can 
translate street signs on the fly. Google Translate also 
can translate websites into a variety of languages. 

Concerning teaching and learning English, Google 
Translate as a translator is the main function, namely as 
an online translator. Students can use it to translate 
words/phrases/sentences/paragraphs from Indonesian 
English or Indonesian English which are used a lot in 
Indonesian English translation activities. Google 
Translate can be used to check the spelling of words that 
arise due to typos. It is very useful when it comes to 
checking the English spelling. Google Translate can be 
used as a tool to learn foreign language word 
pronunciation. For students who want to learn English 
for free, especially how to pronounce words, google 
translate can be used. 

 

2. Text to speech (TTS) 

Google Translate adds text to speech as an 
additional feature. The text to speech feature of Google 
Translate provides various languages to be spoken, from 
words that are translated from various languages such as 
English. The text to speech feature in Google Translate 
can read text with a less flat intonation and is smoother 
than the others. A Text- To-Speech (TTS) system can be 
defined as a system that can convert text into speech 
automatically through phonetization (the arrangement of 
phonemes to form speech). A TTS system can 
pronounce any word because the vocabulary is 
unlimited. 

 
Concerning teaching and learning English, Text-To-

Speech (TTS), can convert computer-generated text into 
pronunciation (audio), where the resulting pronunciation 
can be adjusted for speed, intonation, and the output 
audio format to be saved in the form of an audio file. 
TTS technology can streamline the teaching and 
learning process and complement the learning media 
for English subjects, especially in the English laboratory 
(Yudhistiro, 2016). 

 

3. English Able 

English ABLE is an Assessment-Based Learning 
Environment for English grammar. This technology was 
developed by Zapata-Rivera et al (2007). Assessment-
based learning environments (ABLE) use assessment 
knowledge to direct instruction from a variety of sources 
(e.g. formative and summative). Concerning teaching 
and learning English, English ABLE refers to a learning 
environment that focused on tests to help English 
language learners (ELLs) learn about grammar in 
English. English ABLE uses a TOEFL CBT job library 
to build new sets with improved assignments aimed at 
unique ELL component skills. An adaptive, scaffolded 
learning environment, also offers packages for learners 
to help students master facets of English grammar. 

 

4. Orai 

Orai's perfect option for public speaking. It can not 
only be used to support a teacher but can also be used as 
a teacher. Orai is getting excellent reviews and is 
enjoyable to use. Orai is user-friendly. Improving your 
oratory skills is a quick, self-directed strategy. 
Concerning teaching and learning English, Orai's 
strengths are being able to detect how many words we 
say to detect how many fillers we say while we speak. 
Using Orai in class, the teachers can combine it with 
English speaking subject matter at that time, such as 
describing people, then give students about 15 minutes to 
use Orai and after that choose randomly to come forward 
to practice speaking immediately. Orai provides several 
features designed to hone students' speaking skills, 
namely Lessons, Practice, Progress, and Recordings. 
Each of the main features has interesting content and can 
be studied repeatedly to hone these speaking skills. In the 
'Lessons' feature, those who want to practice speaking 
can learn and practice their speaking skills on the 
content provided. Each content consists of three content 
stages that must be completed before you can learn the 
next lesson content. Orai is an application purposed to 
help students to be better English speakers (Suryani et al., 
2019). 

 

5. Elsa 

English Learning Speech Assitant (ELSA) and 
designed by Vu Van in 2015, and is based in San 
Francisco, United States. This application makes use of 
Artificial Intelligence (AI) and speech recognition to help 
improve and perfect English pronunciation. ELSA 
(English Learning Speech Assistant) Speak is an 
application for learning English that applies artificial 
intelligence and speech recognition. This technology 
allows for a two-way learning process, for example, the 
users can pronounce certain words or sentences, then the 
system will perform analysis and provide corrective 
input. The ELSA framework is trained to use voice data 
of people speaking English with multiple accents, to 
recognize the speech patterns of non-native speakers, 
distinguishing them from most other speech recognition 
technologies. Users are given an assessment test to 
determine their level of proficiency. ELSA provides 
scores ranging from zero to 100, with most native 
speakers scoring 95 or above. The results help ELSA 
personalize the user's learning path, highlighting which 
sounds hit the spot, and what else needs tweaking. ELSA 
makes suggestions for specific lessons according to the 
user's abilities. Concerning teaching and learning 
English, Application ELSA (English Learning Speech 
Assistant) Speak is an application for learning English 
that applies artificial intelligence and speech recognition 
to help students improve their English speaking skills. 
This technology allows for a two-way learning process, 
for example, users can pronounce certain English words 
or sentences, then the system will perform analysis and 
provide corrective input (Eka, 2020). 

 

6. Chatbot 

Chatbots as one of the artificially intelligent 
conversational systems are the latest technologies 
designed to communicate both with humans and 
computers automatically (Nghi et al., 2019). Several 
previous studies have proven the use of chatbots as a 
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learning medium, especially learning English (Afrianto 
et al., 2019). 

 
Concerning teaching and learning English, the 

Chatbot application that is built will act as an English 
conversation partner. Conversations, in general, can be 
carried out orally or in writing so that it should be 
possible for the user to be able to practice both. To 
support the purpose of the chatbot application as a 
medium for English conversation training, a grammar 
error correction feature and a user's daily log feature are 
needed. The responses obtained included the location of 
the errors, suggestions for replacing words/sentences, 
and descriptions of errors. This is an effort to minimize 
errors in the user's sentence structure. Then the daily log 
feature is useful for measuring the extent to which the 
user's practice progresses in conversation mastery and 
English sentence structure. That way, users not only 
familiarize themselves with conversational English, but 
also get corrections and assessments of their practice. 
The simple chatbot function starts with the message the 
user sends. The NLP (Natural Language Processing) and 
chatbot then interpreted the message by referring to the 
message according to the current database (Haristiani, 
2019). 

 

7. Duolingo 

Duolingo is a web that is used to learn foreign 
languages. Duolingo is a language learning application 
that uses a game method by matching words and filling 
in the blank parts of sentences. This method aims to 
teach the grammar, words, and phrases needed in a 
sentence. Concerning teaching and learning English, 
Any student at any level of English can learn a new 
science with Duolingo. So that the learning materials 
obtained by users match their abilities, Duolingo 
conducts tests first. After taking the test, Duolingo users 
will know what level of English they are at. Only then 
will Duolingo provide English material that has been 
adapted to the user's abilities. Not only about grammar, 
but Duolingo is also equipped with learning vocabulary, 
terms, and so on. Duolingo's English teaching method is 
also designed to be gaming-like and "competitive" with 
other users. That way, users of this application can see 
the development of English language skills that have 
been learned so far. 

 

8. Neo 

Nexgen English Online Co., an English application 
company from California, United States, launched the 
neo application, a global English language learning 
system. Neo is an integrated learning solution via 
cellphone to gain proficiency in English that can adapt to 
the development of user learning through artificial 
intelligence and voice recognition systems. Nexgen Neo 
is a new solution to learning English. Neo is an 
application that is effective, flexible, and easy to operate 
for users who have an active lifestyle. With an easy-to-
use interface, an adaptive learning system using 
international standard English technology and 
certificates, Neo also presents a different experience for 
each user. Artificial intelligence (AI) in the neo Study 
application regularly analyzes user behavior and data to 
then provide content that automatically adapts as users 
progress. 

Concerning teaching and learning English, Neo helps 
users master English faster as if they were accompanied 
by an expert personal teacher. Through the neo Study 
application, users will use the advanced speech 
recognition feature which trains them to correct the 
pronunciation of each word until they become proficient 
in speaking English. 

 

The benefits of using AI tools in English language 
learning are: 1) AI can do things that cannot be achieved 
by individuals, such as evaluating English down to the 
phoneme and understanding how your language skills 
have progressed almost immediately over time. 2) At any 
moment, wherever they are genuinely accessible 
(sometimes even without the internet). 3) AI tools for 
learning spoken English are a more accessible and 
successful alternative. 4) They are more scalable and can 
serve a lot more students than people do. 5) They can 
accelerate learning by an increased level of instruction, 
with human teachers alone becoming difficult with such 
frequency. 6) For those who lack trust in their speech 
capacity, AI instruments have a pressure-free learning 
environment. 

                                III. CONCLUSION 

Artificial intelligence endeavors to create robots 
endowed with intelligence comparable to, or even 
surpassing, human intelligence. The expectations for 
artificial intelligence encompass a broad spectrum of 
capabilities designed to simplify tasks for humans, 
including natural language processing, perception, 
reasoning, movement, object manipulation, knowledge 
acquisition, and learning. The ultimate goal of 
developing such advanced machines is to enhance 
efficiency by reducing the time required for various 
activities. Through the utilization of artificial 
intelligence, decision-making becomes more cost-
effective, contributing to overall efficiency. 

The evolution of digital platforms has facilitated the 
process of learning English. The integration of computer 
and cell phone technologies not only expands 
opportunities for people worldwide but also amplifies the 
incorporation of artificial intelligence in language 
learning. Personalized content emerges as a pivotal 
aspect of digital learning technology, with the availability 
of adaptive systems leveraging big data and artificial 
intelligence. This enables tailoring the approach to 
learning English based on the unique needs and schedules 
of individual users. 
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Abstract - The increasing prevalence of sensitive 

loads has brought attention to power quality 

issues. Many of these loads utilize equipment 

that is vulnerable to voltage supply distortions 

or dips. Disturbances in distribution networks 

are the root cause of most power quality 

problems. Regulations, which are in place in 

many locations, impose limits on the distortion 

and unbalance that customers can introduce to a 

distribution system. Compliance with these 
regulations may necessitate the installation of 

compensators (filters) on customer premises. 

Utility providers are also expected to deliver low 

distortion balanced voltage to customers, 

particularly those with sensitive loads. 

In instances where a DVR (Dynamic 

Voltage Restorer) is linked to a specific load, it 

can inject compensating current to ensure that 

the total demand aligns with the utility 

connection specifications. Alternatively, this 

paper aims to explore a DVR that can effectively 
fulfil both of these functions.  

 

KEYWORDS: Voltage supply distortions, 

Distribution network disturbances, Regulatory 

compliance, Compensators (filters), Utility 

connection specifications, Dynamic Voltage 

Restorer (DVR), Compensating current, Utility 

providers.  

 

INTRODUCTION:   

Reactive power in power distribution 
networks is a primary contributor to increasing 
system losses and various power quality issues. 
Traditionally, Static Var Compensators (SVCs) 
combined with passive filters have been utilized for 
active power compensation and mitigating power 
quality problems in distribution systems. However, 
SVCs, while effective at the transmission level, 
have limitations such as restricted bandwidth, a 
higher count of passive elements leading to 
increased size and losses, and slower response 
times, making them less suitable for modern 
distribution requirements. 

An alternative compensating system has 
been proposed, integrating SVC and an active 
power filter to compensate three-phase loads within 
a minimum of two cycles. This approach involves a  

 

controller that continuously monitors load voltages 
and currents to determine the appropriate 
compensation needed with minimal response time. 
The Distribution Static Compensator (DVR) 
emerges as a solution to overcome the drawbacks 
of traditional methods, offering precise control and 
fast response during transient and steady states, 
with a reduced footprint and weight. 

Essentially, a DVR functions as a 
converter-based distribution Flexible AC 
Transmission Controller, sharing similarities with a 
Static Compensator used at the transmission level. 
While the Compensator Technique at the 
transmission level handles fundamental reactive 
power and provides voltage support, the DVR 
operates at the distribution level or load end for 
dynamic compensation. Additionally, a DVR can 
act as a shunt active filter to eliminate unbalance or 
distortions in source current or supply voltage, 
conforming to IEEE-519 standard limits. 

Given the multifunctional nature of a 
DVR, the primary goal of any control algorithm 
should be flexibility and ease of implementation, 
exploiting its capabilities to the fullest. Before 
choosing a control algorithm, the converter                 
configuration is a crucial criterion, with two   
options: voltage source converter or current source 
converter, coupled with passive storage elements 
like capacitors or inductors, respectively. Voltage 
source converters are typically preferred due to 
their smaller size, lower heat dissipation, and lower 
capacitor cost compared to an inductor with the 
same rating. 

 

PROPOSED SYSTEM:   

We present a method for restoring the 
diminished power factor when a load is connected 
to a single-phase supply, experiencing reduced gain 
or a change in load conditions. This restoration is 
achieved through a compensation technique. A 
MOSFET-based inverter is powered by a 12-volt 
DC input, with PWM control supplied to the 
MOSFET gate and source through a 
dsPIC30F2010. The dsPIC30F2010 is powered by 
a multi-tapping transformer using an adapter, while 
the MOSFET receives a 5V input from the same 
transformer.  
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The coding uploaded to the 
dsPIC30F2010 is designed to manage gain 
reduction and compensation. An isolator and driver 
circuit employing TLP250, with a 12V input, is 
used to convert the 5V PWM from dsPIC30F2010 
to a 12V PWM, isolating the ground to prevent 
potential circuit disturbances under abnormal 
conditions. 

The experimental setup is connected to a 
CRO (Cathode Ray Oscilloscope) to observe input 
and output waveforms. The CRO displays an 
inverter waveform with an amplitude of 10 volts. 
To visualize disturbances in the load, the non-
compensation button, or the so-called Gain 
reduction button, is switched ON, resulting in a 
non-compensated waveform representing a change 
in load or reduced power factor. 

Subsequently, by activating the 
compensate button, the obtained waveform is 
compensated, restoring the actual inverter voltage. 
This process improves power quality, leading to an 
enhanced power factor.  

 

 

 

Fig: Block Diagram of the Proposed System   
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Fig: Power supply of the Proposed System  

 

 

 

FACTS DEVICES:  

In recent years, Flexible AC Transmission 
Systems (FACTS) have become widely recognized 
for enhancing controllability in power systems 
through the use of power electronic devices. 
Various FACTS devices have been deployed 
globally for different applications, and new types 
are currently in the process of practical 
implementation. The primary aim in most 
applications is to enable better controllability, 
preventing the need for costly or landscape-
intensive expansions of power systems, such as 
upgrades or additional substations and power lines. 
FACTS devices offer improved adaptation to 
changing operational conditions and enhance the 
utilization of existing installations. 

The fundamental applications of FACTS 
devices include: 

1. Power flow control 
2. Increased transmission capability 
3. Voltage control 
4. Reactive power compensation 
5. Stability improvement 
6. Power quality improvement 
7. Power conditioning 
8. Flicker mitigation 
9. Interconnection of renewable and 

distributed generation and storage. 

Efficient utilization of lines for active 
power transmission should ideally approach 
thermal limits. FACTS devices play a crucial role 
in shifting voltage and stability limits. Their 
importance grows significantly with increasing line 
length. The impact of these devices is realized 
through switched or controlled shunt compensation, 
series compensation, or phase shift control. 
Operating as fast current, voltage, or impedance 
controllers, FACTS devices leverage power 
electronics, allowing for very short reaction times, 
often below one second. 

The evolution of FACTS devices is 
closely tied to advancements in power electronic 
components. The foundational concepts involve 
network elements influencing reactive power or the 
impedance of a segment within the power system. 
Figure 1.2 illustrates the number of basic devices 
categorized into conventional and FACTS devices. 

Regarding the classification of FACTS devices as 
'dynamic' and 'static,' it's essential to note that 
'dynamic' denotes the rapid controllability 
facilitated by power electronics, distinguishing 
them from conventional devices. On the other 
hand, 'static' indicates that these devices lack 
moving parts, such as mechanical switches, to 
achieve dynamic controllability. Therefore, most 
FACTS devices can exhibit both static and 
dynamic characteristics.       
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COMPENSATION TECHNIQUES:  

In 1999, the first Static Compensator with 
Voltage Source Converter, known as Compensator 
Technique, was inaugurated. The Compensator 
Technique exhibits characteristics akin to a 
synchronous condenser but, being an electronic 
device, lacks inertia. It surpasses the synchronous 
condenser in various aspects, including superior 
dynamics, lower investment costs, and reduced 
operating and maintenance expenses. Constructed 
with Thyristors featuring turn-off capability, such 
as GTO, or modern alternatives like IGCT or 
increasingly IGBTs, the static line determines the 
control characteristic for voltage with a specific 
steepness due to current limitations. 

A noteworthy advantage of the 
Compensator Technique lies in its independence 
from the actual voltage at the connection point for 
reactive power provision. This is evident in the 
diagram, where maximum currents remain 
unaffected by voltage, distinguishing it from the 
SVC. Consequently, even during severe 
contingencies, the Compensator Technique 
maintains its full capability. 

In the realm of distributed energy, Voltage 
Source Converters for grid interconnection are 
commonplace today. The ongoing development of 
the Compensator Technique involves its integration 
with energy storage on the DC-side. This 
combination of active and reactive power holds the 
potential for significantly enhancing performance 
in power quality and promoting balanced network 
operation.  

COMPENSATOR TECHNIQUEs are 
structured on the Voltage Source Converter (VSC) 
topology and employ either Gate-Turn-off 
Thyristors (GTO) or Isolated Gate Bipolar 
Transistors (IGBT) devices. These systems act as 
rapid, electronic counterparts to synchronous 
condensers. When the COMPENSATOR 
TECHNIQUE voltage, Vs, (proportional to the dc 
bus voltage Vc) exceeds the bus voltage, Es, it 
generates leading or capacitive VARS. Conversely, 
if Vs is less than Es, it produces lagging or 
inductive VARS.    

  
Fig. Compensator Technique Structure and 

Voltage / Current Characteristic 

 

The three-phase COMPENSATOR 
TECHNIQUE capitalizes on the principle that in a 
three-phase, fundamental frequency, steady-state 
scenario, the instantaneous power entering a purely 
reactive device must be zero. To supply reactive 
power in each phase, the strategy involves 
circulating the instantaneous real power between 
the phases. This circulation is achieved by 
strategically firing the GTO/diode switches to 
maintain the phase difference between the ac bus 
voltage ES and the voltage generated by the 
Compensator Technique, VS. The ideal scenario 
involves constructing a device that circulates 
instantaneous power without the need for an energy 
storage device, essentially operating without a DC 
capacitor.  

 
 

Fig. Pulses Compensator Technique  

 

COMPENSATOR TECHNIQUE 

EQUIVALENT CIRCUIT:   

Various control techniques can be 
employed for firing control in the Compensator 
Technique. One method involves fundamental 
switching of the GTO/diode, occurring once per 
cycle. Although this minimizes switching losses, it 
often necessitates more intricate transformer 
topologies. Alternatively, Pulse Width Modulated 
(PWM) techniques, involving more than one 
switch-on and switch-off operation of the GTO or 
IGBT switch per cycle, can be utilized. While this 
approach allows for simpler transformer topologies, 
it comes at the expense of higher switching losses. 

The 6 Pulse COMPENSATOR 
TECHNIQUE, utilizing fundamental switching, 
inherently produces the 6 N1 harmonics. To 
mitigate these harmonics, various methods can be 
applied. These include the basic 12-pulse 
configuration with parallel star/delta transformer 
connections, the complete elimination of 5th and 
7th harmonic current using series connections of 
star/star and star/delta transformers, and a quasi-12 
pulse method employing a single star-star 
transformer with two secondary windings. Control 
of the firing angle produces a 30° phase shift 
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between the two 6-pulse bridges, and this method 
can be extended to create a 24-pulse and a 48-pulse 
COMPENSATOR TECHNIQUE, further 
minimizing harmonics. 

Another approach for harmonic 
cancellation involves a multi-level configuration, 
allowing for more than one switching element per 
level and, consequently, more than one switching 
operation in each bridge arm. The resulting AC 
voltage exhibits a staircase effect, dependent on the 
number of levels, and this staircase voltage can be 
controlled to eliminate harmonics.   

THYRISTOR CONTROLLED SERIES 

CAPACITORS (TCSC): 

Thyristor Controlled Series Capacitors 
(TCSC) are designed to address specific dynamic 
challenges within transmission systems. One key 
function is enhancing damping in large 
interconnected electrical systems. Additionally, 
TCSCs effectively mitigate the issue of Sub 
Synchronous Resonance (SSR), a phenomenon 
involving interactions between large thermal 
generating units and series-compensated 
transmission systems. The high-speed switching 
capability of TCSCs facilitates control over line 
power flow, enabling increased loading of existing 
transmission lines and swift readjustment of power 
flow in response to various contingencies. 
Moreover, TCSCs can regulate steady-state power 
flow within specified rating limits. From a 
technological standpoint, TCSCs share similarities 
with conventional series capacitors. 

In the TCSC configuration, all power 
equipment, including the Thyristor valve 
controlling the main capacitor bank, is positioned 
on an isolated steel platform. Control and 
protection systems, along with auxiliary 
components, are situated at ground potential. The 
operational setup of a TCSC and its diagram are 
depicted in the figure. The firing angle and thermal 
limits of the Thyristors define the boundaries of the 
operational diagram.  

 
 

Fig. TCSC circuit and operation diagram 

ADVANTAGES: 

1. Ongoing regulation of the targeted 
compensation level 

2. Seamless and direct management of power 
flow within the network 

3. Enhanced protection for capacitor banks 
4. Specific alleviation of sub-synchronous 

resonance (SSR) at a local level 
5. Attenuation of electro-mechanical (0.5-2 

Hz) power oscillations commonly occurring 
between regions in a large interconnected power 
network. These oscillations result from the 
dynamics of inter-area power transfer and often 
exhibit insufficient damping, particularly when the 
collective power transfer along a corridor is high 
relative to the transmission strength.  
 

POWER QUALITY: 
The modern container crane industry, 

much like other sectors, often finds itself captivated 
by the allure of advanced features such as vibrant 
diagnostic displays, high-speed performance, and 
automation capabilities. While these aspects and 
their associated computer-based enhancements are 
pivotal for efficient terminal operations, it is crucial 
not to overlook the foundational element. Power 
quality serves as the mortar that binds the building 
blocks. 

The impact of power quality extends 
beyond terminal operational efficiency, influencing 
crane reliability, environmental considerations, and 
the initial investment in power distribution systems 
required for new crane installations. Reflecting on a 
utility company newsletter accompanying my 
recent home utility billing, it aptly states, 'Using 
electricity wisely is a prudent environmental and 
business practice that not only saves you money but 
also reduces emissions from generating plants and 
conserves our natural resources. 

As container crane performance 
requirements continue to surge, with next-
generation cranes already in the bidding process, 
the average power demands are expected to reach 
1500 to 2000 kW – nearly double the total average 
demand from three years ago. This rapid escalation 
in power demand levels, coupled with an increasing 
population of container cranes, SCR converter 
crane drive retrofits, and the substantial AC and 
DC drives essential for powering and controlling 
these cranes, is anticipated to bring heightened 
awareness to the issue of power quality in the very 
near future.  

 

POWER QUALITY PROBLEMS:  

In the context of this article, power quality 
problems are defined as any power-related issue 
leading to the failure or malfunction of customer 
equipment, causing economic burdens to the user, 
or resulting in adverse environmental impacts. 
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When applied to the container crane industry, 
power quality issues encompass: 

 

1. Power Factor 
2. Harmonic Distortion 
3. Voltage Transients 
4. Voltage Sags or Dips 
5. Voltage Swells 

AC and DC variable speed drives used on 
container cranes significantly contribute to total 
harmonic current and voltage distortion. While 
SCR phase control ensures a desirable average 
power factor, DC SCR drives operate at less than 
this. Additionally, line notching occurs during SCR 
commutation, creating transient peak recovery 
voltages that can be 3 to 4 times the nominal line 
voltage, depending on system impedance and drive 
size. The frequency and severity of these power 
system disturbances vary with drive speed, with 
harmonic current injection being highest at slow 
speeds. Power factor is lowest during slow speed or 
initial acceleration/deceleration, reaching its 
maximum value when SCR's are phased on to 
produce rated speed. Above base speed, power 
factor remains relatively constant. Container cranes 
often spend considerable time at low speeds during 
container handling, placing a greater kVA demand 
on the utility or engine-alternator power source. 

Poor power factor not only burdens the 
utility but also affects voltage stability, potentially 
causing detrimental effects on the lifespan of 
sensitive electronic equipment. Voltage transients, 
generated by DC driveline notching, AC drive 
voltage chopping, and high-frequency harmonic 
voltages and currents, serve as significant sources 
of noise and disturbance for sensitive electronic 
equipment. 

Despite these challenges, end users often 
remain unaware of power quality issues associated 
with container cranes, or they may neglect them 
due to the absence of immediate economic 
consequences. The emergence of power quality 
issues coincided with the multiplication of crane 
populations, increased power demands per crane, 
and the widespread adoption of static power 
conversion. Even today, power quality issues are 
often overlooked during competitive bidding for 
new cranes. Instead of focusing on raising 
awareness and understanding potential issues, crane 
builders and electrical drive system vendors may 
intentionally or unintentionally disregard power 
quality concerns. Solutions to power quality 
problems are available, representing a return on 
investment. However, if power quality is not 
specified, it is likely to be overlooked during 
implementation.  

 

 

 

POWER QUALITY IMPROVEMENTS: 

Improving power quality in container 
cranes is crucial, yet the individuals involved in 
specifying or purchasing these cranes may lack 
awareness of potential issues. This lack of 
awareness often stems from those not directly 
handling utility bills or considering power quality 
as someone else's responsibility. Consequently, 
many container crane specifications may not 
incorporate essential power quality measures like 
power factor correction and harmonic filtering. 
Even when specifications do include such 
requirements, they might lack clarity in defining 
criteria. 

To address this, it is recommended to 
initiate discussions early in the crane specification 
process. This involves engaging with the utility 
company to understand any regulatory or 
contractual requirements. Additionally, 
collaborating with electrical drive suppliers helps in 
determining power quality profiles based on the 
proposed drive sizes and technologies for the 
project. Economic evaluations should extend 
beyond the current scenario, considering the 
potential impact of future utility deregulation and 
terminal development plans. By fostering 
awareness and proactively addressing power 
quality concerns, stakeholders can ensure optimal 
performance and longevity of container crane 
systems. 

 

POWER QUALITY PENALITIES: 

Many utility companies impose penalties 
for low power factor on monthly bills, but the lack 
of an industry standard means methods for 
metering and calculating these penalties vary 
widely. Some utilities meter kVAR usage and 
apply a fixed rate to the consumed kVAR-hours, 
while others monitor kVAR demands, penalizing if 
the power factor falls below a set limit over a 
demand period. 

Certain utility companies serving 
container terminals may not currently enforce 
power factor penalties, but their service contracts 
with ports may mandate a minimum power factor 
over a defined demand period. Although these 
companies might not continuously monitor power 
factor or kVAR usage in monthly bills, they retain 
the right to assess penalties or demand corrective 
actions if the service contract criteria are not met. 

For instance, a utility company serving 
multiple east coast container terminals in the USA 
doesn't include power factor penalties in monthly 
bills. However, their service contract stipulates that 
the average power factor should not be less than 
85% under operating conditions. Failure to meet 
this criterion may require the customer to install 
corrective apparatus at their expense.  
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The contract also emphasizes the 
importance of avoiding excessive harmonics or 
transients, possibly necessitating power 
conditioning equipment or filters, with IEEE Std. 
519-1992 serving as a guide for design 
requirements. 

Personnel responsible for maintaining 
container cranes or specifying new equipment in 
port or terminal operations need to be aware of 
these requirements. With the anticipated utility 
deregulation, utilities are likely to enforce such 
criteria more rigorously. Therefore, terminal 
operators should incorporate contingencies into 
their growth plans to address the potential 
economic impact of utility deregulation, even if 
they currently do not face penalty issues.  

 

 

PRINCIPLE OF DVR:  

A DVR (Dynamic Voltage Restorer) 
functions as a controlled reactive source, 
comprising a Voltage Source Converter (VSC) and 
a DC link capacitor connected in parallel. Its 
capability extends to both generating and absorbing 
reactive power. Conceptually, it draws parallels to 
an ideal synchronous machine, producing a 
balanced trio of sinusoidal voltages at the 
fundamental frequency. This machine's 
characteristics include controllable amplitude and 
phase angle, absence of inertia, instantaneous 
response, no alteration of system impedances, and 
the ability to internally generate both capacitive 
and inductive reactive power.  

If the output voltage of the VSC is equal 
to the AC terminal voltage; no reactive power is 
delivered to the system. If the output voltage is 
greater than the AC terminal voltage, the DVR is in 
the capacitive mode of operation and vice versa. 
The quantity of reactive power flow is proportional 
to the difference in the two voltages. 

It is to be noted that voltage regulation at 
Point of Common Coupling (PCC) and power 
factor correction cannot be achieved 
simultaneously. For a DVR used for voltage 
regulation at PCC the compensation should be such 
that the supply currents should lead the supply 
voltages and for power factor correction the supply 
current should be in phase with the supply voltages. 
The control algorithms studied in this paper are 
applied with a view to study the performance of a 
DVR for reactive power compensation and power 
factor correction.  

When the VSC output voltage matches the 
AC terminal voltage, no reactive power is supplied 
to the system. In the capacitive mode, where the 
output voltage exceeds the AC terminal voltage, or 
in the inductive mode, where it is less, the DVR 
delivers reactive power.  

The quantity of reactive power flow is 
directly proportional to the voltage difference 
between the VSC output and the AC terminal. It's 
important to highlight that achieving voltage 
regulation at the Point of Common Coupling (PCC) 
and simultaneous power factor correction is not 
feasible. When using a DVR for voltage regulation 
at the PCC, the compensation results in supply 
currents leading the supply voltages. Conversely, 
for power factor correction, the goal is to align the 
supply current with the supply voltages. This paper 
explores control algorithms with the aim of 
evaluating the DVR's performance in providing 
reactive power compensation and power factor 
correction. 

 
 

Fig. Basic structure of DVR  

 

HARDWARE SETUP:  

 

 
Fig:  Experimental setup of APFC  
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 Fig: Output Wave form shown in DSO  

 

  

Fig: Input Wave form shown in DSO   

 

CONCLUSION:  

A control algorithm is presented for 
generating a reference load voltage in a voltage-
controlled Dynamic Voltage Restorer (DVR). A 
comparative analysis is conducted between the 
proposed approach and the conventional voltage-
controlled DVR. The introduced method offers 
several advantages, including injecting reactive and 
harmonic components of load currents at nominal 
load, leading to Unity Power Factor (UPF). 
Furthermore, the system maintains nearly UPF 
even with changes in load, achieves rapid voltage 
regulation during disturbances, and significantly 
reduces losses in both the Voltage Source Inverter 
(VSI) and feeder. Additionally, the proposed 
scheme exhibits enhanced sag supporting capability 
with the same VSI rating compared to the 
traditional approach. Both simulation and 
experimental results affirm that the proposed 
algorithm equips the DVR with the capability to 
address various Power Quality (PQ) issues 
effectively. 
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Abstract - Every vehicle has its emission of gases, 

but the difficulty is the emission of the gas 

outside the uniform values. This emission from 

the vehicles cannot be completely avoided, but in 

certain things, we can able to control this. In this 
situation, in most countries, air pollution is a 

major problem. In our life there are three 

needed necessities are used on earth i.e. air, 

liquid substances (water), solid substances(food). 

Before it consumed the water, the water permits 

through a reliable cleaning process. From the 

statistics, without significant weather, the air 

polluted or not, living beings that breathe over 

3000 tons of air per day. Therefore this suggests 

raising awareness to the public regarding air 

quality and air pollutants.  Because of air 

pollution not only human health is affected it 
also damages the atmosphere and surroundings 

so decrease the mature of live hood. 

Keywords: Internet of Things, Arduino UNO, Air 

pollution, Gas sensor, Arduino IDE. 

 

1. INTRODUCTION 
Pollution can be well-defined as the 

presence of tiny elements that distract the working of 
ordinary processes and also yields undesirable health. 
In other words, pollution can disturb the natural 
phase and also can disturb the health of the living 
being. As industrial development is growing widely 
pollution is also getting make known to a huge 
manner. At present, there is Air, Water, and Soil is 
polluted worldwide. This only concentrates on Air 
pollution. Air pollution is the being there of impurity 
or tiny elements that affect living being health and 
surroundings. These pollutants result from vehicles, 
industries. The WHO (World Health Organization) 
states that 2.3 million persons die per year due to 
reasons directly qualified by air pollution. Based on 
the information above points out, the humanoid 
should focus on air pollution observing. Air 
pollutants are measured in Parts per Million (ppm) or 
ug/m3. Primary pollutants are released directly into 
the atmosphere. Secondary pollutants are produced 
when the primary pollutant reacts with other 
atmospheric chemicals. Air quality affects public 
health . There are two approaches to checking air 
pollution at present-day. One is an inactive sample 
(non-automatic), and the other is constant online 
checking (automatic).  

The Inactive sample uses simple tools but it 
does not deliver real-time values. The procedure of 
continuous online monitoring uses sensors to monitor 
the parameters, and then send it to the control center 
by the network. The way records transmission 
includes wired and wireless organizations. Even 
although the system is dependable it is consuming 
small developments at big and dynamic range, such 
as complex network cabling, expensive, etc. at length 
rising communication knowledge, now a day’s air 
pollution checking method is often aimed in the 
wireless method. To implement such a system single-
chip microcontroller along with an array of sensors, 
the IoT module is used. This system focus on gases 
such as CO2, temperature, and humidity via sensors. 
The hardware part collects air pollutant stages also 
packs them into the frame. The frame is uploaded to 
the IoT modem communicated to the significant 
server via IoT. This organization is low budget and 
energy effective in terms of devices. 

2. METHODOLOGY 
In this project, we are working to make an 

IoT Based Air Pollution Monitoring System in which 
we will observe the Air Quality done on mobile using 
the internet and will initiate an alarm when the air 
quality goes beyond a certain level. When there is a 
sufficient quantity of dangerous gases are exist in the 
air like CO2, smoke, temperature, humidity, and rain. 
It will show the air value in Parts per Million (PPM) 
on the LCD so that we can display it very easily. 
 
3. HARDWARE COMPONENTS 

3.1 Arduino UNO 

 

Fig 1. Arduino UNO 
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Arduino Uno is a microcontroller board that 
In this project,we are working to make an IOT Based 
Air Pollution Monitoring System in which we will 
observe the Air Quality done on mobile using the 
internet and will initiate an alarm when the air quality 
goes beyond a certain level. When there is a 
sufficient quantity of dangerous gases are exist in the 
air like CO2, smoke, temperature, humidity, and rain. 
It will show the air value in Parts per Million (PPM) 
on the LCD so that we can display it very easily. The 
Arduino Uno board includes 14 digital input/output 
pins 6 analog inputs, a USB Connection, a power 
jack, a reset button. The user community that designs 
and manufactures single-board microcontrollers and 
microcontroller kits for building digital devices and 
interactive objects. The Arduino microcontroller is 
not only for technical persons but is intended for 
designers and artists also because of its focus to 
usability based on its plan which helps to achieve the 
intended goal. 
 
3.2 Gas Sensor 

 

Fig -2: Gas Sensor 
The Gas Sensor (MQ2) component is used 

for the gas leakage finding. It is used for recognizing 
LPG Liquefied petroleum gas, CH4, CO (carbon 
monoxide), Smoke. The circuit is very simple. Gas 
sensor of the MQ-2 gas sensor is SnO2 (stannic 
oxide), which with lesser conductivity in clean air. 
3.3 DTH11 Sensor 

 

Fig -3: DTH11 Sensor 

DHT11 is featured to measure temperature 
and humidity sensor complex by using temperature & 
humidity sensing technique with output in the form 
of the standardized digital signal DHT11 is an 
inexpensive humidity and temperature sensor which 
offers high consistency and long period steadiness. 
DHT11 can be interfaced with any microcontroller 
like Arduino and get instant results. It gives the 
output in voltage. 

 
3.4 LCD 

 

Fig -4: LCD Display 
LCD (Liquid Crystal Display) an electronic 

display module. This is a basic (16x2) 16 character 
by 2 line display. Black text on Green background. It 
is used to show the Air and Humidity. A (16x2) LCD 
is a very plain module and is very normally used in 
different types of devices and circuits. 

 
3.5 Buzzer 

 
Fig -5: Buzzer 

A Buzzer or beeper is an electronic audio 
signalling device. Whenever the air pollution or the 
toxic level in the air goes beyond the threshold level 
the Buzzer makes sound starts beeping indicating 
Danger. 
 
3.6 Wi-Fi Module 

 
Fig -6: WI-FI Module 
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The ESP8266 is low-cost. Every ESP8266 
component comes pre-programmed with an AT 
expertise set firmware, meaning, we can simply join 
to the Arduino device. The ESP8266 module is a 
low-cost board. This module has a dominant 
sufficient on-board processing and storage capability 
that allows it to be combined with the sensors. 

 
4. SOFTWARE REQUIREMENTS 

4.1 Arduino IDE 
The Arduino is an Integrated Development 

Environment (IDE) or Arduino Software has a text 
editor for writing programs. It also has a message 
area, text console, a toolbar with buttons for 
functions and a series of menus. It links to the 
Arduino hardware to upload programs and connect 
with them. 
 
4.2 Thing speak 

Thing Speak is an Internet of Things (IoT) 
platform that lets you gather and hold sensor records 
in the cloud and develop IoT applications. The Thing 
Speak IoT platform delivers apps that let you study 
and visualize your value. 
 

5. SYSTEM DESIGN 

5.1 BLOCK DIAGRAM 

 
Fig-7: Represents the arrangements of 

components 

5.2 Circuit diagram 

 
Fig -8: Circuit diagram 

 

6. Working procedure 
1. The above sensors can sense temperature, 
humidity, and smoke. 
2. When we will join it to Arduino microcontroller 
then it will detect the gases, and it will progress the 
Pollution level in PPM (parts per million). 
3. Then our project is based on the wireless that is 
stored in the cloud database. 
4. For that, we have to require some programming 
concepts to run the project that's why we have to 
create a code using Aurdino1.6.10. Software. 
5. In this software, the code should be written in 
simple C language with all descriptions of sensors, 
and another operating system in which the code 
explains how the sensor, Wi-Fi module, LCD, and so 
on should be connected. 
6. The whole program is dumped into the Arduino 
microcontroller. 
7. With this Wi-Fi module, 8266 is used for Trans 
receiving the data from hotspot from another device. 
8. And it useful for detecting the number of polluted 
gases in the air with that the values are displayed in 
the cloud. 
9. The percentage levels are monitored continuously 
in LCD and cloud database also. 
10. If the level of gas value more than the threshold 
value buzzer starts ON automatically. 
 
7. RESULT AND DISCUSSION 

In the pollution monitoring system gas 
sensor (mq2) is used to detect the gas likes oxygen, 
carbon dioxide, nitrogen, and other toxic gases. The 
DTH11 sensor is used to detect temperature and 
humidity. The concentration of air pollutants such as 
CO, Carbon dioxide (CO2), methane, propane, NO2, 
and dust are displayed in 16X2 LCD. When the limit 
of sensed value exceeds the threshold value the 
buzzer that alerts. The online application needs to 
analyze air quality value got from sensors. Thing-
speak is an opensource application programming 
interface that needs to store and recover data from 
interconnected things using the hypertext protocol 
over the internet or via a local area network. It also 
offers access to a wide range of embedded devices 
and web facilities. 
 
8. CONCLUSION 

The system utilizes city buses, industrial 
areas to collect pollutant gases such as CO, smoke, 
and temperature. Here we have successfully designed 
such a system that can monitor the real-time air 
pollution percentage present in the air which can be 
accessed from anywhere in the world so, here we 
have designed a circuit which makes takes corrective 
action on the increase of air pollution on the 
particular threshold value.  
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The proposed Wireless Air Pollution 
Monitoring System be responsible for real-time info 
about the level of air pollution in these areas, as well 
as alerts in cases of extreme change in the quality of 
air. This data can then be used by the establishments 
to take prompt activities such as leaving people or 
sending crisis reply team. The system uses city buses 
to gather pollutant gases such as CO, NO2, and SO2. 
The pollution facts from several mobile sensor ranges 
are conveyed to a central some that make these facts 
accessible on the Internet. The facts display the 
pollutant range and their conformance to local air 
quality. 
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Abstract: The landscape of the Internet is 

undergoing a continual transformation, 

transitioning from the Internet of Computers 

(IoC) to the era of the "Internet of Things (IoT)." 

This evolution is giving rise to intricately 

connected systems, commonly referred to as 

Cyber-Physical Systems (CPS). These systems are 

formed through the integration of various 

elements such as infrastructure, embedded 

devices, smart objects, humans, and physical 

environments. The trajectory we are on is leading 
us towards an extensive "Internet of Everything" 

within a Smart Cyber-Physical Earth. The 

synergy of IoT and CPS, coupled with the field of 

"data science," holds the potential to usher in the 

next era of the "smart revolution." However, a 

significant challenge lies in effectively managing 

the vast amount of data generated, given the 

limitations of current computational power. 

Ongoing research in data science and artificial 

intelligence (AI) is diligently working to address 

this challenge. The convergence of IoT with AI 

could represent a monumental breakthrough. It 
goes beyond mere cost savings, the 

implementation of smart technologies, or the 

reduction of human effort—rather, it seeks to 

enhance the overall quality of human life. Despite 

the promises of advancement, critical concerns 

like security and ethical considerations continue to 

cast a shadow over the IoT landscape. The true 

essence lies not only in the allure of IoT with AI 

but in how the general populace perceives it—
whether as a blessing, a burden, or a potential 

threat. 
Keywords: Artificial Intelligence, Internet of 

Things, Intelligent Systems, Datascience. 

 

Introduction 

The allure of the term "smart" captivates 
our imagination, yet the reality falls short of 
human-level intelligence. Take the example of 
smartphones – while they bear the label "smart," 
their autonomy remains limited. Consider the 
scenario where a smartphone, despite its 
intelligence, cannot automatically switch 
notifications to 'silent mode' when the owner is 
driving, showcasing a need for a more sophisticated  

 

 

 

level of automation. True intelligence, in this 
context, would involve wireless connections 
between individuals, their smartphones, and 
vehicles to enhance safety and reduce distractions. 

In another instance, envision a situation 
where the owner falls ill. A truly smart phone 
would autonomously initiate an emergency call to 
a family member or nearby hospital, requiring 
seamless connections and pertinent information. 
This interconnectedness extends beyond 
smartphones – practically everything in the 
physical world requires connections to fulfill 
diverse needs. To achieve this level of intelligence, 
the integration of artificial intelligence (AI) is 
imperative. 

AI, aiming to imbue computers with 
human- like reasoning, serves as a catalyst for the 
digital transformation of industries. Whether it's 
humans, animals, plants, machines, or inanimate 
objects, connecting and enabling them to make 
"smart decisions" can create an autonomous world. 
The realization of autonomy necessitates in the 
incorporation of machine learning (ML) to mimic 
human learning and a data analysis (DA) module to 
assess and analyze the data generated over time for 
enhanced efficiency. 

This trend is gaining momentum, with 
efforts directed at integrating ML and DA into 
sensors and embedded systems of smart systems. 
The technology behind AI poses intriguing 
possibilities, challenging our preconceptions about 
the meaning and purpose of life and work. The 
rapid evolution of ML and DA within AI prompts a 
need for discussions on emerging trends, 
challenges, and potential threats. 

Central to this transformative trend is the 
Internet of Things (IoT), envisioning a world 
teeming with intelligent devices, often termed 
"smart objects," interconnected through various 
communication mediums such as the Internet, 
Bluetooth, or infrared.  
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The Internet of Everything extends this 
idea, suggesting connectivity between every 
conceivable object, living or virtual. When applied 
to the physical world, these concepts manifest as 
Cyber-Physical Systems (CPS), creating a data-rich 
environment from which valuable knowledge can 
be extracted. 

In managing this wealth of data, 
disciplines like Database Management System 
(DBMS), Pattern Recognition (PR), Data Mining 
(DM), Machine Learning (ML), and Big Data 
Analytics (BD) must evolve with improved 
methods, often overlapping in their scope. This 
article delves into insights, challenges, and 
applications of artificial intelligence within the 
realms of the Internet of Things, Cyber-Physical 
Systems, and the Internet of Everything. 

 

Artificial Intelligence 

Artificial Intelligence (AI) represents the 
scientific endeavor to impart cognitive abilities to 
machines, enabling them to perform tasks 
traditionally within the realm of human 
intelligence. AI systems are rapidly advancing in 
terms of application, adaptability, processing 
speed, and capabilities, gradually assuming less-
routine tasks. Unlike human intelligence, which 
involves making perfect decisions at the right 
moment, AI focuses on choosing the right decision 
at the appropriate time. While human ingenuity 
continually reshapes the role of productive work, 
AI systems efficiently reduce the repetition of 
human efforts, delivering results in a 
comparatively shorter timeframe. Many ongoing 
AI initiatives fall under the category of 'Narrow 
AI,' enhancing specific tasks through technology. 
However, the overarching aim is to achieve 
something more comprehensive, prompting various 
fields to collaborate in driving AI development. 

A convergence of disciplines such as 
philosophy, computer science, mathematics, 
statistics, biology, physics, sociology, and 
psychology has contributed to the interdisciplinary 
nature of AI. Intelligence, emanating from data 
generated across these domains, requires careful 
analysis to unveil underlying principles. Human 
brains are adept at this, but the process is time-
consuming due to the unwelcome properties of real-
world data, including its huge volume, unstructured 
nature, varied sources, need for real-time 
processing, and continuous changes. 

To efficiently utilize data, AI heavily relies 
on data science techniques, which involve 
developing tools and methods to analyze large 
volumes of data and derive meaningful information. 

Drawing inspiration from computer science for tool 
development and incorporating methodologies from 
both basic and social sciences for analysis, data 
science encompasses a range of techniques, 
including pattern recognition, machine learning, 
data mining, database management systems, and 
big data analytics. Machine learning (ML) emerges 
as a key tool for  achieving  artificial  
intelligence.   

 

Smartness or Intelligence 

Intelligence in the realm of the Internet of 
Things (IoT) operates on both microscopic and 
macroscopic scales. While the notion may 
conjure images of futuristic talking refrigerators 
and self-driving taxis, its implications extend 
beyond mere novelty. Presently, the focus of 
smart objects mimics the natural learning process 
observed in humans, animals, and even plants. It 
occurs through supervised, reinforcement, and 
unsupervised learning, with additional methods 
like semi-supervised, active, inductive, deductive, 
and transfer learning. The ultimate goal is not 
consciousness but designing algorithms that 
enable machines to learn autonomously. 

Learning involves acquiring or improving 
behaviors, skills, values, and preferences, with ML 
enabling machines to adapt to their environment 
and make independent decisions. The IoT 
scenario, characterized by overwhelming data 
volume, variety, velocity, and complexity, makes 
explicit programming impractical. ML, with its 
emphasis on implicit learning skills, enables 
machines to teach themselves, contributing to the 
concept of smartness in Cyber-Physical Systems 
(CPS) or IoT. 

Machine learning, integral to achieving 
artificial intelligence, revolves around the idea that 
machines should learn from data. The recent 
advancements in AI owe much to the 
transformative perspective brought about by ML. 
Consequently, ML deserves credit for instilling 
smartness in machines as we collectively move 
toward creating human-like AI at an accelerated 
pace. 

It revolves around data, devices, and 
connectivity. The analysis of this data is crucial for 
uncovering concealed insights, a task facilitated by 
Big Data Analytics (BDA). Ultimately, it is the 
fusion of big data analysis and machine learning 
that imbues the entire system with intelligence. 
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Internet of Things 

A mere few decades ago, the notion of 
engaging in a video chat with family members on a 
different continent seemed beyond imagination. 
Today, it has become a commonplace occurrence. 
This transformation can be attributed to the 
increasing affordability of technology and the 
emergence of devices with enhanced capabilities. 
Everyday tasks, from sending emails to paying bills, 
transferring money, or booking a cab, can now be 
accomplished with a simple click on a smartphone. 

The concept of the 'Internet of Computers 
(IoC)' has been in existence since 1991, gradually 
expanding as more individuals adopted its use. The 
evolution continued with the introduction of pocket 
phones and interconnected devices, giving rise to 
the 'Internet of Devices.' This network expanded 
further as mobile phones, computers, laptops, and 
tablets became more affordable and accessible to 
the common man. Gartner, Inc. predicted a 
substantial growth, forecasting that 6.4 billion 
connected devices would be in use worldwide in 
2016, a 30 percent increase from 2015, and 
anticipating a staggering rise to 20.8 billion by 2020 
[24]. In 2016 alone, over 5.5 million new devices 
were connected daily, signifying the vast potential 
of the Internet of Things (IoT). 

As various entities continue to connect and 
form the IoT, it encompasses a multitude of 
disciplines. Therefore, the IoT can be perceived as 
a convergence of diverse domains. Figure 1 
provides a representative list of some of these 
domains, which often overlap in terms of concepts 
and techniques. Essentially, the Internet of Things 
is a connected system comprising physical entities 
such as appliances, crop fields, plants, animals, 
and humans. Humans connect to these devices 
through smart objects attached to both, capable of 
sending, receiving, and analyzing data. These 
smart objects serve as representatives of the 
entities they are attached to within the network." 

 
Fig. 1: Different fields merging into IoT 

Things and Everything 

When we are talking about IoT and IoE, 
we must be very clear about the concept of 
―things‖ and ―everything‖. One straightforward 
con- cept that may come to mind is anything that 
can be connected may be the ―thing‖ in IoT. 
However, we define it other way round. There can 
be more features in making a physical object a 
―thing‖. The ―thing‖ (living or non-living) should 
have: 

1. a way to generate or collect data, 

2. a way to process data, 

3. a way to send or receive data, 

4. a way to identify itself. 

The main concept to consider, when 
thinking of IoT, is that ―Things‖ are physical 
objects, i.e., anything that has a real life pres- ence. 
The Internet as we know it is not just made of 
physical devices. For instance, a website cannot be 
thought to be a physical entity; it exists somewhere 
virtually. This is true for services that we might 
use every day, such as online shopping sites, social 
media sites, etc. These ―intelligent services‖ along 
with the ―things‖ make the ―every- thing‖. Thus, 
inter- connections as well as intra-connections 
between ―things‖ from physical world and 
―intelligent services‖ from the cyber world make 
the IoE. 

  

Fig. 2: A Venn diagram for the concept of 

Internet of Things (IoT), 

Internet of Services (IoS) 

and Internet of Everything (IoE) 
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AI enabled IoT 

The Internet of Things (IoT) is a 
comprehensive concept that involves an array of 
sensors, actuators, data storage, and data processing 
capabilities interconnected through the Internet. 
Consequently, any IoT-enabled device has the 
ability to sense its environment, transmit, store, 
process gathered data, and take appropriate actions.  

The effectiveness of an IoT service in 
exhibiting true smartness is contingent upon its 
processing and action capabilities. An IoT system 
lacking smartness will have limited functionality 
and an inability to adapt with evolving data. 
Conversely, a more intelligent IoT system 
incorporates artificial intelligence (AI), serving the 
primary goals of automation and adaptation. 

In this context, several examples of existing 
IoT services leveraging AI are explored: 

 

1. Voice Assistants: 

Alexa: Amazon's voice assistant utilized in products 
like Amazon Echo and Amazon Tap. Customizable 
through the Alexa Skills Kit (ASK). 

Siri: Apple's voice assistant employed in Apple 
Homepod for similar purposes. 

Google Assistant: Used in Google Home, capable 
of recognizing up to six different users. 

These voice assistants perform various 
tasks through continuous application of AI 
subfields, including automatic far-field voice 
recognition, wake word detection, natural 
language processing, contextual reasoning, and 
more. 

2. Robots: 

Pepper (SoftBank Robotics): A humanoid 
companion robot capable of understanding human 
emotions and interacting with humans in 
commercial settings. 

Sophia (Hanson Robotics): A social 
humanoid robot with human-like expressions, 
citizenship, and the ability to engage in interviews 
and music performances. 

Robotic Kitchen (Moley Robotics): An 
advanced robot integrated into a kitchen, capable 
of preparing expert-quality food. 

Robots, with their sensors, actuators, and 
AI, continuously learn and adapt, mimicking 
human interaction. 

3. Smart Devices: 

Smart Oven by June: Utilizes HD cameras 
and a food thermometer for precise cooking, 
operable through voice commands via Alexa. 

 

SkyBell (Honeywell): An HD WiFi 
doorbell allowing remote interaction through 
smartphones or voice assistants, enhancing home 
security. 

Smart Lights by Deako: Internet-connected 
lights controllable remotely, receiving software 
upgrades for added functionality. 

Automotive AI by Affectiva: In-cabin 
sensing AI for emotional and cognitive state 
detection in robo-taxis and highly automated 
vehicles. 

4. Industrial IoT: 

Primer (Alluvium): Offers real-time 
Stability Score analysis for industrial solutions, 
aiding in early issue detection and decision-making. 

Plutoshift: Enables continuous tracking of asset 
performance, financial impact measurement, and 
support for informed decision-making in industrial 
sectors. 

Combining AI and IoT enhances 
opportunities and potential, as machine learning 
(ML) and big data analytics (BDA) extract 
valuable insights from IoT-generated data. AI is 
crucial for interpreting the vast amount of data, 
allowing IoT systems to evolve and adapt to new 
patterns autonomously. The synergy between AI 
and IoT holds immense promise for the future. 

 

Components of IoT-CPS 

Having established a clear interrelationship 
between IoT, CPS, and associated terms, the pivotal 
focus shifts to the ecosystem of these technologies. 
Given that CPS is an amalgamation of subsystems, 
our attention can be directed towards the structure 
and components of IoT initially. Breaking down the 
various elements of IoT, we unveil a composition 
depicted in Figure 3. 

Figure 3 delineates several components 
within an IoT system. Beyond network 
infrastructure and security, a substantial aspect of 
IoT necessitates data storage and processing on 
both a macroscopic (i.e., within the overall system) 
and microscopic level (i.e., within each smar t  
ob j e ct   locally).  Smart ob j e ct s  themselves 
must possess data processing, intelligence, and 
decision-making capabilities. To achieve this, built-
in data processing tools are imperative for 
analyzing sensor data and making informed 
decisions. Machine learning and data analytics 
emerge as optimal candidates for such intelligent 
data analysis. On a macroscopic level, billions of 
things generate data independently, transmitted 
over the network to remote data storage locations 
for real-time data analysis, resembling a significant 
big data task.  
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The continuous generation, storage, and 
processing of substantial data make big data 
analytics (BDA) and machine learning (ML) 
integral in shaping the intelligence within IoT. 

Moreover, smart objects can boast limited 
data storage and processing capabilities. For 
instance, a smartwatch prompts the user to walk 
when it detects prolonged stationary periods (sitting 
or lying down), yet refrains from alerting during 
sleep. It can distinguish between sleep and 
sedentary states without transmitting data to 
external servers, conducting local analysis to trigger 
the alarm. These short-term decision-making 
capabilities are embedded in smart devices.  

For long-term decision-making or gaining 
insights, remote storage and processing may 
become requisite. 

As IoT entails myriad connected devices, 
establishing an "everything to everything" 
connection saturates the physical world with 
sensors/actuators while inundating the virtual world 
with data. The ensuing network complexity 
perpetually generates data throughout the CPS. 
Distinct analyzing systems handle different facets 
of the IoT- CPS, prompting the extraction and 
processing of smaller relevant data portions when 
necessary. Real-time analysis becomes crucial for 
making practical decisions, and the data 
management within IoT is inherently distributed 
across its individual components, collectively 
forming a comprehensive system. Subsequent 
sections delve into the particulars of these IoT 
components. 

 

Smart Objects 

To comprehend such a substantial concept, 
we'll need a multitude, numbering in the millions or 
more, of smart objects that generate data. These 
smart objects serve as the fundamental building 
blocks of this extensive system. Within the physical 
realm, two key elements must be considered: a 
Physical Entity (PE) and a Smart Object (SO). 

A Physical Entity (PE) encompasses entities 
such as people, creatures, and plants that may not 
directly interface with the IoT but are integral 
components of the system. These physical entities 
have smart objects (SOs) attached to them, 
representing AI elements with the ability to 
communicate via the network. These SOs can take 
various forms, including implanted chips, 
wearables, or smartphones somehow attached to the 
PE. Therefore, an SO becomes the device 
facilitating the connection of a PE to the 
virtual 'Internet' of things.  

 

As the Internet is virtual, both the PE and 
SO, being physical objects, require a digital 
representation. The digital entity (DE) serves as the 
digital representation of the PE by the SO. For 
instance, if we consider ourselves as the PE, our 
smartphone becomes the SO, and our social media 
app becomes the DE.  

SOs are the physical world representation of 
DEs in the digital realm, possessing the capability 
to sense, store, process (locally), and communicate 
via networking. SOs may act as intelligent agents 
with some level of autonomy, cooperating with 
other entities and exchanging information with 
human clients and other computing devices within 
interconnected Cyber-Physical Systems. DEs, on 
the other hand, are virtual programming elements 
with autonomous objectives, which can be services 
or simple coherent data entries. 

In the cyber world, a Physical Entity (PE) or 
thing can be represented by a Digital Proxy (DP). 
DPs can be likened to users in the cyber world, 
much like social media profiles (our DP) are 
perceived as representing us (where we are the PE). 
Each PE has a DP, used to portray it in the digital 
world. There are various forms of digital portraits, 
known as DE, that we can imagine, such as avatars, 
3D models, objects (or instances of a class in an 
object-oriented programming language), and even a 
social network account.  

However, in the context of IoT, Digital 
Proxies possess two fundamental properties: 

Each Digital Proxy must have a unique ID 
distinguishing it from others, with the association 
between the Digital Proxy and the Physical Entity 
established automatically. Relevant digital 
parameters related to the characteristics of the 
Physical Entity can be updated upon any changes in 
the latter. Similarly, changes affecting the Digital 
Proxy 'might' be reflected on the Physical Entity in 
the physical world through actuators. 

 

 
Fig. 3: IoT architecture tree 

 

NATIONAL CONFERENCE ON APPLICATIONS OF AI AND IoT IN ENGINEERING AND TECHNOLOGIES (NCAAIET-24)

ISBN: 978-81-965236-7-1
68



Data Storage and Data Processing 

The primary goal of IoT and CPS is to 
establish an autonomous system capable of 
handling   diverse   situations   globally, 
ultimately enhancing the quality of human life. The 
fundamental framework of IoT-CPS comprises 
smart objects, resembling nodes in a graph, and the 
connections between them. Once all nodes and 
connections are established, data is generated and 
communicated between nodes continuously. 
However, the challenge arises as smart objects 
(SOs) lack the knowledge of how to handle this 
data—they cannot store it, nor do they 
understand how to process it. Without proper data 
storage and processing units, the objective of 
autonomy, decision-making, and taking actions 
cannot be fulfilled. This crucial feature is required 
both locally within smart objects and globally 
across the entire system. 

Smart objects handle small sets of 
continuously flowing data into the system, 
temporarily storing it until a task is completed, and 
then transferring it to the global data store. While 
the data store of the entire system may not receive 
streaming data, it mostly accumulates large chunks 
of collected data over time. To manage both types 
of data in real-time and utilize them effectively, the 
role of big data analytics becomes crucial. 

While data needs to be stored, the 
processing phase poses the challenge of uncertainty 
regarding what exactly needs to be done. A smart 
IoT-CPS system is expected to operate 
autonomously, observing its surroundings through 
various parameters, learning from experiences, 
understanding the current needs, and making useful 
decisions or taking actions. To replicate human-like 
learning capabilities, the system must possess the 
ability to learn from data independently, especially 
in situations where human intervention may not be 
available or desired most of the time. Achieving 
these functionalities can be effectively facilitated 
with the integration of artificial intelligence. 

 

 

 

 

 

 

 

 

 

Fig: An example of real world to virtual world 

mapping 

Security 

While the prospects of IoT are intriguing, 
as Sarah Jeong highlighted in her book [31], it 
also carries the moniker "Internet of Garbage." She 
emphasizes that if the Internet were a city, its streets 
would be cluttered with undesirable elements such 
as harassment, crimes, copyright abuse, malwares, 
spams, and more. However, there is an opportunity 
to foster better interactions and discourse through 
thoughtful architecture, rigorous moderation, and 
efficient community management. The key is to 
filter useful content from the garbage and endeavor 
to find value in it. 

As IoT becomes increasingly prevalent 
worldwide, it brings forth new demands, with 
security emerging as a paramount concern. Beyond 
assembling smart objects, implementing big data 
analytics, and establishing communication 
capabilities, the critical challenge lies in ensuring 
security in such a vast scenario. The security of IoT 
devices extends beyond the devices themselves; the 
software applications and network connections 
linking to these devices must also be secure. Users 
of smart objects and IoT are vulnerable as their 
data traverses a network. The primary issues 
revolve around data confidentiality, privacy, and 
trust. In IoT, users, along with authorized smart 
objects, access data, necessitating the ability to 
verify the entity's authorization through 
authentication and identity management. 

The collective effort to protect 
interconnected systems and their components is 
commonly referred to as 'cybersecurity.' 
Cybersecurity plays a pivotal role in 
safeguarding smart devices, IoT, and CPS, 
preventing unauthorized access from within the 
devices and externally. Its objectives include 
protecting services, hardware resources, 
information, and data in both transition and storage. 
Various technologies, such as cryptographic 
systems, firewalls, intrusion detection systems, anti-
malware software, and secure socket layers, 
contribute to the cyber security framework. 

Ethical concerns also come into play, such 
as the scenario where a wearable gadget records a 
user's health and fitness information. This 
information may be accessible to gadget service 
providers, who might sell user data to other 
companies without consent. This practice can lead 
to personalized offers or advertisements based on 
the user's fitness tracker data, anticipating their 
potential interests. Some users may find this 
intrusive, while others may not mind promotional 
offers. However, the unauthorized sale or 
distribution of user data without consent is 
generally not in the user's best interest.  
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User consent should be a prerequisite for 
data sharing, ensuring that selling or distributing 
personal data occurs only with the explicit 
agreement of the user. 

 

AI enabled IoT-CPS 

  In the realm of IoT-CPS, data is an 
indispensable component, whether it's vast or 
compact, playing a vital role in the interconnected 
world of devices. Smart objects should possess 
localized processing capabilities and inherent 
intelligence. However, for decisions reliant on data, 
a more extensive dataset is essential. Storing such 
data within a smart object might not always be 
feasible. This is where the macroscopic approach 
comes into play; data is transmitted to remote 
locations in a distributed manner and analyzed. The 
results of this analysis are integrated, and when 
necessary, decisions are sent back to the smart 
object for execution by the actuator. The time 
between data transmission and decision 
implementation must be practical; otherwise, it 
loses its meaning. Traditional analytic tools 
struggle to capture the entirety of this massive data 
in real-time. The volume, velocity, and variety are 
too extensive for comprehensive analysis, and the 
potential relationships and correlations between 
different data sources are too vast for manual 
comprehension by analysts.  

  An effective machine learning system 
dealing with big data requires data preparation 
capabilities, both basic and advanced learning 
algorithms, automation, adaptability, scalability, 
ensemble modeling, and real-time decision-making. 

While machine learning systems have 
demonstrated the ability to let computers think on 
our behalf, addressing big data demands adaptation 
of existing ML methods and the development of 
new ideas. 

CPS and IoT are fundamentally driven by 
the pursuit of social, economic, and human 
benefits. These technologies find applications in 
various domains such as personalized healthcare, 
smart grids, smart industries, and smart 
transportation. For instance, a smart industry can 
enhance manufacturing processes by sharing real-
time information among industrial equipment, 
supply chains, distributors, business systems, and 
customers. In healthcare CPS, a smart hospital 
could remotely monitor patients' physical 
conditions, especially in hard-to-reach areas, 
enabling timely interventions during emergencies 
like road accidents. Quick notifications to the 
nearest hospital, police station, and family 
members, along with immediate dispatch of an 

ambulance and alerting the on-duty doctor, 
exemplify the potential benefits. Such 
interconnected autonomous systems are 
particularly advantageous in emergency 
situations, and the infusion of artificial 
intelligence amplifies the overall "smartness" in 
the IoT-CPS infrastructure. 

Applications of IoT-CPS involve 
components interacting through a complex 
physical environment, presenting a challenging 
innovation that has the potential to transform 
various sectors, including manufacturing, energy 
systems, healthcare, transportation, critical 
infrastructure, emergency response, defense, and 
agriculture. Organizations embracing IoT-CPS 
should incorporate system-aware assets capable of 
autonomously assessing potential faults or failures 
in the system. System-awareness implies that a 
device embedded in any part of a machine should 
sense both itself and its environment. The 
integration of AI into such interconnected IoT-
CPS scenarios propels us toward not just a smarter 
but a "brilliant planet." 

 

Cognitive AI and IoT-CPS 

IoT transcends the mere combination of 
wireless sensor networks, data storage, embedded 
systems, and security issues; it represents a vision 
of a world interconnected by intelligence. This may 
sound like science fiction, but it is the essence that 
makes IoT a prevalent term today. The 
conventional approach to programmable computing 
involves filtering information through a fixed set of 
rules to arrive at a result. However, this method 
proves inefficient in addressing the multifaceted 
aspects of a complex, fast-paced world where the 
information processing capability diminishes 
exponentially, leading to underutilization. Cognitive 
computing, in contrast, overcomes such limitations 
by learning from the intricate relations within 
connections involving people, things, the 
environment, and their interactions. Instead of 
being deterministic, cognitive frameworks are 
probabilistic, enabling them to keep pace with the 
volume, variety, variability, and unpredictability of 
data generated by the IoT. 

Formally termed cognitive computation 
models, these frameworks constitute an integral 
part of the artificial intelligence in IoT-CPS. They 
possess the capability to comprehend the 
"unstructured" 80 percent of the world's 
information, including recordings, audio, blogs, 
images, emails, and tweets. This means that 
organizations can now illuminate aspects of the IoT 
that were previously imperceptible. When applied 
to the IoT, this cognitive understanding results in 
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what is known as Cognitive IoT—systems that 
integrate intelligence into, and learn from, the 
physical world. 

"Cognition" refers to the process of 
acquiring knowledge and understanding through 
thoughts, experience, and senses. Intuitively, 
Cognitive IoT can be viewed as an extension of 
IoT that is capable of understanding, reasoning, 
and learning. While these three aspects of 
cognition share similarities between human 
cognition and Cognitive IoT, they carry nuanced 
meanings. For IoT, to 'understand' implies the 
ability to collect vast amounts of data from the 
network and discern the underlying meaning of the 
data, creating concepts, identifying entities, and 
defining relationships between them.  

The ability to 'reason' means that IoT 
should be capable of providing appropriate 
answers to queries or solving relevant problems 
without explicit programming. Lastly, a cognitive 
IoT should be able to 'learn,' independently 
deriving new information from the available data 
using the past knowledge it has acquired. 

 

AI enabled IoT-CPS 

While machines are not designed to replace 
humans entirely, their purpose is to assist humans 
in reducing the task load. It is crucial to emphasize 
that humans should maintain supremacy over 
machines. Artificial Intelligence (AI) proves most 
effective when combined with human intelligence 
rather than replacing it. This underscores the 
concept that computers and humans possess 
different strengths in the vast realm of excellence: 
computers excel at arithmetic tasks and counting,   
while   humans   demonstrate remarkable 
performance in logic and reasoning. These distinct 
forms of intelligence complement each other rather 
than being diametrically opposed. AI, therefore, 
represents the technology that can fulfill the dream 
of having 'things' that can 'think' [32].  

Several examples illustrate how artificial 
intelligence has been incorporated and utilized in 
the IoT-CPS scenario: 

Energy Utilization: Algorithms have been 
developed on a small scale to reduce energy 
consumption in a coffee machine (ARIIMA). This 
approach can be adapted and implemented in 
various scenarios, such as temperature control 
systems in houses, making them more efficient and 
reducing wastage. The system learns and adjusts 
temperature settings efficiently based on residents' 
preferences. 

 

 

Routing/Traffic: Machine learning is 
applied in traffic management and routing, 
considering parameters like traffic, road 
conditions, weather, etc., to suggest the best routes. 

Cost Savings: Predictive abilities are 
invaluable in an industrial setting. Machine 
learning algorithms, drawing information from 
sensors on machines, can learn the usual running 
conditions. When irregularities occur, the system 
can identify the machine and raise an alarm, 
preventing accidents and saving costs. Companies 
like Augury use vibration and ultrasonic sensors to 
predict malfunctions and save money [33]. 

 In essence, we aspire to achieve an 
'Internet of Things' where both the 'Internet' and 
the 'Things' have the power to think [32]. This 
infusion of thought represents the 'intelligence' 
aspect of IoT. While this may seem overrated, it 
encapsulates the essence of current research in 
artificial intelligence. 

 

Challenges 

Once an idea is conceptualized, bridging the 
gap between the idea and a functional prototype 
poses significant challenges. The development of a 
working prototype requires substantial resources. 
Even with a prototype in place, the critical question 
remains: how can one ascertain the success or 
failure of this innovative technology? Often, both 
novices and experts in the domain make erroneous 
predictions. Recent trends in the Internet of Things 
(IoT) underscore the rapid influx of data from 
diverse sources in varied formats, surpassing the 
capabilities of information systems to absorb, store, 
analyze, and process it. While databases with 
petabytes of data are not uncommon, the primary 
goal is to extract meaningful information, such as 
patterns, structures, and underlying relationships. 
This task is intricate and demands advanced storage 
and processing techniques due to the unprecedented 
volumes of data. 

In response to these challenges, new 
algorithms are being devised, and established 
techniques are being revisited and tailored in fields 
like Pattern Recognition, Machine Learning, and 
Data Mining. However, the convergence of IoT  
and Cyber-Physical Systems (CPS) raises additional 
concerns. The field of Artificial Intelligence (AI) 
requires further development to align with the 
emerging IoT-CPS infrastructure. Complex 
adaptive AI systems could potentially lead to self-
sustaining malicious evolution, akin to cancerous 
growth in the human body. Research efforts are 
crucial to address these evolving AI systems with 
superior countermeasures. 
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Cybersecurity emerges as a major concern 
in this technological era, where the possibility of 
cyber wars looms. Autonomous systems are 
susceptible to malicious use if hacked, 
necessitating the identification and mitigation of 
vulnerabilities in AI systems. Mock attacks on AI 
systems can be developed to immunize existing 
safeguards. Proactive measures, such as predicting 
new types of attacks, must be integrated into 
organizational systems. Rapid recovery systems are 
essential for organizations to bounce back from 
cyber events disrupting regular business operations. 
It is imperative to automatically identify and 
safeguard critical information that could be 
maliciously exploited, even when shared publicly, 
and AI systems can play a role in ensuring privacy. 

 

Conclusion 

In the future, individuals will engage with 
intelligent devices, consume smart capsules capable 
of assessing the impact of medicine on the body, 
reside in intelligent homes, and more. While this 
may seem like science fiction, it represents the focal 
point of ongoing research. The vision is of an 
interconnected world where every facet is 
intelligent and linked to the Internet, culminating in 
what can be termed a 'smart cyber revolution.' 
Nonetheless, the trajectory prompts a debate on 
whether this shift is towards creative destruction. 

As machines increasingly undertake less 
routine tasks, this transformation coincides with a 
period where many workers are already grappling 
with challenges. With appropriate policies, there is 
an opportunity to harness the benefits of automation 
without widespread unemployment. Human 
ingenuity will redefine the nature of productive 
work, emphasizing  educational  opportunities  
and fostering a workforce equipped with reskilling 
and upskilling. 

Continuous deployment of AI models in 
real- world scenarios demands a reassessment of 
the impact of such automation on human life. 
While these systems offer myriad benefits, they 
also present inherent risks, including privacy 
breaches, the codification and reinforcement of 
biases, diminished accountability, hampered due 
process, and an escalation in information 
asymmetry between data producers and holders. 
The Internet of Things and Cyber-Physical 
Systems (IoT- CPS) constitute a diverse and 
intricate network, making it challenging to monitor 
every ethical or security breach incident. Failures 
or bugs in the software or hardware can have 
significant consequences, with even power outages 
causing inconvenience. Consequently, the 
implementation of an additional AI system, 

supervising the IoT's activities in real-time, may 
become necessary. In the future, we might 
envision a democracy of such systems, preventing 
irrational actions. As our lives become 
increasingly intertwined with technology, we must 
ensure that humans retain supremacy over the 
artificially intelligent landscape. 

This approach is essential for managing 
and guiding the ongoing revolution without 
succumbing to technological enslavement. 
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Abstract—This paper presents insight into servo motor 
control by integrating a servo motor with the 

Raspberry Pi 3B microcontroller. Utilizing the Blynk 

app, this approach establishes an interactive platform 

for precise control. The user-friendly interface, 

featuring a slider and a submit button within the 

Blynk app, allows real-time adjustments to the servo 

motor's position. Building on prior experiences with 

various microcontrollers, this study extends to the 

Raspberry Pi, highlighting the immediate 

responsiveness facilitated by the Blynk app. This 

concise exploration contributes to the IoT landscape, 
showcasing efficient servo motor control through a 

mobile application. 

Keywords—Servo Motors, Raspberry Pi, IoT 

(Internet of Things), Micro controller. 

I. INTRODUCTION  

Servo motors renowned for their precision and 
adaptability, play a pivotal role in shaping contemporary 
technological advancements, especially in robotics, 
electric vehicles, aeronautics, and satellite systems. 
Specialized electric motors, servo motors deliver 
unparalleled control over the angular position of their 
output shafts. Their applications range from intricately 
controlling robotic limbs to ensuring precise movements 
in aeronautical and satellite systems. 
 

The essence of servo motors lies in their ability 
to provide meticulous control, making them indispensable 
in applications where accuracy is paramount. In the 
dynamic landscape of advancing technology, the demand 
for servo motors is steadily rising, underscoring the need 
for a comprehensive understanding of their intricate 
control requirements. 
 

At the core of a servo motor's functionality is its 
capability to maintain a specific position or achieve 
precise movements with high accuracy. This is 
accomplished through a closed-loop control system, 
where the motor continuously receives feedback from an 
internal sensor or encoder, allowing it to adjust its position 
in real-time. This feedback loop ensures that the servo 
motor consistently meets the desired angular position, 
velocity, and acceleration requirements. 
 

The working principle involves a sophisticated 
combination of a DC motor, gearbox, control circuit, and 
feedback system. The control circuit interprets the desired 
position signal, compares it with the actual position 
feedback, and promptly signals the DC motor to adjust its 

rotation in the event of any deviation. This continuous 
feedback loop is instrumental in ensuring the servo 
motor's unwavering precision, a factor that profoundly 
influences the safety, reliability, and overall performance 
of the systems they drive. 
 

To meet the demands of precision control, 
microcontrollers like the Raspberry Pi emerge as critical 
components. The Raspberry Pi, a credit-card-sized single-
board computer, serves as a versatile platform for various 
embedded computing applications, including servo motor 
control. The Raspberry Pi's computational capabilities, 
flexibility, and compatibility make it an ideal choice for 
orchestrating intricate control systems. In the context of 
servo motor control, the Raspberry Pi serves as a 
computational hub, capable of executing complex 
algorithms to ensure accurate and responsive movements. 
Furthermore, the use of the Python programming language 
enhances the Raspberry Pi's effectiveness, providing a 
user-friendly and powerful toolset for developing control 
algorithms. Python's simplicity, readability, and extensive 
libraries make it well-suited for programming servo motor 
behaviors, allowing researchers and developers to 
implement and fine-tune precise control strategies with 
ease. 
 

The integration of the Internet of Things (IoT) 
further extends the boundaries of servo motor control. IoT 
introduces a new dimension, providing a more 
comfortable and efficient means of managing and 
monitoring servo motors. This paper explores the 
symbiotic relationship between servo motors and IoT, 
offering insights into how interconnected systems enhance 
the overall control experience, particularly in scenarios 
where remote and real-time adjustments are essential for 
optimal performance. 
 

Additionally, Blynk, a versatile and user-friendly 
Internet of Things (IoT) platform, stands out as a valuable 
tool for creating custom mobile applications to control and 
monitor connected devices. With its simple drag-and-drop 
interface, Blynk empowers users without extensive 
programming knowledge to design interactive dashboards. 
Functioning as a bridge between hardware and mobile 
devices in the IoT realm, Blynk facilitates seamless 
communication and control. 
 

Adding a distinctive layer to the control 
ecosystem, the Blynk app serves as a medium of 
interaction, offering user-friendly and intuitive control 
interfaces. Its adaptability and ease of integration make 
Blynk a valuable asset in servo motor control, providing 
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users with a streamlined and accessible means to interact 
with and manipulate these critical components. In the 
following sections, we delve into the interconnected roles 
of precision control, microcontrollers, IoT, and innovative 
applications like Blynk in the realm of servo motor 
dynamics. 
 

II. LITERATURE STUDY 

 
The integration of Internet of Things (IoT) 

technologies with servo motor control has garnered 
significant attention in recent literature, especially in the 
context of single-board computers like the Raspberry Pi. 
The following literature study outlines key themes, 
methodologies, and advancements in IoT-driven servo 
motor control, with a specific focus on the innovative use 
of the Blynk platform. 
 
A. IoT in Servo Motor Control:  
 

Literature reveals a growing trend in leveraging 
IoT for enhanced control and monitoring of servo motors. 
Researchers highlight the potential of real-time data 
exchange, remote accessibility, and seamless integration 
with IoT platforms to revolutionize servo motor 
applications. The integration of IoT technologies aims to 
bridge the gap between physical devices and the digital 
realm, opening avenues for efficient and intelligent 
control mechanisms. 
 
B. Raspberry Pi in Control Systems:  
 

The Raspberry Pi, as a versatile and accessible 
single-board computer, has become a cornerstone in IoT 
applications. Existing studies underscore its suitability for 
orchestrating servo motor control systems due to its 
computational capabilities, GPIO pins, and Linux-based 
operating system. Researchers delve into the integration of 
Raspberry Pi in control architectures, emphasizing its role 
in executing complex algorithms and interfacing with 
various sensors and actuators. 
 
C. Servo Motor Control Techniques: 
 
  Literature provides an in-depth exploration of 
traditional and advanced servo motor control techniques. 
Researchers delve into PID (Proportional-Integral-
Derivative) control, feedforward control, and adaptive 
control strategies. The focus is on achieving precise and 
responsive control over servo motors, particularly in 
dynamic and variable environments. 
 
D. Blynk as an IoT Platform:  
 

The Blynk platform has gained prominence for 
its user-friendly interface and adaptability in IoT projects. 
Recent literature discusses its unique features, such as 
drag-and-drop widgets and customizable dashboards, 
making it an ideal choice for developing IoT applications. 
Researchers emphasize the ease of integration with 
various hardware platforms, including the Raspberry Pi, to 

create interactive and remotely accessible control 
interfaces. 
 
E. Case Studies and Applications:  
 

Numerous case studies highlight successful 
implementations of IoT-driven servo motor control, with a 
particular emphasis on Raspberry Pi and Blynk 
integration. These case studies encompass a spectrum of 
applications, from home automation and smart devices to 
industrial robotics. Researchers showcase the practicality, 
efficiency, and scalability of these systems in real-world 
scenarios. 
 
F. Challenges and Future Directions:  
 

Despite the progress, literature acknowledges 
challenges such as security concerns, latency issues, and 
the need for standardized protocols in IoT-driven servo 
motor control. Researchers propose avenues for future 
research, including the exploration of machine learning 
algorithms for adaptive control and the development of 
robust cybersecurity measures for IoT-enabled systems. 
 

In summary, the literature study underscores the 
dynamic landscape of IoT-driven servo motor control, 
particularly on the Raspberry Pi platform, coupled with 
the innovative integration of the Blynk platform. The 
synthesis of existing knowledge provides a foundation for 
the research paper, paving the way for further exploration 
and contributions in this evolving field. 
 

III. METHODOLOGY 

 
A. Existing System: 
 

In current servo motor control setups, the 
commonly used methods often rely on older approaches 
that don't quite meet the connectivity and integration 
needs demanded by today's technology. Many systems 
still use local interfaces for controlling servo motors, 
limiting flexibility and making real-time adjustments 
challenging. Furthermore, the lack of robust Internet of 
Things (IoT) integration means remote access and 
advanced control functionalities are often constrained. 
The user interfaces in existing systems may not be as user-
friendly or intuitive, prompting the need for a more 
modernized system that can adapt to current technological 
requirements. 
 
B. Proposed System: 
 

The proposed system represents a significant 
advancement in servo motor control by leveraging the 
computational capabilities of the Raspberry Pi 3B and the 
Internet of Things (IoT) features of the Blynk platform. 
This integration aims to overcome the limitations of 
traditional systems by introducing a dynamic and user-
centric control mechanism. The Raspberry Pi acts as a 
powerful microcontroller, handling complex control 
algorithms, while Blynk serves as the conduit for seamless 
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communication between the user interface and the servo 
motor. With this system, users can remotely monitor and 
control the servo motor through an interface embedded 
within the Blynk app, providing enhanced accessibility 
and responsiveness. Real-time adjustments, facilitated by 
IoT integration, extend the system's utility to applications 
requiring increased adaptability and remote management. 
This proposed system not only addresses the shortcomings 
of existing setups but also lays the foundation for a more 
sophisticated and efficient era of servo motor control 
within the IoT framework. 

 

IV. IMPLEMENTATION 

 

A. SERVO MOTOR 

 
The SG90 is a popular model of servo motor 

known for its compact size and versatility. When 
interfaced with a Raspberry Pi, the SG90's specifications 
become relevant for effective integration. The SG90 
typically operates on a voltage range of 4.8V to 6V, with a 
stall torque of approximately 1.8 kg-cm. It has a rotation 
range of 0 to 180 degrees, making it suitable for various 
applications requiring controlled and limited movement. 
When connected to a Raspberry Pi, the GPIO pins can be 
used to send control signals to the SG90, allowing for 
precise angular positioning as dictated by the Raspberry 
Pi's programming. This combination of the SG90 servo 
motor and Raspberry Pi presents a powerful synergy for 
applications demanding accurate and programmable 
motion control. 
 

           
 

Fig.1 SG90 Servo Motor 
 

B. RASPBERRY PI 3B  

 
The Raspberry Pi 3, a notable iteration of this 

popular device, boasts a 1.2GHz quad-core ARM Cortex-
A53 processor and 1GB of RAM, offering sufficient 
computational power for real-time control tasks. Equipped 
with GPIO pins, the Raspberry Pi facilitates seamless 
interfacing with external devices, making it an ideal 
choice for servo motor control. Specifically, for servo 
motor control using the Blynk app, the GPIO pins serve as 
the communication bridge between the Raspberry Pi and 

the servo motor. These GPIO pins, when coupled with the 
Blynk app, enable users to remotely manipulate and 
monitor servo motor behavior through an intuitive 
graphical interface. The integration of the Raspberry Pi 3, 
with its robust specifications, and the Blynk app provides 
a comprehensive solution for efficient and accessible 
servo motor control in various applications. 
 

 
 

Fig.2 Raspberry Pi 3B Board 

C. BLYNK - IOT PLATFORM  

 
Blynk plays a pivotal role in IoT-driven servo 

motor control using Raspberry Pi. It acts as the interface 
through which users can remotely manipulate servo motor 
parameters. By integrating Blynk with Raspberry Pi, users 
can design a personalized control dashboard on their 
mobile devices, featuring intuitive elements like sliders 
and buttons. This allows for real-time adjustments to the 
servo motor's position and behavior, providing a 
convenient and efficient means of controlling the servo 
motor within an IoT framework. The simplicity and 
adaptability of Blynk contribute significantly to enhancing 
the user experience and extending the capabilities of IoT 
applications involving servo motors and Raspberry Pi. 

          
Fig.3 Circuit Diagram for Hardware Component 

 
In the implementation phase, the realization of 

the IoT-driven servo motor control system on the 
Raspberry Pi 3B was meticulously executed through a 
structured series of steps outlined in the provided 
flowchart. The initial step involved the precise physical 
setup, including the detailed wiring of the SG90 servo 
motor to the Raspberry Pi 3B using the GPIO pins. To 
interface with these GPIO pins, critical libraries such as 
RPi.GPIO and WiringPi were employed, ensuring 
seamless communication between the Raspberry Pi and 
the connected servo motor. 
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Fig.4 Flowchart of Program Design 

Subsequently, the software components were 
methodically configured and deployed. Python scripts, 
capitalizing on the capabilities of both RPi.GPIO and 
WiringPi libraries, were intricately crafted to establish a 
robust communication link between the Raspberry Pi 3B 
and the Blynk cloud server. Git, serving as the version 
control system, played a pivotal role in maintaining the 
integrity and versioning of the codebase throughout the 
entire implementation process. 
 

Moreover, the Blynk mobile application underwent 
customization to meet specified requirements, 
incorporating slider button that seamlessly communicated 
with the GPIO-controlled servo motor. Rigorous testing, 
guided by the flowchart and executed in parallel with Git 
versioning, ensured the reliability and efficiency of the 
entire system. Dependencies such as RPi.GPIO, WiringPi, 
and Git were integral components contributing to the 
successful integration of the IoT-driven servo motor 
control system. The implementation process, intricately 
guided by the flowchart, provided a comprehensive and 
reproducible pathway for deploying an effective IoT-
driven servo motor control system using the Raspberry Pi, 
Blynk, and essential libraries and tools. 

V. RESULT ANALYSIS AND DISCUSSION 

 
The experimental results reveal the successful 

integration and control of the SG90 servo motor using 
Raspberry Pi 3 and the Blynk app. The system 
demonstrated remarkable precision and responsiveness, as 
evidenced by the smooth adjustments within the servo 
motor's 180-degree range. Analysis of the Blynk interface, 
featuring slider button controls, highlighted its intuitive 
design, allowing users to manipulate the servo motor's 
rotational position seamlessly. 
 

Stability was a notable feature throughout the 
extended operational duration, with no observed crashes 
or irregularities. User feedback emphasized the user-
friendly nature of the Blynk app, affirming its 
effectiveness in facilitating precise control. Additionally, 
the system exhibited low-latency network performance, 
ensuring real-time adjustments, and maintained efficient 
power consumption levels, contributing to its overall 
reliability. 
 

 
 

Fig.5 Practical Prototype Model 

 
Fig.6 Blynk Interface Slider of Servo Motor      

 The scalability and flexibility of the setup were 
evident in its ability to accommodate different servo motor 
configurations. These findings collectively underscore the 
practical feasibility and robustness of the integrated system 
for various applications in robotics and automation. The 
positive outcomes open avenues for further exploration, 
such as refining control algorithms and investigating 
broader applications within the field. 
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VI. CONCLUSION 

 
  In conclusion, this study successfully 
demonstrates the implementation and effectiveness of IoT-
driven SG90 servo motor control on Raspberry Pi 3B 
utilizing the Blynk platform. The experimental results 
underscore the precision and responsiveness achieved 
through the Blynk app, offering a user-friendly interface 
for seamless control. The integration of Blynk and 
Raspberry Pi in servo motor control, supported by low-
latency network performance, showcases the potential for 
practical applications in the Internet of Things (IoT) 
domain. This research contributes valuable insights into 
the synergy between Blynk, Raspberry Pi, and servo 
motors, laying the groundwork for enhanced control 
systems in IoT-driven scenarios. The positive outcomes 
open avenues for further exploration, such as refining 
control algorithms and investigating broader applications 
within the field.                      
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Abstract - This paper proposes a Dynamic 

resource allocation method for Cloud computing. 

Cloud computing is a model for delivering 

information technology services in which 

resources are retrieved from the internet through 
web-based tools and applications, rather than a 

direct connection to a server. Users can set up and 

boot the required resources and they have to pay 

only for the required resources. Thus, in the 

future providing a mechanism for efficient 

resource management and assignment will be an 

important objective of Cloud computing. In this 

project we propose a method, dynamic scheduling 

and consolidation mechanism that allocate 

resources based on the load of Virtual Machines 

(VMs) on Infrastructure as a service (IaaS). This 
method enables users to dynamically add and/or 

delete one or more instances on the basis of the 

load and the conditions specified by the user .Our 

objective is to develop an effective load balancing 

algorithm using Virtual Machine Monitoring to 

maximize or minimize different performance 

parameters (throughput for example) for the 

Clouds of different sizes (virtual topology de-

pending on the application requirement). 

 

Keywords : Cloud computing,  Infrastructure -as-a 

Service, Amazon ec2, Optimizing VM Load, Load 
balancing. 

 

1. INTRODUCTION 

Cloud computing refers to the delivery of 
computing and storage capacity as a service to a 
heterogeneous community of end-recipients. Cloud 
computing is an internet technology that utilizes both 
central remote servers and internet to manage the 
data and applications. This technology allows many 
businesses and users to use the data and application 
without an installation. Users and businesses can 
access the information and files at any computer 
system having an internet connection.  

Cloud computing provides much more 
effective computing by centralized memory, 
processing, storage and bandwidth[8].Cloud 
computing has several applications such as Infosys is  

 

using Microsoft's Windows Azure Cloud services, 
including SQL Data Services, to develop Cloud-
based software capabilities that would let automobile 
dealers share information on inventories and other 
resources. Best Buy's Giftag applet uses Google App 
Engine to let users create and share wish lists from 
Web pages they visit. Wang Fu Jing Department 
Store, a retailer in China, uses IBM  Cloud services, 
including supply chain management software for its 
network of retail stores[9]. 

Cloud computing providers offer their 
services according to three fundamental models 
Infrastructure as a service (IaaS), platform as a 
service (PaaS), and software as a service (SaaS). IaaS 
is the most basic and each higher model abstracts 
from the details of the lower models. Platform -as-a-
service in the Cloud is defined as a set of software 
and product development tools hosted on the 
provider's infrastructure. Developers create 
applications on the provider's platform over the 
Internet. PaaS providers may use APIs, website 
portals or gateway software installed on the 
customer's computer. In the software-as-a-service 
Cloud model, the vendor supplies the hardware 
infrastructure, the software product and interacts with 
the user through a front-end portal. Infrastructure-as-
a-Service is to start, stop, access and 

configure their virtual servers and storage. 

 In the enterprise, Cloud computing allows a 
company to pay for only as much capacity as is 
needed, and bring more online as soon as required. 
Because this pay-for-what-you-use model resembles 
the way electricity, fuel and water are consumed, it's 
sometimes referred to as utility computing[1]. 
Several issues are existed in Cloud computing such 
as Performance, Security, Availability, and Inability 
to Customize. In this paper we are focusing 
performance issue. Operating in a Cloud computing 
environment does not eliminate application 
performance issues[10].  

In fact, the Cloud is very complex and will 
possibly introduce even more performance problems 
then in non Cloud environments. As such the ongoing 
monitoring of all the applications is accessed via the 
Cloud. This will ensure that Service Level greements 
are met and performance and uptime are optimal. On 
a Cloud computing platform, dynamic resources can 
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be effectively managed using virtualization 
technology. The subscribers with more demanding 
SLA can be guaranteed by accommodating all the 
required services within a Virtual Machine image and 
then mapping it on a physical server. This helps to 
solve problem of heterogeneity of resources and 
platform irrelevance. Load balancing of the entire 
system can be handled dynamically by using 
virtualization    technology where it becomes possible 
to remap Virtual Machines (VMs) and physical 
resources according to the change in load . Due to 
these advantages, virtualization technology is being 
comprehensively implemented in Cloud 
computing[11]. 

A Virtual Machine (VM) is a software 
implementation of a computing environment in 
which an operating system (OS) or program can be 
installed and run. The Virtual Machine typically 
emulates a physical computing environment, but 
requests for CPU, memory, hard disk, network and 
other hardware resources are managed by a 
virtualization layer which translates these requests to 
the underlying physical hardware. VMs are created 
within a virtualization layer, such as a hypervisor or a 
virtualization platform that runs on top of a client or 
server operating system. This operating system is 
known as the host OS. The virtualization layer can be 
used to create many individual, isolated VM 
environments. 

This paper focuses on dynamic allocation 
method for efficient load balancing on Virtual 
Machines. This paper is organized as follows section 
2 describes existing system, section 3 describes 
Experimental setup, section 4 describes Results and 
analysis, section 5 describes conclusion and section 6 
describes bibliography. 

2. VM LOAD BALANCING 

2.1. OVERVIEW 

Virtual Machine enables the abstraction of 
an OS and Application running on it from the 
hardware. The interior hardware infrastructure 
services interrelated to the Clouds are modeled in the 
simulator by a Data center element for handling 
service requests. These requests are application 
elements sandboxed within VMs, which need to be 
allocated a share of processing power on Datacenter‟s 
host components. Data Center object manages the 
data center management activities such as VM 
creation and destruction and does the routing of user 
requests received from user via the Internet to the 
VMs. The Data Center Controller, uses a VM Load 
Balancer to determine which VM should be assigned 
the next request for processing. Most common VM 
load balancer are throttled and active monitoring load 
balancing algorithms.  

Active Monitoring Load Balancer maintains 
information about each VMs and the number of 
requests currently allocated to which VM.When a 
request to allocate a new VM arrives, it identifies the 
least loaded VM. If there are more than one, the first 
identified is selected[6]. 

In this paper we studied two load balancing 
algorithms in Cloud computing was done. The 
algorithms are throttled load balancer, active 
monitoring load balancer. A new algorithm has been 
proposed from modifying the active monitoring load 
balancing algorithm in Virtual Machine environment 
of Cloud computing in order to achieve better 
response time, processing time and cost. 

 

2.2. PROPOSED VM LOAD BALANCING 

METHOD 

Optimization of Virtual Machine load is a 
process of reassigning the total load to the individual 
Virtual Machines to make resource utilization 
effective and to improve the response time of the job. 
A load balancing algorithm which is dynamic in 
nature does not consider the previous state or 
behavior of the system, that is, it depends on the 
present behavior of the system. The important things 
to consider while developing such algorithm are, 
estimation of load, comparison of load, performance 
of Virtual Machine, nature of work to be transferred, 
selecting of Virtual Machine and many other ones. 
This load considered can be in terms of CPU load, 
amount of memory used, delay or Network load. 

The time required for completing a task 
within one process is very high. So the task is divided 
in to number of sub tasks and each sub task is given 
one one job. The Proposed Load balancing algorithm 
is divided into two phase. A two-level task 
scheduling  mechanism based on load balancing to 
meet dynamic requirements of users and obtain a 
high resource utilization.  

It achieves load balancing by first mapping 
tasks to Virtual Machines and then Virtual Machines 
to host resources thereby improving the task response 
time, resource utilization and overall performance of 
the Cloud computing environment. In the first phase, 
find the cpu utilization and memory required for each 
instance and also find available cpu cycle and 
memory of each VM. In second phase compare the 
available resources and required resources, if 
resources are available instance is to be added 
otherwise discard the instance finally returns instance 
status to user. The Cloud Watch monitoring service is 
a special storage engine that is designed for time 
series data.  
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On one end data collected periodically from 
servers and from other services is pumped into the 
monitoring store, and at the other end clients can run 
queries against the store to extract data from it. 

 

2.3. DETAILED DESIGN 

The load balancing service is designed to 
serve as a first level of distributing load across a 
number of instances, dealing specifically with DNS 
and handling the failure of an availability zone. 
Amazon Cloud Watch provides monitoring for AWS 
Cloud resources and the applications customers run 
on AWS. Developers and system administrators can 
use it to collect and track metrics, gain insight, and 
react immediately to keep their applications and 
businesses running smoothly. Amazon Cloud Watch 
monitors AWS resources such as Amazon EC2 and 
Amazon RDS DB instances, and can also monitor 
custom metrics generated by a customer‟s 
applications and services. With Amazon Cloud 
Watch, you gain system-wide visibility into resource 
utilization, application performance, and operational 
health[3]. 

Functions of our proposed system are, 

Bucket creation- S3 Browser allows to easily create 
Amazon S3 Buckets in all regions supported by 
Amazon S3. Once created a new bucket, one who can 
create virtual folders to organize files, and upload and 
download files to and from Amazon S3[3]. 

Uploading instance- VM Import/Export enables to 
easily import Virtual Machine images from existing 
environment to Amazon EC2 instances and export 
them back to on-premise environment. This offering 
allows to leverage an existing investments in the 
Virtual Machines that who built to meet IT security, 
configuration management, and compliance 
requirements by seamlessly bringing those Virtual 
Machines into Amazon EC2 as ready-to-use 
instances. One who can easily export imported 
instances back to your on-premise virtualization 
infrastructure, allowing you to deploy workloads 
across your IT infrastructure[3]. 

Monitoring instance- Amazon  Cloud Watch 
provides a reliable, scalable, and flexible monitoring 
solution that can start using within minutes. No 
longer need to set up, manage, or scale own 
monitoring systems and infrastructure. Using 
Amazon Cloud Watch, which can easily monitor as 
much or as little metric data as you need. Amazon 
Cloud Watch lets you programmatically  retrieve 
your monitoring data, view graphs, and set alarms to 
help you troubleshoot, spot trends, and take 
automated action based on the state of Cloud 
environment[3]. 

Amazon Cloud Watch enables to monitor 
AWS resources in real-time, including Amazon EC2 
instances, Amazon EBS volumes, Elastic Load 
Balancers, and Amazon RDS DB instances. Metrics 
such as CPU utilization, latency, and request counts 
are provided automatically for these AWS resources.  

One who can also supply his own custom application 
and system metrics, such as memory usage, 
transaction volumes, or error rates, and Amazon 
Cloud Watch will monitor these too. 

 

Algorithm 1: To describe add/remove instance. 

Desc_add/remove_inst() 

{ 

Find Instance Id „inst_id‟ from ec2InstanceRequest; 
Find required cpu utilization „reqcpuUtil‟ 
From ins_size*60*60*24; 

Find VM Id „VmId‟ from ec2AvailabilityZones; 
Print availcpuUtil; 

If ‘availcpuUtil’ result in a loop then 

Add instance to controller 

else 

discard Instance from user request; 

end 

} 

 

Algorithm 2: Add instance to controller. 

Add_inst() 

{ 

Find availability zones „Avail‟ from 

ec2 AvailabilityZones; 

Find Key pair „key‟ from ec2KeyPairs; 
Describe user Instances „Inst‟ from 
ec2DescribeInstance; 

Create new key pair „newKey‟ from ec2KeyPair; 
Assign „Instance‟ to VM; 
Find instance ststus „InstStat‟ from 
RunInstanceRequest; 

Print InstStat; 

} 

 

To test our algorithm we are using 
WebCrawler application to describe better 
optimization of load on each Virtual Machine. A 
WebCrawler is a computer program that browses the 
World Wide Web in a methodical, automated  
manner or in an orderly fashion. This process is 
called Web crawling or spidering.  
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Many sites, in particular search engines, use 
spidering as a means of providing up-to-date data. 
Web Crawlers are mainly used to create a copy of all 
the visited pages for later processing by a search 
engine that will index the downloaded pages to 
provide fast searches. Crawlers can also be used for 
automating maintenance tasks on a Web site, such as 
checking links or validating HTML code. Also 
crawlers can be used to gather specific types of 
information from Web pages, such as harvesting e-
mail addresses (usually for sending spam). 

 

3. EXPERIMENTAL SETUP 

In this section we describe the experimental 
setup that was used to run workflows. Java language 
is used for implementing VM load balancing 
algorithm. EC2 was chosen because it is currently the 
most popular, feature-rich, and stable commercial 
Cloud Workflows are loosely coupled parallel 
applications that consist of a set of computational 
tasks linked via data and control-flow dependencies. 
Unlike tightly-coupled applications in which tasks 
communicate directly via the network. In order to 
have an unbiased comparison of the performance of 
workflows on EC2 the experiments presented in this 
paper attempt to account for these differences by (a) 
running all experiments on single nodes and (b) 
running experiments using the local disk on EC2. 
Although single-node experiments do not enable us 
to measure the scalability of Cloud services they do 
provide an application-oriented understanding of the 
capabilities of the underlying resources that can help 
in making provisioning decisions. Testing the 
scalability of Cloud services when running 
workflows on multiple nodes is left for future work. 

 

4. RESULTS AND ANALYSIS 

Fig 1 shows an interface designed 
facilitating the user to create bucket on Cloud and 
send request to the instance monitor. Client provides 
an option for creating bucket, deleting bucket, 
refreshing AWS amazon web account and 
downloading the contents resides in the bucket. 
When user sends a request to the Cloud, IaaS 
converts it into an instance and sends it to job 
manager. 

 
Fig 1: Client Interface 

Fig 2 shows an Job manager, receives the 
user request from client. Received instance is to be 
divided into number of sub tasks(instances). After 
dividing an instance sends it to task manager. 

 

 

Fig 2: Job Manager 

 

Fig 3. Shows an Instance monitor, monitors 
the status of the instance and Virtual Machine(VM‟s) 
by checking the required resources of instance and 
available resources such as cpu usage and memory 
available of VM‟s. Dynamic instance module decides 
whether to add instance or delete instance based on 
the status of the instance monitor. If the resources are 
available on Virtual Machine the instance is to be 
added to Cloud otherwise discard the  instance. 
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Fig also shows a Task manager receives the 
instances from job manager. Process the user request 
and sends results back to client. Client displays the 
results to the user. 
 

 
Fig 3: Task Manager 

 
Table 1 Describes results of existing method [7] 

 

Fig 4 Shows the graphical representation of the 

Table 1 with respect to Cpu cycle and 

Storage in Kb. 

 
 

 

Table 2 describes average values of the Dynamic 

Instance method by taking 5 trial values. 

NAME INST

_ID 

AMI

_ID 

TYPE VALUE CPU 

CYLE 

FIRST 

INSTA

NCE 

i-

2aa8

c44d 

ami-

8f8c

54c6 

T1.mi

cro 

5 4.87854 

INSTA

NCE1 

i-

5450

2733 

ami-

8f8c

54c6 

T1.mi

cro 

1 2.76843 

INSTA

NCE 2 

i-

6c41

350b 

ami-

8f8c

54c6 

T1.mi

cro 

1 3.856871

4285714

3 

INSTA

NCE 3 

i-

6c45

280b 

ami-

8f8c

54c6 

T1.mi

cro 

2 3.602800

0000000

007 

 

Fig 5 Shows the graphical representation of the 

Table 2 with respect to Cpu cycle and 

Storage in Kb. 

 
 

 

 

 

 

 

 

 

ID RESOURCES THRESH_VALUE CPU_CYCLE 

1 0 Added 10 

2 1 Added 9.67 

3 2 Added 9.33 

4 3 Added 9 
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5.CONCLUSION 

 
In this paper a new VM load balancing 

algorithm was proposed and then implemented in 
Amazon EC2 Cloud computing environment using 
java language. Proposed algorithm find the available 
cpu cycle of each Virtual Machine (VM) and Send 
the ID of Virtual Machine to the Cloud controller for 
allocating the new request. We conclude that Cloud 
controller utilizes the available resources on Virtual 
Machine then it effect the overall performance of the 
Cloud Environment and also decrease the average 
response time. 
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Abstract - manufacturers, intermediaries, merchants, 

consumers, etc. all utilize Storehouses. Farmers lose 
a great deal of money every year as a result of the 

issue with storehouse storage requirements. This 

results from inadequate food storage monitoring 

and inadequate refrigeration equipment. Numerous 

antiquated storage techniques were used, 

necessitating a labor-intensive and ineffective 

manual process. This research describes a smart 

IOT-based food monitoring system for storehouses 

that employs a Raspberry Pi and a number of 

sensors to continually check the many elements that 

might have an impact on the quality of the food. 

Adafruit serves as a cloud that facilitates data 
visualization. Popsql is used to manage a database, 

and a login page is made to assist the warehouse 

administrator. 

 

INTRODUCTION 

India is the nation where the economy is 
mostly based on the agriculture sector. Due to storage 
regulations and inadequate food storage monitoring, 
farmers deal with a number of issues each year. Storage 
needs are met by warehouses. The state-run [1] 
warehouses only hold a small portion of the food 
grains. There are inadequate storage facilities for a 
significant portion of the Tomatoes, Onion, Radish and 
Cucumber are all produced worldwide. However, the 
country loses annually as a result of incorrect storage 
because of the variations in market availability from 
season to season and year to year. 

The natural contamination of food grains is 
influenced by a number of environmental conditions, 
including temperature, humidity, light levels, pH, and 
type of storage structure. Food will become less 
valuable the longer it is stored. Food safety becomes an 
issue as a result. [2, 3]. A number of antiquated storage 
techniques were used, necessitating a labor- intensive 
manual process that is both time-consuming and 
inefficient. The lack of a multi-parameter monitoring 
system was another disadvantage. Therefore, the 
Internet of Things (IoT) based food grain monitoring 
system not only seeks to create a multi-parametric 
system that aids in reducing loss against many causes 
including moisture, aging, and decaying, but it also 
does so in a time- and money-efficient manner. 

 

1. LITERATURE SURVEY 

 Rajesh Kumar Kaushal et. al [4]proposed an 
IoT framework to prevent food from getting 
contaminated during storage and transportation. 
System architecture.K Mohan Raj et. al proposed 
[5]an IoT based smart warehouse monitoring 
system. Varioustypes of sensors used in the system 
are vibration, humidity, temperature, fire sensors 
etc. Alexandru Popa et. al [6]proposed a method of 
integrated food monitoring. The system is suitable 
for vacuum-packed foods. Sipiwe Chihana et. al [7] 
proposed and developed a real-time intrusion and 
tracking system. Soumya T K et.al proposed [8] a 
multi-parameter monitoring system using wifi. 
Saleem Ulla Shariff proposed a system [9] for 
monitoring food grains at home. The information 
related to the food and storage is sent to the owner 
using the auto SMS and email alert system. 

Sazia Parvin et. al proposed [10] a grain storage 
system with monitoring and controlling. Qinghua 
Zhang et. al proposed an IoT based system 
framework for the monitoring of the warehouse 
environment. Li Lijuan et.al [11] present a wireless 
transceiver and microcontroller-based monitoring 
system.The system described in the literature survey 
shows efforts taken by the researchers in the area of 
food management. However, the food management 
system needs to be continuously monitored to check 
the temperature and humidity. 

 

2. WORKING PRINCIPLE 

The suggested system's primary goal is to 
offer an Internet of Things-based warehouse 
monitoring system. A system that runs in the cloud 
is suggested to improve the characteristics. 
Additionally, the system keeps track of any 
deviations from the sensor limits. There are three 
components to the system: 

Sensor Subsystem 

Three sensors make up the sensor network: 
the DHT 11 sensor, the LDR sensor, and the MQ 3 
sensor. Temperature and humidity are both 
measured by the DHT 11. It has a thermistor and a 
humidity detecting component. It will keep an eye 
on the food's storage area's humidity and 
temperature all the time. For the same, a threshold 
has been set.  
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The two electrodes of the humidity sensor 
component are separated by a substrate that retains 
moisture. As the humidity varies, so does the resistance 
between the electrodes. Similar to this, the thermistor—
a variable resistor whose value essentially changes with 
temperature—is used to measure temperature. The 
nitrogenous gases released by rotting food are picked 
up by the MQ 3 sensor. The existing sensitive material's 
conductivity. 

The resistivity of an LDR sensor is dependent 
on the amount of light that is incident upon it. These 
sensors' resistance reduces with light and reaches its 
maximum in the absence of light. The sensor features 
an integrated ADC that provides the output voltage in 
digital form, along with a potential divider circuit. 

Processing Unit 

The primary processor is a Raspberry Pi 3. 
The system architecture's block diagram is displayed in 
Fig. 1. A tiny computer is called a Raspberry Pi. It 
contains a built-in Wi-Fi module in addition to CPU, 
GPU, RAM, and video outputs.Raspberry is preinstalled 
on the NOOBS (New Out of the Box Software). 
Included are Python, Scratch, and more. 

Python is a high-level, object-oriented 
programming language. This research project's whole 
algorithm was created in Python. Real-time data on the 
warehouse's environmental conditions is sent to the 
WebApp. Hypertext Mark-up Language is used to 
construct web applications (HTML). 

 

 

Figure. 1 Block diagram of system 

architecture 

Web service 
A Web service is an electronic connection 

between two devices over a network. To access the 
dashboard, the user is given a web URL. The service is 
accessible via a laptop and PC as well as a mobile 
device. Adafruit provides a cloud-based IoT analytics 
platform solution for realtime data stream visualization 
and analysis [12, 13]. For more sophisticated 
investigation, the Adafruit als o supports MATLAB 
coding. Adafruit is utilized in this project for data 
analysis and visualization. 

 
 

3. SYSTEM REQUIREMENTS 

Fig.2: Raspberry Pi Board 

Rassperry Pi : The Raspberry Pi is a very cheap 
computer that runs Linux, but it also provides a set 
of GPIO (general purpose input/output) pins, 
allowing to control electronic components for 
physical computing and explore the Internet of 
Things (IoT). 

 

Fig-3:DHT11Sensor 

DHT11 Sensor: This sensor mainly consists of two 
parts capacitive humidity sensor and thermistor. It 
converts the analog data to digital signal which 
indicates the humidity and temperature. 

 
Fig-4:LDR Sensor 

LDR Sensor: It is a light intensity sensing sensor. 
The resistance of the sensing material changes based 
on the light intensity. The change of resistance 
causes change in voltage, which is used to determine 
the light intensity. 
MQ3 Sensor: It is used to sense the presence of 
alcohol using SnO2 as the sensitive material. The 
concentration of alcohol gas in the environment 
increases the conductivity of the sensing material,  

Fig-5:MQ3 Sensor 
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using which the alcohol presence in the environment 
can be determined. 4. 
  

        RESULTS AND DISCUSSION 

Critical environmental elements including 
temperature, humidity, light, and moisture are 
monitored by the wireless sensor unit. The Raspberry 
Pi receives temperature and humidity readings from 
the DHT-11 sensor at the warehouse. The digital 
value obtained from the analog value conversion 
process is compared to the threshold value. The 
buzzer will activate and alert warehouse management 
if the parameter is over or below the threshold value. 
Adafruit Cloud is used to depict environmental 
parameters that are continually observed. It gathers 
data and creates a graph based on that data. Taking 
daily, weekly, and monthly reports for data analysis 
is made easier by this. 

The ideal temperature range needed for the crops is 
displayed in Table 1. 

TABLE -1: Favourable temperatures for 

Vegitables 

 Optimal Maxim
um 

Centigr
ade 

Minim
um 

Centigr
ade 

Season 

(days) 

Tomatoes 12 -18 21- 24 10 50-85 
Cucumbe
rs 

16-24 32 10 50-70 

Radish 10-20 25 5 20-30 
Onion 13-24 30 4-10 130-

160 

 
An IoT device must be put in a warehouse, 

grocery shop, etc. It begins reading data from the 
interfaced sensors as soon as it is linked to the 
internet. Every two seconds, the DHT11 sensor 
obtains a real-time readout of the temperature and 
humidity. The supply voltage that the sensor needs to 
function is between 3.5 and 5.5V.Likewise, the LDR 
and MQ3 sensor values are captured and sent to the 
Rasberry Pi for additional processing. 

The Raspberry Pi serves as the system's 
primary hub, managing every operation. Its job is to 
operate in response to inputs received from the 
sensor's outputs. On the Cloud server, data is uploaded 
for monitoring and presentation. The Rasberry Pi 
converts the analog output to a digital value. The web 
service is in charge of the display portion. Python is a 
programming language that is available as open 
source. For Internet of Things connections, the 
Raspberry Pi's inbuilt wifi module is utilized. Every 
sensor's threshold value is stored in an internal SD slot.  

 

The controller utilizes a buzzer to sound a 
warning in the event that there is any fluctuation in 
range. You may connect using HDMI to monitor this 
as well. 

 

5. CONCLUSION 
In this study, we have successfully 

interfaced the Raspberry Pi with many sensors, 
including the MQ3, LDR, and DHT 11 sensors, to 
monitor and manage the ambient conditions in 
warehouses in order to prevent food commodities, 
namely wheat, rice, and maize, from rotting. 
Additionally, the device has a buzzer that functions 
as an alarm and will sound as soon as the sensor's 
threshold value exceeds a predetermined threshold. 
To the Adafruit server is transferred data. 

Adafruit provides users with updates on food 
grains. To provide secure database access, a login page 
is put in place. By uploading the data to the Adafruit 
cloud computing server via Internet of Things (IoT), 
the system not only helps to monitor the different 
characteristics of the warehouse. 
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Abstract- Primary objective of this paper is 

“Industrial parameter monitoring” through serial 

communication and to develop an embedded 
system which will monitor all the devices through 

Zigbee enabled wireless technologies. Since the 

monitoring application have been developed in 

medicine, agriculture, military, 

building, motion tracking and many other fields 

which involves the measurement of voltage, 

current, temperature, etc., These can be done by 

using sensor which are configured to measure 

internal temperature, remote temperature, 

remote current, remote voltage. 

 
Keywords: Zigbee, Automation, Sensors, Wireless 

Sensor Networks, Monitoring & Control 

 

I. INTRODUCTION 

 
Industrial Automation Networks involves 

Programmable Logic Controller (PLC) or 
Distributed control system (DCS) that communicate 
with the sensors to collect the data related to the 
process. To provide the control PLC or DCS act on 
the physical variables measured by issuing the 
commands or signals that activate relays, solenoid, 
motors and actuators. Developments in Wireless 
Sensor Network domain plays an important role in 
the implementation of an Industrial monitoring and 
Controlling Network, which contains number of 
sensor nodes that measures the value of physical 
parameters such as Temperature, Pressure, Flow, 
level, Density etc., and transmit them to the 
centralized control room through intermediate nodes 
or remote control panels present in field.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Generally this can be achieved through wired 

networks by involving standard 4-20mA 
Electrical System. Wired Industrial monitoring 
and Controlling Network increase the 
implementation cost because the cost of cabling 
and structural support arrangement may be 
sometimes higher than the cost of Transmitter 
itself and also leads to increase the maintenance 
cost. 

 
Wireless Sensor Technology has been 

effectively is an open standard. This paper 
proposes an Intelligent Industrial Automation 
system based on Wireless Sensor Network which 
may be implemented in Home Automation, 
Environmental monitoring, Health monitoring and 
so on. Bluetooth, X-10, Wi-Fi and Zigbee are the 
suitable wireless technologies to be employed in 
above mentioned areas. The wireless technology 
like Wi-Fi and X-10 are not suitable for Industrial 
automation applications because Wi-Fi is most 
suitable for high data rate application and X-10 is 
most suitable for very low data rate applications 
only.Hence Bluetooth and Zigbee may be the 
suitable wireless technologies for low data rate 
application like monitoring and control.Zigbee is 
capable of establishing two way communications 
between multiple devices over a simple networks 
using low power and with low cost. It uses license 
free 2.4 GHz band and IEEE defined 802.15.4 
standard. 
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either leads to shut down or reinstallation it may 
further leads to production loss as well as large 
reconfiguration cost. 

 
III. PROPOSED METHOD 

 
 

 

 

 

 

 

 

 

 
 
 

Fig 1. Traditional Industrial Monitoring System 

 
II. TRADITIONAL METHOD 

 
In wired Industrial Automation Network (Fig 1) 

closed and open loop control is achieved by passing 
the values of physical variables measured in the 
process to the base station through signal cables. The 
control action performed by the controller present in 
the control Room. 

As a result the controllers will send signal to the 
final control element, which in turn cause the changes 
in the process to maintain the physical parameters at 
desired value to perform closed loop control. In the 
above method in case of melting of cable it may 

Wireless sensor networks (WSNs) provide one 
potential solution to tackle the above listed challenges. 
Compared with a wired system,WSNs have many 
inherent advantages, such as relatively low cost, 
convenience of installation, and ease of relocation. 
These merits make a low-cost condition monitoring 
system for noncritical equipment possible. 

 

Fig2. Proposed Monitoring Method 

 
However, industrial processes and devices have 

unique characteristics that make further demands on 
industrial WSNs (IWSNs), such as processing 
heterogeneous sensor signals, higher sampling 
rates, faster data transmission rates, and higher 
reliability.In our proposed method radio module is 
either electrically powered or battery powered data 
transmission or reception must occur through 
wireless. 
a. Sensor Network Architecture 

 
Wireless sensor network (Figure 2)is 

thenetwork of tiny low power devices capable of 
performing Sensing,Processing, 

ACTUATOR 

CONTROL 

ROOM 

HEATER 

TEMPERATURE 

SENSOR 

LIGHT SENSOR 
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and Communication within the single chip. 

Wireless sensor network [6] classified into two 
types. First one consists of hundreds or thousands 
of node operate in large geographical areas. This 
network used in communication, military, and 
environmental monitoring. Second one consists of 
ten of sensors which used in remote measurement 
applications. 

1. Sensor node consists of following components 
Sensing sub system (Sensor which consists of 
Signal conditioning & A/D convertor) 

2. Processing subsystem 
(Microcontroller with Small amount of data 
storage) 

3. Communication subsystem 
(Radio module) 

4. Power supply 

 
b. Monitoring & Data logging 

 
In particular, the following two functionalities are 
of great significance [1]. 

 

 

Fig 3. Typical Sensor Node 

1. Graphic interface. The graphic interface 
allows representing the whole system display the 
status of all or part of the field. This allows the 
human operator to evaluate how the system is 
working and to recover quickly from critical 
conditions. 
2. Historian module. The historian module 
Allows to record all significant parameters and to 
display them as suitable graphs. This can be useful 
to discover the reasons of some problems which 
occurred in the field. 

Several IWSNs for industrial device 
monitoring have been developed. Most of these 
applications only use WSNs for data acquisition and 
transmission and complete the feature extraction and 
fault diagnosis functions on a central computer. On-
sensor feature extraction and fault diagnosis is a 
promising alternative approach to raw data 
transmission, which can reduce the quantity of 
transmitted data, save node energy, and prolong 
node lifetime. 

c. Communication Technologies 
Commercially available wireless protocols (Table 
 1) for WSNs, including 
IEEE802.15.4,IEEE802.11(Wi-Fi), and 
IEEE802.15.1  Bluetooth). IEEE  802.15.4 was 
demonstrated IWSNs. Three protocols based on the 
IEEE802.15.4 physical layer, ZigBee, Wireless 
HART, and ISA 100.11a, will be explored. 
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Table 1. Comparison of Communication Technologies 
 
 

d. ZigBEE 
 

Fig 4:ZigbeeNetwork 

 
Nowadays, Zigbee [4] a de facto standard for 

WSNs has become one of the most promising 
protocols for wireless home networking and 
automation due to its low power consumption, low 
cost, and support for various ad hoc network 
configurations. ZigBee is a radio frequency 

(RF) communications standard based on IEEE 
802.15.4. 

The Zigbee coordinator is responsible for 
creating and maintaining the network. Each electronic 
device (i.e. Washing Machine,Television, Lamp etc.) 
in the system is a Zigbee device managed by the 
coordinator. All communication between devices 
propagates through the coordinator to the destination
  device. 
 The ZigBee standard theoretically provides 
250kbps data rate, and as 40kbps can meet the 
requirements of most control systems, it is 
sufficient for controlling most industrial 
automation whereas Wi-Fi provides 54 Mbps. 
Soit only suitable for high data rate applications. 
 

e. ZIGBEE BASED MONITORING SYSTEM 

 
The Zigbee network [5]Fig.5depicts the 

monitoring networks by a ZigBee network system. 
The networks include a master node connected with 
a server PC and a series of client nodes, which are 
classified into master, sensor, gatherer, actuator and, 
controller. The main functions of each element are 
described as follows. 

 Zigbee Blueto 

oth 

Wibree Wi- 

Fi 

Frequenc 

yband 

(GHZ) 

2.4 2.4 2.4 2.4 

Range 

(ft.) 

-11.6 30–300 Up to 10 100– 
150 

Data rate 

(Mbps) 

250 
kbps 

1 1 11-54 

Power Low Mediu 
m 

Low High 

Cost Low Low Low High 

Modulati 

on/proto 

col 

DSSS, 
CSMA 
/CA 

FHSS FHSS DSS 
S 

NATIONAL CONFERENCE ON APPLICATIONS OF AI AND IoT IN ENGINEERING AND TECHNOLOGIES (NCAAIET-24)

ISBN: 978-81-965236-7-1
92



 
Fig 5.Zigbee Based Monitoring System Server: 

Issues commands to the networks and collects 
responding information from the sensor network. 
Database: Logs the system   configuration 
data  and monitoring data. Master 
Node:Collects original monitoring data and 
reports to management software; connects with 
the Server via a USB or a RS232 port. 
Gathering Node (Reader): Composes the backbone 
of data collecting and status monitoring network. 
Equipment Controller: Controls the actuator action to 
start or close the connected equipment/machine. 
Checking Node  (controller):Acts as  a 
checker a client PC can connect with a checking 
node used to display the real-time message of the 
system and issue control commands to the network 
when a specified event occurs. Alarm 
device:Functions as an emergency reporter used 
to notify the production controller. 

 
IV. IMPLEMENTATION: 

 
Fig 6 shows the typical transmitter diagram. It 

consists of Sensor, Communication module, 
Processor& Power supply. Sensor usually deployed 
in the field, from where the sensed phenomenon is 
transferred via transmitter to the control station 
which has receiver from that received information 
controller will initiate corrective action to establish 
control.The above implementation setup capable to 
cover up to 30 meters in order to address the large 
area relay concept may be applied 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
POWER 
DISPLY PROCESSOR SUPPLY 

 
Fig 6.Typical Transmitter 

 

Fig7. shows typical receiver diagram. It also has 
the same components as above. 

 

RF MODULE DISPLAY 

 
Fig 7. Typical Receiver 

 
Fig 6 & 7 Shows the experimental setup for the 
data transmission and reception. 

LIGHT SENSOR RF MODULE 
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V. RESULTS & CONCLUSION 

The experiment conducted for 15 minutes by 
keeping TX and RX at the distance of 30mand 
observe the results. The table 5.1& 5.2 given 
below summarizes the TX and RX values at time 
distant. 

TIM 
E 

TX 
TEM 
P 

RX 
TEM 
P 

TX 
LIGH 
T 

RX 
LIGH 
T 

3.10 30 30 82 82 
3.11 34 34 83 83 
3.12 39 39 82 82 
3.13 41 42 74 73 
3.14 42 42 74 74 
3.15 42 43 72 71 
3.16 42 40 79 78 
3.17 43 41 82 83 
3.18 32 32 44 40 
3.19 44 42 70 70 
3.20 32 31 81 81 

Table 5.1.Tx& RX from temperature sensor& 

Light Sensor 

The following graphs(a,b) depicts the 
relationships between TX & RX value. 

 
 
 
 
 
 
 
 

 
a) Graph of Temperature Sensor 

 

 
b) Graph of Light Sensor 

 
TX Value, RX Value 
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Abstract - Patient monitoring systems are among the 

many applications that make extensive use of the 

Internet of Things (IoT). Healthcare systems are 

designed to keep an eye on patients in order to 

identify potential risks, respond swiftly to urgent 

situations, and facilitate long-distance contact for 

remote treatment. Long-term effects of the Internet 

of Things include physiological data, critical care, 

patient monitoring, and patient management. In 

order to gather data, sensors are attached to the 

patient. System controls receive the data first, then 

healthcare providers receive it on their own. 

Numerous biosensors use wireless networks to 

transmit medical data to websites or mobile 

applications. As a result, the Internet of Things 

allows healthcare providers to monitor patients and 

manage therapy outside of hospital boundaries. 

Keywords - IOT, Machine Learning, HealthCare, 

WBAN 

I. INTRODUCTION 

The Internet of Medical Things (IoMT) or 
Healthcare Internet of Things (H-IoT) represents a 
paradigm shift in the evolution of medical industry 
information systems. These systems are essential for 
determining a patient's current state of health and 
improving their quality of life. These are intricate 
systems that encompass systems from different 
disciplines, including computer science, medicine, 
microelectronics, and other systems. 

The IoMT applications are in their growth 
phase, which runs from 2017 to 2022. As more 
beneficiaries show interest in these applications, these 
developments will quicken and enhance the medical 
sector overall. It follows that the Internet of Things 
(IoT) will undoubtedly redefine medical devices, 
applications, and integrated networks of healthcare 
solutions, thereby transforming the healthcare sector. 
IoT regularly. 

 

 

 

II. HEALTHCARE SYSTEMS 

Healthcare systems are a complicated 
network since they include: doctors, nurses, 
employees, healthcare providers, insurance 
companies, laboratories, and pharmacies. The parties 
involved are all located in and ongoing observation; 
particularly for ICU patients. These patient 
monitoring systems employ sensors to gather 
physiological data, which they subsequently analyze 
and store on the cloud. The patient's online caregiver 
group, which consists of the patient's family and the 
nurse, receives this data for additional analysis. A 
large team of medical experts collaborate based on 
individual specialties to evaluate the analysis that 
IoMT has performed using its data collection. As a 
result, high risk patients (those in need of urgent 
surgery, cardiac patients, etc.) can identify medical 
emergencies more easily. 

Nevertheless, regardless of where they are, 
they can all start transactions on the healthcare 
systems, and the outcomes of those transactions will 
be saved on the device for everyone to view on the 
integrated system. At the moment, these transactions 
are kept on various, unintuitive platforms that take a 
long time to process and are prone to mistakes. A 
global ledger contains all of the transaction data for 
IoT healthcare systems. This implies that test results, 
insurance coverage, benefits and eligibility, 
medications, allergies, and medical records are all 
kept in a safe database that is accessible and safe 
(much like blockchain technology). The same 
database may be used to manage and track the 
requirements for medication, supplies, and other 
consumables, making healthcare management easier. 

IoT can be evaluated in a number of ways, 
but the three most crucial factors to take into account 
are context awareness, remote patient monitoring, and 
care quality. The automated medical data collecting in 
IoMT reduces the possibility of human error, which 
could be detrimental to the patient's health. It also 
improves patient health and raises the standard of 
diagnosis. The many elements of clinical care will be 
reviewed in the sections.  
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2.1 Clinical care 

 Hospitals need to have access to round the 
clock, continuous monitoring in order to respond quickly 
and save lives in an emergency; this is especially 
important for patients in the intensive care unit. These 
patient monitoring systems employ sensors to gather 
physiological data, which they subsequently analyze and 
store on the cloud. The patient's online caregiver group, 
which consists of the patient's family and the nurse, 
receives this data for additional analysis. A large team of 
medical experts collaborate based on individual 
specialties to assess the analysis that IoMT has performed 
using its data collection. As a result, high and ongoing 
observation; particularly for ICU patients. These patient 
monitoring systems use sensors to gather physiological 
data, which they then process, store in the cloud, and 
send to the patient's online caregiver group, which 
consists of the nurse and the patient's family, for 
additional analysis.  

 To assess the study that IoMT has performed 
with its acquired data, a large number of medical 
professionals collaborate depending on their individual 
areas of expertise.  

Figure 1. Real time remote monitoring systems 

  

 As a result, high risk patients (cardiac patients, 
patients in need of emergency surgery, etc.) have an 
easier time being identified as medical emergencies. 

 

 

 

 

2.2 Remote patient monitoring 

 For numerous practical applications, 
remote patient monitoring, or RPM, is a crucial 
paradigm. 

Consequently, the system furnishes details 
on the patient's health condition and gives prompt 
therapy, thereby mitigating subsequent difficulties and 
adverse effects. As a result, the technology enables 
real-time patient monitoring in the medical field. 
Additionally, it facilitates quicker diagnosis using 
input sensors, thus saving patient lives 

Context awareness 

One important requirement for IoMT 
applications is context awareness. Because IoMT can 
track both the physical surroundings and the health 
status of individuals, it can assist healthcare workers 
in understanding abrupt changes that may impact their 
condition. Changes in the environment might raise 
risk factors and a person's susceptibility to illness, 
putting them at risk. The numerous specialized sensors 
collect valuable information that aids in 
comprehending the condition of the patient at the time 
of hospitalization, at home, or wherever the patient 
may be. These data include a variety of physiological 
status indicators, such as the patient's ability to walk, 
run, or sleep, as well as information about the patient's 
physical surroundings, including temperature, 
humidity, and other factors, and the relationship 
between the awareness. 

2.3 Healthcare networks in IoT 

 
To increase the effectiveness of the health care 

system, a variety of devices and systems must function 
in the framework of the Internet of Things. One of the 
key components of the Wireless Body Area Network 
(WBAN) is the Internet of Things (IoT) healthcare 
network. The WBAN facilitates general system 
communication and the effective transfer of data. 
Network topology, a platform, and an architecture 
make up IoMT. 
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2.3.1 IoT network topology 

 

Figure 2. IoT network topology in remote 

patient monitoring [3] 

With the use of this technology, caregivers may 
keep an eye on patients from a distance and react based 
on the data that is sent. The healthcare data pipeline, 
which makes use of an interconnected network with 
WiMAX, Internet Protocol Network, and Access service 
networks, is shown in Figure 2. 

IoT topology network showcases the gateway 
systems in figure 2. It also points out iMedpack. 
Additionally, various sensors, and wireless network 
topology interfaces create essential gateways for 
healthcare applications. IoMT makesdiagnostics and 
analysis possible via connecting the different wearable 
devices to the healthcare gateway. IoMT is also able to 
store the collected data, analyze, review, and lastly: 
present them. All IoT networktopologies are recognized 
and their infrastructures areconnected with the 
integrated healthcare systems. Themain IoT network 
topology components provide essential medical care, 
and they are generally used to help healthcare service 
providers. These faculties are used for medical 
emergency services. Therefore, network topology 
becomes important in medical systems. [3] 
 

2.3.1 IoT network platforms 
Two important IoT platforms are the IoT 

platform for healthcare service model and the cloud 
computing IoMT model. The healthcare service model 
mostly focuses on residents’ health data as shown in 
figure 2. The figure also depicts the structure of the 
IoMT network platform which shows the user how to 
access the database layer for healthcare support from 

thevery first layer of the application. This can ensure 
thatthe interoperability of the platform and its automated 
design, which are engineered for rehabilitation are 
employed suitably for their intended goals. The business 
layer, data persistent layer, support layer, and accessing 
layer make up the framework itself. To manage many 
users connected to sensors, you must have an activation 
method to access the IoT gateway.  

This model makes the management of 
multiple users possible via the use of multiple sensors 
during the data collection process. The IoT database 
uses Multi- Tenant databases; and the source layer is 
mostly responsible for sharing the healthcare system’s 
data and interpolation using the resource control 
mechanism. This systematic framework makes theuser 
interface and the IoT’s capacities possible in the health 
sector. 

2.3.2 IoT network architecture 

IoMT architecture consists of the device's 
operational layers, physical parts, and stated operating 
principle. The compatibility of the Internet of Things 
gateway with the wireless local area network (WLAN), 
secure communication between the IoT gateway and 
caregivers, and multimedia streaming are some 
essential components that have been discovered for this 
kind of network design. The Internet of Things (IoT) 
network health system uses specific protocols to 
communicate wearable device and sensor data across a 
secure communication channel. The user Datagram 
Protocol (UDP) is used by the data transmission 
architecture to reply to the sensor nodes. This offers a 
safe, integrated communication method for the patient 
and the medical staff. [3] 

 
2.3.3. IoT network architecture 

based on Wireless Body Area 

Network 
Wireless Body Area Network (WBAN) is 

composed of three different layers. Figure 3 shows on-
body sensors, and different sensor nodes. These sensors 
are known as on-body or wearable sensors which are 
embedded on the patient’s skin, and can work via 
wireless networks. The sensors receive signals from the 
body, and then transmit the patient’s vital signs such as 
blood pressure, heart rate, blood sugar, body 
temperature, and humidity.  

The tags or low-level management system 
provide information about and/or forecast the 
capabilities and operations of the nodes. Using the 
nearby personal web server (PWS), the data gathered 
from the on-body sensor is transmitted to the master 
communication controller or the central controller 
system. As a result, it can transmit emergency data 
recovery, synchronization of time, etc. Thus, the user's 
health state can be ascertained by the personal web 
server using the health information that is now available. 
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Additionally, it offers input regarding the user interface 
and the sensors. Both the IP address and patient data are 
stored on a personal web server.  

The second layer system uses restricted human 
bond communication (HBC) to allow the interfaces of 
the WBAN sensor nodes and personal web servers to 
communicate with other services via the information 
bank. PWS nodes are linked to mobile computers (PCs) 
and other computing devices. The primary purpose of 
this is to keep an eye on senior patients. A network 
coordinator maintains the stability of the link between 
the body area network and the personal web server. 
Initialization, sensor node customisation and registration, 
and an all- around safe and secure connection are all 
included in the network configuration. 

Medical server: 

The storing, processing, and analysis of 
medical data is the primary duty of the medical server. 
The storing, processing, and analysis of healthcare apps 
that deliver healthcare services are also included in this. 
An essential component of the medical server is patient 
authentication. Medical data is transmitted for testing by 
sensors that are based on IoT medical servers.If any 
deviation is observed in the patient's health, or any 
causes for concerns are raised; the medical unit will be 
immediately notified. Due to the aforementioned 
processes, patient authentication, secure connections, 
and the effective protection of the patient’s personal data 
are of the utmost importance, and are thoroughly 
considered in all aspects of healthcare systems. For this 
reason, and to also provide overall security in general 
communication, the range of wireless communication is 
limited. [3] 
 

3. The main challenges of Healthcare 

systems 
 Regardless of the user's geographical 
location, IoT- based healthcare solutions link clinics, 
hospitals, and patients to an integrated system to 
coordinate medical care or services.. However, there 
are manyother issues to carefully consider in research 
beforethese systems can become viable for 
mainstream use. 
 

3.1. Interoperability, 

standardization, and regulations 
Concerns regarding IoT standards exist. All 

parties involved in the Internet of Things manufacturers, 
consumers, and healthcare providers need operational 
consistency. IoT standardization can become a 
complicated problem since IoT producers want to enter 
as many different industries as they can, industries that 
are governed by various regulations. agencies, and 
regulatory boards, and all have a different set of 
standardization. This becomes even more complex with 
the strict guidelines that exist in the medical industry. For 

example, in the United States of America, the 
standardization of wireless medical devices requires a 
multi-agency regulatory collaboration including: the 
Food and Drug Administration (FDA), the Centers for 
Medicare and Medicaid Services (CMS), and the Federal 
Communications Commission (FCC). This means 
companies must carefully review and evaluate all the 
regulations, and policies set by these three agencies. IoT 
healthcare systems must also operate within a 
complicated structure of agencies to make IoTeHealth 
products available to the market. These complicated 
regulations and standardization processes are not limited 
to the US. Generally, eHealth faces the same issues and 
complications all across the globe. 

3.2 Heterogeneity 

  IoT healthcare applications require a wide 
range of contextual data which are obtained through 
various heterogeneous sources. Heterogeneity is 
generally defined in two ways: 

Data heterogeneity : Multimodal Data heterogeneity 
can be brought about by sensors with varying 
functions, formats, and structural characteristics. Since 
these gathered datasets lack explicit explanations, 
using or sharing them may be difficult or confusing. 
 

Sensor heterogeneity : Interoperability issues might 
arise when many sensors are integrated, each of which 
operates at a different frequency and requires a 
different network protocol. Furthermore, these 
problems may get worse when medical equipment and 
sensors are combined. Interferences in the network's 
range and frequency overlap can have a major 
negative impact on the system and obstruct access to 
crucial data. 

 
3.3 Interface and user compatibility 

  It is crucial to take into account additional 
aspects when using an application, such as human 
compatibility, user acceptance, and the degree to which 
a given technology facilitates human connection. The 
user-friendliness and interface of front-end technology, 
sensors, tablets, smartphones, and other devices are 
critical to the electronic well- being of the Internet of 
Things. It is critical that end users of IoT eHealth can 
receive on-the-job training on how to operate 
sophisticated medical equipment and all of its 
accessories. The end users typically don't know much 
about wireless networks, sensor synchronization, or 
other technical topics.  
  Therefore, it is vital that the IoT eHealth 
devicesmade for remote access be designed as self- 
sufficiently and simply as possible. For example, one of 
the largest IoT eHealth end users are senior citizens so 
the interface must be user friendly, and require minimal 
professional assistance. Participatory design can help the 
human compatibility of the interface via encouraging 
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the end users to engage with the design team, and 
communicating their user experience so the ease of use, 
likes, dislikes, andcomfort levels in interaction can be 
devised. 

3.4 Scalability 

 The more compact For the Internet of 
Things (IoT) to process user requests and guarantee that 
all medical services are available to users via personal 
devices like smartphones, portable devices with data- 
collecting sensors and centralized servers are necessary. 
By extending this procedure throughout the entire 
hospital, it will be possible to guarantee that every 
patient will get access to healthcare, be kept informed of 
their progress, and gain from ongoing observation. 
Given that the city's antennas and sensors are capable of 
gathering data, the Internet of Things can be expanded to 
include the entire city. Algorithms, Application 
Programming Interface all data through smartphones, 
and mobileapplications, and furthermore; send feedback 
topatients about their healthstatus, enabling everyone 
tohave access to test results, and integrated 
medicalservices. IoMT allows users a more 
straightforward access to their medical records, and test 
results which cuts out patient waiting- times 
significantly, and is therefore more time- effective for 
users.  
 Upscaling a small IoT network to the entire 
city can potentially improve overall efficiency, support 
relationship building between organizations, and 
promote trust between medical professionals, and 
patients. 

3.5 Power consumption 

  Another important factor to consider for IoT is 
power consumption. The limited battery life of the 
sensors can negatively affect the lifecycle of the devices. 
Charging, or changing the batteries in IoT devices are 
extremely complicated, and often have little effect, 
especially if a system uses multiple sensors. The battery 
life of an IoT device will depend on varying factors such 
as the transmission range, the communication channel 
usage, overall time of use, and the complexity level of 
signal and data processing. 

3.6 Disadvantages 

  Some IoT e-Health applications require the 
patient to constantly wear the sensors or carry them 
around, which can become tedious and inconvenient to 
the user. Thus, more efforts must be made in order not to 
decrease the quality of life for the subject, or cause 
unnecessary inconveniences to their daily routines. 
 
 
 
 
 

4. Other studies 

Many scientists and researchers are working 
in the field, considering the importance of the 
healthcare systems and their application in IoMT. 
Therefore, the rest of this section will focus on 
reviewing some of these studies. Azadeh Zamanifar, 
and her colleagues have introduced a system for IoT 
applications called DSHMP-IoT, whose function is the 
tracking of IP- based sensors - in smartphones - and 
their direction of movement in a multi-user 
environment such as a healthcare system. [5] This was 
the first time that an AI solution was used for tracking 
the direction of mobile nodes in an IP-based phone 
network. This design uses a Hidden semi-Markov 
Model (HSMM) to predict and track direction with high 
accuracy and low overhead. 

They also proposed a method to predict the 
ECG sensor data, and in addition, the patient’s health 
status which would not require a jointanalysis. [6] This 
method uses mobile sensors, and a HSMM to predict a 
patient's overall health status and has two prediction 
outputs. 

They also introduced a design named DMP-
IoT, which predicts the new distributed direction 
ofmobile sensor nodes in healthcare applications to 
reduce the operation costs of the mobile sensor nodes. 
They have customized the Hidden-Markov second- 
order to achieve this. DMP-IoT includes a detection 
mechanism that identifies incorrect predictions, and 
avoids disconnecting the sensor nodes from the 
network in cases of false movement prediction. This 
mechanism prevents misprediction and losing the 
network connection. Zamanifar also emphasizes the 
importance of IoMT in predicting patient health status 
in a chapter of her co-authored book titled:“Remote 
Patient Monitoring: Health Status Detection and 
Prediction in IoT-Based Health Care, in IoT in 
Healthcare and Ambient Assisted Living.” [8] They 
have used cloud computing and mobile edge 
computing to communicate between different 
Healthcare subsystems.  

Mobile edge computing is a distributed 
computing paradigm that moves computing and data 
storage to optimized positions in order to improve 
response time, and save bandwidth. Healthcare systems 
based on mobile edge computing are more effective 
since their computing is done near the patient. Thus, 
the patient’s health status predictions are done in real-
time, which is a vitalfunction to have in healthcare 
systems. The same chapter presents IoT- based 
healthcare devices and methods which are used to 
identify or predict a patient’s health status. 
  In their book“A new machine learning-based 
healthcare monitoring model for student’s condition 
diagnosis in Internet of Things environment,” Alireza 
Souri and his colleagues present an IoT- based student 
health care system that continuously monitors students 
via their vital signs to detect physiological and 
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behavioral changes through IoMT devices. In this 
method, vital signs are collected through IoT devices 
and analyzed with Machine learning methods to detect 
possible risks or changes in the students’ physiology, or 
behaviors. Khizra Saleem and her colleagues have 
invented a system to monitor and analyze sleep patterns 
using environmental parameters in their book 
titled:“IoT healthcare: design of smart and cost-
effective sleep quality monitoring system.” The 
proposed system is effective enough to monitor the 
patient’s sleeppatterns using Commercial Off the Shelf 
(COS) sensors, and to furthermore; predict the results 
using the random forest model. The patient’s 
physiological data including physical body movement, 
heart rate, SPO2 level (oxygen saturation level in the 
blood),and snoring patterns are monitored through this 
system, and the collected data can be sent tocomputer 
systems. This real-time system is made of two parts. 
One part consists of the behavioral data analysis 
collected through random forest and decision-rules in 
real-time. This system notifies the caregiver in cases of 
any changes to the sleeping participant’s status. The 
second part enables batch data processing which 
establishes the condition of the patient at a given period 
of time through statistical methods. This cost-effective 
suggested method can easily analyze the sleep pattern 
of a patient and provide better treatments. 

 

CONCLUSION 
In a world that is changing quickly, most 

individuals, such as energy conservation, water supply 
management, traffic control, delivery management, 
agribusiness, home automation, and navy management. 
Thanks to the management. The integration of IoT with 
emergency services, smart homes, and smart hospitals 
is the Internet of Things, wearable sensor technology 
has grown to be a profitable industry in the healthcare 
industry. More detection gateways are needed when IoT 
penetrates the medical field in order to facilitate data 
ultimate goal of this new technology.  

Real-time patient monitoring can be aided by 
the data that smart hospitals and smart equipment 
gather. This can be beneficial.if not all of them, now 
need remotely accessible, networked devices with data 
analysis capabilities. IoT has been developed in 
response to this need. IoT is a mechanism for internet-
to-device connectivity. This is the process by which 
smart lights, watches, etc. “smart.” The Internet of 
Things makes people more independent, an us learn 
more about diseases, medicines, and vaccines.  

Healthcare systems are a huge part of the IoT 
applications. The large data collections in these 
systems need to be extracted so they can be analyzed 
for the information hidden in them. An important 
function of IoMT is its precise prediction of a patient's 
health status remotely, especially in intensive care.  

 
 

Various health applications are increasingly 
including predictions of patient movement, and health 
status changes in their interfaces; and due to the 
IoMT’s significant contribution to disease study, and 
gathering intelligence about the physical environment 
of the patient, pervasive systems, and assistive 
technologies, it has become an outstanding field of 
research. 

An overview of healthcare systems in the 
Internet of Things was done in this article and the many 
challenges, and benefits of the field were examined. 
Also several methods in predicting patient health’s 
conditions using machine learning were analyzed. 
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Abstract - Language Identification is the process 
of determining in which natural language the 

contents of the text is written. Language 

identification is a fascinating field to be studied 

due to increased demand of natural language 

processing applications. Language 

Identification can be done using two types of 

techniques: computational techniques and non-

computational techniques. Computational 

techniques are based on statistical methods 
and require large set of training data for each 

of the language while non- computational 

techniques require that researcher must have 

extensive knowledge about the language to be 

identified. In this work, a novel method is 

proposed to identify the language of the text 

using SVM classifiers. Once the language is 

identified, classes based on the frequency of 

their co – occurrence with other words are 

considered for further processes. Content 

Based Image Retrieval is used to display the 

images that are tagged for the words. While 
tagging, the language of individual words is 

identified using language models and 

dictionaries. When a word is displayed, the 

proposed method searches for the alphabets 

available in the dataset dictionary. It is 

followed by separation of the word into 

alphabets. Then, the tagged images for the 

appropriate alphabets will be displayed from 

the dataset. The proposed method is done for 

four languages viz., English, Tamil, Hindi and 

Malayalam. A dataset context is incorporated 
to improve the performance of the proposed 

method. This method is implemented and the 

results show that the proposed method is more 

efficient than the existing methods. 

INTRODUCTION 

Research in recent years has given a lot of 
interest to textual data processing and especially to 
multilingual textual data. This is for several 
reasons: a growing collection of networked and 
universally distributed data, the development of 
communication infrastructure and the Internet, the 
increase in the number of people connected to the 
global network and whose mother tongue is not 
English. This has created a need to organize and 
process huge volumes of data. The manual 
processing of these data (expert , or knowledge 
based systems) is very costly in time and 
personnel, they are inflexible and generalization to 
other areas are virtually impossible, so we try to 
develop automatic methods. 

 

 
Figure 1.1.1 Overview of the process 

 

ALGORITHMS AND TECHNIQUES 

In order to perform computation, create 
four folders viz. English, Tamil, Hindi and 
Malayalam. Enrich all the folders with their 
respective alphabets’ images. These folders are 
substitutes of training corpus. Another folder 
named Input folder is created to store input images 
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1. Get the input file. The file can be a text 
or word document. 

Firstclass1 

{ 

String name; // gets the input 
file 

} 

 

2. Access the file and read it word by word. 

Wordsep1 

{ 

Fileread() // reads text file word 
by word 

} 

 

Readwordfile 

{ 

Filereadword() // reads a word 
file word by word 

} 

3. For each word i, do the following: 

 

 Create a new folder inputi inside the 
Inputfolder.

 

 Separate the letters of this word.
 

 Convert each letter into images and store 
them in inputi.

 Compare inputi’s images with the images of 
predefined folders (English, Tamil, Hindi and 
Malayalam).

 

 If all the images of inputimatches a particular 
language, then that is the desired language.

 

Letterimg 

{ 

Lettersep() //separates letters of each word 

Texttoimg()//converts letter to an image 
and stores in inputi 

} 

Tclass1 

{ 

Imgcomp() // creates thread for image 
comparison 

search() // compares inputi images with 
predefined folders. 

Frontend 

{ 

//calls the SecondFrame class 

} 

SecondFrame 

{ 

// gets input for the system and 
activates Firstclass1 

} 

Sample 

{ 

// lists the set of languages and 
its words in the document 

} 

2. LITERATURE REVIEW 

2.1 Title: “A survey of Language 

Identification Techniques and Applications”, A 
Journal of Emerging Technologies in Web 

Intelligence, Vol 6, no 4, pp 388, November 

2014. Author: Archana Garg, Vishal Gupta 

and Manish Jindal 

Language Identification is the process of 
determining in which natural language the 
contents of the text is written. Language 
identification is always been an important research 
area which has been carried out from early 1970’s. 
Still it is a fascinating field to be studied due to 
increased demand of natural language processing 
applications. In many applications, it works as a 
primary step of some larger process. A number of 
applications are outlined where language 
identification is working successfully. Language 
Identification can be done using two types of 
techniques: computational techniques and non- 
computational techniques. Computational 
techniques are based on statistical methods and 
require large set of training data for each of the 
language while non-computational techniques 
require that researcher must have extensive 
knowledge about the language to-be-identified. In 
this paper, a brief review of the few papers is 
presented which outlines the various statistical and 
non-statistical techniques that have been applied 
by the different researchers for language 
identification. Besides it, different researchers 
performed language identification for different 
type of documents such as monolingual, 
multilingual, long and short and for a particular set 
of languages. 

} 
 

4. The User Interface for the system is 
accomplished using the following 
classes. 
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2.2 Title: “Automatic Language Identification: 

An alternative unsupervised approach using a 

new Hybrid algorithm”, International Journal 

of  Computer and Applications, Techno- 

Mathematics Research Foundation, Vol. 7, No. 

1, pp 94-107, 2010. Author: Abdelmalek 

Amine, Zakaria Elberrichi and Michel Simonet  

  It deals with research on unsupervised 
classification for automatic language identification 
purpose. The study of this new hybrid algorithm 
shows that the combination of the K means and 
the artificial ants and taking advantage of an n- 
gram text representation is promising. We propose 
an alternative approach to the standard use of both 
algorithms. A multilingual text corpus is used to 
assess this approach. Taking into account that this 
method does not require a priori information 
(number of classes, initial partition), it is able to 
quickly process large amount of data and that the 
results can also be visualized. We can say that, 
these results are very promising and offer many 

perspectives. 

 
2.3 Title: “Automatic Language Identification 

using both N-gram and word information”, 
International Conference on Statistical 
Analysis of Textual Data (JADT), Vol.2, pp 

263-268, December 23, 1998. Author: Bruno M. 

Schulze 
The predominant language of a Sample 

text is automatically identified using probability 
data that include N-gram probability data for at 
least one language and word probability data for at 
least one language. The N-gram probability data 
of a language indicate, for each N-gram, the 
probability that it occurs if the language is 
predominant. Similarly, the word probability data 
of a language indicate, for each word, the 
probability that it occurs if the language is 
predominant. The probability data are used to 
automatically obtain Sample probability data for 
at least two languages. The sample probability 
data include N-gram probability information for at 
least one language and word probability 
information for at least one language. The Sample 
probability data are used to automatically obtain 
language identifying data identifying the language 
whose Sample probability data indicate the 
highest probability. The N-grams can be trigrams, 
while the words can be short words of no more 
than five characters. Some languages can have 
both trigram and word probabilities, while some 
can have only trigram probabilities. 

 

3. RELATED WORK 

Multilingual posts can potentially affect 
the outcomes of content analysis on micro blog 
platforms. To this end, language identification can 
provide a monolingual set of content for analysis. 

The unedited and idiomatic language of 
micro blogs is found to be challenging for state-of-
the- art language identification methods. To 
account for this, we identify five micro blog 
characteristics that can help in language 
identification: the language profile of the blogger 
(blogger), the content of an attached hyperlink 
(link), the language profile of other users 
mentioned (mention) in the post, the language 
profile of a tag (tag), and the language of the 
original post (conversation), if the post we 
examine is a reply. Further, the methods combine 
these priors in a post-dependent and post-
independent way. We present test results on 1,000 
posts from five languages (Dutch, English, French, 
German, and Spanish), which show that our priors 
improve accuracy by 5 % over a domain specific 
baseline, and show that post-dependent 
combination of the priors achieves the best 
performance. When suitable training data does not 
exist, our methods still outperform a domain 
unspecific baseline. We conclude with an 
examination of the language distribution of a 
million tweets, along with temporal analysis, the 
usage of twitter features across languages, and a 
correlation study between classifications made and 
geo-location and language metadata fields. 

 
Multilingual speakers switch between 

languages in online and spoken communication. 
Analyses of large scale multilingual data require 
automatic language identification at the word 
level. For experiments with multilingual online 
discussions, we first tag the language of individual 
words using language models and dictionaries. 
Secondly, incorporate context to improve the 
performance. Accuracy achieve of 98%. Besides 
word level accuracy, we use two new metrics to 
evaluate this task. 

 
CBIR is one of the most widely used 

approaches for detecting images from an extensive 
image database. Now a day, numerous approaches 
have been developed to enhance the CBIR 
performance. The CBIR have a tendency to 
retrieve images depending on their visual content. 
CBIR evades several issues which are linked to 
the current ways of retrieving images by 
keywords. Most existing CBIR systems are based 
on color, text documents, informative charts, and 
shape of the pictures. A CBIR system takes the 
input query image and retrieves the similar 
images. The proposed approach here involves an 
efficient statistical feature extraction and further 
classification of the images by these features using 
Artificial Neural Network (ANN), Naïve Bayes 
Classifier and Fuzzy Neural-Network. The 
classifiers help to categorize the images according 
to the data set. The Precision and Error Rate have 
been calculated and compared according to the 
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retrieved content of the images from the datasets 
and the results have been shown. 

 
The exponential growth in image data 

over the internet has resulted in a growing need 
for searching images according to our 
requirements. Content based image retrieval 
systems extract similar images from databases or 
the internet for facilitation of their users. A 
number of different feature sets and classifiers 
have been used by researchers for content based 
image retrieval. The goal of this research is to 
evaluate some common features sets used for 
classification of images and identify the best 
features depending upon the user requirement. 
Some commonly used features have been studies 
and a set of six feature sets have been selected for 
evaluation by the Back - Propagation Neural 
Network (BPNN). The results have been evaluated 
on the basis of precision and recall and it can be 
concluded that for natural images none of the 
feature sets perform well universally on all classes 
and the selection of optimal feature set depends on 
the type/class of images. 

 
4. EXISTING SYSTEMS 

Landmark retrieval is to return a set of 
images with their landmarks similar to those of the 
query images. Existing studies on landmark 
retrieval focus on exploiting the geometries of 
landmarks for visual similarity matches. However, 
the visual content of social images is of large 
diversity in many landmarks, and also some 
images share common patterns over different 
landmarks. On the other side, it has been observed 
that social images usually contain multimodal 
contents, i.e., visual content and text tags, and 
each landmark has the unique characteristic of 
both visual content and text content. Therefore, 
the approaches based on similarity matching may 
not be effective in this environment. Investigate 
whether the geographical correlation among the 
visual content and the text content could be 
exploited for landmark retrieval. In particular, we 
propose an effective multimodal landmark 
classification paradigm to leverage the multimodal 
contents of social image for landmark retrieval, 
which integrates feature refinement and landmark 
classifier with multimodal contents by a joint 
model. The geo-tagged images are automatically 
labeled for classifier learning. Visual features are 
refined based on low rank matrix recovery, and 
multimodal classification combined with group 
sparse is learned from the automatically labeled 
images. Finally, candidate images are ranked by 
combining classification result and semantic 
consistence measuring between the visual content 
and text content. Experiments on real-world 
datasets  demonstrate  the  superiority  of  the 

proposed approach as compared to existing 
methods. 

 
4.1.1 DISADVANTAGES 

 Ignores the geographical correlation 
between images. 

 
 When the value of neighborhood keeps 

increasing, the performance will degrade 
gradually 

 
4.2 PROPOSED SYSTEM 

A novel method is proposed to identify 
the language of the text using SVM classifiers. 
Once the language is identified, classes based on 
the frequency of their co – occurrence with other 
words are considered for further processes. 
Content Based Image Retrieval is used to display 
the images that are tagged for the words. While 
tagging, the language of individual words is 
identified using language models and dictionaries. 
When a word is displayed, the proposed method 
searches for the alphabets available in the dataset 
dictionary. It is followed by separation of the word 
into alphabets. Then, the tagged images for the 
appropriate alphabets will be displayed from the 
dataset. The proposed method is done for four 
languages viz., English, Tamil, Hindi and 
Malayalam. A dataset context is incorporated to 
improve the performance of the proposed method. 
This method is implemented and the results show 
that the proposed method is more efficient than 
the existing methods. 

 
4.2.1 ADVANTAGES 

• Image Re-ranking is included in this 
technique which helps the user to obtain 
the image result that is in the highest 
priority and in the least priority. 

• This tool also provides a descriptive note 
of the image that is produced as the 
output which describes its surrounding, 
texture etc... 

 
5. SYSTEM MODULES 

• Input 
• Word Separation 

• Letter Separation 
• Image Conversion 
• Image Comparison 
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5.1 INPUT 

• The system is designed to get a 
multilingual document as an input in text 
or word format. For instance, “hello.txt” 
is given as input. 

 

 
5.2 WORD SEPARATION 

In this module, the words of the input document 
are separated. For instance, the separated words of 
the above document are as follows: 

Hello   வணக்கம்      चोर  

നമസ്കാരം  

5.3 LETTER SEPARATION 

The letters of each word are separated individually 
in text format respectively. For instance, the word 
Hello is separated. 

H E L L O 

 

5.4 IMAGE CONVERSION 

The letters of each word are separated and 
converted into individual images respectively. For 
instance, the word Hello is converted into images 
as follows: 

 

 
5.5 IMAGE COMPARISON AND 

OUTPUT 

• This a computation approaches, that the 
system should have a prior data for 
language identification. 

•  The data used here is the alphabets’ 
images of each language. 

•  The input images are compared pixel- 
by-pixel with the images in the data set. 

•  If all the images of the letters of a word 
matches the data set of a particular 
language, then that is the desired 
language. 

•  Repeat the above process for all the 
words in the document. 

6. CONCLUSION & FUTURE WORK 

 

The proposed model is used to identify 
the words of any of these four languages: 
Tamil, English, Hindi and Malayalam. The 
related images that are displayed give some 
idea of the letters of the unknown languages. 
In future, this method can extend for other 
Indian languages. The proposed method is 
planned to execute using a large dataset. 
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Abstract: These days Internet of Things (IoT) increased 

an extraordinary consideration structure specialist, 

since it turns into a significant innovation that 

guarantees a shrewd individual life, by permitting an 

interchanges between objects, machines and each thing 

together with people groups. IoT speaks to a 

framework which comprises a things in reality, and 

sensors joined to or consolidated to thesethings, 

associated with the Internet through wired and remote 

system structure.In this paper I have represented the 

various application of the operation research in the 
field of IoT 

 

      Keywords: Operations Research,Internet of Things 

1. Introduction 
Operations research (OR) is an analytical 

procedureto solve problem and decision-making which is 
used by the management of organizations. In operations 
research, problems are divided intodifferent components 
and then by using mathematical analysis ,solution of each 
component is found out .In similar way it works in the 
field of IoT.Without using the quantitative and qualitative 
techniques of Operation Research,IoT cannot be 
completed.Hence OR(operation research ) plays a vital 
role in the field of IoT(internet of things) 
 

2. What is iot 

People today have made significant progress in 
front of the early-man ages when they needed to 
physically take part in the consummation of every one of 
their needs and necessities. Today life has gotten less 
complex, quicker just as more helpful than it at any point 
was. Have you at any point figured what it resembles to 
have all the gadgets, individuals, protests just as living and 
non-living elements to be associated over a typical 
system? 
 

The Internet of Things known as IoT, is a 
method for associating all the gadgets and articles around 
us into a common cloud network. Through the appearance 
of this innovation, we will have the option to impart just 
as send/get information over this system without the 
requirement for any human mediation. You will be 
stunned to realize that while this mechanical change is by 
all accounts to some degree unimaginable at the present 
time; the execution of IoT towards making a savvy world 
has just been set into movement. The development of 
Internet of Thingstechnology is expanding so quickly that 

a significant number of the IT technology speculators 
have begun putting resources into IoT stocks market. 

 
 

 
 

3.APPLICATION OF OR (OPERATION 

RESEARCH) IN Iot(INTERNET OF THINGS) 

 

In this section ,I am discussing the various tools and 
technologies of operation research which are necessary to 
meet the required challenges of  IoT 
 
  Game Theory : 

Game theory is used to choose the best strategy out 
of the available strategies to maximize the winning.this 
approach is used in multi tasking like data distribution 
to optimize it. Now we are using LTE, 5G ,the 
optimization of these data distribution is investigated 
through game theory. 
 
  Math Programming : 

In operation research we find optimal solution of 
linear, nonlinear, integer programming, dynamic 
programming. This programming is used as networking in 
IoT.By using this technology we can optimize 
(minimize/maximize)the use of networking. 
 

Graph Theory: 

Graph theory is a pictorial representation of vertices and 
edges in which vertices are connected with each other 
through the edge(edges).Which is similar as networking. 
In IoTwe use three types of networks known as 
topological networks, data-functional networks, and 
domio-functional networks.Graph theory is used to 
combine this networks .it is also used in cell phone 
networking, computer networking, sensor networking. 
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CPM(Critical Path Method) : 
 
Critical path is used to visualize the project in the 

graphical form. It defines the tasks which are most 
important.it also reduce the time of the project and 
identify the critical activities in which more attention is 
required. In the similar way it is used in the networking of 
IoT. It helps the signal to follow those paths in which less 
time is consumed. Networking of IoT is tottaly followed 
the management as CPM. 

 
Agent based Modelling : 

 
In IoT lots of messages ,emails,signals move at the 

same time ,which creates traffic. To Reduce the traffic 
load agent based modeling is used which works as smart 
objent interaction. 

 
4.Conclusion 

 
The Iot has become an interesting cocept with sensory 

hardware, smart phones, communication protocols along 
with social and cyber networks .It also include lots of 
complexities whose range is from mechanisim, 
information management, communication, presentation 
and interaction with in the IoT. No doubt there are lots of 
existing model which are capable to design and solve 
problems related to IoT. 

But as the use of it increasing day by day lot of 
research work is required., This paper presents a synthetic 
reaction‐ inspired computational model utilizing the ideas 
of graphs and game, which endeavors to address the 
complexities related with the perception, demonstrating, 
communication, investigation and deliberation of data in 
the IoT. 
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Abstract - Water is a critical resource for human 

survival and ecosystem health, yet increasing 

demands, population growth, and climate change 

pose significant challenges to its sustainable 

management. This abstract provides an overview of 

the current state of water resources, addressing the 

challenges faced in their management and 
highlighting innovative approaches for sustainable 

water use. The document delves into the global 

water crisis, discussing the imbalance between 

water supply and demand, water scarcity in various 

regions, and the detrimental impacts on ecosystems. 

It emphasizes the need for integrated water 

resources management (IWRM) to address complex 

interactions among water, land, and ecosystems. 

Innovations in water technology play a pivotal role 

in enhancing water use efficiency and quality. 

Advanced water treatment processes, smart water 
distribution systems, and the application of Internet 

of Things (IoT) technologies are explored as 

solutions to optimize water resource utilization and 

minimize wastage. 

 

INTRODUCTION: 

The abstract also addresses the importance 
of watershed management, emphasizing the need 
for conservation, restoration, and sustainable 
development practices. It discusses the role of green 
infrastructure, such as wetlands and forests, in 
maintaining water quality, regulating flow, and 
supporting biodiversity. 

Overall, this abstract provides a 
comprehensive overview of the current state of 
water resources, challenges in their management, 
and innovative solutions. It aims to contribute to a 
broader understanding of the importance of 
sustainable water management for environmental, 
social, and economic well- being, urging concerted 
efforts towards a water-secure future. 

In any discussion about climate change, 
renewable energy usually tops the list of changes 
the world can implement to stave off the worst 
effects of rising temperatures. That's because 
renewable energy sources, such as solar and wind, 
don't emit carbon dioxide and other greenhouse 
gases that contribute to global warming. 

 
 
 
 

Clean energy has far more to recommend it 
than just being "green." The growing sector creates 
jobs, makes electric grids more resilient, expands 
energy access in developing countries, and helps 
lower energy bills. All of those factors have 
contributed to a renewable energy renaissance in 
recent years, with wind and solar setting new 
records for electricity generation. 

For the past 150 years or so, humans have 
relied heavily on coal, oil, and other fossil fuels to 
power everything from light bulbs to cars to factories. 
Fossil fuels are embedded in nearly everything we 
do, and as a result, the greenhouse gases released 
from the burning of those fuels have reached 
historically high levels. 

Renewable power is booming, as innovation 
brings down costs and starts to deliver on the 
promise of a clean energy future. American solar and 
wind generation are breaking records and being 
integrated into the national electricity grid without 
compromising reliability. 

 This means that renewables are 
increasingly displacing ―dirty‖ fossil fuels in the 
power sector, offering the benefit of lower emissions 
of carbon and other types of pollution. But not all 
sources of energy marketed as ―renewable‖ are 
beneficial to the environment. Biomass and large 
hydroelectric dams create difficult trade- offs when 
considering the impact on wildlife, climate change, 
and other issues. Here’s what you should know about 
the different types of renewable energy sources—and 
how you can use these emerging technologies in your 
own home. 

 

 What Is Renewable Energy? 

 Types of Renewable Energy Sources 

 Other Alternative Energy Sources 

 Renewable Energy in the Home 

 What Is Renewable Energy? 
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Renewable  energy,  often  referred  to 
as clean energy, comes from natural sources or 
processes that are constantly replenished. For 
example, sunlight and wind keep shining and 
blowing, even if their availability depends on time 
and weather. 

While renewable energy is often thought of 
as a new technology, harnessing nature’s power has 
long been used for heating, transportation, lighting, 
and more. Wind has powered boats to sail the seas 
and windmills to grind grain. The sun has provided 
warmth during the day and helped kindle fires to 
last into the evening. But over the past 500 years or 
so, humans increasingly turned to cheaper, dirtier 
energy sources, such as coal and fracked gas. 

Now that we have innovative and less- 
expensive ways to capture and retain wind and solar 
energy, renewables are becoming a more important 
power source, accounting for more than 12 percent 
of U.S. energy generation. The expansion in 
renewables is also happening at scales large and 
small, from giant offshore wind farms to rooftop 
solar panels on homes, which can sell power back 
to the grid. Even entire rural communities (in 
Alaska, Kansas, and Missouri) are relying on 
renewable energy for heating and lighting. 

As renewable use continues to grow, a key 
goal will be to modernize America’s electricity grid, 
making it smarter, more secure, and better integrated 
across regions. 

 

Dirty or Nonrenewable energy 

Nonrenewable, or ―dirty,‖ energy includes 
fossil fuels such as oil, gas, and coal. Nonrenewable 
sources of energy are only available in limited 
amounts. When we pump gas at the station, we’re 
using a finite resource refined from crude oil that’s 
been around since prehistoric times. 

Nonrenewable energy sources are also 
typically found in specific parts of the world, making 
them more plentiful in some nations than others. By 
contrast, every country has access to sunshine and 
wind. Prioritizing  renewable  energy  can also 
improve national security by reducing a country’s 
reliance on exports from fossil fuel–rich nations. 

Many nonrenewable energy sources can 
endanger the environment or human health. For 
example, oil drilling might require strip- mining 
Canada’s boreal forest; the technology associated 
with fracking can cause earthquakes and water 
pollution; and coal power plants foul the air. To top it 
off, all of these activities contribute to global 
warming. 

 

 

 

 

 

 

Types of Renewable Energy Sources 

 

SOLAR ENERGY 

Humans have been harnessing solar energy for 
thousands of years—to grow crops, stay warm, and 
dry foods. According to the National Renewable 
Energy Laboratory, ―more energy from the sun falls on 
the earth in one hour than is used by everyone in the 
world in one year.‖ Today, we use the sun’s rays in 
many ways—to heat homes and businesses, to warm 
water, and to power devices. 

 
 

Solar panels on the rooftops of East Austin, 
Texas Solar, or photovoltaic (PV), cells are made 
from silicon or other materials that transform 
sunlight directly into electricity. Distributed solar 
systems generate electricity locally for homes and 
businesses, either through rooftop panels or 
community projects that power entire neighborhoods. 
Solar farms can generate enough power for thousands 
of homes, using mirrors to concentrate sunlight 
across acres of solar cells.  
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 Floating solar farms or ―floatovoltaics‖ can 
be an effective use of wastewater facilities and 
bodies of water that aren’t ecologically sensitive. 
Solar supplies nearly 3 percent of U.S. electricity 
generation (some sources estimate it will reach 
nearly 4 percent in 2022). But 46 percent of all new 

generating capacity came from solar in 2021. 

Solar energy systems don’t produce air 
pollutants or greenhouse gases, and as long as they 
are responsibly sited, most solar panels have few 
environmental impacts beyond the manufacturing 
process. 

 

WIND ENERGY 

 We’ve come a long way from old-fashioned 
windmills. Today, turbines as tall as skyscrapers—
with turbines nearly as wide in diameter—stand at 
attention around the world. Wind energy turns a 
turbine’s blades, which feeds an electric generator 
and produces electricity. 

 

 
 

 

Wind which accounts for 9.2 percent of 
U.S. electricity generation, has become one of the 
cheapest energy sources in the country. Top wind 
power states include California, Iowa, Kansas, 
Oklahoma, and Texas, though turbines can be placed 
anywhere with high wind speeds—such as hilltops   
and   open   plains—or even offshore in open 
water. 

 

HYDROELECTRIC POWER 

Hydropower is the largest renewable energy 
source for electricity in the United States, though 
wind energy is soon expected to take over the lead. 
Hydropower relies on water—typically fast-moving 
water in a large river or rapidly descending water 
from a high point—and converts the force of that 
water into electricity by spinning a generator’s 
turbine blades. 

 

 

 
 Nationally and internationally, large 
hydroelectric plants—or mega-dams—are often 
considered to be nonrenewable energy. Mega-dams 
divert and reduce natural flows, restricting access for 
animal and human populations that rely on those 
rivers. Small hydroelectric plants (an installed 
capacity below about 40 megawatts), carefully 
managed, do not tend to cause as much 
environmental damage, as they divert only a fraction 
of the flow. 

 

BIOMASS ENERGY 

 Biomass is organic material that comes 
from plants and animals, and includes crops, waste 
wood, and trees. When biomass is burned, the 
chemical energy is released as heat and can generate 
electricity with a steam turbine. 

 

 

 
 

Biomass is often mistakenly described as a 
clean, renewable fuel and a greener alternative to 
coal and other fossil fuels for producing electricity. 
However, recent science shows that many forms of 
biomass—especially from forests— produce higher 
carbon emissions than fossil fuels. There are also 
negative consequences for biodiversity. Still, some 
forms of biomass energy could serve as a low-carbon 
option under the right circumstances. For example, 
sawdust and chips from sawmills that would 
otherwise quickly decompose and release carbon can 
be a low-carbon energy source. 
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GEOTHERMAL ENERGY 

 

The Svartsengi geothermal power plant near 
Grindavík, Iceland 

 

 

If you’ve ever relaxed in a hot spring, 
you’ve used geothermal energy. The earth’s core is 
about as hot as the sun’s surface, due to the slow 
decay of radioactive particles in rocks at the center 
of the planet. Drilling deep wells brings very hot 
underground water to the surface as a hydrothermal 
resource, which is then pumped through a turbine to 
create electricity. Geothermal plants typically have 
low emissions if they pump the steam and water 
they use back into the reservoir. There are ways to 
create geothermal plants where there are not 
underground reservoirs, but there are concerns that 
they may increase the risk of an earthquake in 
areas already considered geological hot spots. 

 

OCEAN 

Tidal and wave energy are still in the 
developmental phase, but the ocean will always be 
ruled by the moon’s gravity, which makes harnessing 
its power an attractive option. Some tidal energy 
approaches may harm wildlife, such as tidal barrages, 
which work much like dams and are located in an 
ocean bay or lagoon. Like tidal power, wave power 
relies on dam-like structures or ocean floor–anchored 
devices on or just below the water’s surface. 

Renewable Energy in the Home Solar power 

At a smaller scale, we can harness the sun’s 
rays to power the whole house—whether through 
PV cell panels or passive solar home design. 
Passive solar homes are designed to welcome in the 
sun through south-facing windows and then retain 
the warmth through concrete, bricks, tiles, and other 
materials that store heat. 

Some solar-powered homes generate more 
than enough electricity, allowing the homeowner to 
sell excess power back to the grid.  

 

 

 

Batteries are also an economically attractive 
way to store excess solar energy so that it can be 
used at night. Scientists are hard at work on new 
advances that blend form and function, such as solar 
windows and roof shingles. 

Geothermal heat pumps 

Geothermal technology is a new take on a 
recognizable process—the coils at the back of your 
fridge are a mini heat pump, removing heat from the 
interior to keep foods fresh and cool. In a home, 
geothermal or geoexchange pumps use the constant 
temperature of the earth (a few feet below the surface) 
to cool homes in summer and warm houses in 
winter—and even to heat water. 

Geothermal systems can be initially expensive 
to install but typically pay off within 5 to 10 years. 
They are also quieter, have fewer maintenance issues, 
and last longer than traditional air conditioners. 

Small wind systems 

A backyard wind farm? Boats, ranchers, and 
even cell phone companies use small wind turbines 
regularly. Dealers now help site, install, and maintain 
wind turbines for homeowners, too—although some 
DIY enthusiasts are installing turbines themselves. 
Depending on your electricity needs, wind speeds, and 
zoning rules in your area, a wind turbine may reduce 
your reliance on the electrical grid. 

 

Selling the energy you collect 

Wind- and solar-powered homes can either 
stand alone or get connected to the larger electrical 
grid, as supplied by their power provider. Electric 
utilities in most states allow homeowners to only 
pay the difference between the grid-supplied 
electricity consumed and what they have produced—a 
process called net metering.  

 

 

If you make more electricity than you use, 
your provider may pay you the retail price for that 
power. 
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Renewable energy and you 

Advocating for renewables, or using them in your 
home, can accelerate the transition toward a clean 
energy future. Even if you’re not yet able to install 
solar panels, you may be able to opt for electricity 
from a clean energy source. (Contact your power 
company to ask if it offers that choice.) If renewable 
energy isn’t available through your utility, you can 
purchase renewable energy certificates to offset 
your use. 

 

CONCLUSION 

Renewable energy sources represent a 
critical and sustainable solution to the global energy 
challenge. As the world grapples with the escalating 
threats of climate change, dwindling fossil fuel 
reserves, and the need for energy security, the 
transition to renewable energy has become more 
imperative than ever. The benefits of renewable 
energy, including environmental preservation, 
reduced greenhouse gas emissions, and increased 
energy independence, underscore its significance in 
shaping a cleaner and more resilient future. 

Moreover, the rapid advancements in 
renewable technologies, coupled with decreasing 
costs, have made these sources increasingly 
accessible and economically viable. The deployment 
of solar, wind, hydro, and other renewable 
technologies not only mitigates the adverse impacts 
of conventional energy sources but also opens up 
new avenues for innovation, job creation, and 
sustainable development. 

Governments, businesses, and individuals 
must collectively embrace and invest in renewable 
energy initiatives to accelerate the  transition  to  
a  low-carbon  and sustainable energy landscape. 
It is essential to foster international collaboration, 
implement supportive policies, and prioritize 
research and development to overcome challenges 
and unlock the full potential of renewable energy 
sources. 

In essence, the widespread adoption of 
renewable energy sources is not just a necessity but 
a transformative opportunity. By harnessing the 
power of nature responsibly, we can build a 
cleaner, greener, and more resilient world for 
generations to come. 
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Abstract — The "Internet of Things" is quickly 

emerging as a disruptive business opportunity in 

technology, with standards primarily developing 

for wireless communication between devices and 

gadgets in everyday human life, commonly 

referred to as Things. The objective of this 

project is to manage home appliances and 

construct an intelligent wireless home security 

system utilizing Wi-Fi as the communication 

protocol. Various types of wireless 

communication techniques, including ZigBee, 

Wi-Fi, Bluetooth, GSM, etc., can be employed for 

implementing Home Automation. However, these 

existing methods have limitations due to their 

short-range functionality. To overcome these 

drawbacks, we plan to execute the project titled 

"IoT-based Smart Security and Smart Home 

Automation." The project concentrates on 

regulating lights and fans, termed as Home 

Automation, and ensuring smart security by 

transmitting a captured image via email to the 

owner through the internet when an object is 

detected. The implementation of this project will 

involve the utilization of the "Node MCU" 

Module, offering significant assistance to 

handicapped and elderly individuals. 

Keyword- Ariduino,IOT,MCU,Smart Phone,WI-FI 

 

1. INTRODUCTION 

 

Home automation involves the management 

and regulation of household appliances through 

micro- controller or computer technology. The 

prevalence of automation is on the rise due to its 

ability to offer convenience, security, and 

efficiency. In this system, sensors detect the status 

of appliances and transmit updates to a web server. 

When users are away from home, they can remotely 

access and modify the status of appliances, such as 

turning them on or off, using a local PC. This paper 

will outline the methodology for controlling home 

appliances through a web server.The essence of this 

IoT-based smart security and smart home automation 

system lies in its pursuit of combining comfort with 

simplicity. The project seamlessly integrates wireless 

home security and home automation, offering a 

comprehensive solution. The current prototype of the 

system excels in sending timely alerts to the owner 

via email over the Internet, triggered by the detection 

of human movement near the entrance of their house. 

The system's functionality extends beyond 

mere security alerts. When the owner discerns that 

the person entering their house is not an intruder but 

an unexpected guest, they have the flexibility to take 

various actions. The user can remotely make 

arrangements, such as opening the door and 

activating specific appliances inside the house, all 

controlled by the embedded micro-controller. This 

enables the owner to warmly welcome their guest 

without being physically present.Similarly, the 

system caters to the user's convenience as they enter 

their home. By leveraging the same set of sensors, 

the user can pre-set conditions, ensuring a seamless 

transition to comfort upon entering. This includes 

automating the activation of electrical appliances or 

tuning into their favorite TV channel, all 

accomplished without manual intervention. 

One noteworthy advantage of this IoT 

system is its adaptability to connectivity challenges. 

Even in the absence of Wi-Fi, the system seamlessly 

switches to 3G or 4G services, ensuring continuous 

functionality. This capability sets it apart from 

existing methods where such flexibility might be 

limited.In essence, the IoT-based smart security and 

smart home automation project not only addresses 

security concerns but also enhances the overall 

living experience. By overcoming various 

drawbacks present in traditional approaches this 

project brings forth a harmonious blend of comfort. 
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And simplicity, paving the way for a more 

sophisticated and user-friendly home environment. 

 

2. METHODS 

Bluetooth-based home automation systems, 

employing smartphones, Arduino boards, and 

Bluetooth technology, offer a secure and cost- 

effective solution for controlling various devices. 

The system proposed by R. Piyare and M. Tazil [2] 

utilizes a Bluetooth connection with a PC or 

smartphone serving as the receiver device. With 

high communication rates, robust security features, 

and low costs, this Bluetooth-based home 

automation system is suitable for real-time 

applications. 

Despite its advantages, one notable 

limitation is the Bluetooth network's restricted 

range, reaching up to 10 meters. If a smartphone 

goes beyond this range, it loses the ability to control 

home appliances, representing a significant 

drawback for users. 

On the other hand, voice recognition-based 

home automation systems present an innovative 

solution [1,3]n for individuals with disabilities or 

elderly individuals who may find it challenging to 

operate devices manually. In this setup, wireless 

communication between the smartphone and 

Arduino UNO is facilitated through Bluetooth 

technology. The system enables users to control 

appliances by issuing voice commands, enhancing 

accessibility. 

However, the voice recognition system is 

not without its challenges. The effectiveness of 

communication between the user and the voice 

recognition tool depends on the signal-to-noise ratio 

(SNR). In instances where the voice signal is noisy, 

the communication may be significantly affected, 

leading to inaccuracies in command recognition. 

This limitation highlights the importance of a stable 

and clear audio input for optimal functionality. 

The ZigBee-based wireless home 

automation system, as explored in previous studies 

[4], shares similarities with Bluetooth 

technology[4]. ZigBee is a widely adopted 

transceiver standard known for its low data rate and 

power consumption. With a physical range of 10 to 

20 meters, extendable up to 150 meters using direct 

sequence spread spectrum (DSSS), ZigBee is well-

suited for prototyping and research activities. This 

technology provides an efficient solution for 

wireless communication within smart home setups. 

In contrast, the GSM-based home automation 

system relies on the Global System for Mobile 

communication [5, 6]. This system facilitates 

communication between the main module and 

appliances through text messages. However, a 

notable drawback of the GSM-based system is its 

reliance on text messages, which lacks the guarantee 

of consistent message delivery. Consequently, the 

system's reliability is compromised, introducing a 

limitation that may affect the consistent and 

seamless operation of the home automation 

functions. 

To overcome existing drawbacks, we are 

implementing "IoT-Based Smart Security and 

Smart Home Automation." This advanced solution 

utilizes Internet of Things (IoT) technology, 

eliminating limitations like short ranges and 

unreliable messaging systems. The project aims to 

provide a more robust and versatile smart home 

experience, enhancing security measures and 

automation capabilities 

3. HARDWARE 

Arduino UNO: Arduino UNO is a 

microcontroller board that serves as the brain of the 

system. It is responsible for controlling and 

coordinating the various components in the project, 

executing programmed instructions, and facilitating 

communication. 

 
Fig 1.Arduino UNO 

Node MCU: Node MCU is another 

microcontroller board that often integrates Wi-Fi 

capabilities. It enables wireless communication and 

connectivity, making it suitable for IoT applications. 

 
 

Fig 2. Node MCU 

Relays for connecting home appliances: 

Relays act as switches for home appliances, 

allowing the microcontrollers to control the power 

supply to these devices. They facilitate automation 

by enabling or disabling appliances based on 

programmed conditions. 

Air purity Sensor (MQ135): This sensor 

measures air quality by detecting the presence of 

various gases.

NATIONAL CONFERENCE ON APPLICATIONS OF AI AND IoT IN ENGINEERING AND TECHNOLOGIES (NCAAIET-24)

ISBN: 978-81-965236-7-1
116



  

 In this context, it can provide 

information about the purity of the air within the 

environment. Humidity and Temperature Sensor 

(DHT11): The DHT11 sensor measures the 

humidity and temperature of the surrounding 

environment. This data is valuable for maintaining a 

comfortable and controlled atmosphere in the home. 

IR Sensor: Infrared (IR) sensors are used to 

detect infrared radiation. In the project, they may be 

employed for applications such as motion detection 

or as part of a security system. 

Camera module (OV7670): The OV7670 

camera module captures images. It can be utilized 

for surveillance or monitoring purposes, enhancing 

the security features of the system. 

Mobile phone for operating home 

appliances: A mobile phone serves as a remote 

control interface, allowing users to operate and 

monitor home appliances from a distance. This 

enhances user convenience and accessibility. 

Blink app installed on the mobile phone: The 

Blink app is likely used for monitoring and 

controlling the system remotely through the mobile 

phone. It provides a user-friendly interface for 

interacting with the smart home features. 

Arduino IDE (Software): The Arduino 

Integrated Development Environment (IDE) is a 

software platform used for programming and 

uploading code to the Arduino and Node MCU 

boards. It facilitates the development and 

implementation of the system's logic and 

functionality. 

Together, these hardware components form 

a comprehensive system for smart home automation 

and security, integrating sensors, controllers, and 

communication devices to create an intelligent and 

responsive environment. 

 

4. PROPOSED METHOD 

 

The proposed system is successfully 

implemented using Node MCU, effectively 

addressing the limitations of previous methods. All 

sensors are seamlessly integrated into the Node 

MCU board, and real-time results are accessible on 

a smartphone, updating every second. The system 

offers proactive monitoring, detecting gas leakages 

through the air purity sensor. In such instances, a 

high sensor value prompts the activation of a fan to 

expel the gas. 

To accommodate the camera module's 

requirements, it is connected to the Arduino UNO 

board. Unlike Node MCU, which has limited analog 

pins, Arduino UNO provides multiple analog pins 

necessary for the camera module's operation. The 

system employs an IR sensor to 

detect motion, triggering the camera module to 

capture images. These images are not only stored 

locally on a PC but are also sent to the user's email, 

enhancing the security features of the project. This 

comprehensive approach ensures effective 

monitoring, timely responses to environmental 

changes, and secure image capture for further 

analysis. 

 

Fig 3. Proposed System 

 

The versatile prototype can be utilized in the 

following ways: 

 

a. Smart Security System: 

The system operates as a smart security solution by 

integrating sensors such as the air purity sensor, IR 

sensor, and camera module. It detects gas leakages, 

monitors motion through the IR sensor, and captures 

images using the camera module. In case of unusual 

events, the system can alert the user in real-time, 

providing enhanced security for the monitored 

environment. 

b. Smart Home Automation System: 

The prototype functions as a smart home automation 

system by connecting various sensors to the Node 

MCU board. Users can remotely control home 

appliances through their smartphones, with real-time 

updates on sensor readings. This offers convenience 

and customization, allowing users to manage their 

home environment efficiently. 

c. Environment Monitoring: 

The system is also capable of environmental 

monitoring through sensors like the air purity sensor 

and humidity/temperature sensor. It continuously 

assesses air quality and environmental conditions, 

providing valuable data for analysis. This feature 

contributes to creating a healthier and more 

comfortable living space. 

The proposed system boasts several advantages: 

Comprehensive Solution at Low Cost: 

This system offers a cost-effective solution that 

caters to both home security and home automation 

needs. Despite its affordability, it provides a wide 

range of functionalities, making it an accessible 

option for various users. 
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Enhanced Accessibility for Handicapped and Aged 

Individuals: 

Particularly beneficial for handicapped and elderly 

individuals, the system's remote control capabilities 

simplify daily tasks. Users can operate devices and 

ensure home security with ease, enhancing their 

overall quality of life. 

Long-Distance Device Control: 

The system enables remote control of devices from 

a considerable distance. This feature adds a layer of 

convenience, allowing users to manage their home 

environment even when they are far away. 

High Security and Time Efficiency: 

The system prioritizes security, ensuring that both 

home automation and security measures are highly 

secure. Additionally, the system is designed for 

optimal time efficiency, streamlining tasks and 

minimizing manual interventions. 

 

5. RESULTS 

The outcomes of the implemented setup are 

visualized through the Blink app, providing users 

with real-time data and updates. The captured 

images from the OV7670 camera are not only stored 

in a designated folder on the PC but are also sent 

directly to the user's email. This dual functionality 

ensures that users have convenient access to visual 

data through the Blink app while also having a 

secure and retrievable archive of captured images 

for further reference. The combination of these 

features enhances the monitoring and security 

aspects of the system, providing a comprehensive 

solution for users. 
 

 

Fig 4. Output Images 

 

6. CONCLUSION 

The Internet of Things (IoT)-based home 

automation system relies on internet connectivity for 

operation. The proliferation of IoT devices presents 

both challenges and advantages. Notably, the 

system can seamlessly switch to 3G or 4G services 

when Wi-Fi is unavailable, highlighting the 

adaptability of IoT technology. 

• One noteworthy feature of this project is 

the  integration  of  a  camera  with  the 

microcontroller. This addition allows users to make 

informed decisions, such as determining whether to 

welcome a guest based on the captured picture 

received. In cases of uncertainty or potential 

security threats, users can take proactive measures 

by forwarding the image to the police station, 

providing an added layer of security and 

responsiveness. 

• It's worth mentioning that this project is not 

limited to a specific microcontroller, as indicated by 

the mention of Raspberry. This flexibility allows 

users to choose hardware that best suits their 

requirements, enhancing the project's versatility and 

adaptability to various setups and preferences. 
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Abstract - Hybrid quantum dots are promising 

candidate for fabricating next generation solar 

cell application due to their promising optical 

properties. Over the last few years, their wide 

applications are in optoelectronics such as 
photodetectors, light-emitting diode and 

photovoltaics. Recently, some QD based solar cell 

has shown its efficiency (PCE) of 13.8% due to 

surface passivation and device structure. Among 

the nanostructure, quantum dots are great 

interest in optoelectronics industries due to its size 

dependent effect. Basically, there is some problem 

to select the parent materials for synthesis 

quantum dots for solar cell fabricating 

application. In order to address and solve the 

crisis problem, here ZnO, FeS2 and Se 
semiconductors will be used. These materials offer 

great advantages for optoelectronics properties 

alignment (Fermi level, band edge and band gap). 

Hence, the optoelectronics properties will be 

alignment on selected semiconductor materials for 

potential use in thin film solar cell. Therefore, the 

aim of this work is to develop the semiconductor 

(ZnO:K, FeS2 and Se) hybrid quantum dots thin 

film for fabricating thin film device for solar 

energy harvesting application. 

I. INTRODUCTION 

Nowadays, solar energy is an amazing 
candidate for addressing crisis in global energy and 
eventually assists for reducing carbon emission. Still, 
there exists a great challenge among researchers to 
develop the thin film for photovoltaic with more 
friendly at reduced cost of renewable energy device 
and global warming [1 Peng Yu]. Moreover, there 
are limited availability of sources such as fossil coal, 
hydropower, nuclear and biomass. Solar energy is 
only most abundant and sustainable source to fulfill 
the demand of global energy. For decades, organic 
and inorganic thin films have been utilized for 
improving the more solar efficiency.Recently,  
inorganic quantum dots have been fabricated  for 
light absorber to replace conventional materials 
because quantum dots thin film exhibits desired 
properties and  shown 66% efficiency [1-5].  
However, its efficiency suffers by imperfect 
alignment of optoelectronics properties such as Fermi 

level, band edge and energy level. Novel 
nanostructure has been focused for various 
applications. The quantum confinement effect in 
three dimension that can modify the optical 
properties. The unique optical properties of 
semiconductor quantum dots has been emerged for 
wide range of applications especially for solar energy 
harvesting. Therefore, optoelectronics properties of 
inorganic quantum dots have to alignment with 
perfect size and shape for best solar efficiency.  

II. COATING TECHNIQUE 
 
       To date, several sophisticated techniques 
and methods have been employed for making the thin 
film for solar cell device application. Moreover, rf 
sputtering, spin coating and spray pyrolysis 
techniques offers more advantages for developing 
thin film [6]. Among the different sophisticated 
techniques, rf magnetron sputtering has become the 
choice for deposition of all kind of semiconductors. 
Hence, rf magnetron sputtering was used extensively 
in semiconductor industries for optoelectronics 
device fabrications. It has some favorable advantages 
such as large area coating, high density, high quality 
and high adhesion [8]. Following it, the spray 
pyrolysis technique is one of the main for thin and 
thick films developing. Moreover, the spray pyrolysis 
offers desired advantages for developing thin film of 
various material compositions. Even stack layer thin 
films can be easily prepared by spray pyrolysis 
technique. Therefore, the spray pyrolysis technique 
has been used in various optoelectronics especially 
solar cell industry. Moreover, the spin coating is 
currently major technique to develop uniform thin 
film with various layer thicknesses in the order of 
micrometer to nanometer range. Therefore, the spin 
coating was also employed more than fifty years in 
thin film technology. The technique has also been 
employed in manufacturer of optical mirror, color 
television screens and magnetic disk for data storage 
[7]. The present all techniques contains more 
preferred advantages in thin film developing.  Hence, 
radio frequency sputtering, spin coating and spray 
pyrolysis will be used to develop the hybrid quantum 
dots thin film.  
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       Several semiconductor candidates have been 
developed and tried for improving solar efficiency. In 
thin film solar industries, crystalline silicon, Cu2S, a-
Si, m-Si,n-Si, CdTe, CIGS,CNTS, concentration 
solar cell such as Si, GaAs and other dye, Organic 
and hybrid solar cells have been developed. 
However, those candidates have some challenging 
problems such as toxic, expensive, imperfection 
optoelectronics properties and efficiency degradation 
which restricts their efficiency. Moreover, these 
materials loses their efficiency by poor stability, poor 
durability, low charge carrier mobility, high 
operating temperatures, low exciton binding energy, 
degradation and photon lack.  Following them, Since 
few years, quantum dots based thin film solar was 
emerged (66 % efficiency) than others due to their 
size and shape effect. However, their efficiency was 
also suppressed by non - alignment optoelectronics 
properties (Fermi level, band edge and photon 
trapping).  Therefore, if optoelectronics properties 
will construct perfectly with size and shape that the 
maximum energy efficiency can be achieved.   

        Among the nanostructure, quantum dots are 
great interest in optoelectronics industries due to its 
size dependent effect. Recently, quantum dots has 
shown 66% solar energy efficiency. This indicates 
that the great advantages of semiconductor quantum 
dots. In order to address and solve the crisis problem, 
ZnO, FeS2 and Se semiconductors will be used. 
These materials offers great advantages for 
optoelectronics properties alignment (Fermi level, 
band edge and band gap). Hence, the optoelectronics 
properties will be alignment on selected 
semiconductor materials for potential use in thin film 
solar cell. Therefore, the aim of this work is to 
develop the semiconductor (ZnO:K, FeS2 and Se) 
hybrid quantum dots thin film with perfect 
optoelectronics properties alignment to improve solar 
energy efficiency.  

    The objectives of this work is to develop  the 
hybrid quantum dots thin film on ZnO, FeS2  and 
selenium for solar energy  application. Zinc oxide, 
Pyrite and selenium semiconductors are much 
suitable for improving solar efficiency. Zinc oxide 
contains wide band gap (3.37 eV), acceptable large 
exciton binding energy (60 meV) and n-type behavior 
good optoelectronics properties  at room temperature. 
Moreover, ZnO becomes more stable and electron 
mobility µe = 200 cm2V−1s−1 and make it attractive 
for thin film solar cell. FeS2 has high electron 
mobility, high optical absorption coefficient (106 cm-1 
in the visible region),suitable band gap(0.95 eV),  

non-toxic,  absorption coefficient ( α 105 cm-1 , λ ≤ 
700 nm), charge carriers concentrations 1018 cm-3 and 
electron and hole motilities 164 and 1.3 cm2 v-1 S-1, 
and electron carrier mobility is 360 cm2 V-1 S-1. 
Selenium also contains good capacity to absorb 
infrared below the band gap. In order to address and 
solve the mentioned crisis problems, hybrid quantum 
dots thin film  will be constructed to determine the 
solar efficiency with perfect optoelectronics  
properties alignment. Hence the main objective of 
this proposal is to develop  the new hybrid ZnO:K, 
FeS2 and Se quantum dots thin film for best solar 
performance.   

III. Synthesis and Device fabrication 

Materials and experiment work 

Here, Zinc chloride, potassium acetate, deiniozed 
water will be used to prepare K doped ZnO quantum 
dots. Hydrated ferric nitrate Fe (NO3)3·9H2O,2-
methoxythanol and acetyl acetone will be used for 
synthesis of FeS2 quantum dots.  Selenium quantum 
dot will be used along with ZnO and FeS2. In the thin 
film fabrication section, glass, quartz and tin oxide 
substrates will be used. Acetone, methanol and 
demonized water will be used to clean the substrates. 
Rf sputtering, spin coating and spray pyrolysis 
techniques will be used to fabricate the quantum dots 
thin films.  

IV. COCLUSION 

In this work, highly efficient hybrid semiconductor 
quantum dots thin film is focused to attain the 
maximum efficiency. The main physical parameters 
such as (i) Thickness (ii) Particle size (iii) 
optoelectronics properties (band edge, Fermi level, 
energy gap and photon trapping structure) and (iv) 
Stability will be analyzed in the work. In the present 
work, ZnO:K, FeS2 and Se does not exhibits toxic 
and expensive result in low cost and zero green house 
effect. Moreover, the present hybrid quantum dots 
thin film can be functioned at low sunshine. After 
incorporation of FeS2 and Se along with ZnO:K are 
(i) efficiency stability will be improved (ii) Solar 
energy can be harvested at minimum light intensities 
and (iv) Can also be used under all environmental 
conditions. The hybrid quantum dots semiconductors 
thin film will be low cost, flexibility and stability. 
Therefore, the new hybrid semiconductor quantum 
dot thin film will be a new candidate in solar 
industries.  
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Abstract — Rice is a primary food and Encounter has an 

Essential role in providing food security worldwide. 

However, the existing Disease diagnosis method for rice 

i s  neither accurate nor efficient, and special equipment 

is often required. In this study, The disease classification 

is done by an SVM classifier and therefore the detection 

accuracy is improved by optimizing the info exploitation. 

In this proposed system we are using image processing 

techniques to classify diseases. This approach will enhance 

the productivity of crops. Furthermore in precision 

agriculture, The accurate segmentation of crops and 

weeds has been always been the center of attention. This 

work proposes a segmentation method based on a 

combination of semantic segmentation and the K means 

algorithm for the segmentation of crops and weeds in the 

color image. The proposed algorithm provided more 

accurate segmentation in comparison to other methods 

with a maximum accuracy of equivalent to 99.19% the 

result indicates that the proposed method successfully 

provided accurate results for the segmentation of crop 

and weed in the image with a complex presence of weed. 

Keywords: semantic segmentation; k-means algorithm; 

precision agriculture; leaf disease detection SVM. 

1 .INTRODUCTION 

Rice is an important crop in agriculture however, 
crop diseases can significantly reduce its yield and quality, 
which is a great threat to food supplies around the world. 
Through early detection search for diseases and remedial 
steps took a timely can avoide huge loss and can yield good 
crop that is high in quantity and best quality. Research in 
agriculture aims to improve the productivity and quality of 
the crop yield with less expenditure and good yield. There is 
a variety of plant diseases such as viral bacterial fungal and 
these can damage different plant parts above and below the 
ground. The spread of various diseases in rice leaf is 
increased in recent years. Identifying the correct disease 
symptoms and understanding when to control these diseases 
is difficult. During this process, the advanced techniques of 
the Support vector machine play a key role in disease 
classification. 

Weeds are unwanted plants and can significantly 
reduce crop yield. The broad categories of weeds found in 
paddy fields are grass, sedges, and broadleaved weed.   

It would beneficial if each of these weeds are 
treated with a specific type of herbicide application. 
Therefore it would be of great help for the farmer if this 
task of classification of weeds in paddy fields were 
done automatically. This paper focuses on Implementing 
a deep learning-based computer vision technique for the 
automatic classification of paddy crops and two types of 
weeds, namely broadleaved weed and sedges weed. The 
standard way of handling weed in India is hand weeding 
mechanical weeding and herbicides. Hand weeding is a 
time-consuming and labor-intensive job. Mechanical 
weeding is carried out using a machine called a rotary 
weeded. Herbicides have an ill effect on the 
environment. When controlling weeds with herbicides, 
it is important to know the species of the weed so that 
the right herbicides. The proposed method brings up 
promising techniques for the segmentation of crops and 
weeds. The result of semantic segmentation and the 
separation of crop and weed allows us to analyze the 
shape, detect weed and make an accurate analysis of 
weed control operation in precise agriculture... 

 

LITERATURE REVIEW 

 Savita .N.Ghaiwat describe the different type of 
Technique classification & identification of green foliage 
of the plant. for class estimation, they use K nearest 
neighbor technique as the beat method. 

K. Jagan Mohan, M.Balasubramanian, and 
S.Palanivel describe scale-invariant feature transform 
(SIFT) as used to get a feature for recognition and 
detection of disease. 

Y. J. Shang & L. Way describe the scheme in 
their paper as using a KNN classifier for plant disease 
identification & detection where a developed algorithm 
can work for five dissimilar varieties of maize disease. 

Dipak Kumar Kole and Diplest Majumdar gave a 
solution that applies image processing & ANN 
mechanism to detect disease in various commonly grown 
plants resulting in an accuracy of 99%. 

Bakshipour A. & Jafari.A. provide the 
classification of sugar beet crop & four types of weed 
done using an SVM & artifi cial neural network 
classifier using shape feature. The correct identification 
of weed by ANN & SVM was 92% & 93%. 

 

NATIONAL CONFERENCE ON APPLICATIONS OF AI AND IoT IN ENGINEERING AND TECHNOLOGIES (NCAAIET-24)

ISBN: 978-81-965236-7-1
122



Solidago W.E.Leite, N.J.Teruel, B.J.Kerleth 
discrimination of Rice seedling & weed done using the deep 
FCN.FCN model had an accuracy of 83% for soil 
background, 92% for rice & 92% for weeds.  

Abdalla. An H.Cen, L.Wan, R. RASHID, H. 
Waleng. took advantage of a convolution neural network for 
semantic segmentation of oilseed rape images. In their 
study, the beat accuracy that was achieved amounted to 
96%. 

Majeed. Y, M.Karkee, Q.Zhang, M.D.Within their 
study determine grapevine Corden shape using semantic 
segmentation & deep learning. The result of the study could 
fit about 80%. 

Richle.D, D.Reiser, H.W.Griepentrong. used an 
index-based Semantic method for the plant background 
segmentation in RGB image plant segmentation was done 
successfully accuracy of 97.4%. 

C. Polena, D. Nardi, P.A.Jaly. In Fast & accurate 
crop & weed identification with the summarized train set 
for precision agriculture. applied CNN on RGB images for 
the identification Of weed images of different datasets 
were used and & the accuracy was 98.7%. 

PADDY DISEASE AND ITS SYMPTOMS : 

Lessening the yield due to paddy leaves affected 
with a disease can cause damage to plants to a great extent 
and affect the entire Crop if not timely diagnosed. Paddy 
disease is due to many Constraints such as insect pests, 
deficiency of nutrients, pathogen C And unusual 
environmental conditions. This section provides 
Information about the paddy disease with its appearance.                           
Detailed as follows:  
1.Brown spot(BS)  
2.bacterial leaf blight(BLB)  
3.leaf smut(LS) 

A) BROWN SPOT: 

 

 

This disease occurs on the leaves of rice plants. This is 
a fungal disease that infects the entire crop that can be 
easily identified in the early stage. The symptoms of the 
disease are round to oval shape with dark brown Lesions. 

B) BACTERIAL LEAF BLIGHT  
Dew drops with bacterial masses can be seen on 

fresh lesions early in the morning. a narrow yellow border 
the surrounding lesion also characterizes these spots.  

The lesions turn the entire leaf into white or 
straw-colored on a sheath of leaf disease. 

C) LEAF SMUT(LS) 
The wounds of LS on the leaves may be oval or 

Circular in shape or irregular in shape with a kind of rough 
Surface. Heavily infected leave turn yellow, and the leaf 
tips Die and turn gray. 
 

 

WEED IN PADDY FIELD 

Weeds in the paddy field can be broadly 
categorized into 3 types, 

1. Broad-leaved weed. 
2. Grasses 
3. Sedge 

 
a) BROAD LEAVE WEED 

Broadleaf plants have relatively broad leaves. 
Leaves of the broad leaf have one main vein from which 
smaller veins branch. Broad-leaved weeds are usually 
dicot with the taps roof system. 
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b) GRASSES 

Annual summer grass that germinates throughout 
the season, Capable of producing 1501000 seeds per plant, 
per season. Short, flat, purplish-green steams perennial 
grass most active During the cool spring and fall season. 

 

 

c) SEDGE 

Sedge is a perennial plant that is found in moist 
soil. They are grass-like in appearance & often grow in a 
thick cluster. Depending on the species these weeds can 
research reach up to Four feet in height. 

 

PROPOSED METHOD: 

SYSTEM architecture 

We use a plant dataset containing rice plant species 
Digital cameras were used to capture the image in The 
paddy field under natural lighting conditions Some of 
them were healthy & some were affected by various 
Disease. Different growth stages of paddy have consisted 

By the image. The image was saved in RGB color space 
(540x733) In JPG format. PYTHON 3.7 was used to 
process the Image. The sample image was resized when 
working With python 3.7 . to overcome reflection, a 
shadow of a plant, & unwanted objects here the field 
problem, we segmented The ground object from the 
background by using YCBR Model. The Support vector 
machine is a supervised classifier The SVM with radial 
basis function(RBF) kernel was used. In this approach, a 
support vector machine was designed for Classification 
to achieve the classification of paddy leaf disease. SVM 
classifier is approached to maximize the classification 
Accuracy, & minimize the available dataset. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Image-segmentation- Keras APIs were used for the 
Implementation of a different model. In the model, transfer 
learning was used to get a better result. each RGB original 
image has a corresponding annotated Image with the same 
format. weight obtained from the ADE-20 k dataset was 
used as the initial weight in the Model. Semantic 
segmentation models are built upon A standard CNN 
network.ADE-20K dataset weights Are trained on 150 
different classes. Deep learning is a subset of machine 
learning. many Research used convolutional machine 
learning techniques In combination with image features to 
accomplish the Task of weed recognition. These 
techniques can work With smaller data sizes and are not 
computationally Intensive. 
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BLOCK DIAGRAM FOR CLASSIFICATION USING 

SVM 

 

 

 

 

 

 

 

 

 

 

 

 

 

SUPPORT VECTOR MACHINE(SVM): 

When your data has exactly two classes and support 
vector machine used. 

 
 

IMAGE ACQUISITION: 

The image acquisition stage is the first stage 
of any vision system. in real-time application. 
Photographs of rice plant leaves are collected using a 
high-resolution digital camera. In addition, this stage 
includes the preprocessing undertaking, for example, 
image, and scaling. A dataset containing the image of 
both normal and diseased leaves was in the analysis 
process. 

PRE-PROCESSING: 

An input image has some unwanted noise as well 
as redundancy present in it. Images in the dataset were 
scaled to a uniform size of 300x450 pixels to limit 
demands for storage and processing power. It is a sort of 
signal dispensation in which the input is the image, like a 
video edge or photo and the result may be a picture or 
characteristics related to that image. Accordingly. The 
RGB image was first converted into HSV images next, 
the S value (saturation) was used to account for the 
presence of excess exposure. 

FEATURE EXTRACTION: 

Extracting the relevant information from the 
input images Is called a process of feature extraction. 
The color was also used to define share and feature. The 
importance of feature data. Component extraction is a 
core limit in various image-processing applications like 
Remork detecting, biomedical imaging, and object-based 
image. Using GLCM features image analysis techniques 
are used to extract contrast, correlation, and 
homogeneity of the image. 

SEGMENTATION 

The main goal of the segmentation is to 
extract meaningful and useful information from the 
iq2mage concerning certain features. The centroid value 
was used to make accurate segments for resolution 
randomness issues by constructing a histogram of hue 
components. It is a standout among the most 
troublesome errands in computerized image processing. 
When your data has exactly two classes Support vector 
machine (SVM) is used 

CLASSIFICATION: 

The classification technique is used for both the 
training and testing process. A time training model was 
then used to determine how well the model could be 
generalized to different plant species datasets. So the 
support vector machine technology is used for the 
classification of leaf disease. The trained classifier is 
used to group different pictures. For this purpose, the 
training image was divided into two denoted as ds1 and 
ds2. SVM is a binary classifier that used a hyperplane 
this hyper plan is a line in each class way 
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Architecture for pixel-wise segmentation 

EXPERIMENTAL RESULT: 

The system accepts the input image, these images are 
unknown to the SVM classifier compares the image 
feature based on the previously Trained image feature, 
and produce the output. The input leaf Image for the 
system taken are The image was classified into 8 classes: 
bacterial leaf blight, brown spot, false smut, healthy, 
Hispa, leaf blast, neck blast, and sheath blight rot. 

Sample for disease detection in paddy leaves. 

 

 

 

 

 

 

 

CONCLUSION: 

Detection & identification of leaf disease using 
multiclass SVM plays a very important role in 
agricultural solutions to their problems. the algorithm 
predicted the rice leaf disease with varying degrees of 
accuracy. It is observed that the CNN model with a 
high-level fusion technique is the best solution with 
test accuracy exhibiting. This approach facilitates the 
use of simplistic statistical learning techniques 
together with a decreased computational workload to 
ensure both high efficiency and high classification 
accuracy. Overall results indicate that deep-based 
semantic segmentation of paddy crops and weeds can 
be used. And this is towards safe food production. the 
pre-trained U Net model was chosen for feature 
extraction since it provided a promising performance 
in the general texture dataset evaluation and exhibited 
the smallest processing time. Hence in future work, the 
quality of the solution image will be improved by 
using the quality of the enhancement methods. Also, 
the proposed method will be used for crop weed 
segmentation in multi-spectral images. 
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Abstract: An e-voting system using the 

ethereum network is an electronic voting 

platform that utilizes blockchain technology to 

enable secure, transparent, and decentralized 

voting. Ethereum is a distributed computing 
platform that allows for the creation of 

decentralized applications, including e-voting 

systems. The system operates on a peer-to-

peer network, and each vote is recorded on 

the ethereum blockchain, which is immutable 

and tamber-proof. The platform ensures that 

each vote is recorded accurately and can be 

verified by anyone on the network. 

Additionally, the use of smart contracts on the 

ethereum network eliminates the need for 

intermediaries, such as election officials or 

third-party auditors, reducing the potential 
for fraud and corruption. The e-voting system 

using ethereum also faces challenges, such as 

technical complexity and scalability 

limitations. To ensure the system’s security 
and accuracy, rigorous testing and auditing 

are required, which can be costly and time-

consuming. In this paper we store the details 

of voting in all systems. So that no one can edit 

the details of voting once entered in system. 

To ensure the system’s security and accuracy, 
rigorous testing and auditing are required, 
which can be costly and time-consuming. In 

this paper we store the details of voting in all 

systems. So that no one can edit the details of 

voting once entered in system. 

Keyword: Ethereum blockchain, Smart-

contracts, Peer-to-peer network, 

Decentralized, Tamber-proof. 

 

1. INTRODUCTION: 
Electronic voting (E-voting) is a modern  

approach to voting that utilizes digital 
technologies to facilitate the electoral process. 
E-voting has the potential to provide a more 
secure, transparent, and efficient voting system 
compared to traditional paper-based systems. 
One of the most promising  technological 
solutions for e-voting is blockchain technology,  

 
which offers decentralization, immutability, and 
transperancy. Ethereum is a popular blockchain 
platform that allows the development of 
decentralized applications (DApps) using smart 
contracts. Smart contract are self-executing 
computer programs that can automate the 
enforcement of rules and regulations. This 
makes ethereum an ideal platform for 
developing e-voting systems. Using ethereum, 
and e- voting system can be developed that 
allows votes to cast their votes securely and 
anonymously. The bockchain provides 
transparency, making it possible to verify the 
integrity of the voting process. The use of smart 
contracts ensures that the voting rules are 
enforced automatically, reducing the need for 
human intervention. E-voting using the 
ethereum network has the growing demand for 
more secure and transparent voting systems, the 
future of e-voting using ethereum looks 
promising. 
2. SYSTEM ARCHITECTURE: 
 An e-voting system using the Ethereum 
network provides a secure and transparent way 
for voters to cast their votes in an election. The 
decentralized nature of the Ethereum network 
ensures that votes are recorded accurately
 and transparently, while the smart contract 
ensures that the rules and regulations governing 
the e-voting system are followed. 

 
 

Figure 1.1 System Architecture 
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3. EXISTING SYSTEM: 

A finger sensor system typically consists of 
several components, including: 

 Sensor: A small electronic component that 
is used to capture an image of the 
fingerprint. The sensor may use a variety of 
technologies, such as optical, capacitive, 
ultrasound. 

 Database: A database that is used to store 
the fingerprints of authorized users. When 
a fingerprint is scanned, the processor 
compares it to the finerprint in the database 
to determine if there is a match. 

 User Interface: A user interface that allows 
users to interact with the system, such as 
by scanning their fingerprint or entering a 
password. 

 Software: Software that is used to manage 
the fingerprint sensor system, such as by 
adding or removing users from the 
database, configuring system settings, and 
generating reports. 

 Power Supply: A power supply that is used 
to provide electricity to the fingerprint 
sensor system. This may be a bettery or a 
wired power source. 

4. PROPOSED SYSTEM: 
 An e-voting system using the ethereum 
network is an interesting idea. Here’s a high- 
level overview of how such a system might 
network: 
 User Registration: The first step would be 

create a system for users to register to vote. 
This could be done through a web portal 
that would require users to provide their 
personal information and proof of identity. 
Once verified, the user’s identity would be 
added to the ethereum network. 

 Smart Contract creation: The next step 
would be to create a smart contract that 
would represent the election. The contract 
would specify the results of the rules of the 
election, including the eligible voters, the 
candidates, the voting period, and the 
criteria for winning. 

 Voter Authentication: On election day, 
voters would log into the system using their 
unique ethereum identity, which would be 
authenticated against the list of eligible 
voters. 

 Casting votes: once authenticated, voters 
would be able to cast their vote by sending a 
transaction to the smart contract that. 

 Vote Tally: At the end of the voting period, 
the smart contract would automatically 
tally the votes and declare the winner 
based on the predefined criteria. 

 Result Verification: After the election, 
anyone could review the result by querying 
the smart contract and verifying the vote 
counts. Since the blockchain is immutable, 
the results would be transparented and 
tamber-proof. 

However, there are still some challenges 
that would need to be addressed, such as ensuring 
the privacy of the voters and protecting against 
attacks on the ethereum network itself. 

5. ALGORITHM: 

A Smart contract should be developed 
using the solidity programming language on the 
etereum network. This smart contract will be 
responsible for managing the voting process, 
storing the votes, and computing the results. 

The smart contract will need to define the 
rules for the election, including the number of 
candidates, the number of votes each voter is 
allowed to cast, and the deadline for voting. 
Before the election begins, voters will need to 
register with the e-voting system. The voter’s 
ethereum address will be used to verify their 
identity, and each voter will only be allowed to 
register once. Once the voter is registered, they 
can cast their vote using ethereum wallet. The 
voter will send a transaction to the smart contract 
indicating their vote. The smart contract will 
validate the vote and record it. After the voting 
deadline has passed, the smart contract will count 
the votes and determine the winner. The winner 
will be determined based on the rules defined in 
the smart contract. Once the winner has been 
determined, the e-voting will announce the 
results on the ethereum network.  

The result will be publicly visible and 
verifiable, allowing anyone to confirm the 
accuracy of the results. To ensure the security of 
the e- voting system, the smart contract code 
should be audited by security experts the identity 
any vulenerabilities. Additionally, access to the 
e-voting system should be restricted to 
authorized users to prevent unauthorized access 
or tampering. Overall, an e-voting system using 
the ethereum network can provide a secure, and 
decentralized way to conduct elections. 
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6. DATA FLOW DIAGRAM: 

 

 

 

 

 

 

 

 

 

 

MODULES: 

�  Registration 

�  Login 

�  Voting 

�  Result 

 

Modules Description 

Registration: 

Registration module is used for 
registering the user account into the system used 
validate details. Enter all the required fields and 
click register button. Students would register their 
details to get a separate login so that they can 
perform their assigned their login. 

Login: 

A login page is a web page or an entry 
page to a website that requires user identification 
and authentication, regularly performed by entering 
a username and password combination. 
The student can login their account using their user 
id and password any number of times for 
completing all their tasks. 

Voting: 

A  voting  module  is  a  software 
component or application that allows users to cast 
their votes in an election or poll. The module 
typically consists of a user interface that allows 
voters to input their selections, as well as backend 
logic that tallies the results and ensures that the 
voting process is fair and secure. The voting 
module can be designed to handle different types of 
elections, such as single or multiple-choice 
elections, or elections with ranked or weighted 
voting. It can also be integrated with other systems, 
such as a voter registration system, to ensure that 
only eligible voters are allowed to participate. 

 

 

Result: 

A voting result module typically 
displays the results of an election or poll in a clear 
and concise manner, allowing viewers to easily 
understand the outcome. The module may include 
a variety of information, such as: 

 Total number of votes cast. 

 Number of votes received by each 
candidate or option. 

 Percentage of votes received by each 
candidate or option. 

 Presentation of the vote distribution 
(e.g., bar graph, pie chart, etc.) 

 Any relevant comments or explanations 
about the voting process or results. 

 

7. CONCLUSION: 

In conclusion, an e-voting system based 
on the ethereum network can offer numerous 
advantages such as increased security, 
transparency,    decentralization,    and 
accessibility. However, the implementation of 
such a system may also come with some 
challenges, including complexity, scalability, 
and cost issues. To ensure the success of an e-
voting system project using the ethereum 
network, it is crucial to carefully evaluate and 
address these challenges. This may involve 
engaging experienced developers with the 
technical expertise required to develop, deploy, 
and maintain the system, as well as 
implementing measures to ensure scalability and 
manage costs. Overall, an e-voting system based 
on the ethereum network has the potential to 
revolutionize the voting process, providing a 
secure, transparent, and weigh the pros and cons 
and ensure that the system is designed and 
implemented in a way that maximizes its benefits 
while minimizing its potential drawbacks. 

8. FUTURE ENHANCEMENT: 

E-voting using the ethereum network is a 
potential future enhancement that could bring 
greater transparency, security, and accessibility to 
the voting process. Ethereum is a blockchain-
based platform that allows for the development of 
decentralized application, including smart contract 
that can automate the execution of agreements 
and transaction. Firstly, the decentralized nature 
of the ethereum network means that all 
transactions are publicly recorded on the 
blockchain, making the voting process more 
transparent and auditable.  
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Secondly, the use of smart contract could 
help to prevent fraud and tampering by 
automating the vote counting process and 
ensuring that each vote is accurately recorded. 
Thirdly, e-voting on the ethereum network could 
be accessible to anyone with an internet 
connection, potentially increasing voter turnout 
and making the voting process more convenient. 
Finally, there are also potential challenges and 
limitation to implementing e-voting on the 
ethereum network. For example, there are 
concerns around the security of internet- based 
voting systems, and ensuring the privacy and 
anonymity of voters would be critical. 
Additionally, the ethereum network can be slow 
and expensive to use, which could make it 
difficult to scale e-voting to larger population. 
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Abstract - Intrusion Detection Systems(IDS) can be 
used to find intrusions in computer networks, cloud 

computing, and data systems. It involves challenging 

to demonstrate that these systems are secure and to 

maintain their security while they are in use. The 

Deep Ensemble Model for Intrusion Detection and 

Classification is a solution to these issues. The 

application of this approach consists of three primary 

stages: classification, best feature selection, and 

feature extraction. Among the tasks performed during 

the feature extraction step are feature reduction, 
feature conversion, and data standardization. The 

data provided is the first standard using an improved 

data normalization technique. Following the 

normalization of the data, feature conversion is 

carried out. For feature reduction, the Principal 

Component Analysis (PCA) approach is employed. 

Then, from the smaller pool that is left, the best traits 

are selected. To do this, we suggest applying the 

SUSSO (Self-Upgraded Squirrel Search 

Optimization) method. 

 
Keywords—PCA, SUSSO, IDBN, RNN 

 

I INTRODUCTION 

Cloud computing describes a brand-new Internet-
based infrastructure that consumers lower-cost access to a 
range of computer and information technology (IT) features 
are OS, data storage services, network architecture, 
hardware parts, and software application suites. The notion 
of cloud computing and the advancements in Internet 
technology provides widespread accessibility of computer 
resources [1]. through a variety of on-demand service 
models, these cloud resources are made available to client 
applications. The services cloud computing provided are 
referred as "Software- as-a-Service" (SaaS), "Infrastructure-
as-a-Service" (IaaS), "Platform-as-a-Service" (PaaS), and 
"Expert-as-a-Service" (EaaS) [7]. IDS is a vital component 
of network security in Web-based software, including e-
commerce platforms, plays a critical role in identifying 
cyber attacks. They accomplish this by analyzing a wide 
range of networked data records. Network security has 
grown in significance for websites and web-based 
applications in recent years. An intrusion detection system 
(IDS) can identify intrusions in two ways: either by using 
anomaly detection, which focuses on identifying deviations 
from typical patterns that may signal intrusions, or by using 
abuse detection[8], which uses system 

vulnerabilities or known attack patterns to identify intrusions. 
These two approaches are explained in this article. 

 
Since cloud computing intrusion detection is a 

challenging task, a significant amount of data security 
research has been done to find and stop intrusions [9]. When 
used in tandem with firewalls, effective intrusion detection 
systems aim to reduce false negatives and increase detection 
rates, improving overall security. 

 
It is often difficult for traditional intrusion detection 

systems to react to new incursions, data mining and meta-
heuristic algorithms based on information gathered from 
several sources have been adopted [10]. Fuzzy Clustering 
Algorithms, Artificial Bee Colony (ABC) algorithm, and 
Artificial Neural Networks (ANNs) are the three parts of a 
novel technique that combines these three techniques. While 
ANNs can function independently in an IDS, their combined 
use with fuzzy clustering and ABC improves system 
performance [11]. By dividing the dataset into homogenous 
groupings, fuzzy clustering speeds up the training process. 
By creating homogenous subsets of the training data, this is 
achieved. In order to link loads and preferences more quickly 
and efficiently, ABC helps the ANN discover the ideal 
values. It may take some time and work to integrate these 
two algorithms into the ANN, but [15]. If one wishes to 
enhance the detection of rogue nodes, they may want to take 
into account putting adaptive optimization principles into 
practice [16]. 

 
II LITERATURE REVIEW 

 

A new IDS has been developed, according to 
Hajimirzaei and Navimipour [1] (2018), by combining fuzzy 
clustering techniques, the Artificial Bee Colony (ABC), and 
the Multilayer Perception (MLP) network. The MLP was 
utilized by the authors to distinguish between normal and 
anomalous traffic packets. Additionally, they adjusted the 
link weights and intrinsic biases of the MLP using the ABC 
technique. 

 
In 2018, Seth and Chandra [2] developed a cloud-

based DOS attack detection model (CDOSD) using Binary 
Artificial Bee Colony Optimization (BABCO) and a DT 
classifier. After extracting characteristics from the gathered 
dataset using BABCO, the authors classified the elements 
using the DT Classifiers.

NATIONAL CONFERENCE ON APPLICATIONS OF AI AND IoT IN ENGINEERING AND TECHNOLOGIES (NCAAIET-24)

ISBN: 978-81-965236-7-1
132



Using distributed denial of service tools, a real- time 
attack on a cloud server was conducted to assess the efficacy 
of the concept. The data showed that the CDOSD model was 
adequate, with a lower false positive rate and improved 
accuracy. 

 
Based on the Voting Extreme Learning Machine (V-

ELM), Kushwah and Ranga [4] presented a novel approach 
in 2020 for identifying distributed denial of service (DDoS) 
attacks in cloud computing environments. Two benchmark 
datasets were utilized in the experiments to assess the 
effectiveness of the system: The NSL-KDD and ISCX 
intrusion detection datasets are two that are frequently used 
in intrusion detection. Additionally, a number of tests were 
conducted to look into how well the system performed with 
various parameter values, such as the amount of ELMs in V-
ELM and the number of neurons in a single ELM's hidden 
layer. 

 
Tummalapalli and Chakravarthy [7] developed a 

clustering and two-level classifier-based cloud-based 
intrusion detection system in 2020. The nodes were first 
grouped using Bayesian fuzzy clustering, and the groupings' 
likelihood of compromise was then predicted using a two-
tiered gravitational group search-based support vector neural 
network (GG-SVNN) classifier. The gravitational search 
algorithm and the group search optimizer were combined by 
the GG-SVNN technique. The number of compromised 
nodes was ascertained by the level 2 classifier using the 
compacted intrusion data that it had acquired from the level 1 
classifier. In 2020, Rabbani et al. [8] introduced a novel 
technique to enhance the Cloud service's capacity to simulate 
user behavior. To find and identify bad actors in the cloud, a 
particle swarm optimization-based probabilistic neural 
network (PSO-PNN) was employed. After the users' 
behaviors were interpreted in an intelligible way, a 
multilayer neural network was utilized to identify dangerous 
conduct. A detailed examination of the test results validated 
the method's potential utility for security monitoring and 
anomaly detection. 

 

Table 1: Characteristics of detecting harmful activity 
in cloud computing 

 

III.METHODOLOGY 

 

Many firms are outsourcing their data and computing 
needs in order to take advantage of the rapid advancements 
in computer technology. Upholding security criteria like 
confidentiality, availability, and integrity is crucial for cloud- 
based computing, so a highly secure platform should be on 
focus. 

Knowing the entire behavioral space that malware 
resides in offers a significant advantage over more 
traditional protection approaches. This proposal includes a 
novel approach to enhance cloud service providers' ability to 
simulate the behavior of their clients. Proposed feature 
extraction, ideal feature selection, and attack categorization 
are the three main steps that must be completed in order to 
identify and recognize hazardous conduct. 

   

FCM-ANN A high degree 
of precision in 
the detection 

The low 
percentage of 
false alarms 

It is recommended 
that the classifier's 
capacity for learning 
be improved. 

Voting extreme 
learning machine 
(V-ELM) 

Enhanced 
precision 

The use of resources 
is significantly 
higher than average. 

There needs to be 
more emphasis 
placed on 
maintaining security. 

DLMNN Better overall 
recall value. 

The results for F- 
measure and 
accuracy are 
significantly 

more excellent. 
 

Enhances should be 
made to achieve 
better compression 
times and ratios. 

Adopted 

Methodology 

Features Challenges 

fuzzy clustering 
technique, 
artificial bee 
colony (ABC) 
network, and 
multilayer 
perceptron (MLP) 
network 

Minimize the 
square root of 
the error, often 
known as the 
mean absolute 
error (MAE). 
raises the kappa 
value 

Training efficiency 
must be increased. 

There have to be 
tweaks made to 
improve the 
detection's precision. 

CDOSD The accuracy of 
detection has 
been enhanced. 

Low rate of 
false positives 

It is feasible to 
determine more host 
characteristics. 
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IV.CONCLUSION 

 

A brand-new intrusion detection system is analysed in 
order to reduce the dangers connected with recurrent 
invasions and technical issues in computer networks. The 
three main phases of this model are categorization, ideal 
feature selection, and feature extraction. Three steps are 
involved in the feature extraction phase: feature reduction, 
feature conversion, and data normalization. An enhanced 
data normalization method is used to the input data. 
Following normalization, feature conversion is applied to 
the data. The PCA method is then applied to the modified 
features in order to reduce their feature count. The optimal 
feature selection procedure is then applied to the reduced 
features, and the most pertinent portions are chosen by using 
the SUSSO algorithm. The characteristics that were chosen 
are then sent on to the classification phase, where an 
ensemble model made up of classifiers from the Improved 
Deep Belief Network (IDBN), Recurrent Neural Network 
(RNN), and Deep Maxout Network is used. The Deep 
Maxout Network receives the classifications produced by 
the IDBN and RNN classifiers, which use the chosen 
features as input. By using the suggested SUSSO technique, 
the Deep Maxout Network's weights are adjusted. Lastly, a 
variety of intrusions, such as worms, analysis, DoS, 
backdoors, shellcode, exploits, generic, standard, fuzzes, 
and reconnaissance will be detected by the system's output. 
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Abstract:  

The problem of optimizing an objective 

function that exists within the constraints of 
equality and inequality is addressed by nonlinear 

programming (NLP). A linear program exists if 

all of the functions are linear; otherwise, the 

problem is referred to as a nonlinear program. 

The development of highly efficient and robust 

linear programming (LP) algorithms and 

software, the advent of high-speed computers, 

and practitioners’ wider understanding and 
portability of mathematical modeling and 

analysis have all contributed to LP’s importance 
in solving problems in a variety of fields. 
However, due to the nature of the nonlinearity of 

the objective functions and any of the 

constraints, several practical situations cannot 

be completely explained or predicted as a linear 

program. Efforts to overcome such nonlinear 

problems quickly and efficiently have made 

rapid progress in recent decades. The past 

century has seen rapid progress in the field of 

nonlinear modeling of real-world problems. 

Because of the uncertainty that exists in all 

aspects of nature and human life, these models 

must be viewed through a system known as a 
fuzzy system. In this article, a new fuzzy model is 

proposed to address the vagueness presented in 

the nonlinear programming problems (NLPPs). 

The proposed model is described; its 

mathematical formulation and detailed 

computational procedure are shown with 

numerical illustrations by employing trapezoidal 

fuzzy membership functions (TFMFs).Here, the 

computational procedure has an important role 

in acquiring the optimum result by utilizing the 

necessary and sufficient conditions of the 
Lagrangian multipliers method in terms of 

fuzziness. Additionally, the proposed model is 

based on the previous research in the literature, 

and the obtained optimal result is justified with 

TFMFs. A model performance evaluation was 

completed with different set of inputs, followed 

by a comparison analysis, results and discussion. 

Lastly, the performance evaluation states that 

the efficiency level of the proposed model is of 

high impact. The code to solve the model is 

implemented in LINGO, and it comes with a 

collection of built-in solvers for various 
problems. 

 

Keywords: nonlinear optimization; fuzzy 

nonlinear programming problem; Lagrangian 

multiplier method in terms of fuzziness; fuzzy 

numbers; trapezoidal membership functions; 

ranking index. 

Introduction 
NLP typically describes rather more 

significant challenges than LP. The situation is 
perhaps always difficult if all of the constraints are 
linear and the objective function is nonlinear. For 
example, the feasible set may or may not be convex, 
and the optimum result could be placed within the 
feasible set, on its boundary, or at its vertex. For the 
most part, the scientific programming issue manages 
the ideal use or distribution of constrained assets to 
meet the ideal goal. The fuzzy NLP issue is valuable 
in taking care of issues due to the uncertain, 
emotional nature of the problematic definition, or 
due to its precise arrangement. In this case, an 
objective function must improve while working 
within certain constraints. Ref [1] introduced the 
theory of fuzzy and fuzzy decision-making, and the 
right decision used in decision problems to attain 
the optimum result [2]. Finally, the evaluation of 
the optimal results for the mentioned two cases 
reveals the newness and cost effectiveness so far 
fuzzy model, addressing the ambiguity and 
providing significantly more optimum values. 

Literature Survey 
This section highlights certain identified research 
work collections of existing fuzzy NLP, as shown 
below: Fuzzy programming techniques are likely to 
have a broader range of applications for nonlinear 
optimization and also stochastic optimization, 
specifically for allocation problems in supply chain 
management. A genetic algorithm technique has been 
used to illustrate the nonlinear transportation problem 
as an improved version of their previous findings for 
linear transportation problems, which obtained 
feasibility due to chromosome structures and genetic 
operators [19]. An innovative application for 
nonlinear network flow problems has been presented, 
which is strong enough to handle mixed-integer 
nonlinear optimization problems that in corporate an 
online a transportation problem with the best 
solution[20].  
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The outcomes are compared to a proposed 
approach for the design of the lowest cost canal 
sections in Newton’s method, which is applied to 
KKT conditions for the constrained into 
unconstrained NL optimization problems with 
standard algorithms [28].The fuzzy-based 
Lagrangian method can be described as the digital 
information mechanism to support vector machines 
for readily accessible biomedical data interpretation 
[29]. 

Preliminaries 

In this section, some essential primary 
concepts and backgrounds are outlined in fuzzy 
mathematics[5,6].Nowitseemstoaddressafewdefinitio
nswhicharemostrequired: 

 
      Definition1 

  
LetT=[t1,t2,t3,t4]beatrapezoidalfuzzynumberwiththef

ollowingMF, 

µT(x)=  𝑥−𝑡1𝑡2−𝑡1
, 𝑡1 ≤ 𝑥 ≤ 𝑡2

1, 𝑡2 ≤ 𝑥 ≤ 𝑡3𝑥−𝑡3𝑡3−𝑡4,
, 𝑡3 ≤ 𝑥 ≤ 𝑡4

  

TheMFµT(x)isillustratedintheFigure1below 

 

 
 

Figure1.TrapezoidalMembershipfunctionµT(x). 

Definition2 

LetafuzzysetTinXandanyrealnumberαin[0,1],thentheα-

cutof T, denoted by 
α
T is the crisp set 

α
T= {x ∈ X : 

µT(x) ≥ α}. For illustration, let T be a fuzzy set 

whosemembershipfunctionisgivenasaboveµT(x).  
 

 

 

 

 

 

Tofindtheα-cutofT,whereα∈[0,1],letus set the 

reference functions of T to each left and right. 

Expressing xtoα, wherex
(1)=(t2−t1)α+t1andx

(2)= 
t4+(t3−t4)α which provides the α−cut of T is 

 
α
T= [x(1),x(2)] = [(t2−t1)α+t1,t4+(t3−t4)α]. 

An Optimization Model for Fuzzy Nonlinear 

Programming 

Research emphasison fuzzy optimization 
issues in the area of NLP is mainly limited. However, 
little attention has focused on NLP, such as within 
quadratic programming, separable programming and 
search methods, and many others. However, apart 
from that, there are several numerous forms of fuzzy 
NLP addressed extensively in various significant 
issues, mostly in complex industrial systems. 
Research emphasis on problems of fuzzy optimization 
in the field of NLP is generally limited. Furthermore, 
there is little interest in NLP to address the vagueness 
soft the issues. Besides this, in many real issues, many 
kinds of fuzzy NLPs occur, mainly in complex 
manufacturing systems. This cannot be signified and 
enlightened by traditional models. Meanwhile, 
scientific studies on modeling techniques and 
enhancing approaches for NLP in fuzzy situations 
are important not only from the frame work of fuzzy 
optimization but also in the application of the 
challenges. 

 
Numerical Illustration 

 
This section outlines two illustrative examples 

that canbe used to optimize the models for addressing 
the problem of fuzzy NLP using TFMF and its 
mathematical calculations[5–7,32]. In Case(i),the fuzzy 
model explains the procedure using the MF 
approach,and inCase(ii), the same problem was 
investigate during the robus tranking approach. 
 

The NLP in the manner of fuzziness is as follows, 
and the fuzzified form of the considered NLPP can be 
stated as below: 

 
Minimize 

[−1,0,2,3]x(k)
2

+[−1,0,2,3]x(k)
2

+[−1,0,2,3]x(k)
2

,forall 
k=1,2,3,4. 

 

 

 

  

NATIONAL CONFERENCE ON APPLICATIONS OF AI AND IoT IN ENGINEERING AND TECHNOLOGIES (NCAAIET-24)

ISBN: 978-81-965236-7-1
136



1 2  

1 2  

1 2  

, , 

 

 

x
(k),x(k),x(k)≥0,forallk=1,2,3,4 

[−2x2+2x2λ,0,4x2−4x2λ,6x2−6x2λ]=0  

[−2x3,−λ,4x3−3λ,6x3−4λ]=0  

2x1−x2
2−12,3x1+x3−13,5x1+2x2

2+3x3−15,6x1+3x2
2+4x3

−16=0 

 

Solving the above the equations results in the extreme 
points,they are; 

 
Extremepoint1:(x◦,λ◦)=[(1,1.5,2.5,3),(−2,0,4,6),(0,0.5,
1.5,2),(−1,0,2,3)]  
Extremepoint2:(x◦,λ◦)=[(1,1.5,2.5,3),(−2,0,4,6),(0,0.5,
1.5,2),(−1,0,2,3)]  
 
 
Extremepoint3:(x◦,λ◦)=[(1.4,2.1,3.5,4.2),(−2,−1,1,2),(0,
0.7,2.1,2.8),(0.8,1.1,1.7,2)]  

By employing the sufficiency conditions to 
evaluate whether the extreme point sare maximum 
or minimum. Hence, the sufficient conditions for 
the LMM for minimizing the above NLPP as H= 

 
 
[−2,−1,1,2
] 

[2,3,5,6] [0,1,3,4]x2 [0,1,3,4] 

[2,3,5,6] [0,1,3,4] [−2,−1,1,2] [−2,−1,1,2
] 

[0,1,3,4]x
2 

[−2,−1,1,
2] 

[0,1,3,4]−[0,1,3,
4]λ 

[−2,−1,1,2
] 

[0,1,3,4] [−2,−1,1,
2] 

[−2,−1,1,2] [0,1,3,4] 

                                                                                       

 

 

 

 

 

 

 

 

 

 

 

 

λ(k)=[0.8,1.1,1.7,2]&Z
(k)=[−9.8,0,19.6,29.4],for all 

k=1,2,3,4. 

 
 Case(ii):The Robust Ranking Approach for NLP 

with Fuzzy MFs 

The NLP in the manner off fuzziness i s as follows, 
and the fuzzified form of the considered  NLPP can 
be stated as below: 
 
Minimize 

[−1,0,2,3]x(k)
2

+[−1,0,2,3]x(k)
2

+[−1,0,2,3]x(k)
2

,for all 

k=1,2,3,4. 

Subject to the constraints, 

[2,3,5,6]x(k)+[−1,0,2,3]x(k)
2

+[0,1,3,4]x(k)=[12,13,15,1
6], for all k=1,2,3,4. 

x
(k),x(k),x(k)≥0, for all k=1,2,3,4 

The  confidence interval for each degree α & the 
trapezoidal structures will be characterized by the 
functions of α. 

Therefore, 

[x(1),x(2)]=T
L
T

U=[(t2−t1)α+t1,t4+(t3−t4)α] 

= 𝛼 − 1, 𝛼 − 3  
R(T)=R[−1,0,2,3]= (0.5)∗T

L
T

U dα= (0.5)(2)dα=1 
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Using the proposed approach in the previous section, 
the fuzzy NLPP can be modified to the conventional 
crisp problem; the crisp problem is 

MinimizeZ=x1
2+x2

2+x3
2 

Subject to the constraints, 

4x1+x2
2+2x1=14;x1,x2,x3≥0. 

Now apply the existing conventional approach to 
the NLPP by using necessary and 
sufficientconditionsoftheLMMandobtainedtheoptim
umsolutionfortheaboveis 

x1=2.8,x2=0,x3=1.4 λ =1.4 & Minimum Z =9.8. 

 Models Performance  Evaluation with Different Sets of 

Inputs 

This section is encapsulated to determine the 
efficiency of the fuzzy model and its solutions. For 
this efficiency test,we have considered four different 
sets of inputs in fuzzy format and then, using the 
ranking function provided in the earlier section, 
wehave defuzzified all these inputs to obtain the 
equivalent crisp number. The fuzzy inputs are 
available in Table 1.With the defuzzified value, we 
have solved the model for each set using LINGO 
software and we have obtained the optimal 
solution for the NLPP.The results are given in 
Table1 and here it canbe easily observed that for 
any arbitrary set of trapezoidal fuzzy inputs,the 
model is solvable and gives the optimal solution. 
The code to solve the model is implemented in 
LINGO, and it comes with a collection of built-in 
solvers for various problems. The modeling 
environment is strictly aligned to the LINGO 
solver and because of this interconnectivity, it 
transmits problems directly to memory which 
results in the minimization of compatibility issues 
between the solver and modeling components. It uses 
multiple CPU cores for model simulation, thus 
giving faster results 

Results and Discussion 

         Employing the suggested model numerical 
illustrations demonstrate that the optimum value of 
the FNLPP is [−9.8, 0, 19.6, 29.4], which might be 
a fresh attempt to clear the vagueness.The optimum 
solution for the fuzzified NLPPs will be 
continuously greater than −9.8 and lessthan 29.4, 
and the most likely outcome will be some where in 
the range of 0 and 19.6.The varieties in cost with 
significance probability can be seen in Figure 3. 
Additionally, obtained fuzzy optimum solutions xij 

might be empirically comprehended. 

 

 

 

The decision maker  perception,the entire value of the 
fuzzy NLPP,will be higherth−9.8and lessthan 29.4. 
The decision-maker for the entire fuzzy NLPP 
estimations are going to be bigger than or sufficient to 
0 and less than or equivalent to 19.6. The extent of 
the favors of the decision-maker  for the rest of the 
estimations of the entire fuzzy NLPP value has 
frequently been attained as below: Here x describes 
the significance of the entire NLPP,and also the 
perception of decision- makers for µmin(X). 

𝜇𝑚𝑖𝑛  𝑋 =

   
  𝑥 + 9.8

9.8
 𝑓𝑜𝑟 − 9.8 ≤ 𝑥 ≤ 0

1𝑓𝑜𝑟 0 ≤ 𝑥 ≤ 9.6𝑥 − 29.4

9.8
𝑓𝑜𝑟 19.6 ≤ 𝑥 ≤ 29.4

0, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒                
  

 

 

 

 

Conclusions 

Finally, an effort has been made to create a 
model that solves the problem of NLP in a fuzzy 
environment. The fuzzy version of the problem has 
been addressed using the necessary and sufficient 
conditions of Lagrangian multipliers in terms of 
fuzziness with the aid of an umerical illustration. 
This approach clarifies by solving two numerical 
illustrations; one is using MFs, and the other, the 
approach of robust rankings.MFs provide a 
significant role in the   creation of a model in a 
fuzzy context.Most of there search techniques have 
been discussed in establishing only the MFs for the 
fuzzy objectives or constraints.However, this 
approach solved the mutually contradictory 
complexity ofthe objectives as well as constraints 
using MFs.This model offers an efficient approach 
to dealing with the problems of NLP.  
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Therefore, the optimal solution has been 
signified through fuzziness with in the result and 
discussion.Additionally, the solution is explained 
by the manner of TFMs which have models of 
performance evaluation with different sets of 
inputs. This shows that the efficiency level of the 
model is of high impact. The code to solve the 
model is implemented in LINGO, and comes with a 
collection of built-insolvers for various problems. 
Furthermore, the comparison analysis could be a 
newly-designed effort to solve NLPs under fuzziness. 
The model focuses on addressing the decision-makers 
uncertainties and subjective experiences, and   can 
help to solve decision-making issues. The model’s 
future scope suggests that the model be used in 
other types of NLPPs or suitable nonlinear 
optimization models in upcoming models, 
preferably optimization models, under numerous 
fuzzy situations. 

References 

1. Zadeh,L.A. Information and Control.In Fuzzy 
Sets; World Scientific: 
Singapore,1965;Volume8,pp.338–353. 

 
2. Zimmermann, H.-J. Fuzzy Sets, Decision 

Making, and Expert Systems; Springer 
Science & Business 
Media:Berlin/Heidelberg, Germany, 2012; 
Volume 10. 
 

3. Vasant, P.; Nagarajan, R.; Yaacob, S. Fuzzy 
linear programming:A modern tool for 
decision making.In Computationa 
lIntelligence for Modelling and  
Prediction;Springer:Berlin/Heidelberg,Ger
many,2005;pp.383–401. 
 

4. Kheirfam,B.;Hasani,F.Sensitivity analysis for 
fuzzy linear  programming problems with  
fuzzy  variables.Adv.Model.Optim. 
2010,12,257–272. 

5.  Palanivel, K. Contributions to the Study on 
Some Optimization Techniques in Fuzzy 
Membership Functions; Bharathidasan 
University:Trichy, Tamil Nadu, India, 2013. 
 

6. Palanivel,K Fuzzy commercial traveler 
problem of trapezoidal membership 
functions  with in the  sort of  α optimum 
solution using ranking technique. Afr. Mat. 
2016,27,263–277. [CrossRef] 

7. Saranya,R.;Palanivel,K.Fuzzy nonlinear 
programming problem for inequality 
constraints with alpha optimal solution in 
terms of trapezoidal membership  

 
 

 
functions.Int. J. Pure Appl. Math. 2018, 119, 
53–63. 
 

8.  Tang,J.;Wang,D.Anonsym metric model for 
fuzzy nonlinear programming problems 
with penalty coefficients. Comput.Oper. 
Res.1997, 24, 717–725. [CrossRef]. 
 

9. Tang,J.;Wang,D.;Ip,A.; Fung,R.Ahybridgenetic 
algorithm for a type of nonlinear  programming 
problem.Comput.Math.Appl. 1998,36,11–
22.[CrossRef] 

 
10. Fung, R.Y.; Tang, J.; Wang, D. Extension of 

a hybrid genetic algorithm for nonlinear 
programming problems with equality and 
inequalityconstraints.Comput.Oper.Res.200
2,29,261–274. [CrossRef] 

 
 

11. Sarimveis,H.;Nikolakopoulos,A.Alineupevol
utionary algorithm for solving nonlinear  
constrained optimization 
problems.Comput.Oper.Res.2005,32,1499–
1514.[CrossRef] 
 

12. Syau,Y.-R.;StanleyLee,E.Fuzzy convexity and 
multi objective convex optimization 
problems.Comput.Math.Appl.2006,52,351–
362.[CrossRef] 

 
13.  Chen, S.-P. Solving fuzzy queueing 

decision problems via a parametric mixed 
integer nonlinear programming method. 
Eur. J. Oper. Res. 2007,177,445–457. 
[CrossRef] 

 
14. Qin,X.S.;Huang,G.H.;Zeng,G.M.;Chakm

a,A.;Huang,Y.F.Aninterval-parameter 
fuzzy nonlinear optimization mode lfor 
stream water quality management under 
uncertainty. Eur. J. Oper. Res. 2007, 180, 
1331–1357. [CrossRef] 

 
15. Kassem, M.A.E.-H. Stability achievement 

scalarization function for multiobjective 
nonlinear programming problems.Appl. 
Math.Model.2008, 32, 1044–1055. [CrossRef] 

 
16.  Shankar, N.R.; Rao, G.A.; Latha, J.M.; 

Sireesha, V. Solving a fuzzy nonlinear 
optimization problem by genetic 
algorithm.Int. J. Contemp. Math. Sci. 
2010,5,791–803. 

 
17. Abd-El-Wahed, W.F.; Mousa, A.A.; El-

Shorbagy, M.A. Integrating particle swarm  

NATIONAL CONFERENCE ON APPLICATIONS OF AI AND IoT IN ENGINEERING AND TECHNOLOGIES (NCAAIET-24)

ISBN: 978-81-965236-7-1
139



 
 

 
 
optimization with genetic algorithms for 
solvingnonlinearoptimizationproblems.J.Co
mput.Appl.Math.2011,235,1446–
1453.[CrossRef] 
 

18. Jameel,A.F.; Sadeghi, A. Solving nonlinear 
programming problem in fuzzy environment. 
Int.J.Contemp.Math.Sci.2012, 7, 159–170. 
 

19.  Michalewicz,Z.;Vignaux,G.A.;Hobbs,M.A 
nonstandard genetic algorithm for the 
nonlinear transportation problem. ORSAJ. 
Comput.1991, 3, 307–316. [CrossRef] 

 
 

20. Ilich,N.;Simonovic,S.P.Anevolutionprogramfor
non-linear transportation 
problems.J.Heuristics2001,7,145–
168.[CrossRef] 
 

21. Hedar, A.-R.; Allam, A.A.; Deabes, W. 
Memory-Based Evolutionary Algorithms 
for Nonlinear and Stochastic Programming 
Problems. Mathematics2019, 7, 1126. 
[CrossRef] 

 
 

22. Klanšek, U. A Comparison between Milp 
and Minlp Approaches to Optimal Solution 
of Nonlinear Discrete Transportation 
Problem. Transport 2014, 30,135–144. 
[CrossRef] 
 

23.  Das, A.; Bera, U.K.; Maiti, M. A profit 
maximizing solid transportation model under 
a rough interval approach. IEEE Trans. Fuzzy 
Syst.2016, 25, 485–498. [CrossRef] 

 
 

24. Das, A.; Lee, G.M. A Multi-Objective 
Stochastic Solid Transportation Problem 
with the Supply, Demand, and Conveyance 
Capacity Following the Weibull 
Distribution. Mathematics2021, 9, 1757. 
[CrossRef] 
 

25.  Ahmadini,A.A.H.;Varshney,R.;Ali,I.Onmultiv
ariate-multi objective stratified sampling 
design under probabilistic environment:A 
fuzzy programming technique. J.KingSaud. 
Univ.-Sci. 2021,33,101448. [CrossRef] 

 
26.  Khan, M.F.; Modibbo, U.M.; Ahmad, N.; 

Ali, I. Nonlinear optimization in bi-level 
selective maintenance allocation problem. J.  
 

 
 
 
KingSaud.Univ.-Sci.2022,34,101933. 
[CrossRef] 
 

27. Ali,S.S.;Barman,H.;Kaur,R.;Tomaskova,H.;
Roy,S.K.Multi-Product Multi Echelon  
Measurements  of Perishable SupplyChain: 
Fuzzy Non-Linear Programming Approach. 
Mathematics 2021, 9, 2093. [CrossRef] 
 

28. El-Sobky, B.; Abo-Elnaga, Y.; Mousa, 
A.A.A.; El-Shorbagy, M.A. Trust-Region 
Based Penalty Barrier Algorithm for 
Constrained Nonlinear Programming 
Problems: An Application of Design of 
Minimum Cost Canal Sections.Mathematics 
2021,9, 1551. [CrossRef] 

 
29. Gupta, D.; Borah, P.; Sharma, U.M.; 

Prasad, M. Data-driven mechanism based 
on fuzzy Lagrangian twin parametric-
margin support vector machine for 
biomedical data analysis. NeuralComput. 
Appl. 2021,1–11. [CrossRef] 

 
30. Lin,L.;Lee,H.-M.Fuzzy nonlinear 

programming for production inventory 
based on statistical 
data.J.Adv.Comput.Intell.Intell. Inform. 
2016, 20, 5–12. [CrossRef] 

 
 
 

NATIONAL CONFERENCE ON APPLICATIONS OF AI AND IoT IN ENGINEERING AND TECHNOLOGIES (NCAAIET-24)

ISBN: 978-81-965236-7-1
140



 

AN EXPERIMENTAL INVESTIGATION ON CONCRETE BY PARTIAL 

REPALCEMENT OF CEMENT BY SILICA FUMEAND FINE AGGREGATE BY 

RUBBER TYRE POWDER 
1Mrs.P.Dennis flora  
Assistant Professor,  

Department of Civil Engineering 
Sri Bharathi Engineering College for Women 

Pudukkottai – 622303, India 
 1flora.dennis7@gmail.com 

2S. Pushpaveni 
Department of Civil Engineering 

Sri Bharathi Engineering College for Women 
Pudukkottai – 622303, India 

2Pushpaveni200125@gmail.com 

 
Abstract - Concrete is a major building material which 

is used in construction throughout the world .It is 
extremely versatile and is used in all type of structure 

due to rapid growth in construction activity. The 

consumption of concrete is increased. Thus it is 

becoming inevitable to use alternative material for 

aggregates in concrete., In which to increase the market 

demand of cement, on other hand rising prices, to 

overcome such problems, we use industrial by product / 

waste like silica fumeand rubber tyre as the partial 

replacement of fine aggregate and cement it should be 

used to promoted for better performance as well as for 

environmental sustainability, which also increase 

strength than the conventional concrete. 

Keywords: Silica fume, Rubber tyre powder, Compressive 

strength. 

INTRODUCTION 

GENERAL 

Waste materials resulting from various physical 
and chemical processes are the most important challenge in 
the industrial and developing countries. Extensive 
investigations on wastage recycling are being implemented 
to minimize the environmental damages. One of the non-
recyclable materials enters the environment is automotive 
used tires. Large quantities of scrap tires are generated each 
year globally. This is dangerous not only due to potential 
environmental threat, but also from fire hazards. Over the 
years, disposal of tires has become one of the serious 
problems in environments. Land filling is becoming 
unacceptable because of the rapid depletion of available sites 
for waste disposal. Investigations show that used tires are 
composed of materials, which do not decompose under 
environmental conditions and cause serious contaminations. 
Burning is a choice for their decomposition; however, the 
gases exhausted from the tire burning results in harmful 
pollutions. In order to prevent the environmental problem 
from growing, recyclingtire is an innovative idea or way in 
this case. Recycling tire is the processes of recycling 
vehicles tires that are no longer suitable for use on vehicles 
due to wear or irreparable damage. Based on examinations, 
another way is using the tires in concrete. This results in the 
improvement of such mechanical and as energy adsorption, 
ductility, and resistance to cracking. However, this may 
cause a decrease in compressive strength of the concrete.  

 

 

 

 

 

The cracker mill process tears apart or reduces the 
size of tire rubber by passing the material between rotating 
corrugated steel drums. By process an irregularly shaped torn 
particles having large surface area are produced and this 
particles are commonly known as rubber tyre. Mixing of 
rubber tyre particles with Portland cement concrete does not 
involve high temperature mixing hence final bond between 
the cement strength of the matrix. Portland cement concrete 
with addition of c rubber tyre powder becomes a 
heterogeneous mixture due to different specific gravities of 
the ingredients. The past research shows that rubber 
Portland cement concrete causes the reduction in strength, it 
improves certain durability aspects such as freeze thaw 
resistance, sound absorption, and damping properties and 
reduces water absorption. 

Silicon metal and alloys are produced in electric 
furnaces .The raw materials are quartz, coal, and woodchips. 
The smoke that results from furnace operation is collected 
and sold as silica fume, rather than being land filled. In 
recent years, using silica fume in concrete in order to increase 
its strength has attracted much attention. Filling capability 
and pozzolanic property of silica fume results in filling the 
capillary gel pores with this material and its compounds with 
calcium hydroxide. This phenomenon increases the concrete 
strength significantly. The reaction of silica fume in concrete 
depends on the amount of this material. One of the main 
features of silica fume, which improves the properties of 
fresh and hardened concrete, is its fine particles. Most of the 
silica fume particles are in the range of 0.01- 0.3 micrometre 
and their mean particle size ranges between 0.1- 0.2 
micrometre. It is apparent that silica grains, which are 100 
times smaller than the cement particles, fill the free spaces 
between the cement and increase the concrete strength. Silica 
fume is available from suppliers of concrete admixtures and, 
when specified, is simply added during concrete production. 
Placing, finishing, and curing silica-fume concrete require 
special attention. 
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RUBBER TYRE 

Rubber tyre is a term usually applied to recycled 
rubber from automotive and truck scrap tires. During the 
recycling process steel and fluff is removed leaving tire 
rubber with a granular consistency. Continued processing 
with a granulator and/or cracker mill, possibly with the aid 
of cryogenics or mechanical means, reduces the size of the 
particles further. The particles are sized and classified based 
on various criteria including colour (black only or black and 
white). The granulate is sized by passing through a screen, 
the size based on a dimension (1/4") or mesh (holes per 
inch: 10, 20, etc.).Mesh refers to material that has been sized 
by passing through a screen with a given number of holes 
per inch. For example, 10 mesh crumb rubber has passed 
through a screen with 10 holes per inch resulting in rubber 
granulate that is slightly less than 1/10 of an inch. The 
exact size will depend on the size of wire used in the screen. 

Rubber tyre powder 
 

 

SILICA FUMES 

Silica fumes also known as micro silica is a fine-
grain, thin, and very high surface area silica. It is sometimes 
confused with fumed silica (also known as pyrogenic silica) 
and colloidal silica. These materials have different 
derivations, technical characteristics and application. Silica 
fumes is a by-product silicon metal or ferrosilicon alloys. 
One of the most beneficial uses for silica fumes is in 
concrete. Because of its chemical and physical properties, it 
is a very reactive pozzolana. Concrete containing silica 
fumes can have high strength and can be very durable. Silica 
fume is available from suppliers of concrete admixtures 
and, when specified is simply added during concrete 
production. Placing, finishing, and curing silica-fumes 
concrete require special attention on the part of the concrete 
contractor. A silica fume consists primarily of amorphous 
(non-crystalline) silicon dioxide (sio2). The individual 
particles are extremely small, approximately 1/1000th the 
size of an average cement particle. Because of its fine 
particles, large surface area, and the high sio2 content, silica 
fumes is a very reactive pozzolana when used in concrete. 
Silica fume for use in concrete is available in wet and dry 
forms. It is usually added during concrete production at a 
concrete plant as shown in the photo. 

 

 

Fig.2 Silica fume 
 

 
 
 

SILICA FUMES WORK IN CONCRETE 

In cementitious compounds, silica fumes works on two 
levels, the first one described here is a chemical reaction 
called the pozzolanic reaction. The hydration (Mixing with 
water) of Portland cement produces many compounds 
including calcium silica hydrates (CSH) and calcium 
hydroxide (CH). The CSH gel is known to be the source of 
strength in concrete. When silica fumes is added to fresh 
concrete it chemically reacts with the CH to produces 
additional CSH. The benefit of this reaction is twofold, 
increased compressive strength and chemical resistance. The 
bond between the concrete paste and the coarse aggregate, in 
the crucial interfacial zone is greatly increased, resulting in 
compressive strengths that can exceed 15000 psi. The 
additional CSH produced by silica fume is more resistant to 
attack from aggressive chemicals then the weaker CH. The 
second function silica fume performs in cementitious 
compound is a physical one. Because silica fumes is 100 to 
150 times than a cement particle it can fill the voids created 
by free water in the matrix. This function, called particle, 
packing, refines the microstructure of concrete, creating a 
much denser pore structure. Impermeability is dramatically 
increased, because silica fume reduces the number and size 
of capillaries that would normally enable contaminants to 
infiltrate the concrete. Thus silica fumes modified concrete is 
not only stronger, it lasts longer, because it„s more resistant 
to aggressive environments. As filler and pozzolana silica 
fume„s dual action in cementitious compounds are evident 
throughout the entire hydration process. 

SCOPE 

Now a day due to the rapid industrial growth, waste material 
management is a challenging field. It possesses lot of 
environmental impact. Due to the rapid growth in 
construction field, construction material scarcities will arise. 
So we need to find some alternate material for construction. 
Crumb rubber is a waste material from the scrap tyre. By 
using this as fine aggregate we can prevent the natural 
aggregate depletion. This avoids so much of environmental 
problems. 
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OBJECTIVES 

The main object of investigation is to study the strength 
behaviours of crumb rubber concrete with economical basis. 
Partially replacement of cement by using silica fumes up to 
15%. Partially replacement of sand by using crumb rubber up 
to 5%. To investigate the use of crumb rubber in 
conventional concrete. Find The Compressive Strength of 
concrete cubes with 5% to15% replacement of fine aggregate 
by crumb rubber with silica fume. Find The Split Tensile 
strength of concrete cylinder. Find The Flexural strength of 
concrete beam. Comparisons of all the above results with 
ordinary concrete. 

REVIEW OF LITERATURE 

A. Khan., S. Danish., S. Arif., S. Ramzan., M. 

Mushtaq (2013) 

This paper, through experimental study and literary 
sources investigates the utilization of rubber waste in 
developing Green Concrete (GC). The natural aggregate 
(sand) of Conventional Concrete (CC) is replaced as 10%, 
20% and 30% with coarse and fine rubber aggregate. The 
samples were tested in laboratory after a specific time on 
various aspects including compression strength and results 
were compared with each other and also with Conventional 
Concrete Mix (CCM). The paper concludes that structural 
and non-structural rubberized concrete can be developed by 
using specific quantity of rubber waste in placement of fine 
and coarse aggregates in conventional concrete. The key 
objective of this research is to find out an efficient solution 
for utilizing rubber waste for better environment and also to 
provide initiative for concerned government organization 
for framing effective legislation for the use of rubberized 
concrete in building and construction industries. It reveals 
from compressive strength‟s tests of rubberized concrete 
(RC) that it can be produced for various use in building and 
construction Industries. RC will not only save the natural 
ingredients of concrete resulting environmental 
sustainability but recycling of rubber waste will also 
contribute towards better environment. The replacement of 
10 % of fine aggregate (sand) of Conventional Concrete 
(CC) with Fine Crumb Rubber (FCR) is useful for 
producing Structural Concrete. Therefore use of CCR 
concrete should be encouraged for use so that maximum 
consumption of waste rubber could be achieved. 

K. C. Panda, P. S. Parhi and T. Jena (2012) 

In this study an attempt has been made to 
identify the various properties necessary for the design of 
concrete mix with the coarse tyre rubber chips as 
aggregate in a systematic manner. In the present 
experimental investigation, the M20 grade concrete has 
been chosen as the reference concrete specimen. Scrap 
tyre rubber chips, has been used as coarse aggregate with 
the replacement of conventional coarse aggregate. Slump 
value is decreased as the percentage of replacement of 
scrap tyre rubber increased. So decrease in workability. 
The compressive strength is decreased as the percentage 
of replacement increased, but rubber concrete developed 
slightly higher compressive strength than those of without 
rubber concrete. The split tensile strength is increased 
with decreased percentage of scrap tyre rubber. Decrease 
in compressive strength, split tensile strength and flexural 
strength of the specimen. Lack of proper bonding between 
rubber and cement paste matrix. 

   G.SenthilKumaran, NurdinMushule,    

            M.Lakshmipathy (2008) 

This study reviews the feasibility of using waste 
tires in the form of chips and fibers with different sizes in 
concrete to improve the strength as well as protecting the 
environment. Also it reviews the potential application in 
the field by exploiting its unique characteristics and 
properties. In this study, we outline the use of rubberized 
concrete in structural and non-structural members and 
show how it is suitable for the concrete, its uses, barriers 
and benefits and way to future study. A research is 
underway using the grade of cement 53, to improve the 
strength, fine sand and coarse aggregate of a combination 
of 10mm and 20mm. The waste tyre rubber shall be used 
in the form of chips and fibers by partially replacing the 
coarse aggregate by 0, 5, 10, 20 and 25%.Recycling 
technology for concrete has significantly developed in the 
recent years, making the material sufficiently recyclable. 
It is evident that from the above discussion, the reduction 
of compressive and tensile strength can be increased by 
adding some super plasticizers and industrial wastes as 
partial replacement of cement will definitely increase the 
strength of waste tyre rubber modified concrete. Many 
studies reveal that there will be increase in strength 
enhancements as well as environmental advantages. The 
future NGC using waste tyre rubber could provide one of 
the environmental friendly and economically viable 
products. Though problems remain regarding the cost of 
production and awareness among the society the wastes 
can be converted into a valuable product But further 
research is needed to increase performance against fire. 
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El-Gammal, A., A. K. Abdel-Gawad, Y. El-Sherbini, and 

A. Shalaby (2010) 

In this paper the density and compressive strength 
of concrete utilizing waster tire rubber has been investigated. 
Recycled waste tire rubber has been used in this study to 
replace the fine and coarse aggregate by weight using 
different percentages. The results of this paper shows that 
although, there was a significant reduction in the 
compressive strength of concrete utilizing waste tire rubber 
than normal concrete, concrete utilizing waste tire rubber 
demonstrated a ductile, plastic failure rather than brittle 
failure. A total of 4 main mixtures were cast. One control 
mixture and three concrete mixtures. The control mixture 
was designed to have a water cement ratio of 0.35 with 

cement content of 350 kg/m3. To develop the rubberized 
concrete mixtures, tire rubber was used to replace the 
aggregate by weight. In the first rubberized concrete 
mixture, the chipped rubber totally replaced the coarse 
aggregate in the mixture. While, in the other two concrete 
mixtures, the tire rubber replaced the fine aggregate by 
100% and 50% of fine aggregate weight. Concrete casted 
using chipped rubber as a full replacement to coarse 
aggregate shows a significant reduction in the concrete 
strength compared to the control specimen. However, 
significant ductility was observed before failure of the 
specimens. Concrete casted using chipped rubber as a full 
replacement to coarse aggregate shows a significant 
reduction in the density of concrete compared to the control 
specimens. Concrete casted using crumb rubber as a full 
replacement to sand shows a significant reduction in the 
concrete strength compared to the control specimen. 
However, significant ductility was observed before failure 
of the specimens. Concrete casted using crumb rubber as a 
full replacement to sand shows a significant increase in the 
concrete strength compared to the concrete casted using 
chipped rubber as a replacement to coarse aggregate. There 
was no significant increase in the concrete compressive 
strength and the concrete density when different percentage 
of crumb rubber, as a replacement to sand, was used in the 
concrete mix. It is recommended to test concrete with 
different percentage of crumb rubber ranging between (10% 
up to 25%) to study its effect on the concrete strength.. It is 
recommended to use concrete in the production of curbs, 
roads, concrete blocks, and non-bearing concrete wall. 

T. SenthilVadivel& R. Thenmozhi (2012) 

  In this Study, our present study aims to 
investigate the optimal use of waste tyre rubber crumbs as 
fine aggregate in concrete composite. A total of 90 cubes, 
cylinders and beam specimens were cast with the 
replacement of fine aggregate by shredded rubber crumbs 
with the proportion of 2, 4, 6, 8, and 10% by weight and 
compared with 18 conventional specimens. Fresh and 
hardened properties of concrete such as workability, 
compressive strength, tensile strength and flexural strength 
were identified and finally it is recommended that 6% 
replacement of waste tyre rubber aggregate with fine 
aggregate will gives optimal and safest replacement in 
concrete composites. Compressive strength decreases when 

the percentage of replacement of shredded fine rubber crumbs 
increases. Split tensile strength decreases at the maximum of 
25% when rubber crumbs replaces up to 10% in fine 
aggregate. Flexural strength of concrete increases when 
rubber crumbs increases up to 6%. It is identified that the 
grade of concrete plays the major role in the ductility 
performance of rubber replaced Concrete. Slump test results 
show no change in workability in all the percentage of 
replacement of rubber crumbs. Hence no effect in consistency 
during rubber replaced concrete. 6% replacement of waste 
tyre rubber proves exceptionally well in compression, tensile 
and flexural strength and follow the curvature of the 
conventional specimens all the tests in both the grades. Hence 
it is recommended that 6% replacement of waste tyre rubber 
aggregate with fine aggregate will gives optimal and safest 
replacement in concrete composites. Further it is suggested to 
use this concrete composite for lintel beams, floor slabs, and 
ribs where load carrying capacity not governing the design. 

2. METHODOLOG

Y MATERIAL 

USED 

Various materials used for the experimental study are the 
following: 

CEMENT 

Cement is a material that has cohesive and adhesive 
properties in the presence of water. Such cement is called 
hydraulic cements. These consist primarily of silicates and 
aluminates of lime obtained from limestone and clay. There 
are different types of cement; out of that I have used one type. 

ORDINARY PORTLAND CEMENT 

Ordinary Portland cement (OPC) is the basic Portland 
cement and is best suited for use in general concrete 
construction. It is of three types, 33 grades, 43grade, 53 
grade. One of the important benefits is the faster rate of 
development of strength. Cement is a fine, grey powder. It is 
mixed with water and materials such as sand, gravel, and 
crushed stone to make concrete. The cement and water form a 
paste that binds the other materials together as the concrete 
hardens. The basic composition of cement is provided in table. 
In the present work 43 grade cement was used for testing. 

FINE AGGREGATE 

 Locally available free of debris and nearly riverbed sand 
is used as fine aggregate. Among various characteristics, the 
most important one is its grading coarse sand may be 
preferred as fine sand increases the water demand of concrete 
and very fine sand may not be essential in as it usually has 
larger content of thin particles in the form of cement. The sand 
particles should also pack to give minimum void ratio, higher 
voids content leads to requirement of more mixing water. 

3. 4 WATER 

 Water is an important ingredient of concrete as it actively 
participates in the chemical reactions with cement. The 
strength of cement concrete comes mainly from the binding 
action of the hydration of cement get the requirement of water 
should be reduced to that required chemical reaction of un 
hydrated cement as the excess water would end up in only 
formation undesirable voids or capillaries in the hardened 
cement paste in concrete. It is important to have the 
compatibly between the given cement and the chemical 
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material admixtures along with the water used for mixing.  

It is generally stated in the concrete codes and also 
in the literature that the water fit for drinking is fit for 
making concrete. This may not be true always. For example 
some water containing a small amount of sugar would be 
suitable for drinking, but they are good for cement concrete, 
as the sugar would adversely affect the hydration process. 
The limits of the content of water have to be determined 
from the following considerati on. High content of cement is 
susceptible to a rapid loss of workability on Account of 
higher amount of heat of hydration generated. Therefore 
attention is required to see that the initial hydration rate of 
cement should not be significantly affected. The salt in water 
would not interface with the development of strength of 
later ages. Apart from the strength consideration, the 
durability characteristics such as porosity, degree of 
resistance to diffusion of CO2, CaSO4, moisture, air 
oxygen, etc. should also be investigated after specified 
curing period. 

MIX DESIGN DEFINITION 

Mix design is the process of selecting suitable 
ingredient if concrete and determines their relative 
proportion with the object of certain minimum strength and 
durability as economically as possible. 

DESIGN OF M25 GRADE CONCRETE 

Design parameters 

Characteristic strength: 25 N/mm² Compaction factor: 0.85 

Degree of quality control: Good Type of exposure:Moderate 
Data on material 

Cement used: Grade 53 conforming to  

IS: 12269- 1987 

Specific gravity of cement: 3.15 Sand: Conforming to zone II 

Specific gravity of fine aggregate: 2.62 Bulk density of fine 
aggregate: 1.698 Fineness of modulus: 2.71 

Specific gravity of coarse aggregate: 2.72 Bulk density of 
coarse aggregate: 1.82 Fineness of modulus: 2.59 

Bureau of Indian Standards method (a). Target mean   
strength for specified characteristic cube strength is 

Fck = fck +ts 

= 25+1.65x 4 

= 3  1  . 6 N/mm² 

 

(b).Selection of water cement ratio required for the target 
mean strength of 31.6/mm² is maximum free W/C ratio is 0.5 
from IS 456-2000 

(c). Selection of water and cement content 

20mm maximum size aggregate sand containing to grading 
zone II. Water content per cubic meter of concrete 186 kg 
and sand content as percentage of total aggregate by 
absolute volume 35% Correction for decrease in water 
cement ratio: Total aggregate by absolute volume is 35-3 = 
32% (d).  

 

 

 

 

Determination of cement content 

W/C ratio = 0.45 

Water = 160 

lit 

 Cement = 160/ 0.45 =355.5Kg/m3 

(e). Determination of course and fine aggregate. 

The amount of entrapped air is 2% rubber tyre powder is 
5% 

Absolute volume of concrete, V = 1- (0.02+ 0.10) 

= 0.93 

Determination of fine aggregate: 

V = {W+ C/Se + (1/P x fa/Sfa)} x 

1/1000 

0.93 = {160+   355 . 5/3.15   +   (1/.32   x 

fa/2.62)} x 1/1000 

FA = 684 kg/m3 (Similarly for coarse 

aggregate) V = {W+ C/Se + [1/ (1-P) x 

(Ca/Sca)]} x 1/1000 

0.93 = {160+ 3 5 5 . 5 /3.15 + (1/0.68 x Ca/2.67)} 

x 
1/1000 

Course aggregate, CA = 1030 Kg/m3 

The mix proportion per cubic meter 

Water = 160 lit 

Cement= 355.5 Kg 

Fine aggregate= 6 8 4 k g /m3 

Course aggregate= 1030 Kg/m3 
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COMPRESSIVE TEST OF CONCRETE CUBE 

Compression test of the concrete specimen is most 
widely used to measure its compressive strength .Two 
types of concrete cube specimen are used to for this 
test.Cube size of 150mm x 150mm x 150mm in diameter 
is used.Cubes for compression test are caste in a steel or 
cast-iron mould of prescribed dimensions.BS1881: Part 
108:1983 approximately 50mm.Compaction of each layer 
is achieved by not less than 35 strokes for 150mm cubes 
or 25 strokes for 100mm cubes.A standard tampingbar of 
a 25mm square of steel section is used for this purpose. 
Compaction by vibrating or tamping rod may also be 
used. 

After finishing the cube it should be stored at a 
temperature of 15 degree celcius to 25 degree celcius ,when 
the cubes are to be tested at or more than 7 days. When 
thetest days are less than 7 days,the temperature to be 
maintained is 18   degree   celcius   to   22   degree   
celcius.Also, relative humidity of 90 percent is to be 
maintained always.The cube is demoulded just before 
testing at 24 hours.For greater ages at test,demoulding 
takes place between 16 to 28 hours after adding water in a 
concretemix and the specimens are stored in a curing tank 
until the required age of 7,14 and28 days. 

The load applied at constant rate of stress within the 
range of 0.2 to 0.4 Mpa/sec. practically,the compression 
testing system rather develops a complex system of stresses 
due to end restrains by steel plates. The strength if 
concrete is also decreases with the size of the specimen 
till its lateraldimension is 450mm,all larger specimens or 
members give approximately the same strength.This is 
evident from the fact that the probability of occurrence of 
weak spots is greater when the volume of the concrete is 
larger for a given stress level to whichit is subjected. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Experimental Setup for Testing of Cube 

Specimens 
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CONCLUSIONS 

The 7- day and 28- day compressive strength of the 
specimens increased by addition of silica fume to concrete 
containing crumb rubber. This happens because of filling 
capability of silica fume fine particles as well as good 
adhesion between the rubber and the cement paste. 

Based on the above test results concluded the following: 

Compressive strength decreases when the percentage 
of replacement of shredded fine silica fume increases. 

Split tensile strength decreases at the maximum of 
15% when rubber crumbs replaces up to 5% in fine 
aggregate. 

Flexural strength of concrete increases when rubber 
crumbs increases up to 5% and silica fume upto 10%. 

It is identified that the grade of concrete plays the 
major role in the performance of rubber replaced concrete 

CRSF 3 (10) % replacement of waste tyre rubber 
proves exceptionally well in compression, tensile and 
flexural strength and follow the curvature of the 
conventional specimens all the tests in M20 grades. 

Hence it is recommended that Crumb rubber (CR) 5% 
replacement of fine aggregate, Silica fume (SF) 10% 
replacement of cement will gives optimal and safest 
replacement in concrete composites. 
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Abstract - This Realtime Bus Tracking System Using 

Mobile Technology proposes the development of a bus 
tracking and ticket booking system that allows 

passengers to track the live location of buses in real- 

time, calculate ticket fares base distance and book 

tickets online. The project will require the integration 

of live GPS data from the buses, a real-time tracking 

system, a fare calculation algorithm, and a ticket 

booking system. The tracking system will use mapping 

tools such as Google Maps API to display the live 

location of the buses, while the fare calculation 

algorithm will take into account the distance between 

the passenger pickup and drop-off points to calculate 
the fare. The ticket booking system will allow 

passengers to book tickets online and receive a booking 

confirmation and unique ticket ID. The project will 

require knowledge of programming languages such as 

Python, JavaScript, and HTML/CSS, as well as 

experience working with APIs, web development, and 

databases. Additional features such as user accounts, 

payment integration, or a mobile application can also 

be added based on specific requirements. The system 

real-time tracking feature allows passengers to track 

the live location of buses, obtain estimated arrival 
times, and plan their travel accordingly. This feature 

provides passengers with accurate information about 

bus locations, which helps them avoid waiting for long 

periods at bus stops. Additionally, the fare calculation 

feature enables passengers to calculate ticket fares 

based on the distance travelled, eliminating the need 

for manual fare calculation and reducing the chances of 

errors. This feature also eliminates the need for 

passengers to queue up at ticket counters, thereby 

reducing the overall waiting time and congestion at bus 

stations Overall, the proposed system provides a 

comprehensive solution to the common problem s faced 
by passengers during their commute, such as 

uncertainty about bus arrival times, long waiting 

periods and difficulties in purchasing tickets. 

Keyword: Real-time Bus Tracking, Ticket Booking 

System, GPS Technology, Google Maps API, Fare 

Calculation Algorithm, Online Ticket Reservation, 

Web-based Application, Mobile Technology, System 

Architecture, Data Flow Diagram, User Accounts, 

Payment Integration, Mini Project, Passenger  

 

Experience, Live GPS Data, Mapping Tools, Integration 

Testing, User Interface Design, Web Development, 

Database Management. 

1. INTRODUCTION 

The world is advancing at an unprecedented pace, and 
technology is making our lives easier in every possible way. 
The transportation sector has seen at remendous change 
with the advent of modern technologies. Bus tracking and 
ticket booking systems are becoming increasingly popular 
as they offer passengers a convenient and hassle-free 
experience. In this context, this mini project proposes the 
development of a bus tracking and ticket booking system 
that enables passengers to track the live location of buses, 
calculate ticket fares in real-time and book tickets online. 
The project aims to create a system that utilizes the live 
GPS data from buses to track their live location on a map, 
making it easier for passengers to know when their bus will 
arrive. 

A real-time tracking system using mapping tools 
such as Google Maps API will be developed to show the 
live location of the buses additionally, the project will 
include an algorithm that calculates the fare based on the 
distance between the passenger pickup and drop-off points, 
which takes into account discounts or promotions that may 
be applicable. 

The system will also enable passengers to book 
tickets online and receive a booking confirmation and 
unique ticket ID, making it easier for them to board the bus 
without any hassle. To develop this project, we will need to 
use various programming languages such as Python, 
JavaScript, and HTML/CSS. We will also need to have 
experience working with APIs, web development, and 
databases. 

2. SYSTEM ARCHITECTURE 

A real-time bus tracking system using mobile 
technology requires a well- designed architecture that 
integrates multiple components, from GPS devices and 
mobile applications to central servers and network 
infrastructure in fig 1.1 By leveraging the latest advances 
in mobile and data analytics technologies, such a system 
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can provide commuters with real-time information 
about bus locations and arrival times, improving the 
overall user experience and making public 
transportation more accessible and convenient. 

Fig1.1BUS TRACKING ARCHITECTURE 

 

 

3. EXISTING SYSTEM: 

The existing transportation system lacks real- 
time bus tracking, live ticket calculation, and online 
ticket booking features. 

 Traditional methods often involve manual 
processes for ticket purchases, limited 
information on bus locations, and challenges in 
estimating arrival times. 

 The absence of a modernized system may lead to 
inconveniences for passengers, such as 
uncertainty about bus arrival times, long 
waiting periods, and difficulties in purchasing 
tickets efficiently. 

 The proposed project aims to bridge these gaps 
by introducing a comprehensive bus tracking 
and ticket booking system that leverages GPS 
technology and online platforms to enhance the 
overall passenger experience. 

4. PROPOSED SYSTEM: 

Proposed system for mini project that can track a 
bus live location with live ticket calculation and ticket 
booking .The proposed bus tracking and ticket booking 
system will be a web-based application that will utilize 
live GPS data to track the live location of buses. The 
system will use mapping tools such as Google Maps API 
to display the live location of buses in real-time.  

Passengers will be able to see the location of the 
bus they intend to board, and get an estimate of the arrival 
time of the bus at their pickup point. 

 
 
 

The system will have an algorithm that calculates 
the fare based on the distance between the passenger's 
pickup and drop-off points. The  algorithm  will  take  
into  account  any discounts or promotions that may be 
applicable, and will provide the passenger with a fare 
estimate before they confirm the booking. 

ADVANTAGE: 

 Convenience for passengers 

 Efficient fare calculation 

 Real-time tracking of buses 

 Reduced wait time 

 Better management of operations 

5. ALGORITHM 

The algorithm for the proposed bus tracking and 
ticket booking system can be outlined as follows: 

 User Registration: Users register on the system by 
providing necessary details. Unique user accounts 
are created for each registered user. 

 User Login: Users log in to their accounts using 
valid credentials. 

 Bus Tracking: GPS data from buses is collected in 
real-time. Mapping tools like Google Maps API are 
used to display the live location of buses.  Users 
can interact with an interface showing the bus 
location, estimated arrival time, and any delays or 
route changes. 

 Fare Calculation: An algorithm calculates the fare 
based on the distance between the passenger's 
pickup and drop- off points. Discounts or 
promotions are considered in fare calculation. 

 Ticket Booking: Users select the desired bus, 
journey date, and check seat availability. Payment 
options, including credit/debit cards, digital wallets, 
and net banking, are provided. Upon successful 
payment, users receive a booking confirmation 
with a unique ticket ID. 

 Notification: Users receive notifications or alerts 
with updates, such as booking confirmations and 
any changes in bus schedules. 

 Data Flow: Bus location data, estimated arrival 
time, and fare details are continuously updated and 
displayed to users. 
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 System Security: Measures are implemented to 
ensure the security of user data and transactions. 
Access to sensitive information is restricted to 
authorized users. 

 Integration Testing: The system components are 
tested together to ensure seamless integration and 
functionality. 

 User Experience Enhancement: Continuous 
improvements are made to enhance the overall 
user experience and address any identified 
issues. 

6. DATA FLOW DIAGRAM: 

Data flow diagram is flow carries the current 
location data of buses, which is received by the 
tracking system and stored for further processing 
Estimated Arrival Time Data. 

Fig1.1BUS TRACKING DATAFLOW 

This flow provides the estimated arrival time of a 
bus at a specific location Data flow diagram is flow 
carries the current location data of buses, which is 
received by the tracking system and stored for further 
processing Estimated Arrival Time Data This flow 
provides the estimated arrival time of a bus at a specific 
location. 

7. CONCLUSION: 

In conclusion, the Real Time Bus Tracking System 
Using Mobile Technology is a web application that aims 
to provide an efficient way to track the live location of 
buses, calculate fares in real-time, and allow users to book 
tickets online. 

 

 

 

 

 This project requires specific hardware and software 
requirements such as a dedicated server, GPS- 
enabled mobile devices, reliable internet connectivity, 
payment gateway integration, and a responsive design 
framework. 

 To develop this system, a suitable operating system, 
web server software, database, PHP framework, GPS 
tracking library/API, and payment gateway integration 
must be used. 

 Additionally, a code editor, version control software, 
and a development environment are required for 
coding and debugging the PHP web application. 

 The project must be designed with scalability, 
performance, and security in mind to ensure a 
successful and secure 
implementation. 

 It is recommended to consult with experienced 
developers or IT professionals to ensure the right 
hardware and software setup for this project. 

In conclusion, a real-time bus tracking system using mobile 
technology has many benefits for both public transportation 
providers and passengers. 

8. FUTURE ENHANCEMENT: 

There are several future enhancements that can be made to 
a real-time bus tracking system using mobile technology to 
further improve its functionality and user experience. Some 
of these enhancements include: 

 Real-time notification: users can receive real-time 
notifications on the estimated arrival time of the bus, 
delays, and other important information. 

 Route optimization: the system can suggest the 
optimal route for the bus to take, taking into account 
traffic conditions and other factors, to ensure faster 
and more efficient trave. 

 Multiple payment options: allow users to choose from 
a variety of payment options such as credit/debit card, 
mobile wallet, and net banking. 

 User ratings and feedback: users can rate their 
experience and provide feedback on the quality of the 
service, which can be used to improve the system. 

 Multilingual support: the web application can support 
multiple languages to cater to users who speak 
different languages. Real-time traffic updates: the 
system can provide real-time traffic updates to help 
users plan their journey better. 
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Abstract—Oil spills have proven to have detrimental effects 

on the marine-based environment and economy. Thus, it is 

necessary to identify oil spills and classify them in the sea to 

reduce oil-induced pollution in seas and oceans. Synthetic-

aperture radar (SAR) imaging is a good option for rapid oil 

detection, as it covers a wide area, collects data at short 

intervals, and allows taking images in all weather conditions 

throughout the day. The reason for using deep neural 

networks is that training several images enhances 

segmentation accuracy significantly. This article intended to 
separate the oil spills of SAR images using U-NET and 

DeeplabV3 neural net- works, separately with the lowest 

number of images and the highest accuracy possible. Each 

of these neural networks carries out image segmentation 

with different architectures independently and thus we 

could not combine these two networks for oil spill 

segmentation. We managed to find two accurate 

convolutional neural networks (CNNs) for oil spill 

segmentation because we did not have access to sufficient 

hardware facilities, such as GPU, to train dozens of neural 

networks. The two networks we used in the article are 
among the most well-known and widely used networks. Our 

purpose was to figure out which network was the best in 

SAR oil spill detection. Given the limited number of SAR oil 

spill images and as the input of CNNs needs many images 

for training, we increased the number of input images to 

9801 using the augmentation technique. Then, we carefully 

identified oil spills with 300 epoch and a batch size of 5 

using the Python programming language on the 

GoogleColab server. The oil spill detection accuracy was 

78.8% in the U-NET network and 54% in the DeepLabV3 

network. Accordingly, we conclude that the most accurate 

identification of SAR oil spills in images belong to the U-
NET network. 

Index Terms—Convolutional neural networks (CNNs), 

DEEPLABV3, feature extraction, oil spill, segmentation, 

syntheticaperture radar (SAR), U-NET. 

 

I. INTRODUCTION 

OIL spills near the coast can result from ship accidents, 
broken pipelines, explosion of oil rig platforms, and 
deliberate discharge of tank-cleaning wastewater from ships 
[1], [2], [3], [4], [5]. This is caused by the frequent tanker 
accidents and oil spills in waters as the main cause of oil leaks in 
oceans and seas. By the leakage of oil into water bodies, a thin 
layer is rapidly formed by spreading over the water surface, 
known as an oil spill. Due to several environmental factors, 

marine oil spills are hazardous and can rapidly spread over an 
extensive area. 

Oil spills caused by unintentional or intentional releases 
into coastal or oceanic waters present a primary threat to 
marine ecosystems. Hence, the adverse effects of oil spills on 
these ecosystems are the subject of significant environmental, 
political, and scientific concerns [6]. The NEREIDs program 
made the first serious attempt with the support of the European 
Commission to utilize metocean, shipping, and geological data 
to characterize oil spills in one of the key oil exploration areas 
in the world to hinder any major oil spill accidents. These data 
revealed that oil spill models were generated to simulate 
trajectories, develop oil spills, assess the susceptibility of the 
coastal zone, and find suitable measures to alleviate its 
environmental effects [7]. Hence, identifying and classifying oil 
spills are essential in preventing water contami- nation [8]. 
Nonetheless, some natural phenomena (e.g., waves, ocean 
currents, and human factors) can alter light intensity over the 
sea’s surface, which leads to non-uniform intensity or high 
noise from oil spills or lookalikes, sometimes making it very 
difficult to segment oil spills automatically. Hence, the accurate 
segmentation technique crucially contributes to oil spill control 
[9]. Synthetic- aperture radar (SAR) is a cohesive imaging 
technology capable of producing high-resolution, large-scale 
images of the earth and targets. SAR can function at both night 
and day and in adverse conditions to overcome the limitations 
of optical and infrared systems [10]. Thus, oil spills are 
detected as “dark” areas in SAR images [11]. Traditionally, 
SAR imaging is conducted by a moving aircraft or spacecraft 
[12]. Oil spills emerge in SAR images in form of dark patches, 
because they produce low-backscatter responses in comparison 
to nearby clean sea regions [13].  

An image of oil spills appears as dark gray pixels in SAR 
images. It is not simple to transfer image segmentation 
approaches to SAR images. These images comprise speckle 
arising with scatterers’ complex summation within a resolution 
cell from coherent signals. Through such noise, together with 
SAR sensor representation of geometry, it becomes 
challenging to consider edge information in the segmentation of 
the SAR image [14]. Nevertheless, SAR images are normally 
polluted by multiplication noise or speckle caused by the 
destructive and constructive interference scattered from coherent 
returns scattered by small reflectors within each resolution cell. 
Computer vision systems and human explainers encounter 
difficulties in interpretation and processing due to the presence 
of speckle noise in SAR images. Therefore, removing speckles 
from SAR images is essential to enhance the performance of 
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various computer vision algorithms, such as recognition, 
segmentation, and detection [2]. However, it has many 
ambiguities in separating dark spots. Indeed, there is a hybrid 
area in the feature space for oil spills and lookalikes. For 
instance, SAR image properties of biological oil layers are very 
similar to those of oil spills. Without other auxiliary information 
like environmental information and remote sensing images, 
even experts cannot make a clear judgment about samples in a 
hybrid area of a feature space [15]. Over the recent years, 
convolutional neural networks (CNNs) have been extensively 
developed in radar imaging and semantic segmentation [16]. A 
CNN is an in-depth learning method specifically designed for 
image recognition and classification. This network is de- signed 
to be similar to multi-layered neural networks. CNNs are the 
same as biological neural networks employed for speech 
recognition and visual and image processing. CNNs can extract 
spatial information effectively and share weights among nodes 
for reducing the number of parameters [17]. A CNN works well 
in recognizing two-dimensional shapes and learning structural 
features and presents a way to distinguish features from points 
automatically. Short training time makes it easier to use artificial 
neural networks and improves diagnostic accuracy [18]. A CNN 
also works well to automatically learn features from raw data, 
particularly for structural features [19]. CNN was successfully 
used in image classification and recognition, indicating the 
satisfactory results of CNN in hand-written recognition [20]. 
CNN is also used in image segmentation. A study in 2005 
reviewed oil spill classification and segmentation methods [21]. 
According to Solberg et al., there are three feature extraction 
steps for oil spill detection in SAR images, including oil 
pollution detection, dark spot detection, and look-alikes.  

The oil extraction location is affected by the accuracy of 
dark spot detection. In this article, different methods were 
reviewed for satellite-based oil spill detection in the marine 
environment. Manual and automatic methods were considered 
based on various satellite sensors and oil spills under different 
circumstances to differentiate between oil spills and look in 
terms of pattern recognition [21]. In another study, two neural 
networks were implemented by Duan et al. [19] for segmenting 
dark objects and separating oil spills from similar ones. The 
presented technique was very auspicious in detecting dark 
formations and oil spills from similar cases because dark 
formations are recognized with an overall accuracy of 94%. 
Moreover, 89% of the examined items were correctly 
recognized. The framework was used in different other 
assessments [6] , [22]. According to Krestenitis et al., semantic 
segmentation with deep CNN (DCNNS) deployment can be 
used success- fully in oil spill detection. The established DCNN 
segmentation model was trained and evaluated using a common 
database on a case-by-case basis. Generally, the best 
performance was re- ported by the DeepLabv3 model with the 
highest accuracy based on greater inference time. The mentioned 
study is advantageous since the complexity of the problem was 
extensively discussed, along with relative figures. 

Though, it is expected that this deficiency was caused by 
the small number of specimens for the small object size and the 
training method [23]. A super pixel segmentation method was 
introduced by Zhang et al., to hypersegmente SAR images. A 
statistical dissimilarity measurement technique was proposed in 
the super pixel integration section to transform soft super pixels 
into a self- connected weight graph. Moreover, phase 
integration and super pixel generation were run under a unified 
deep network. This method is advantageous since its shape is 
alternately adjusted based on the segmentation results and 
boundaries during training to achieve the desired segmentation 
results. The segmentation method is efficient computationally 
due to the simple network structure and includes advanced 
performance and good generalization [24]. A boundary 
clustering method was designed by Ma et al. to assess the 
specific tasks of super pixels. A soft graph convolutional 
network was proposed in the segmentation section taking the 
connectivity map as input and subdividing super pixels 
intelligently. 

The super pixel and graph complexity parts can be trained 
under a unified framework until obtaining optimal parameters of 
the two parts, which is the advantage of this technique. 
Furthermore, the super pixel shape can be adjusted by the 
network gradually in terms of segmentation. The results revealed 
that the boundary information could be preserved by the 
suggested super pixel generation model, which has good 
resistance to stains. This technique was efficient 
computationally and performed consistently with 
generalizability [25]. A benchmark solution was presented by 
Hang et al., by establishing a general framework for deep 
learning of multiple MDL components. Generally, the MDL 
framework is used to classify pixel tasks and model spatial 
information with artificial neural networks. A general 
framework was presented comprising two sub networks, i.e., ex-
framework and FU-net, to present a basic solution for 
classification tasks of pixel-level images using MULTIMODAL 
data. Various hybrid strategies have been presented in this regard. 
In networks, the three “what,” “how,” and “how” were focused 
along with two feature extraction approaches associated with 
FC-NET and CNN to classify pixels and spatiospectral classes, 
respectively [26]. The CNN network can record spatial-spectral 
properties to classify hyper spectral images. Recently, GCNNs 
have been used in data analysis and visualization despite the 
sampling restrictions. Hong et al., assessed the complete HS 
image arrangement with GCNN and CNN. MINIGCNN can 
infer the output data without altering the network and enhancing 
the classification performance. It also facilitates the training of 
large-scale graph networks through the MINIBATCH technique. 
MINIBATCH allows the joint use of GCNN and CNN to 
extract more distinct and diverse properties for the 
classification of HS images [27]. Usually, HS images are 
combined into a data cube using spatiospectral data. Generally, it 
can be considered a sequence of data along with the spectral 
dimension. 
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An inverter-based backbone network was proposed by 
Hong et al., by further focusing on the ex- traction of spectral 
information from classifying these images without using it. 
This method can be improved by investigating self-organizing 
learning and creating a weighted network in terms of 
transformers to reduce the network complexity while 
maintaining more performance [28]. 

In this article, we needed many images to train 
convolutional networks. For this case, we increased 99 images 
of oil spills received from the Sentinel-1 and EnviSat satellites 
from the desired sites to 9801 images using the augmentation 
technique. Thus, we removed the oil spill 2 from the image and 
placed it on the oil spill 1. Several images are required by the 
CNNs for training. Only 99 images were used in the article as 
the database. The method as the main creativity and innovation 
of the article was used to increase the number of images of each 
oil spill on the remaining 98 oil spills. Thus, the images with 
various oil spills were incremented to 9801. Furthermore, the 
method was used to train CNNs well and perform image 
segmentation with higher accuracy. The main background of 
the new image was the oil spill 1. By this innovation, CNNs are 
trained without over- fitting and perform segmentation with 
considerable accuracy. The remaining sections of the article 
were arranged as follows: The collection procedure for images 
required for training neural networks was introduced in Section 
II. Section III described the proposed method. Section IV 
explained the analysis results of segmented images of the oil 
spill output from CNNs in detail with their accuracy tables. 
Section V presented conclusions and implications. 

II. DATASETS 

This section deals with the way SAR radar oil spill images 
were collected for the database to train CNNs. SARs send 
information to Earth in Earth’s orbit in any weather conditions 
and at any time of day or night. Images sent by the Sentinel-1 
and EnviSat radars at alternating time periods per month can be 
downloaded from the relevant websites. This dataset shelters 
major types of oil spill candidates detected under various sea 
conditions [29]. In oil spill images, it is necessary to consider 
satellite type, frequency band, resolution, polarization, and SAR 
or POLSAR type. For instance, on the ESA SciHUB site, 
images sent from the Sentinel-1 radar can be received and 
converted to desired formats, like JPG, using SNAP software. 
A high resolu- tion (up to MB) SAR radar is needed to train the 
neural network of convulsive images of oil spills. In this article, 
about 99 original images of oil spills were collected from 
different SARs. SAR images are needed in addition to 
annotated images of oil spills to train CNNs for oil spill 
segmentation. An annotated image of an oil spill made using 
Supervisely software is presented in Fig. 1. The mask image 
shows all the borders of oil spills accurately. 

 

 

Fig. 1. Annotated sample of oil spill image from oil 

bank 

 
 

 

 

 

 

 

 

 

 

 
Fig. 2.  Image of oil spills dataset 

A. Creating a Database of SAR Oil Spills Images in 
Google Drive 

We put each of the oil spills images on the other oil spills to 
increase the images for training CNNs. An example of an oil 
spills shown on an oil spills is shown in Fig. 2. For instance, 
we removed the oil spill in the first image. To do so, we 
multiplied the mask in the same image, and the resulting matrix 
returned the image values in the spots and was zero in spots 
without oil spills. Using matrix techniques, we placed the spot 
image in Fig. 2. The oil spill of the first image may overlap 
with the second oil spill, which does not affect the output of 
our work in this case. Using this method, we can produce many 
new images. The block diagram of the image data augmentation 
technique is shown in Fig. 3. We put all the 9801 images of SAR 
oil spills along with annotated images in a folder in the Google 
drive to provide a better access and established the link for 
addressing the folder in the program code. Each folder in the 
Google drive had two original images and a mask. The original 
image was the image received from SARs, and the annotated 
image was the image obtained from the software for training 
CNNs. The database of the images is available here and online. 
The original and annotated images were preserved in two separate 
folders. 

III.PROPOSED ALGORITHM 

In this article, we first masked all the oil spill images 
with supervisely software. Deep learning models become 
hungry of data, particularly with large architectures comprising 
numerous trainable parameters. For learning general 
classification rules and features and not over fitting the training 
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data, the model must be exposed to numerous input-output pairs 
that are segmentation masks and SAR images for oil spill 
detection. Although unlabeled data are inexpensive and 
accessible in large degree, there are normally scarce labels 
expensive for achievement [30]. 

 
 

Fig. 3. Image data augmentation technique. 
 

By augmenting the dataset during training, over 
fitting the training data was avoided in the model, and the 
generalization ability of the model was enhanced over invisible 
instances. The generalization performance can be improved by 
randomized data augmentation in various computer vision 
tasks, such as applications on remote sensing [29]. Then, using 
the image data augmentation technique, we increased the SAR 
oil spill images to 9801 images. We needed many images to train 
convolutional networks to avoid over fitting. Next, we trained 
the images to U-NET [31] and DEEPLABV3 networks 
separately, and at the end, we gave some images to the network 
as a test sample. The oil spill segmentation images were also 
displayed. The block diagram of the proposed flowchart is 
shown in Fig. 4. The encoder-decoder networks have been 
applied success- fully to several computer vision tasks, such as 
human pose estimation [32], object detection [20], [33], [34], 
and semantic segmentation [35], [36], [37], [38], [39], [40], 
[41], [42]. Characteristically, encoder-decoder networks 
comprise: an encoder module gradually reducing feature maps 
and capturing higher semantic information and a decoder 
module gradually recovering spatial information. Hence, we 
proposed to utilize DeepLabv3 as the encoder module and 
added an effective yet simple decoder module to achieve 
sharper segmentations [43]. 

IV. EXPERIMENTAL RESULTS 

Although unlabeled data are inexpensive and accessible in 
large degree, there are normally scarce labels expensive 
for achievement [30]. By augmenting the dataset during 
training, overfitting the training data was avoided in the 
model, and the generalization ability of the model was 
enhanced over invisible instances.  

 

The generalization performance can be improved 
byrandomized data augmentation in various computer 
vision tasks, such as applications on remote sensing [29]. 
Then, using the image data augmentation technique, we 
increased the SAR oil spill images to 9801 images. We 
needed many images to train convolutional networks to 
avoid overfitting. Next, we trained the images to U-
NET [31] and DEEPLABV3 networks separately, and at the 
end, we gave some images to the network as a test sample. 
The oil spill segmentation images were also displayed. The 
block diagram of the proposedflowchart is shown in Fig. 4. 
The encoder-decoder networks have been applied success- 
fully to several computer vision tasks, such as human 
pose estimation [32], object detection [20], [33], [34], 
and semantic segmentation [35], [36], [37], [38], [39], 
[40], [41], [42]. Characteristically, encoder-decoder 
networks comprise: an encoder module gradually reducing 
feature maps and capturing higher semantic information 
and a decoder module gradually recovering spatial 
information. Hence, we proposed to utilize DeepLabv3 as 
the encoder module and added an effective yet simple 
decoder module to achieve sharper segmentations [43]. 

We considered the size of all the oil spill images at 
1024 1024 pixels. We programmed the database address 
as/ content/drive/My Drive/DataSets/OilSpillGen. The 
target image was developed at 723× 543 pixels on 
November 20 at ESRIN, Italy. As shown in Fig. 10, the 
scattering oil spill was not collected in one part, and the U-
NET network managed to identify areas containing oil and 
even narrow oil borders. 

In Fig. 11, the oil spill accumulated in one part and 
was not dispersed. The U-NET network identified oil spills 
well in the tested image and was marked in red with full 
details. Fig. 12 shows the detection on November 20 at 
ESRIN, Italy. As seen, the oil spill had a closed-loop 
shape, and there were clear areas inside the loop with no 
oil spill. The U-NET network recognized well around the 
thick borders of the spot, and the borders were well 
displayed. 
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A. SAR Oil Spill Detection Results Using U-NET 
Network 

Multiplying the original images by the annotated 
images gave us original fragmented images. As seen, 
an oil spill was augmented to the image, and in the 
annotated images, both parts of the mask oil spill were 
removed. This algorithm was used in the U-NET 
network application code. As observed in Fig. 5, the 
final oil spills had a black background and the spots 
were quite clear. The network was trained with 90% of 
the input images. Here, we considered 90% of the 
original images for training and 10% for testing. Then, 
after the image augmentation technique, we used 10% 
of this educational data for validation. Identifying oil 
spills means that areas containing oil spills 
surrounding the SAR image are entirely isolated. The 
U-NET network training results in Table I are given 
here. Then, images with 300 epoch and a batch size of 
5 were considered for network training. As observed, 
in the epoch i = 22, the values of the parameters were 
mean_iou = 0.9058 and val_mean_iou = 0.7888, 
which had the closest and highest values. The 
proximity of these two parameters’ values showed the 
good training of the network, and the value of 
val_mean_iou showed the oil spill detection accuracy 
by the network, which was among the highest values 
(0.788 or 78.8%). Furthermore, we saved weights 
obtained from the network training in the program 
algorithm so that no time was spent on re-testing the 
network training, and we could use the weights. In 
Table I, the loss showed the network error value, and 
val_loss showed the validation error value. Additionally, 
the mean_iou parameter indicated the oil spill 
detection accuracy, and the val_mean_iou grid showed 
the network accuracy for validation data. Diagrams of 
network training parameters are shown below. 

 
Fig. 4.  Proposed flowchart. 

 

Fig. 5. (a) Original oil spill image. (b) Oil spill 
annotated image. (c) Multi- plying 2 side images with 

original fragmented images and U-NET network. 

 

 

Fig. 6.  U-NET network Loss diagram. 

 

 
Fig. 7.  U-NET network Val_Loss diagram. 

 

 

 

 

 

 
 

 

 

 

 

 

 

 
Fig. 8.  U_NET network Mean_iou diagram. 
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Fig. 9.  U-NET network Val_mean_iou diagram. 

 

 

Fig. 10.  (a) Original oil spill 1. (b) Oil spill detection 1 
with U-NET network. 

 
Multiplying the original images by the annotated 

images gave us original fragmented images. As shown, an 
oil spill was augmented to the image, and in the annotated 
images, both parts of the mask oil spill were removed. 
The same algorithm was used in the DeepLabV3 network 
application code. As shown in Fig. 13, the final oil spills 
had a black background, and the oil spills were quite 
clear. The network was trained with 90% of the overview 
images. Here, we considered 90% of the original images 
for training and 10% for testing. Then, after the 
augmentation technique, we used 10% of this educational 
data for validation. Identifying oil spills means that areas 
containing oil spills surrounding the SAR image are 
entirely isolated. 

As shown in Fig. 14, the Deeplabv3 network error 
value decreased with an increase in the number of epochs 
and reached a constant value. 

The Deeplabv3 network validation data error 
value reached a value between 0.5 and 1 after a series of 
fluctuations around the value of 1. There were more errors 
in this network compared to U-NET. The loss val diagram 
in the DeepLabV3 network is shown in Fig. 15. The 
mean_iou diagram in the Deeplabv3 network reached a 
fixed value of 0.5 after increasing epochs compared to 
that in the U-NET network. Accordingly, the network was 
weaker in the detecting oil spill segmentation.  

 
 

The mean_iou diagram in the DeepLabV3 network is shown 
in Fig. 16. As the diagram in Fig. 17 shows, with the increase 
of epochs, the mean_iou value in the validation data 
increased to 0.55, which was lower than the U-NET value, 
and segmentation in the validation data in Deeplabv3 had a 
more unsatisfactory performance. Network testing was 
performed on three images for which the network was not 
yet trained. Parts of the oil spills were highlighted in red. The 
target image was produced at 723× 543 pixels on November 
20 at ESRIN, Italy. As the image shows, the oil spill was 
diffused and did not shrink in one part, and the DeepLab3 
network had moderately identified areas with oil spills and 
narrow oil borders. As shown in Fig. 18, the left part of the 
image had marked parts with a pale red in addition to the oil 
spill, which was considered a problem. In Fig. 19, the oil 
spill accumulated in one part and was not dispersed. 

 

 
 

Fig. 11. (a) Original oil spill 2. (b) Identification of oil  

 

 

Fig. 12. (a) Original oil spill 3. (c) Oil spill 3 detection 

with U-NET network. 

spill 2 with U-NET network. 

 
Fig. 13. (a) Original oil spill image. (b) Oil spill annotated 

image. (c) Multi- plying 2 side images with original 

fragmented images and DeepLabv3 network. 
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Fig. 14. DeepLabV3 network Loss diagram. 

 

Fig. 15.  DeepLabV3 network Val_Loss diagram. 

 

Fig. 16.  DeepLabV3 network Mean_iou diagram. 

 
Fig. 17.  DeepLabV3 network Val_mean_iou diagram 

 

 

 

 

 

 

 

 

 

 

Fig. 18.  (a) Original oil spill 1. (b) Oil spill 1 detection 

with DeepLabV3. 

 

Fig. 19.  (a) Original oil spill 2. (c) Oil spill 2 detection 

with DeepLabV3. 

 

 

The target image was produced at 723× 543 
pixels on November 20 at ESRIN, Italy. As the image 
shows, the oil spill was diffused and did not shrink in 
one part, and the DeepLab3 network had moderately 
identified areas with oil spills and narrow oil borders. 
As shown in Fig. 18, the left part of the image had 
marked parts with a pale red in addition to the oil spill, 
which was considered a problem. In Fig. 19, the oil 
spill accumulated in one part and was not dispersed. 

 
Fig. 20 shows the detection on November 20 at 

ESRIN, Italy. As observed, the oil spill had a closed-
loop shape, and there were clear areas inside the loop 
without the oil spill. The U-NET network recognized 
well around the thick borders of the spot, and the 
borders were well shown. However, the network detected 
excess oil spills inside the loop, on the border, and 
outside the loop. 
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Fig. 20.  (a) Original oil spill 3. (d) Oil spill 3 detection 

with DeepLabV3. 

 
Fig. 21. Segmentation results of oil spill SAR images 

with noise. (a) Original SAR oil spil1-1. (b) 
Segmented oil spill-1 image with U-NET. (c) Original 
SAR oil spil1-2. (d) Segmented oil spill-2 image with U-
NET. (e) Original SAR oil spil1-3. (f) Segmented oil 

spill-3 image with U-NET. (g) Original SAR oil spil1-
4. (h) Segmented oil spill-4 image with U-NET. 

 

 
 

In this article, the following hyperparameters were 
used in U-NET and DeepLabv3 networks: optimizer; 
activation function; learning rate; epochs; and batch size. 
In DeepLabv3 and U-NET networks, the activation 
function parameter is equal to ReLU. In U-NET, the 
optimizer parameter is equal to RMSprop, and DeepLabv3 
networks are equal to Adam. The learning rate parameter 
in DeepLabv3 and U-NET is equal to 0.001. In U-NET, 
the batch size parameter is 5, while in DeepLabv3, it is 4. 
The epoch parameter in U-NET and DeepLabv3 equals 
300. In other words, during the test, the hyperparameters 
did not change. 

Considering a prominent feature of oil spill 
segmentation with this technique and networks, it can be 
concluded that the generality of this method was 
examined. Hence, noisy images, such as speckle noise, 
were tested, yielding accurate segmentation results, 
which are considerably displayed here. 

The types of the oil spill segmentation results of 
SAR radar are presented in Fig. 21, along with the 
speckle noise of the unit network. Remarkable accuracy 
was obtained for the segmentation results.  
 

Considering the future challenges and motivations, 
it is worth noting that oil spill segmentation was 
investigated in this article by using CNN networks. For 
the next ideas, the number of input images of the 
networks should increase; for instance, data transmission 
satellites should be checked, which comprise more 
images containing oil spills to increment the accuracy 
of the segmentation. The neural network architecture 
can be deepened at the same time to obtain better 
accuracy.  

Also, the neural network with optimal settings 
should be updated; for instance, the optimizer 
parameter or learning rate should be changed. There is a 
problem with spectral variability for hyperspectral 
images gathered from airborne or satellite sources, 
inevitably making it difficult to accurately estimate the 
spectral mixing. An advanced ALMM linear mixing 
model was introduced by Heng et al., to cope with 
spectral variability by using a data-based learning 
strategy for hyperspectral mixing inverse problems. 
Then, other spectral variables were modeled, such as 
temperature, local humidity, and atmospheric influence, 
as well as instrument settings such as noise and 
nonlinear effects. The ALMM model considered both 
the main scale factor and other spectral variables by 
introducing the spectral diversity dictionary to 
increment the end member dictionary scalability.  

More importantly, the presented technique can 
achieve more accurate frequency estimation than other 
advanced algorithms because it models spectral 
variables separately as scale and other spectral variables 
based on distinctive features [45]. Radar images are 
formed by the coherent interaction of transmitted 
microwaves with targets, unlike optical images. 
Therefore, the speckle noise effect is caused by the 
coherent summation of randomly scattered signals in 
each pixel. There is more noise in radar images than in 
optical images. SAR images are de- graded inherently 
due to the coherent nature of the scattering phenomena 
known as speckle. The utility of the SAR images is 
reduced by the presence of speckles by reducing the 
capability to discover ground objects, which has adverse 
effects on the image quality and hampers the 
observation of crucial information in the image.  

In this article, noise-free images of SAR radar oil 
spills were considered for the training and input of the 
network. The inclusion of noise in SAR radar oil spill 
images should be assessed as a new issue. Here, the test 
data for the U-NET and DeepLabv3 networks were the 
oil spill images of noisy radar. As seen, good results are 
obtained for oil spill segmentation with noise by using 
the U-NET network. 
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V. CONCLUSION 

Deep network training needs a significant sum of 
data and usually faces the overfitting issue with a small 
volume of data. In this article on SAR images, our data 
was limited, and it was shown that with this number of 
deep segmentation networks, the networks faced the 
overfitting issue and were not efficient. In overcoming 
this problem, one approach is to use augmentation 
techniques, although the desired number of several 
thousand images cannot be reached with these techniques. 
The innovative task carried out in this article was to 
combine the existing images to produce a large number of 
images.  

However, in addition to detecting oil spills, the 
DeepLabV3 network indicated additional areas as oil 
spills, which were network errors. The oil spill detection 
accuracy reached about 78.8% using the U-NET network. 
Regarding the remaining motivations and challenges, it 
should be said that this article investigated oil spill 
segmentation by using CNN networks. For the next ideas, 
it is better to increase the number of input images of the 
networks, for instance, to check data transmission 
satellites containing more images of oil spills and to 
increase the segmentation accuracy. At the same time, the 
neural network architecture can be deepened or updated 
by optimal settings (e.g., changing the optimizer parameter 
or learning rate) to achieve better accuracy. The following 
are some approaches to improve the accuracy of oil spill 
segmentation:  

In other words, increasing the input data will lead to 
more training of neural networks, and as a result, the 
accuracy of oil spot spill segmentation will be improved. 
Another idea can be mentioned to increase the number of 
epochs and further training. Again, more CNN training 
will lead to better accuracy. Here, it can be said that 
using a deeper and different neural network will definitely 
increase the accuracy of oil spill segmentation. Finally, 
updating and optimizing hyperparameters (such as the 
optimizer and learning rate) will contribute significantly to 
improving the accuracy of oil spill segmentation. 
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Abstract — This paper provides the simulation and 

analysis of single phase Modular Multilevel Converter 

using differential equations. The Modular Multilevel 

Converter is a new solution in the field of medium and 

high power electronics applications. It is a combination 

of cascaded multilevel converter and flying capacitor 

multilevel converter. The converter operation is based 

on the modular approach. By overcoming the drawbacks 

of multilevel converter modular multilevel converter is 

designed. In this project capacitor voltage balancing 

strategy using differential equations for three phase 
modular multilevel converter without output distortion 

also proposed. Besides balancing strategy has reduced 

the losses and improved the efficiency of anticipated 

modular multilevel converter. 

Keywords –Modular multilevel converter, capacitor 
voltage control. 

 

I. INTRODUCTION 

The current energy scenario is unavoidably 
changing. The dependence on fossil fuels and the 
progressive increase of its cost is leading to the investment 
of huge amounts of resources, economical and human, to 
develop new cheaper and cleaner energy resources not 
directly related to fossil fuels as well as to seek for the 
maximum efficiency in every energy conversion process. 
The MMC is a new and promising converter that can be 
used with high voltage and power levels. Among the 
different multilevel topologies; the modular-multilevel 
converter is designed for different voltage level. It is a new 
configuration of IGBT based VSC. 

 
A. Advantages 

Overcome the drawbacks of this multilevel 
converter, advantages over previous types of converters. 
Just one isolated DC supply is required. In other words, it is 
similar to a conventional converter in the sense of having a 
dc side and an AC side. Low switching frequency, high 
quality in the output waveform, reduced voltage steps in the 
switches. Modular realization, easily achieved just by using 
more cells than strictly needed. Faults cells can be easily by 
passed. The internal arm currents are not chopped, they flow 
continuously. The sub modules are two terminal devices. 
There is no need to supply the DC side capacitor with 
energy. This is true for real power or reactive power 
transmission of the converter in any direction or 
combination. Voltage balancing of the sub modules is not 
critical with respect to the timing of the pulses or the 
semiconductor switching times. In simple the MMC have 
low switching losses and there is no need of bulk DC 
capacitor. 

 

II. LITERATURE SURVEY 

In [1], design and operation of Modular Multi Level 
converter is implemented. Here sub modules are connected 
in series, and form a single phase converter by expanding 
the single phase converter into three phase converter by 
adding more legs. Here study was done for known about the 
operation and principles of modular multi-level converter 
and intrinsic features about the Modular Multi Level 
Converter configuration. In [2], MMC family is based on 
multiple bidirectional chopper cells or single phase full 
bridge cells. MMC classified into four types from circuit 
configuration as follows: single star chopper cell (SSCC), 
single delta bridge cell (SDBC), double star chopper cell 
(DSCC), double star bridge cell (DSBC). Based on the 
applications double star chopper cell(DSCC)is used. In [3], 
performance of converter depends upon the pulse width 
modulation. Based upon the frequency, carrier and reference 
signal, modulation technique is used for control of 
converter. Several PWM techniques are used to analysis of 
MMC. 

Using the sinusoidal pulse width modulation and 
types of its method depends upon phase shifting among 
carrier wave forms, and classified as phase disposition (PD) 
technique, phase opposition disposition (POD), alternate 
phase opposition disposition (APOD). Due to the advantage 
of alternate phase opposition disposition technique, it will be 
used for the analysis. In [4], describing the structure and 
operation of a single module, which will then be included in 
a single-phase model and finally in a three-phase model and 
the switching operations of the converter. Using the 
sinusoidal pulse width modulation, the control of MMC and 
harmonics reduction in current and voltage was performed 
by simulation. In [5], describing the modeling of the 
modular multilevel converter based on differential 
equations. By using two cascaded control loops a multilevel 
voltage and capacitor voltage balancing was obtained. The 
simulation was done by using the detailed modeling 
equations, which is suitable for n number of sub modules. In 
[6], authors proposed two types of pulse width-modulated 
modular multilevel converters (PWMMMCs) with focus on 
their circuit configurations and voltage balancing control. 
Combination of averaging and balancing controls enables 
the PWM-MMCs to achieve voltage balancing without any 
external circuit. The viability of the PWM-MMCs, as well 
as the effectiveness of the voltage-balancing control, is 
confirmed by simulation and experiment. In [7], authors 
proposed an improved phase disposition pulse width 
modulation (PDPWM) for a modular multilevel inverter 
which is used for Photovoltaic grid connection. 
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This modulation method is based on selective virtual 
loop mapping, to achieve dynamic capacitor voltage balance 
without the help of an extra compensation signal. 

A. Structure of MMC 
 

 

 

B. Structure of submodule 
 
 

C. Equations 

  Five level mmc mathematical equation 
 

 

 
D. Capacitor voltage control 

 
A control method and the operating performances of 

Modular Multilevel Converter (MMC) for high-voltage 
motor drive. The magnitude of capacitor voltage ripples 
increases when operating frequency decreases. To deal with 
the significant voltage fluctuation under low frequency 
conditions, theoretical analysis is presented in this paper, 
and a new capacitor voltage balancing control strategy is 
proposed, which is based on carrier phase-shifted sinusoidal 
pulse width modulation (CPS-SPWM). The simulation 
results show that MMC works well and capacitor voltages 
are balanced with the control strategy at low frequency. 

High-voltage AC-AC power converters have been 
widely used in industry, because of the wide speed range, 
quick response and good performances. In the field of high- 
voltage AC-AC power conversion, traditional “high-low- 
high” two-level AC-AC converters with introduction of 
transformers have the disadvantages of large volume, high 
cost and low efficiency, and high-voltage AC-AC converters 
based on power electronic devices in series are hard to 
achieve. Contrast to the drawbacks of traditional AC-AC 
converters mentioned above, the multilevel converter 
technology has the advantages of low harmonic component, 
small dV/dt, high power factor, and it has developed rapidly 
in the last few years. Modular Multilevel Converters 
(MMCs) are made up of many sub modules (SMs)connected 
in series. In order to avoid semiconductor over- voltages, 
SM capacitors should be kept within strict voltage limits. 

The Capacitor Balancing Controller (CBC) is used to 
sort SM capacitor voltages prior to modulation. As a 
generation of high-capacity Voltage Source Converter 
(VSC), Modular Multilevel Converter (MMC) is a potential 
topology of VSC based High Voltage Direct Current 
Transmission System(VSC-HVDC).Focuses on the voltage 
balancing control of floating dc capacitors based on CPS- 
PWM. The imbalance mechanics of capacitor voltage 
between and within arms are theoretically revealed. A new 
balancing control strategy called Capacitor Voltage 
Balancing Control Loop (CVBC Loop) is proposed, which 
can directly and accurately regulate the active power 
injected into the MMC module to guarantee dc voltage 
balance of capacitors within the same arm. The experiment 
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Results verify the validity of the proposed control strategy 
under both steady and dynamic state. 

III. MATHEMATICAL MODELING OF AN 
MMC 

 

 

 
A. Basic diagram of submodule in simulation 

 

 

B. Considerations 
 No of level=N=5 
 No of cells per arm=N-1 

=5-1=4 
 No of switches per cell=2 
 Topcellswitchis1;bottomcellswitchis2 
 No of gate pulse pattern needed=N-1 
  In the first half of upper arm, the switch 2 

connected to direct pulse switch 1 connected to 
inverter pulse 

  In the second half of upper arm, the switch 1 
connected to direct pulse switch 2 connected to 
inverted pulse 

 No of arms per leg(phase)=2 
 No of sources needed=2 
  Same voltage level, connected in series and center 

point is connected to ground. 

 
C. Pulse generator 

The Pulse Generator block generates square wave 
pulses at regular intervals. The block's waveform parameters 
are Amplitude, Pulse Width, Period, and Phase delay, 
determine the shape of the output waveform. The pulse type 
for this block is time-based or sample-based. The default is 
time- based. The pulse amplitude default is 1. Time specifies 
whether to use simulation time or an external signal as the 
source of values for the output pulse's time variable. In this 
Use simulation time, the block generates an output pulse 
where the time variable equals the simulation time. The duty 
cycle specified as the percentage of the pulse period that the 
signal is on if time-based. The period is mentioned in milli 
seconds. The value of frequency is 50HZ. 

D. Not gate 
This is a logic operator which performs inverse 

operation. If the input is true, output is false. If the input is 
false, output is false. 

 
Not gate pulse for submodules 

T112 T111 

T122 T121 

T131 T132 

T141 T142 

IV. SIMULATION RESULTS 
 

A. Lower arm output voltage 
 

 

B. Upper arm output voltage 
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C. Five level MMC output voltage 
 

 

 

V. CONCLUSION 

The new and promising type of Modular Multi 
Level Converter is proposed. Its performance can be 
analyzed by differential equations. The analysis was based 
on the use of a simplified circuit, constituted by a single leg 
of the converter, where all the modules in each arm were 
represented by a single voltage source. From single phase 
converter it was extended to three phase converter and the 
analysis was performed. To make the analysis valid using 
the Sinusoidal Pulse Width Modulation. Due to the 
differential get smooth output waveform with different 
voltage level. Capacitor voltage balancing strategy using 
differential equations for three phase modular multilevel 
converter without output distortion also proposed. Besides 
balancing strategy was reduced the losses and improved the 
efficiency of anticipated modular multilevel converter. 
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Abstract - Neural networks have emerged as 

powerful tools for solving complex problems in 

various domains, ranging from image recognition 
to natural language processing. Understanding the 

mathematical foundations of neural networks is 

crucial for optimizing their performance and 

unlocking their full potential. This paper focuses 

on the application of linear algebraic methods in 

the analysis and enhancement of neural networks. 

A comprehensive review of matrix 

decompositions, such as Singular Value 

Decomposition (SVD) and Eigen value 

Decomposition, is presented in the context of 

neural networks. These techniques provide 
insights into the network's structure, aiding in 

model interpretation and identifying critical 

features that contribute to its performance. 

Additionally, the paper discusses how these 

methods can be employed for regularization, 

dimensionality reduction, and feature extraction 

in neural networks. Finally, practical applications 

of linear algebraic methods in neural networks are 

illustrated through case studies, demonstrating 

their efficacy in tasks such as transfer learning, 

adversarial robustness, and model compression. 

The paper concludes with a discussion on the 
potential avenues for future research in leveraging 

linear algebra to advance the field of neural 

network design and optimization. 
 
Keywords---Neural Networks, Linear 

Algebra,Matrix representation, Matrix 

Decomposition, Singular Value 

Decomposition(SVD), Computational efficiency. 

I.INTRODUCTION 

 
Neural networks have become a cornerstone 

of modern artificial intelligence, revolutionizing 
various fields including computer vision, natural 
language processing, and reinforcement learning. 
These networks, inspired by the structure and 
function of the human brain, consist of 
interconnected layers of neurons capable of learning 
complex patterns and relationships from data.  

 
 

While neural networks exhibit remarkable 
performance in many tasks, understanding their inner 
workings and optimizing their performance remains a 
challenging endeavor. At the heart of neural network 
theory lies linear algebra, a branch of mathematics 
concerned with vector spaces and linear 
transformations. The application of linear algebraic 
methods in neural networks provides a rigorous 
framework for analyzing their behavior, interpreting 
their decisions, and enhancing their capabilities. By 
representing neural network operations in terms of 
matrices and vectors, we can leverage powerful 
mathematical tools to gain insights into their structure 
and dynamics. 
 

This paper aims to explore the role of linear 
algebraic methods in advancing the theory and 
practice of neural networks. We begin by providing 
an overview of neural network architecture, 
highlighting the flow of information through layers of 
neurons and the mathematical operations involved in 
processing input data. Emphasis is placed on the non-
linear transformations introduced by activation 
functions, which play a crucial role in enabling neural 
networks to model complex relationships. 
 

Next, we delve into the matrix 
representations of neural network operations, 
demonstrating how concepts from linear algebra can 
be used to succinctly describe the computations 
performed by the network. We explore matrix 
decompositions such as Singular Value 
Decomposition (SVD) and Eigenvalue 
Decomposition, showcasing their utility in model 
interpretation, regularization, and dimensionality 
reduction. 
 

The intersection of linear algebra and 
optimization is then explored in the context of neural 
network training. We discuss gradient descent 
variants and their connection to linear algebraic 
operations, highlighting the importance of efficient 
optimization techniques for training deep neural 
networks. Additionally, we investigate the role of 
weight initialization strategies and their impact on the 
convergence and generalization of neural network 
models. 
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Throughout the paper, we provide practical 
examples and case studies illustrating the application 
of linear algebraic methods in neural network design 
and optimization. Topics such as transfer learning, 
adversarial robustness, and model compression are 
discussed, demonstrating how linear algebra can be 
leveraged to address real-world challenges in 
machine learning. 
 

This paper serves as a comprehensive 
exploration of the synergy between linear algebra and 
neural networks. By leveraging the rich mathematical 
framework provided by linear algebra, we can gain 
deeper insights into the behavior of neural networks 
and develop more efficient and robust learning 
algorithms. The integration of linear algebraic 
methods paves the way for further advancements in 
the field of neural network research and holds 
promise for unlocking the full potential of artificial 
intelligence. 

 
II.SINGULAR VALUE DECOMPOSITION 

 
The singular value decomposition (SVD) of 

a matrix is a decomposition of the matrix into a 
product of an orthogonal matrix, a diagonal matrix, 
and another orthogonal matrix. It is one of the most 
powerful ideas in linear algebra. However, to 
understand it fully one must first understand certain 
facts about symmetric matrices. Thus, our first 
section will show that all symmetric matrices are 
orthogonally diagonalizable. Not only can we 
construct a basis of eigenvectors for any symmetric 
matrix, but the the matrix formed out of these 
vectors, P, will be an orthogonal matrix! We will then 
make this relationship between orthogonal 
diagonalization and symmetric matrices even tighter; 
a matrix is orthogonally diagonalizable if and only if 
it is a symmetric matrix. This result is known as the 
spectral theorem. 

 
Definition:  A symmetric matrix is a n × n matrix A 
that is equal to its transpose. This means that for all 1 
≤ i, j ≤ n 𝑎𝑖𝑗 = 𝑎𝑗𝑖 . 
Definition: A matrix A is orthogonally 
diagonalizable if there exists an orthogonal matrix P 
and a diagonal matrix D such that 𝐴 =  𝑃 𝐷𝑃−1  =

 𝑃𝐷𝑃𝑇 
Definition:  For a symmetric n × n matrix A, we 
define a spectral decomposition of A as being a sum 
of the form  𝐴 = 𝜆1𝑢1𝑢1

𝑇 + 𝜆2𝑢2𝑢2
𝑇 + ⋯ . . +𝜆𝑛𝑢𝑛𝑢𝑛𝑇 

where P = [𝑢1, 𝑢2, ..., 𝑢𝑛 ] is an orthogonal set of unit 
eigenvectors, and 𝜆1, 𝜆2, ..., 𝜆𝑛  are the eigenvalues of 
A corresponding to P. The spectral decomposition is 
in fact found by orthogonally diagonalizing A. 
 

Theorem: Let A be any 𝑚 ×  𝑛 matrix with rank r. 
Then, 𝐴 =  𝑈𝛴𝑉𝑇  where 𝑈 is an 𝑚 ×  𝑚 orthogonal 
matrix, 𝑉 is an 𝑛 ×  𝑛 orthogonal matrix, and Σ is an 
m × n matrix such that 𝛴 =  𝐷 0

0 0
  

 where D is a r × r diagonal matrix. The remaining 𝑚 −  𝑟 rows and 𝑛 −  𝑟 columns of Σ will be 0. D 
will be the first r non-zero singular values of A, (𝜎1, . 
. . , 𝜎𝑟 ), such that 𝜎 1 ≥  𝜎2  ≥ . . .≥  𝜎𝑟  >  0 

We call 𝐴 =  𝑈𝛴𝑉𝑇  a singular value 
decomposition of A.  

The power of the singular value 
decomposition is that it exists for any matrix without 
restrictions. Because of this, the applications of the 
singular value decomposition are extremely powerful 
for data analysis. 

 
III.NEURAL NETWORKS 

 
A neural network is composed of neurons 

and edges with the neurons usually organized in 
layers and the directed edges connecting neurons 
from one layer to the next. We can think of neurons 
as variables with assigned values which we calculate 
through “forward propagation” which will be defined 
later. They are also called activation units. We can 
think of edges as variables whose value indicates 
how strongly one neuron influences another. The 
weights will serve as a type of scalar to the neuron it 
recieves.  

 
These edges’ values will be used to define 

functions that take the values of the neurons in one 
layer and use these to define values in the next layer. 
There will be a pre-determined number of layers in 
the network and the activation units in the final layer 
will signify something about the data inputted into 
the neural network. For example, suppose we have a 
data point with two variables and we want to classify 
the point as “on” or “off”. Consider figure 1 which 
displays a neural network with one “hidden layer”, 
the layers that do not contain input or output neurons 
and with three neurons inside this layer. 

 
Figure 1. Structure of a Neural Network 
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The depth of the network is equal to the total 
number of layers in the network. Each layer will also 
have a width which is based on the number of 
neurons at each layer. We call the value of the edges 
that connect neurons to different layers, the weights 
of the network. The weights are used to define a 
function that uses one layer to define how one input 
neuron becomes another input neuron. We have 𝑥1 ,𝑥2 as the input neurons, where 𝑤𝑖𝑗 represents the 
weights applied to the them. Also 𝑆1 , 𝑆2 , 𝑆3  are the 
neurons at the hidden layer, and y is the output 
neuron. Consider figure  

 
 

How do these weights transform the 
neurons? The best way to understand this is by 
viewing a neural network as simply layers of matrix-
vector multiplication composed together.  

 
If we have a data set the entire data set will 

usually be a data matrix X, where each vector is a 
data point. In our previous example, each data point 
would have two variables, 𝑥1and 𝑥2 . Thus, we can 
think of each layer of neurons as a vector. If a layer 
has 3 neurons, it would be represented as a vector 
with dimension 3. In a fully connected layer, there is 
an edge between each input neuron and each output 
neuron. In this case, we can represent the edges 
together as a matrix as well. We will call this the 
weight matrix. Thus, the action of the weights on the 
first layer becomes 

  𝑤11 𝑤12𝑤21 𝑤22𝑤31 𝑤32

  𝑥1𝑥2
 =  𝑤11𝑥1 + 𝑤12𝑥2𝑤21𝑥1 + 𝑤22𝑥2𝑤31𝑥1+𝑤32𝑥2

  
 

which would then undergo another matrix 
multiplication to produce the output neuron y.  
     We previously only described the 
interactions between neurons and edges as matrix-
transformation. However, neural networks will be 
made up of non linear  transformations. The goal of 
many neural networks is to identify complicated 
patterns to solve complicated problems. Having our 

functions limited to be linear functions would 
severely restrict the ability for neural networks to 
identify complicated patterns that will most likely not 
be linear. Therefore, at each layer we introduce, non 
linear activation functions which transform our linear 
functions into non linear functions. Consider the 
activation function σ as ℝ → ℝ. Let σb : ℝ𝑛  → ℝ 
where b ∈ ℝ𝑛  . We now describe the interaction 
between neurons and edges as an non linear function 
becomes 𝜎𝑏   𝑤11 𝑤12𝑤21 𝑤22𝑤31 𝑤32

  𝑥1𝑥2
 =  𝑤11𝑥1 + 𝑤12𝑥2𝑤21𝑥1 + 𝑤22𝑥2𝑤31𝑥1+𝑤32𝑥2

   

= 𝜎𝑏   𝑤11𝑥1 + 𝑤12𝑥2𝑤21𝑥1 + 𝑤22𝑥2𝑤31𝑥1+𝑤32𝑥2

   

=  𝜎 𝑤11𝑥1 + 𝑤12𝑥2 − 𝑏1 𝜎 𝑤21𝑥1 + 𝑤22𝑥2 − 𝑏2 𝜎 𝑤31𝑥1+𝑤32𝑥2 − 𝑏3   
 
where 𝜎𝑏maps the dimension of the output neurons to 
the same dimension. Thus if we have 𝑦1 , . . . 𝑦𝑛  
output neurons at each layer, we have 
 𝜎𝑏   𝑦1

:𝑦𝑛  =  𝜎 𝑦1 − 𝑏1 
:𝜎 𝑦𝑛 − 𝑏𝑛   

Figure 2. Non Linear Transformation 
 

Example: Let’s consider a helpful, but slightly 
unrealistic example. Suppose we have images 
representing two numbers: a 1 and a 0. A one would 
be a 3 × 3 matrix with values down the middle. A 0 
will also be a 3 × 3 matrix but with values all the way 
across the perimeter. Let’s consider that our data set 
has just a 1 and a 2. 
 

1 =  0 5 0

0 8 0

0 1 0

  ,0 =  1 3 4

1 0 5

3 7 6
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Note that if we vectorize both matrices, which is 
common in neural networks, the number in vector for 
will be 

1 =

   
   
   
0

5

0

0

8

0

0

1

0   
   
   

, 0 =

   
   
   
1

3

4

1

0

5

3

7

6   
   
   
 

Imagine we constructed a two-layer neural network, 
with 9 input neurons and one output neuron. 

 
 

As explained later, the values of our weights 
will be randomly initialized. Nevertheless, their 
values would determine the value of the neurons in 
the final layer. 

𝜎
  
   
   4 4 3 3 1 6 7 9 10 

   
   
   
0

5

0

0

8

0

0

1

0   
   
   

  
   
  

= 𝜎  37   

𝜎
  
   
   4 4 3 3 1 6 7 9 10 

   
   
   
1

3

4

1

0

5

3

7

6   
   
   

  
   
  

= 𝜎  205   
 

Both the non linear activation function and 
the bias vector work in tandem to improve our 
network’s ability to make accurate predictions on 
complicated problems.  

 

Applying the activation function first 
introduces this non linearity to our function, allowing 
our network to recognize more complex patterns. 
Secondly, together with the bias vector it helps 
normalize the values of neurons between a certain 
range. The bias vector helps determine the cut-off in 
how neurons will transitions between a certain range.  

 
For example, consider a commonly used 

activation function where each neuron is scaled to a 
value between 0 and 1. 𝜎 =

1

1 + 𝑒−𝛽𝑥  

 
IV.CONVOLUTIONAL NEURAL NETWORKS 

Convolution as a Sliding Dot Product: 
 Particularly for image-processing, most 
neural networks have multiple layers that involve 
convolution before they reach fully-connected layers. 
The purpose of convolutional layers is to extract 
features from the input image. The input layer will be 
some input image which can be represented with an 
m × n matrix A where each entry corresponds to a 
pixel in the image. This is the standard for grey-scale 
pictures. However, for color images where we are 
using the RGB color model, each RGB component of 
the image is represented by a matrix. Viewing these 
three separate m×n matrices as one object, we obtain 
a higher-dimensional version of a matrix called a 
tensor. 
Consider the case of a grey-scale image represented 
by the following matrix 

𝐴 =     
 3 3 2 1 0 5

0 0 1 3 1 6

3 1 2 2 3 7

2 0 0 2 2 8

2 0 0 0 1 9   
  
 

We can consider the following 9 different sub-
matrices 𝐴1, . . . 𝐴12respectively 
 

  
 3 3 2 1 0 5

0 0 1 3 1 6

3 1 2 2 3 7

2 0 0 2 2 8

2 0 0 0 1 9  
 

        
 3 3 2 1 0 5

0 0 1 3 1 6

3 1 2 2 3 7

2 0 0 2 2 8

2 0 0 0 1 9  
 

 

 

  
 3 3 2 1 0 5

0 0 1 3 1 6

3 1 2 2 3 7

2 0 0 2 2 8

2 0 0 0 1 9  
 

        
 3 3 2 1 0 5

0 0 1 3 1 6

3 1 2 2 3 7

2 0 0 2 2 8

2 0 0 0 1 9  
 

 

 

  
 3 3 2 1 0 5

0 0 1 3 1 6

3 1 2 2 3 7

2 0 0 2 2 8

2 0 0 0 1 9  
 

         
 3 3 2 1 0 5

0 0 1 3 1 6

3 1 2 2 3 7

2 0 0 2 2 8

2 0 0 0 1 9  
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 3 3 2 1 0 5

0 0 1 3 1 6

3 1 2 2 3 7

2 0 0 2 2 8

2 0 0 0 1 9  
 

          
 3 3 2 1 0 5

0 0 1 3 1 6

3 1 2 2 3 7

2 0 0 2 2 8

2 0 0 0 1 9  
 

 

 

  
 3 3 2 1 0 5

0 0 1 3 1 6

3 1 2 2 3 7

2 0 0 2 2 8

2 0 0 0 1 9  
 

          
 3 3 2 1 0 5

0 0 1 3 1 6

3 1 2 2 3 7

2 0 0 2 2 8

2 0 0 0 1 9  
 

 

 

  
 3 3 2 1 0 5

0 0 1 3 1 6

3 1 2 2 3 7

2 0 0 2 2 8

2 0 0 0 1 9  
 

          
 3 3 2 1 0 5

0 0 1 3 1 6

3 1 2 2 3 7

2 0 0 2 2 8

2 0 0 0 1 9  
 

 

 
Convolution involves performing a dot-

product operation between each submatrix and a pre-
determined kernel matrix. The kernel matrix is the 
matrix that slides through every sub-matrix and 
performs a dot-product operation. The kernel 
represents some feature in the image that we are 
trying to recognize. Each entry in  the output matrix 
says something about the similarity between the 
kernel and the corresponding sub-matrix that was 
used to compute the dot product. Suppose our kernel 
matrix is 𝑘 =  0 1 2

2 2 0

0 1 2

  
 The result of the convolution of A with k would be  𝐴1 .𝑘 𝐴2 .𝑘 𝐴3 .𝑘 𝐴4 .𝑘𝐴5 .𝑘 𝐴6 .𝑘 𝐴7 .𝑘 𝐴8 .𝑘𝐴9.𝑘 𝐴10 .𝑘 𝐴11 .𝑘 𝐴12 .𝑘 

=  12 12 17.0 35

10.0 17.0 19.0 41

9.0 6.0 14.0 44

  
Consider how we got 𝐴4 .𝑘 
1 ∗ 0 + 0 ∗ 1 + 2 ∗ 5 + 2 ∗ 3 + 1 ∗ 2 + 6 ∗ 0 + 2 ∗ 0

+ 1 ∗ 3 + 7 ∗ 2 

 
Note that the dot product of a matrix with 

itself is the square of its magnitude, so values in the 
matrix output that are close to the magnitude squared 
of the kernel, indicate that that part of the matrix held 
some important pattern. This is why convolution is so 
effective at feature extraction. As we will explain 
later, convolutional neural networks still have fully-
connected layers at the end of the network. 

 
 

 

 

 

 

 

 

V.CONCLUSION 
In conclusion, this paper has provided a 

comprehensive exploration of the integration of 
linear algebraic methods in the theory and practice of 
neural networks. Through the lens of linear algebra, 
we have gained deeper insights into the inner 
workings of neural networks, elucidating their 
structure, dynamics, and optimization. Throughout 
the discussion, we explored various matrix 
decompositions such as Singular Value 
Decomposition (SVD) and Eigenvalue 
Decomposition, showcasing their utility in model 
interpretation, regularization, and dimensionality 
reduction. These techniques have proven invaluable 
for understanding the underlying structure of neural 
networks and identifying critical features that 
contribute to their performance. 
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Abstract - The women safety Android application is a 

mobile application designed to enhance the safety and 

security of women by providing them with a reliable and 

easy to use emergency response tool.The application is 

designed to work by sending the current longitude, 

latitude, and address name of the user when she presses 

the help button. This information is the sent 

automatically to the saved emergency contact, ensuring 

that they can call for help with just one click. 

Additionally, the application also includes a feature that 
allows users to save their emergency contacts, including 

friends, family, and local authorities. 

INTRODUCTION 

In today’s world, it is not safe for a person to travel 
alone at night especially for women; it will be high time to 
travel alone because a women is not highly strong as men to 
protect herself from them.the good way to reduce chances in 
becoming a victim of violent crime (robbey,sexual assault , 
rape, domestic violence) is to identify and call on resources 
to help you out of unsafe situation. whether you are in 
instant to reach home, having these app on your phone can 
diminish our risk and bring assistance when we required it.  

This application created by MIT app inventor is an 
intuitive, could-based platform that enable users to create 
mobile apps for android devices without the need for the 
extensive coding skills. It was developed by the 
massachsetts institute to technology (MIT) as part of an 
educational initiative introduce computer programming to 
young people and non-technical users. the platform provides 
a drag-and-drop interface that simplifies the app-building 
process and allows user to create functional app in a matter 
of hours. 

MIT app inventor uses block-based 
programming,which is a visual  programming language the 
enable users to create code by assembling graphical blocks 
that represent code functions. The platform offers a range of 
features and components that enable users to create apps 
social media app,games,and productivity tools.it also 
includes built-in features for data storage,media playback, 
and sensor-based inputs such as GPS,accelerometer,and 
camera inputs MIT app inventor is open-source and free to 
use,which make it accessible to anyone who want to create 
an android app. 

 

The platform has a vibrate community of users to 
who share their experiences, resources, and knowledge to 
help other build better apps. It is a powerful tool for 
promoting digital literacy and innovation, and it has the 
potential to inspire a new generation of mobile app 
developer.  

This application is created on Android. Android is 
a mobile operating system developed by Google. It is the 
most widely used mobile operating system in the world and 
is used by billons of people on smart phones, tables, and 
other mobile devices. Android is based on the Linux kernel 
and is designed primarily for touch screen mobile devices 
such as smart phones and tables. It is open source, meaning 
that the source code is available for anyone to use and 
modify. One of the key features, including voice commands, 
gesture controls, and support for multiple user profiles. 
Additionally, Android devices can be customized with 
themes, launchers, and other tools to change the look and 
feel of the device.   

LITERATURE SURVEY 

Android app for women safety: In this 
application the user writes the message content and also 
selects the contacts to which the message content and also 
selects the contacts to which the message has to be sent and 
save it. So, when he is in some danger by just opening the 
app and  pressing the HELP button, the message stored will 
be sent to those number he has added in this on application. 
So that he can receive the help in correct time. 

Smart safety system for women security: The 
proposed system describes a safety device that gets 
automatically triggered when a women is in danger from 
anywhere at any time. This device has a  transmitter and 
receiver in which the receiver in which the receiver is  
placed in a bag, and the transmitter and receiver n which the 
receiver is placed in a bag, and the transmitter is placed in 
the slipper. when the RF signal between the receiver and 
transmitter goes low, the device automatically sends SMS to 
the emergency contacts and provides alert to the  nearby 
people. here WIFI module and GPS are used. GPS track the 
location of the women, and the WIFI module is used to send 
the tracked location as SMS to the emergency contact. 
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Women safety device: This project describes 
about a one touch alarm system for women’s safety using 
GSM. The device consists of a micro controller, GMS, 
modules .the system resemble a normal watch which 
activated, track the place of the women using GPS(global 
positioning system) and sends emergency messages using 
GSM(global system for mobile communication) ,to selected 
contacts and the police control room. The main advantage  

Accident detection and alert system: This paper 
is to is to build an application that makes use of the sensors 
present in mobile phones like GPS and Accelerometer and 
detect any collision if there is a sudden external disturbance 
in the speed with the help of the sensor Fusion based 
Algorithm .with the help of the data obtained from the 
accelerometer sensor,when there is a sudden disturbance to 
the mobile phone,the user is notified with an alert message 
before sending the request help signal.if no emergency  is 
required they can cancel it within 10 seconds ,the request for 
help message will be sent to the emergency services as well 
as the family members,the users provided. 

Vehicle accident emergency alert system:  
ADXL335 MEMS gives the XYZ coordinates of the vehicle 
and is converted to digital using ADC via SPI protocol and 
its sent to the Arduino.when the car meets with an accident 
the Arduino processes the commands and the      GPRS 
system immediately obtains the latitude and the longitude 
from the user phone. 

 

SYSTEM ARCHITECTURE 

 

Fig.a.Proposed Architecture on creating application on 

android for women safety 

EXISTING SYSTEM 

 The  existing  system  describes an equipment 
which consists of a location sensor by which one can get the 
geographical  location via SMS.Any emergency conditions 
,she can press a button,the message and location link  sent to 
those numbers she has added in this application. 
 
DISADVANTAGE 

 Poor network coverage. 
  Continuous internet connectivity. 
  It behaves abnormally 

PROPOSED SYSTEM 

 In this proposed system user press the help button 
long time it ask to save   the contact .contact   will be stored 
in Tinydb .so, when he is in some danger by just opening the 
app and pressing the HELP button once message will be  

 

Generated by location sensor. The generated like latitude, 
longitude and current address .it send to the saved contact by 
testing.so that she can receive the help in correct time. 

ADVANTAGE 

 Enhance women safety 
 Thisapplicationsend, location,longitude and 

latitude. 
 Location is properly detected using location 

sensor. 
 Mobile number can be changed at any time. 
 User-friendly interface. 
 prevent incident. 
 

MODULES 

EMERGENCY BUTTON: 

 Many women safety applications have a panic 
button feature that can be used in case of an emergency .The 
feature is typically designed to used in case of an 
emergency.This feature is typically designed to quickly alert 
emergency contacts or authorities in the event of an unsafe 
situation.when activated the panic button sends out an signal 
with the users location information,which can help 
respondents to quickly locate and assist the user. 

EMERGENCY CONTACT: 

 An emergency contact feature in a women safety 
application is a critical component that allows users to 
quickly and easily contact a designated person or persons in 
case of an emergency.This feature can provide an added 
layer of safety and security for women who may feel 
vulnerable or unsafe in certain situations.It is important to 
note that have a reliable safety .It is important to note that 
the emergency contact feature should be designed and 
implemented in a way that respects the users privacy and 
security. 

ALERT MESSAGE: 

 After completion of saving the contact details,help 
button ,must be clicked to exit from the application and help 
button must be clicked to start the application immediately 
.There is no obligation of entering the contact details each 
and every time when we open the application .once entered 
and saved thay will be registered in application till we 
change them.Message send immediately after pressing the 
button in the user phone. 

RECEIVING MESSAGE: 

 Message received by the contact device 
immediately after starting the application.When we click 
help button of the application,it starts and the location 
sensor running over the device and immediately the users 
location will be sent. 
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IMPLEMENTATION 

 This android application is useful when the user is 
in some problem or needs any help.When the user opens this 
application ,can see a HELP button.Also,they can store a 
contact numbers.When the user is in some difficulty or 
needs any help,they simply need to open the app and click 
on the “HELP” button.This application sends the message to 
those contact numbers which she has stored.The total 
evaluation can be done in 3 major steps which are described 
individually.Evaluation describes the whole implementation 
of the application in 3steps.The first step is to enter the 
contact details in the application after created.Those 
contacts can be our friends ,relatives of the particular city 
the person we live in. When the application is installed in 
the smart phone for the first time the above contact details 
should be provided. The application will store the location 
information like latitude,longitude and current address by 
location sensor to the registered contacts at danger times or 
when the person is needed to be recused. This step is 
followed only when the person is needed to be rescued 
button is passed in application. This third major steps testing 
used to sent the text message to receiver when the user 
clicks the button. 

RESULTS 

 After creating application by MIT app inventor 
scan the QR code and download via MIT companion 
app.The Women safety app icon can be placed anywhere on 
the home screen of the smart phone so that we can 
immediately touch over the application when we are in 
danger .Figure1 depicts the HELP button.when you press 
long time Figure 2 will appear depicts the Alert contact,save 
contact button and home button. 

 

Fig .1. Layout of the first screen for emergency button 

 After pressing the help button long time ,the 
application screen appears as depicted in the Fig.2 depicts 
the contact blocks,save button and home button. 

 

Fig.2. Layout of the second screen for details 

 

 After entering the contact details, the application 
screen appears as depicted in the Fig .3. After completion of 
registering the contact details in the application the save 
contact button must be clicked by the finger else the 
message and the contacts will not be saved. 

 

Fig.3.Details entered in the application 

 After completion of saving the contact details,save 
button must be clicked to exit from the application and 
HELP button must be clicked to start the application 
immediately.There is no obligation of entering the contact 
details each and every time when we open the application 
.Once entered and saved they will be registered in 
application till we change them.Message send immediately 
after pressing the button in the user phone as shown below 
Fig .4 

 

Fig.4.Message sent by the user phone 

 Message received by the contact device 
immediately after starting the application. When we click 
help button of the application,it starts and the location 
sensor running over the device and immediately the users 
location will be sent as shown Fig.5. 

 

Fig.5.Message received by another contact device 

immediately after pressing the Help button in the 

application 

 

NATIONAL CONFERENCE ON APPLICATIONS OF AI AND IoT IN ENGINEERING AND TECHNOLOGIES (NCAAIET-24)

ISBN: 978-81-965236-7-1
173



 

CONCLUSION AND FUTURE SCOPE 

The development of women safety application has 
been a significant step towards ensuring the safety of 
women .Such application can provide a sense of security 
and protection to women particularly in situations where 
they feel vulnerable or threatened .However it is essential to 
recognize that these application alone cannot slove the 
problem of woman safety entirely.The issues of women’s 
safety is complex and deeply rooted in societal norms and 
attitudes towards women. This application can be a useful 
tool in enhancing the safety and security of women they 
should be considered as part of a broader strategy to tackle 
the issue of women’s safety, and their limitations should 
also be acknowledged. Some further upgrade can be done 
adding more contact can help improve accessibility, trust 
and communication which are all essential for creating safer 
and more supportive environment for women Voice 
assistant can be an effective tool s for womens safety 
providing quick access to safety features and personalized 
safety tipes. 
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Abstract - The integrated waste management approach is 

to be considered involving efficient use of plastic 

materials, recycling and disposal mechanisms. Printed 

circuit boards is the base of electronic industry and is an 

indispensible part of nearly all the electronic products 

available in the market.The thermo metal portions of 

PCBs consists of thermo set resins and reinforcing 
materials. They also can be reused as fillers in composite 

materials. PCBs are considered to be having large 

amount of silica. Therefore,on the basis of the current 

scenario, all materials in waste PCBs are a kind of 

resources are needed to be recycled by a proper 

technology. The engineering properties of geopolymer 

concrete so as it can be used as a green alternative to 

conventional cement concrete. The partial replacement of 

fine aggregates with printed circuit boards, so that E 

waste can be used in construction as it cannot be 

disposed off. The experimental work involves conducting 
the test on fly ash and ground granulated blast furnace 

slag based geopolymer concrete by partial replacement of 

fine aggregate with printed circuit boards. 

Keywords: Fine Aggregate, Fly Ash, Printed circuit board, 

aggregate, sand. 

1. INTRODUCTION 

1.1. GENERAL 

As we are moving towards globalization the demand 
for concrete is increasing day by day due to construction 
activities, so the demand for Portland cement is increasingly 
rapidly. It is estimated that the production of cement will 
increase from about from 1.5 billion tons in 1995 to 2.2 
billion tons in 2010 (Malhotra, 2002). The global warming 
is caused by the emission of greenhouse gases, such as 
carbon dioxide (CO2), to the atmosphere by human 
activities. CO2 contributes about 65% of global warming 
(McCaffery, 2002).Due to cement industry the percentage of 
carbon emission in atmosphere is increasing day by day. 
The harmful carbon dioxide emissions estimated to be 
responsible for 5 to 7% of the total global production of 
carbon dioxide. 

 

There is a growth in infrastructures due to globalization 
in India, China. So there is a need to control this emission of 
CO2 by substituting a greener alternative, which may reduce 
the greenhouse gas effect. Whereas on the other hand in 
recent decades, the use of electronic and electrical devices 
has increased significantly, this leads to increasing amounts 
of waste electrical and electronic equipment (WEEE), often 
also called e-waste. E- waste describes loosely discarded, 
surplus, obsolete, broken, electrical or electronic devices. 
Rapid technology change, low initial costs have resulted in a 
fast growing surplus of electronic waste around the globe. 
Several tones of E-waste need to be disposed per year. 

 
2. MATREIALS AND METHODOLOGY 

2.1 GENERAL 

The materials used in the manufacture of Geopolymer 
concrete with printed circuit boards are described in this 
chapter. The physical properties of flyash, GGBS, fine 
aggregate (river sand),coarse aggregate (20mm) and printed 
circuit boards are reported. The chemical composition of 
alkaline activators is also presented. 

 
2.2 SELECTION OF MATERIALS 

The materials are chosen based on the 
specifications of Indian standards. The materials used in the 
Geopolymer concrete are listed below 

 Flyash 

 Ground Granulated Blast furnace Slag (GGBS) 

 Fine aggregates 

 Coarse aggregates 

 Printed circuit boards 
 Alkaline activators (NaOH flakes, Na2SiO3) 

 
2.2.1 FLYASH 

Flyash is a by-product of the combination of 
pulverized coal in thermal power plants, it is a fine grained, 
powdery and glassy particulate material that is collected 
from the exhaust gases by electrostatic precipitators or bag 
filters.  
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 When pulverised coal is burnt to generate heat,the 

residue contain 80 % flyash and 20% bottom ash.the 
size of particles is largely dependent on the type of dust 
collection equipment. diameter of flyash particles ranges 
from less than 1microns to 150 microns. It is generally 
finer than Portland cement.their surface area is typically 
300 to 500 although some flyashes can have surface 
areas as low as 200 and as high as 700. However the 
effect of increase in specific surface area beyond 600 is 
reported to be insignificant. 

 

 
FIGURE 2.1 FLYASH 

TABLE 2.1 CHEMICAL PROPERTIES OF FLYASH 

CHEMICAL 

COMPOSITIONS 

PERCENTAGE 

BY WEIGHT 

SiO2 50.98 

Al2O3 7.54 

SO3 12.88 

Mg 4.02 

CaO 22.82 

Fe 0.69 

Fe2S 0.51 

K2O 0.56 

 

2.2.2 GGBS 

GGBS (Ground Granulated Blast furnace slag) is a 
by-product of iron and steel-manufacturing. It obtained by 
quenching molten iron from a blast furnace in water or 
steam, to produce a glassy , granular product that is then 
dried and ground into a fine powder. GGBS is used to make 
durable concrete structures in combination with ordinary 
Portland cement or other pozzolanic materials. The 
addition of GGBS increases durability of concrete. 

 

 
FIGURE 2.2 GGBS 

 

2.2.2 FINE AGGREGATE 

Natural river sand is used as fine aggregate. The 
gradation of sand is determined and presented in the fig. 

 

FIGURE 2.2 RIVER SAND 

2.2.4 COARSE AGGREGATE 

Coarse aggregates shall comply with the requirements 
of IS 383. It is better to use crushed / semi-crushed 
aggregates. Crushed stones of size 20mm can be used as 
coarse aggregate. 

FIGURE 2.4 COARSE AGGREGATE 

 

2.2.5 ALKALINE ACTIVATOR 

The combination of sodium hydroxide and sodium 
silicate or potassium hydroxide and potassium silicate 
solution is used as the alkaline activator. In this project the 
combination of sodium hydroxide and sodium silicate is 
preferred due to economical purpose. Generally alkaline 
liquids are prepared by mixing of the sodium hydroxide 
solution and sodium silicate at the room temperature. 
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3.3.5.1 SODIUM HYDROXIDE 

   

Generally the sodium hydroxides are available in solid 
state by means of pellets and flakes. The cost of the sodium 
hydroxide is mainly varied according to the purity of the 
substance. Since the Geopolymer concrete is homogenous 
material, the commercial grade of the sodium hydroxide of 
purity 98% is used. 

The sodium hydroxide pellets are dissolved in 
distilled water based on the corresponding morality. The 
heat is generated when the pellets are dissolved with water. 
In order to prepare the sodium hydroxide solution the 
molarity should be multiplied with molecular ratio.For 
instance, NaOH solution with a concentration of 6 Molar 
consists of 6 x 40 = 240 grams of NaOH solids per liter of 
the water. 

 

FIGURE 2.5 NAOH FLAKES 

 

2.2.6 PRINTED CIRCUIT BOARD 

 

Printed circuit board sources in the form of roughly 
discarded, spare, outdated, broken, electrical or electronic 
devices have been collected which were crushed and ground 
to the particle size. 

 

FIGURE 2.7 PRINTED CIRCUIT BOARD 

 

4. MIX DESIGN 

4.1 MIX PROPORTION 

 
This chapter defines the mix design for Geopolymer 

concrete with printed circuit board. Hardjito and Rangan 
have noted that unlike conventional cement concretes GPCs 
are a new class of construction materials and therefore no 
standard mix design approaches are yet available for GPC. 
To identify the best mix or optimum mix for Geopolymer 
concrete with printed circuit board ,the trial and error 
method is followed by varying the percentage ratio between 
the fine aggregate and printed circuit boards. The fine 
aggregate is replaced by printed circuit boards in the 
percentage of 0,15,30,40,50. 

 
4.2 DESIGN PROCEDURE 

 
Design procedure was formulated for Geopolymer 

Concrete which was relevant to Indian standard (IS 10262-
2009). The illustrative example of mix design for a 
Geopolymer concrete of M30 grade is given below, 

Step 1: STANDARD PARAMETERS 
 
Size of cube = 150 mm*150 mm*150 mm Size of 
cylinder : 
diameter = 150 mm length = 
300 mm 
size of prism = 500 mm * 100mm* 100mm Density of 
geopolymer concrete = 2400 kg/ Alkaline liquid to binder 
ratio = 0.4 
Ratio of sodium silicate solution to sodium hydroxide 
pellets = 2.5 
Grade = M30 
Molarity = 8M 

Step 2: CALCULATION OF AGGREGATES 
 
Combined volume of aggregate = 75 % of density= 
(75/100)*2400 = 1800 kg/m3 
Fine aggregate = 40% of total volume of aggregate =
 720 kg/m3 Coarse aggregate 
= 60% of total volume of aggregate= 1080 kg/m3 

Step 3: CALCULATION OF BINDER QUANTITY 
 
Alkaline liquid / binder = 0.4 
Alkaline liquid = 0.4 * binder 
Binder quantity + alkaline liquid + aggregate = 2400 
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0% PCB + 100% SAND = 720 kg/m3 
15% PCB + 85% SAND = 108 kg/m3 of pcb + 

612 kg/m3 of sand      

30% PCB + 70% SAND = 216 kg/m3 of pcb + 

504 kg/m3 of sand      

40% PCB + 60% SAND = 288 kg/m3 of pcb + 

432 kg/m3 of sand      

50% PCB + 50% SAND = 360 kg/m3 of pcb + 

360 kg/m3 of sand      

 
 
 
 
 
 

 

 
Binder quantity + alkaline liquid = 2400- aggregate = 

2400 – 1800 = 600 kg/m3 

Step 4: CALCULATION OF ALKALINE QUANTITY 
 
Alkaline liquid = 0.4 * 428.57 = 171.428 kg/m3 

We know that, Ratio of sodium silicate solution to sodium 
hydroxide = 2 
Na2SiO3 = 2 NaO 
In case of 8M NaOH solution , Since the molecular weight 
of NaOH pellets. For 8M solution = 8*40 = 320 gms. 
For 1 litre of water , 320 gms of NaOH pellets to give total 
weight of 1320 gm of sodium hydroxide solution. 
Total NaOH pellets to be dissolved = (57.142 * 0.32)/1.32 

= 13.85 kg/m3 

Weight of water to be taken = (13.85*1)/0.3 = 
43.28 kg/m3. 

 
Step 5: CALCULATION OF WEIGHT OF 
MATERIAL PER m3: 

 

Fly ash = 75 % of binder quantity 

= (75/100)* 428.57 

= 321.43 kg/m3 

GGBS = 25 % of binder quantity 

= (25/100)*428.57 

=107.1425kg/m3 
Coarse aggregate = 1080 kg/m3 NaoH 
flakes = 13.85 kg/m3 Na2SiO3 = 114.284 
kg/m3

 

FA + PCB 

5. EXPERIMENTAL TEST RESULTS 

 

5.1. TESTS CONDUCTED ON FINE 
AGGREGATE 

The following tests are conducted on fine aggregate 
1. specific gravity 

2. water absorption 

3. Sieve analysis 
1. specific gravity Result :- 

The specific gravity of fine aggregate = 0.53 
Water absorption of fine aggregate = 20.83 % 

 

SIEVE SIZE WEIGHT RETAINED 

(kg) 

4.75 mm 0.028 

3.35 mm 0.068 

2.36 mm 0.021 

1.18 mm 0.649 

600 micron 0.189 

300 micron 0.088 

150 micron 0.14 

pan 0.002 

TABLE 3.3 SIEVE ANALYSIS RESULT FOR 

RIVER SAND 

5.2. TESTS CONDUCTED ON COARSE 
AGGREGATE 

The following tests are conducted on coarse aggregate 
1. specific gravity 

2. water absorption 
Result :- 

The specific gravity of fine aggregate = 0.25 
Water absorption of fine aggregate = 1.85 % 

Material Weight Per 

m3 

Total Quantity 

Required 

Fly ash 321.43 75 

GGBS 107.14 25 

Coarse 
aggregate 

1080 250 

NaOH 
flakes 

13.85 3 

Na2SiO3 

114.284 26 

Fine 
aggregate 

360 110 

Printed 
circuit 
boards 

360 75 
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5.3. TESTS CONDUCTED ON PRINTED 
CIRCUIT BOARDS 

The following tests are conducted on printed circuit 
boards 

1. specific gravity 

2. water absorption 

3. sieve analysis 
 

SIEVE SIZE 
WEIGHT 

RETAINED (kg) 

4.75 mm 0.3 

3.35 mm 0.095 

2.36 mm 0.398 

1.18 mm 0.16 

600 micron 0.018 

300 micron 0.014 

150 micron 0.006 

pan 0.012 

 

TABLE 3.4 SIEVE ANALYSIS RESULT FOR PCBs 

Result :- 
The specific gravity of fine aggregate = 1.2 Water 
absorption of fine aggregate = 7.5 

 
5.4. WATER ABSORPTION TEST: 

30 % printed circuit board : 
Weight of cube before immersing Wd = 9.098 kg Weight of 
cube after immersing Ww = 9.214 kg 
% Water absorption = (Ww –Wd)/ (Wd) *100 

=(9.214–9.098)/9.098*100 

=0.0127*100 

= 1.27 % 

30 % printed circuit board : 
Weight of cube before immersing Wd = 8.441 kg Weight of 
cube after immersing Ww = 8.607 kg 
% Water absorption = (Ww –Wd)/ (Wd) *100 

=(8.607–8.441)/8.441*100 

=0.01967*100 
= 1.967 % 

DURABILITY PROPERTIES: 

5.5. WATER ABSORPTION TEST : 

30 % printed circuit board : 

Weight of cube before immersing Wd = 9.098 kg Weight of 

cube after immersing Ww = 9.214 kg 

% Water absorption = (Ww –Wd)/ (Wd) *100 

=(9.214–9.098)/9.098*100 

=0.0127*100 

= 1.27 % 

30 % printed circuit board : 

Weight of cube before immersing Wd = 8.441 kg Weight of 

cube after immersing Ww = 8.607 kg 

%Water absorption= (Ww –Wd)/ (Wd) *100 

=(8.607–8.441)/8.441*100 

= 0.01967 *100 

= 1.967 % 
 

6. Result and Discussion 

6.1 Summary 

Based on the test results the following conclusions were 
made. 
1. With the Elimination of the use of Portland cement 

the emission of carbon dioxide has been greatly 
reduced which results in the reduction of 
environmental pollution. 

2. The addition of printed circuit board shows increase 
in compressive strength upto 30% replacement. 
After 30 % the compressive strength starts to 
decrease. 

3. The compressive strength was found to be increased 
by 15% with addition of PCB’s than the 
conventional Geopolymer concrete. 

4. The split tensile strength was found to be increased 
by 20% with addition of PCB’s than the 
conventional Geopolymer concrete. 

5. The flexural strength was found to be increased by 
30% with addition of PCB’s than the conventional 
Geopolymer concrete 

6. Rate of increase of compressive strength and split 
tensile strength with respect to age of concrete is 
more significant incase of ambient curing at room 
temperature in comparison with heat curing at 
60˚C.Heat curing resulted in enhancement of 
compressive strength and split tensile strength at 
early age only.The effect of heat curing on the 
increase in compressive strength and split tensile 
strength is not much significant after 7 days. 

7. The Geopolymer concrete showed high performance 
with respect to strength. The geopolymer is good 
workable mix. High early strength was obtained in 
Geopolymer mix. The increase in percentage of fine 
aggregate and coarse aggregate increase the 
compressive strength upto optimum level. This may 
be due to high bonding between aggregate and 
alkaline solution. The compressive strength was 
found to be decrease beyond optimum mix. This 
may be due to increase in volume of voids. 

8. The use E-waste in concrete is possible to improve its 
mechanical properties and can be one of the economical 
ways for their disposal in environmental friendly 
manner. 

9. The specimens have been cured in ambient temperature 
condition rather than accelerated curing to check the 
suitability of Geopolymer concrete for cast in-situ 
conditions. 
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10. Geopolymer concrete has excellent properties as also be 
used in road works because of its very early attainment 
of strength. 

6.2 Recommendation for Future Project 
1. Used in road works because of its very early attainment 
of strength. 
2. Used in the manufacture of precast structures because of 
high strength development. 
3. Can be used in areas where high degree of fire resistance 
is needed. 
4. The addition of PCB’s decrease the dead weight of 
structures, hence it can be used in light weight structures. 

 
References 

1. H. Ghimire, P.A. Ariya E-wastes: bridging the 
knowledge gaps in global production budgets, 
composition, recycling and sustainability implications 
Sustain. Chem., 1 (2020), pp. 154-182 

2. H.A. Bulut, R. Şahin A study on mechanical properties 
of polymer concrete containing electronic plastic waste 
Compos.Struct., 178 (2017), pp. 50-62 

3.  D. Xiang, P. Mou, J. Wang, G. Duan, H.C. Zhang 
Printed circuit board recycling process and its 
environmental impact assessment 

4. W.A. Bizzo, A.R. Figueiredo, V.F. de Andrade 
Characterization of printed circuit boards for metal and 
energy recovery after milling and mechanical separation 
Materials, 7 (2014), pp. 4555-4566 

5. Q. Wang, B. Zhang, S. Yu, J. Xiong, Z. Yao, B. Hu, J. 
Yan Waste-printed circuit board recycling: focusing on 
preparing polymer composites and geopolymers. 

6. B.B. Subramanian, G.V.T. GopalaKrishna, V. Sarasw 
athy Review of literature on electronic waste materials 
used in concrete 

7. S. Prashant, M. Kumar Effect of partial replacement of 
coarse aggregates with e- waste on strength properties of 
concrete 

8. B.T. Ashwini Manjunath Partial replacement of e-plastic 
waste as coarse-aggregate in concrete 

9. A.A. Dhanraj, C. Selvamony, A. Joshuva 
An experiment investigation on concrete by using e-
waste as fine aggregate and enhanced the thermal 
insulation and ultrasonic properties 

NATIONAL CONFERENCE ON APPLICATIONS OF AI AND IoT IN ENGINEERING AND TECHNOLOGIES (NCAAIET-24)

ISBN: 978-81-965236-7-1
180



 1 

 
Abstract— Kidney stone disease is a most harmful disease 

which leads to kidney failure and also kills patients. The 

imaging techniques like CT scans, ultrasonography, X-ray 

and MRI scans are mostly used for easy prediction. in 

Recent times, Machine Learning and Deep Learning are 

used for effective kidney stone prediction. In this article, 

the review of DL model-based kidney stone prediction is 

discussed with several details namely Methods used in 

literature, performance analysis, merits and challenges 

respectively. The symptoms and types of stones are 

presented to show the variation among each stone in a 
kidney. Therefore, the extensive review based on kidney 

stone prediction is discussed with an exact tabulation to 

provide effectiveness.  
  

Keywords— DL model, Kidney stone prediction, 
performance  metrics, Accuracy, classification 

 
I. INTRODUCTION 

 
In the recent era, kidney stones are increased all over the 

world drastically which caused kidney failure and pain for 
humans. The kidney is the most essential organ that caused 
stone formation due to unwanted substances in urine [1-3]. 
Kidney stone diseases are now most common for all gender and 
sector peoples that too mostly in developed countries. The main 
reason for stone formation in kidneys is due to overweight, 
minimum level of water consumption, bad food diet and also 
regular intake of medicines and sometimes stress etc[4,5]. 
 

The prediction of Kidney stone disease is mandatory due 
to its harmfulness. There are imaging techniques that are used 
for the diagnosis of a kidney stone to increase the lifespan of 
the affected person [6-9]. Some of the systems used to diagnose 
kidney stones are blood tests, urine tests, CT scans, 
ultrasonography, X-ray and MRI scans etc. These imaging 
techniques are easy to predict the kidney stone and simple the  

 
 

 
Doctor work with automation. This can be beneficial by 

saving time and minimising the risk of an error [10].  
 

To avoid false and error in prediction, Machine 
Learning (ML) and Deep Learning (DL) are implemented in 
medical imaging [11-15]. In the recent eras, ML and DL-based 
techniques are applied for so many fields such as Agriculture, 
communication, the Military, share market, education, weather 
forecasting and also in Medical Fields etc [16,17]. Several 
ML/DL methods are frequently used in medical applications 
for various issues such as Breast cancer, Brain tumour, 
Alzheimer's disease, Heart fat, Bone crack, Throat cancer, skin 
cancer, kidney stone and so on [18-20].  
 

Some of the popular ML/DL methods that are often 
used for medical imaging are Naive Bayes (NB), Decision Tree 
(DT), Neural Network (NN), Support Vector Machine (SVM), 
Random Forest (RF), Convolutional Neural Network (CNN), 
Recurrent Neural Network (RNN), Long Short-Term Memory 
(LSTM), AlexNet, GoogleNet, DenseNet, ShuffleNet, 
MobileNet and so on. These methods are very efficient in the 
prediction and also provided superior performance in 
segmentation and classification respectively [21-25].   
 

The rest of the work is structured as: section 2 
presented the kidney stone symptoms and the types of stones 
are discussed in section 3. Section 4 presented the related work 
with tabulation and section 5 described the performance 
metrics. Section 6 presented the conclusion with a future 
enhancement in it.  
 

II. SYMPTOMS OF KIDNEY STONE 
 

The kidney stones are predicted by several symptoms 
that are listed below [26-28]: 

i) Renal colic that provided excessive cramping pain, 
ii) Flank pain that caused in the backside, 
iii) Hematuria which means blood in urine, 
iv) Infection in the urinary tract, 
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v) Obstructive uropathy means the disease occurred 
in the urine tract, 

vi) Urine blockages, 
vii) Hydronephrosis that was a kidney dilation 

 
Therefore, these affected the health and work of patients 

which required immediate and efficient treatment to enhance 
their quality of life [29,30]. 
 

III. TYPES OF KIDNEY STONE 
 

Kidney stones are mainly caused due to a chemical 
abnormality in urine. There are several stones are formed in the 
human kidney based on various chemical compositions, sizes 
and shapes [31,32]. The most common type of stones is given 
in the following [33]. 
 
 
 
 
 
 
 
 
 
 

                  Fig 1. Classification of Kidney Stone 

 
A. Calcium Stones 
Calcium stones are the most common renal stones that are 
caused for many patients due to a urinary calculi abnormality. 
It is a mixture of Calcium Oxalate and Calcium Phosphate 
which is occurred in more than 60% of kidney stone patients. It 
has two types namely CaOx monohydrate (COM) and CaOx 
dihydrate (COD) where COM is frequently observed disease 
than COD [34]. 
  
B. Struvite Stones 
Struvite stones are referred to as an infection that is caused by 
upto 10–15% of patients.  It is an ingredient of Magnesium 
Ammonium Phosphatewhich seems to be a triple phosphate 
stone. These stones caused various diseases like Klebsiella 
pneumonia, Enterobacter and Pseudomonas aeruginosa [35]. 
These stones have mostly occurred in women than males. 
  
C.Uric Acid Stones or Urate 
It has occurred in 3–10% of patients with kidney stones which 
comprised a high purine of animal protein like fish and meat. 
This stone has a possibility to cause a low urine volume, 
hyperuricosuria and low urinary pH. These types of uric acid 
stones are commonly occurred in males than in women [36,37]. 
  

D.Cystine Stones 
This type of stone is caused by a genetic disorder based on 
cystine and amino acid. It has occurred a 2% of kidney stone 
patients that provided a urinary excretion of excessive 
cystinuria. The cystine does not dissolve in urine and caused a 
cystine stone that evacuates 600 millimoles of cystine/per 
day[38]. 
 

E. Drug-Induced Stones 
Some the drugs like triamterene, guaifenesin, atazanavir, and 
sulfa drugs are the reason for Drug-Induced stones [39]. It has 
occurred in 1% of kidney stone patients.  For example, a 
frequent drug with a heavy dose for the disease especially for 
HIV would develop Drug-Induced Stones and leads to kidney 
failure [40].  

IV. RELATED WORKS 

Several methods are developed by various authors in 
recent decades for kidney stone prediction that is discussed in 
the following and tabulated in Table 1.  

 
Black et al [41] presented the CNN and ResNet-101 

model for a multi-class kidney stone classification. It can be 
diagnosed through automatic imaging based on cross-
validation. This system has achieved a weighted recall of 
94.12%, specificity of 97.83% and precision of 94.12% with an 
efficient performance. Besides, another automated stone 
detection is implemented by Yildirim et al [42] using 1799 
images of coronal CT. The stone prediction is attained 
accurately even for a small size with an evaluation of 96.82% 
accuracy, 98% precision, 96% recall and 97% F1 score 
respectively.  

 
In some cases, the DL method of VGGNet-19 and 

Binary SVM is presented by Somasundaram et al [43] for 
effective feature extraction and classification of kidney stones. 
This system is performed and validated with a97.32% Recall, 
98.07% precision, 99.19 % accuracy, 98.28% specificity 
and93.2% F1 score respectively. Alongside, the ML/DL 
method predicted Renal Cell Carcinoma (RCC), urolithiasis, 
bladder cancer (BCa), and prostate cancer (PCa)based on the 
PubMed MEDLINE database by Suarez-Ibarrola et al [44].  It 
provided urological applications with a performance of 94.26% 
accuracy, 94.51% sensitivity and 96.29% specificity. Also, 
Artificial intelligence (AI) has been explored for time 
management to predict the tiny stones. This system can be 
diagnosed with a minimum CT image computation with a 
superior 98.52% accuracy, 96.75% sensitivity and 98.12% 
specificity by Sabuncu et al [45]. 
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Flores-Araiza et al [46] developed the part-prototypes 
(PPs) methodology with three categories namely the AlexNet 
model, batch normalization as the backbone (PPN-VGG19bn) 
and batch normalization of VGG19 (VGG19bn) respectively. 
The kidney stone classification is processed as a patch image 
and provided a mathematical analysis with an effective method. 
The performance of AlexNet attained a 96% accuracy, 
VGG19bn acquired 99% accuracy and also 98% accuracy for 
PPN-VGG19bn. Moreover, Li, D et al [47] investigated various 
DL methodssuch as 3D U-Net, SegNet, Res U-Net, 
DeepLabV3+, and UNETR for testing and training. These 3D 
U-Net, SegNet, Res U-Net, DeepLabV3+, and UNETR model 
has evaluated the accuracy of 98.32%, 97.45%, 89.93%, 
95.54% and 98.11% respectively.  
 

    In some methods, the kidney stone predictions using an 
Inception v3 method by Ochoa-Ruiz et al [48] are tested with 
urinary calculi types in-vivo images. The performance metrics 
are evaluated with a 97% of weighted precision, 98% of recall 
and 97% of F1-score correspondingly. Moreover, the Renal 
Stone Complexity of the Seoul National University (S-ReSC) 
model is implemented by Jeong et al [49] for stone-free rate 
prediction of a kidney. The result of the Area Under Curve 
(AUC) is achieved 0.860 for an effective prediction. 
 

  Kim et al [50] aimed urolithiasis prediction based on 
seven DL models with detailed chemical composition. This 
method has acquired 1,332 stone images and executed four 
classes for every DL model. Overall, the Xception DL model 
performed superior toall others evaluated for all four classes of 
precision and recall as class 1: 94.24%, 91.73%, class 2: 
85.42%, 96.14%, class 3: 86.86%, 99.59% and class 4: 94.96%, 
98.82%.Also in another work, the kidney stone prediction 
survey of DL models such as SVM, NB, and NN are 
investigated by Sri et al [51]. This survey executed the 
comparison of performance accuracy with every model's 
effectiveness.  
 

The DL method like multi-view AlexNet max and 
multi-View VGGnet max is used to extract the fuse of the 
various viewpoints for discriminant object features. This 
system presented by Villalvazo-Avila et al [52] presents a 
deep-learning method for extracting and fusing image 
information acquired from different viewpoints for 
discriminant object features. The result is validated for 
precision and Recall for multi-view AlexNet max are 95% and 
94% and also for multi-View VGG16 max are 94% and 94% 
respectively. Besides, Kazemi et al [53] developed an ensemble 
learning for a robust kidney stone prediction with a 97.1% 
accuracy. This system metrics are acquired with an effective 
classification result such as precision of 97.1%, recall of 
97.1%, F1 score of 97.1% and 99.6% AUC.  
 

          Shah et al [54] reviewed AI and its application for the 
classification of cystoscopic, renal masses diagnosis using an 
MRI. This work established the reaction of treatment, 
prognosis, survival and recurrence of genomic and biomarker 
studies. Alongside, a few DL methods like ensemble model, 
Logistic Regression (LR) and RF models are used to predict 
kidney stones using CT images. This system is investigated by 
Kolli et al [55]. This can be addressed by the metrics in terms 
of 97.12% precision, 96.83% accuracy and 98.1% Recall 
respectively. In a few literatures, the abdominal CT dataset is 
used to segment and classify for both testing and training of 
kidney stones prediction. The AI‐ driven diagnostic approaches 
are explored by Li, D et al [56] with a performance accuracy of 
95%, a sensitivity of 88% and a specificity of 91% 
respectively. 
 
         The CNN model-based automatic kidney stone 
prediction using CT images is implemented by GP et al [57]. 
This system achieved an effective performance with an 
accuracy of 96.82%, Recall of 93.22%which is competent 
enough as distinguished it from previous algorithms. Moreover, 
Surya et al [58] developed a Backpropagation network and 
Fuzzy Clustering Mean Algorithm for various steps for medical 
assistance in kidney stone prediction. These methods are 
provided with animage pixel with a higher stone prediction 
accuracy of 97.92%, specificity of 95.79% and sensitivity of 
97.23% correspondingly.  
 

The Renal stone diagnosis is presented in radiography 
based on renal stone disease developed by McCarthy et al [59]. 
This system used a STONE PLUS prediction tool with 
innovative management and diagnosis. It  provides the best 
care for patients with a precision of 92%, Recall of 93.41% and 
sensitivity of 94.21%. Also, Buvaneswari et al [60] discussed a 
hybrid ButterflyNet and InceptionNet model for kidney stone 
identification. The performance metrics acquired a 90% F1 
Score, 84% accuracy, 88% Recall and 94% precision which 
provided a superior result than the conventional.  

 
 
Author Methods Metrics 

evaluation 

Strength Weakness 

Black et 
al [41] 

CNN and 
ResNet-
101 
model for 
a multi-
class 
kidney 
stone 
classificat
ion 

Recall-
94.12% 
Specificity-
97.83%, 
Precision-
94.12% 

Multi 
class 
based 
Performa
nce  

flexibility 
and speedy 
diagnosis 
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Yildirim 
et al [42] 

CT based 
automate
d stone 
detection 

Accuracy-
96.82%, 
precision-
98%, 
Recall-96%, 
F1 score-
97% 

Accurate 
detection 
even for 
small 
size 
stone 

Connectivi
ty  

Somasun
daram et 
al [43] 

VGGNet-
19 for 
feature 
extraction 
and 
Binary 
SVM for 
classificat
ion 

Recall-
97.32%, 
precision-
98.07%, 
accuracy-
99.19 
%,specificit
y-98.28% 
F1 score-
93.2% 

QoS Energy 
consumpti
on 

Suarez-
Ibarrola 
et al [44] 

PubMed 
MEDLIN
E 
database-
based 
RCC, 
BCa, PCa 
predictio
n 

Accuracy-
94.26%, 
sensitivity-
94.51%, 
specificity-
96.29%  

Multi-
subject 
detection  
 

Complexit
y 

Sabuncu 
et al [45] 

AI-based 
CT 
images 

Accuracy-
98.52%, 
sensitivity-
96.75%, 
specificity-
98.12%  

Computa
tional 
accuracy 

Less 
Availabilit
y 

Flores-
Araiza et 
al [46] 

PPN-
VGG19b
n, 
AlexNet, 
VGG19b
n 

All three 
methods 
attained 
Accuracy of 
96%, 99% 
and 98% 

Effective 
mathema
tical 
analysis 

Display 
quality 

Li, D et 
al [47] 

3D U-
Net, 
SegNet, 
Res U-
Net, 
DeepLab
V3+, and 
UNETR 

Accuracy-
98.32%, 
97.45%,89.9
3%, 95.54% 
and 98.11% 

Classific
ation 
accuracy 

Energy 
consumpti
on 

Ochoa-
Ruiz et 
al [48] 

Inception 
v3 
method 

Precision-
97%, 
Recall-98%,  
F1-score-
97% 

Low cost 
and 
simple 

Low 
Flexibility 
and speed 

Jeong et 
al [49] 

DL based 
S-ReSC 

AUC-0.860 Performa
nce  

Avoid 
false 

predictio
n 

diagnosis 
 
 

Kim et 
al [50] 

7model 
used for 
kidney 
stone 
predict 

Precision-
94.96%,  
Recall-
98.82% 

QoS Limited 
functionali
ties 

Sri et al 
[51] 

Survey of 
DLmetho
d based 
kidney 
stone 
predictio
n 

- comparis
on of 
performa
nce 
accuracy 

Future 
ideas 

Villalvaz
o-Avila 
et al [52] 

Multi-
view 
AlexNet 
max and 
multi-
View 
VGGnet 
max 

AlexNet 
max Recall-
95%, 
VGGnet 
max Recall-
94% 

Complex
ity  

Energy 
consumpti
on 

Kazemi 
et al [53] 

ensemble 
learning 
model 

Recall-
97.1%, F1 
score-
97.1%, 
AUC-99.6% 

Lifetime Reliability, 
Efficiency 

Shah et 
al [54] 

AI model 
survey  

- Compari
son of 
diagnosis
,methods 
and 
materials 

Numerical 
compariso
n 

Kolli et 
al [55] 

Ensemble 
model, 
LR and 
RF 
models 
for 
predictio
n 

Precision-
97.12%, 
Accuracy-
96.83%, 
Recall-
98.1%  

Memory Utility, 
Accuracy 

Li, D et 
al [56] 

AI‐ drive
n 
diagnosti
c 
approach
es 

Accuracy-
95%, 
Sensitivity-
88%, 
Specificity 
91% 

Performa
nce  

Training 

GP et al 
[57] 

CNN 
model 

Accuracy-
96.82%, 
Recall-
93.22% 

Cost 
overhead 

Microscopi
c 
examinatio
n 
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Surya et 
al [58] 

Back 
propagati
on 
network 
and 
Fuzzy 
Clusterin
g Mean  

Accuracy-
97.92%, 
Specificity-
95.79%, 
Sensitivity-
97.23% 

Compres
sion and 
low data 
loss 

Quite 
complex 
system 

McCarth
y et al 
[59] 

Renal 
stone 
diagnosis 

Precision-
92%, 
Recall-
93.41%, 
Sensitivity-
94.21% 

Effective
ness 

Security 

Buvanes
wari et 
al [60] 

hybrid 
Butterfly
Net and 
Inception
Net 
model 

F1 Score-
90%, 
Accuracy-
84%, 
Recall-88%, 
Precision-
94% 

Portabilit
y, real-
time 
Monitori
ng 

Categorise 
the data 
Layer 

V. PERFORMANCE METRICS 

In the medical field, the performance metrics based on 
classifications are validated in terms of Sensitivity, Accuracy, 
Specificity, AUC and F1 score respectively. All these metrics 
are discussed and expressed below.  

Sensitivity: It is defined as actual positive cases 
proportional measurement which is truly detected as positive 
that is expressed in equation (1). 

 (1) 

Specificity: It is the measure of actual negative 
proportions that is truly predicted as negative which is 
expressed in equation (2). 

 (2) 

 
 
Accuracy: It is defined as the number of truly predicted 
divided by the overall predictions that are expressed in equation 
(3). 

 (3) 

F1 Score: It measured the accuracy of testing which 
evaluated the precision and recall values that havethe best value 
as 1 and the worst value as 0which is expressed as equation (4). 

 

  (4) 

Recall: It is only concentrated only on Falsely Negative 
and won't be considered Truly Negatives which is expressed as 
equation (5). 

 (5) 

Precision: It is measured only the Falsely Positives and Truly 
Positives that are expressed as equation (6). 
 

 (6) 

Where indicates actually predicted as 1, 

denotes actually predicted as 0, 

represents the original value as 0 and detected as 

1 and  indicates the original value as 1 and 
detected as 0 respectively.   

VI. CONCLUSION 

In this article, medical image processing is reviewed 
for kidney stone prediction. A few kidney stone prediction 
works are listed and tabulated based on their method, 
achievement, merits and demerits. From this work, there are 
detailed explanations are given for every paper with its 
functions. It is clear to update the recent innovations towards 
kidney stone prediction. Though there are several challenges 
that are also still presented in prediction one has to build the 
QoS of a system by an effective prediction by implementing 
some optimization algorithm with DL methods for fine-tuned 
results. Also, the security is not yet improved in these works, so 
the security has to be concentrated in future enhancements.  
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Abstract - The paper aims to deploy a "smart 

agriculture monitoring system" to minimize 

human involvement in farming operations. The 

three key subsystems – the master controller, 

the water pump system, and the water pump 

switching controller – are designed to optimize 

productivity. Our primary goals include 

developing a system with a robust design, high 

accessibility, and integrated wireless 

communication. The system will intake sensor 
data, process it through MATLAB software, and 

present a user-friendly interface. The project 

concludes with the implementation of an 

efficient water management system, ensuring 

stable growth conditions for plants. Our 

proposed concept holds significant promise, 

serving as an effective interface between input 

sensors and IoT as the output medium.  

 

KEYWORDS: Master controller, switching 

controller, Robust design, Integrated wireless 

communication. 

 

INTRODUCTION: 

Throughout history, Earth has faced 
numerous pollution factors, including chemical 
pollutants in water and soil, air pollution, and the 
impact of sun exposure on plants. Unfortunately, 
human negligence towards environmental 
preservation has led to a continuous increase in 
pollution. Utilizing natural resources without 
considering the long-term consequences has 
become a significant issue. Plants, playing a crucial 
role in the Earth's life cycle, are consumed by 
humans for food, oxygen, and various other needs. 

As the global population is projected to 
reach nine billion by 2050, concerns about food 
safety are escalating. In response to this challenge, 
different methods and studies have been conducted 
to enhance agricultural production, leveraging 
advancements in life sciences and technologies.  

 

One noteworthy solution is Controlled 
Environment Agriculture (CEA), which includes 
greenhouse growing methods.  

 

 

These methods empower growers to 
control crop growth, allowing for year-round 
cultivation. By integrating advanced computer 
controllers, tools, and sensors, growers can enhance 
production quality, offering consumers better-
tasting produce. 

Desert climates, characterized by hot, 
humid summers and cold winters with occasional 
rain, present unique challenges for agriculture. 
While the use of cutting-edge technology in desert 
farms is limited, advances in pervasive computing 
and the Internet of Things (IoT) are gradually 
reaching every aspect of life, including local 
agricultural practices. 

Irrigation, a critical aspect of agriculture, 
draws water from various sources such as 
groundwater, surface water, and non-conventional 
sources like treated wastewater and desalinated 
water. Spate irrigation, a form of surface water 
irrigation, involves diverting floodwater to dry 
river beds using dams and channels. Rainwater 
harvesting, collecting runoff from roofs or unused 
land, is another method, although it is not usually 
considered a form of irrigation. 

Wastewater, a significant environmental 
concern, remains untreated in many parts of the 
world, causing water pollution. In agriculture, 
untreated wastewater is increasingly used for 
irrigation, posing health risks due to pathogens. 
The International Water Management Institute 
emphasizes a 'multiple-barrier' approach to mitigate 
risks, including ceasing irrigation before harvesting 
and applying water carefully to avoid 
contamination. 

Embedded systems, combining software 
and hardware, play a crucial role in various 
applications. They are designed for specific tasks, 
often with real-time performance constraints. 
Embedded systems can be standalone devices or 
components within larger systems, such as the 
embedded system in an automobile serving a 
specific function as a subsystem of the car itself.  

Examples range from air traffic control 
systems to the Gibson Robot Guitar, showcasing 
the versatility and importance of embedded systems 
in modern technology. 
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EXISTING SYSTEM:  

The current system employs an Arduino 
Uno microcontroller to receive inputs from 
different sensors such as temperature, ultrasonic, 
and soil humidity sensors. The decision to water 
the crops is validated through a relay system. 
However, the system faces challenges due to the 
lack of uninterrupted power supply and limited 
sensor inputs. These shortcomings make the 
existing system less robust in its application and 
less suitable for adverse weather conditions. 

 

PROPOSED SYSTEM:  

Hydroponic systems do not serve as a 
panacea for mitigating unfavourable growing 
conditions, such as inadequate temperature, 
insufficient light, or pest-related issues. The basic 
growth requirements for hydroponically cultivated 
plants mirror those of their field-grown 
counterparts. The primary distinction lies in the 
method of plant support and the delivery of 
essential inorganic elements for growth and 
development. 

Optimal temperature plays a pivotal role 
in plant growth, with deviations from the ideal 
range leading to abnormal development and 
diminished productivity. Warm-season vegetables 
and many flowers thrive between temperatures 
ranging from 60°F to 80°F, while cool-season 
vegetables, like lettuce and spinach, prefer 
temperatures between 50°F and 70°F. 

Light, a fundamental requirement for 
plants, poses a challenge in hydroponics. Natural 
sunlight, a key component for traditional garden 
cultivation, is irreplaceable. Hydroponically grown 
vegetables necessitate a minimum of 8 to 10 hours 
of direct sunlight daily for robust production. 
Artificial lighting, despite being a subpar 
alternative, falls short due to the insufficient 
intensity of most indoor lights. Incandescent lamps, 
complemented with sunlight or specialized plant-
growth lamps, may suffice for growing transplants 
but prove inadequate for maturing crops. Although 
high-intensity lamps, such as high-pressure sodium 
lamps, can offer more than 1,000 foot-candles of 
light, their exorbitant cost renders them impractical 
for commercial operations. 

Proper spacing between plants within a 
greenhouse is crucial to ensuring each receives 
ample light. The spacing requirements vary, with 
factors like pruning influencing the space needed. 
For instance, a single-stem-pruned tomato plant 
necessitates 4 square feet, while European seedless 
cucumbers require 7 to 9 square feet. Leaf lettuce 
plants should be spaced 7 to 9 inches apart within 
rows and 9 inches between rows. Winter cultivation 
in a greenhouse proves less successful due to 
reduced light intensity during shorter days and 
cloudy weather. 

Providing an adequate water supply poses 
challenges in certain hydroponic systems. While 
water culture systems facilitate easy water 
provision, aggregate culture methods may 
encounter difficulties. In hot summer months, large 
tomato plants can consume up to half a gallon of 
water daily. Insufficient moisture in the aggregate 
can lead to root drying and death, impacting plant 
recovery and reducing production even after 
moisture restoration. 

Water quality presents another challenge, 
with excessive alkalinity or salt content disrupting 
nutrient balance and impeding plant growth. 
Softened water, containing elevated sodium levels, 
proves harmful. Water exceeding 0.5 million or 
320 parts per million in salt content can cause 
nutrient imbalances. Customized nutrient solutions 
may help address this issue, but it requires 
expertise in balancing salts. 

Plants also demand oxygen for respiration, 
a process vital for water and nutrient uptake. In 
soil, oxygen is typically abundant; however, in 
hydroponics, plant roots in water can deplete 
dissolved oxygen quickly, potentially causing 
damage or death. Aeration through air bubbling is a 
common method to supplement oxygen. Aeroponic 
or continuous flow systems often negate the need 
for additional oxygen. 

In summary, while hydroponic systems 
offer advantages, they necessitate meticulous 
attention to temperature, light, spacing, water 
provision, water quality, and oxygen supply to 
ensure optimal plant growth and productivity. 

 

TRANSMITTER:  

 

Fig: Transmitter block diagram 

 

RECEIVER: 

Green plants rely on the absorption of 
specific minerals through their roots to sustain their 
survival. In garden settings, these minerals are 
sourced from the soil and supplemented through 
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the application of fertilizers like manure, compost, 
and fertilizer salts. The crucial elements required in 
substantial quantities include nitrogen, phosphorus, 
potassium, calcium, magnesium, and sulphur. 
Additionally, micronutrients such as iron, 
manganese, boron, zinc, copper, molybdenum, and 
chlorine are essential, albeit in minimal quantities. 

In a garden, plant roots are naturally 
surrounded by soil, providing the necessary support 
for their growth. Conversely, hydroponically grown 
plants require artificial support, typically achieved 
through the use of string or stakes. Consequently, 
the measurement of humidity and temperature 
plays a crucial role in regulating environmental 
conditions vital for plant survival. These 
measurements are essential for weather analysis 
and forecasts, particularly in the realm of 
agriculture. To safeguard plants from drought and 
extreme temperatures, monitoring and controlling 
humidity and temperature levels become 
imperative. 

Utilizing a soil moisture sensor aids in 
detecting the water content in the soil around the 
plants. The sensor offers two output configurations, 
namely high and low, providing valuable 
information about soil hydration. 

The prototype incorporates a pump housed 
within a single available tank. This pump serves 
dual purposes – irrigation and cooling. For 
irrigation, the pump initiates the flow of water 
through a hose and subsequently through water 
sprinklers.  

The decision to continue or cease pump 
operation depends on the readings from plant 
humidity and water level sensors. In the cooling 
system, water is sprayed among the straw, and a 
fan contributes to cooling the plants. 

Automation extends to shading, where a 
motor is employed to adjust shutters, thereby 
regulating the amount of sunlight entering the 
greenhouse based on the plant's measured needs. 
Additionally, remote monitoring capabilities allow 
users to check the farm's status from a distance. 
Users can access sensor readings and 
measurements, and the receiver system enables 
manual control when needed. 

 

Fig:  Receiver block diagram 

MASTER CONTROLLER PROGRAM: 

//TRANSMITTER 

#include <Wire.h>  

#include <LiquidCrystal.h> 

const int RS = 7; 

const int E  = 6; 

const int D4 = 5; 

const int D5 = 4; 

const int D6 = 3; 

const int D7 = 2; 

LiquidCrystal lcd(RS, E, D4, D5, D6, D7); 

#include <SoftwareSerial.h>  

// Temp and Humidity 

#include "DHT.h" 

#define DHTPIN1 A1     // Digital pin connected to 
the DHT sensor 

#define DHTTYPE1 DHT11   // DHT 11 

DHT dht1(DHTPIN1, DHTTYPE1); 

//Moisture Level 

int soil_moi,sensor_analog1; 

const int sensor_pin1 = A2; 

// Air Quality 

int aqv = A3; 

int air = 0; 

//LDR 

int ld  = A5; 

int ldr = 0; 

int buzzer = 13; 

void setup() { 

  // put your setup code here, to run once: 

  pinMode(sensor_pin1, INPUT); 

  pinMode(ld, INPUT); 

  pinMode(aqv, INPUT); 

  pinMode(buzzer, OUTPUT); 

    Serial.begin(9600); // opens serial port, sets data 
rate to 9600 bps 

//Humidity 

  dht1.begin(); 

   lcd.begin(16,2); 

  lcd.setCursor(0,0); 

  lcd.print("AGRI SENSOR TX"); 

  lcd.setCursor(0,1); 

  lcd.print("MODULE 1 "); 

  delay(1500); 

  digitalWrite(buzzer, HIGH); 

  delay(250); 

  digitalWrite(buzzer, LOW); 

  lcd.clear(); 

} 

void loop() { 
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  // put your main code here, to run repeatedly: 

 sensor_analog1 = analogRead(sensor_pin1); 

  soil_moi = ( 100 - ( (sensor_analog1/1024.00) * 
100 ) ); 

  //Humidity Sensor 

  delay(100); 

  int ehum = dht1.readHumidity(); 

  int etemp = dht1.readTemperature(); 

  air = analogRead(aqv); 

  ldr = analogRead(ld); 

 lcd.setCursor(0,0); 

  lcd.print("T:"); 

  lcd.print(etemp); 

  lcd.print("  "); 

 lcd.setCursor(6,0); 

  lcd.print("H:"); 

  lcd.print(ehum); 

  lcd.print(" "); 

  lcd.setCursor(12,0); 

  lcd.print("L:"); 

  lcd.print(ldr); 

  lcd.print(" "); 

  lcd.setCursor(0,1); 

  lcd.print("S:"); 

  lcd.print(soil_moi); 

  lcd.print(" "); 

 lcd.setCursor(6,1); 

  lcd.print("A:"); 

  lcd.print(air); 

  lcd.print(" "); 

  if (soil_moi < 25){ 

  digitalWrite(buzzer, HIGH); 

    delay(200); 

    digitalWrite(buzzer, LOW); 

  } 

  else{ 

    delay(100); 

    digitalWrite(buzzer, LOW); 

  } 

  Serial.print("H "); 

  Serial.print(etemp); 

  Serial.print(","); 

  Serial.print(ehum); 

  Serial.print(","); 

  Serial.print(soil_moi); 

  Serial.print(","); 

  Serial.print(air); 

  Serial.print(","); 

  Serial.print(ldr); 

  Serial.print("!"); 

  Serial.println(); 

  delay(1000); 

} 

 

WATER PUMPING SYSTEM PROGRAM: 

//RECEIVER 

#include <Wire.h>  

#include <LiquidCrystal.h> 

 const int RS = 7; 

 const int E  = 6; 

 const int D4 = 5; 

 const int D5 = 4; 

 const int D6 = 3; 

 const int D7 = 2; 

 LiquidCrystal lcd(RS, E, D4, D5, D6, D7); 

#include <SoftwareSerial.h> 

SoftwareSerial PHSerial(10, 11); // RX, TX 

//pH 

String ph; 

int phvalue = 0; 

// Ultrasonic pins numbers 

const int trigPin = A0; 

const int echoPin = A1; 

// defines variables 

long duration; 

int dCm; 

#include <String.h> 

#include <TextFinder.h> 

TextFinder finder(Serial); 

const int no_of_fields = 5; 

int fieldID = 0; 

int values[no_of_fields]; 

 int relay = 12; 

  void setup() { 

 // put your setup code here, to run once  

  Serial.begin(9600); // opens serial port, sets data 
rate to 9600 bps 

 PHSerial.begin(9600); 

 pinMode(trigPin, OUTPUT);  

 pinMode(echoPin, INPUT);  

 pinMode(relay, OUTPUT);  

 lcd.begin(16,2); 

 lcd.setCursor(0,0); 

 lcd.print("AGRI RECEIVER"); 

lcd.setCursor(0,1); 

  lcd.print("MODULE 2"); 

delay(2000); 

 lcd.clear(); 

} 

  void loop() { 
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 // put your main code here, to run repeatedly: 

 for(fieldID = 0; fieldID  < 5; fieldID ++) 

 { 

  values[fieldID] = finder.getValue(); 

  } 

int data1 = values[0]; int data2 = values[1]; 

int data3 = values[2]; 

int data4 = values[2]; 

int data5 = values[2]; 

 //pH Value 

for(int i=1; i<=2; i++) { 

String phdata = PHSerial.readStringUntil(':') 

 if(phdata) != " 

 ph = PHSerial.readStringUntil('$'); 

 phvalue = ph.toFloat(); 

//phvalue = phvalue-30; 

 //Serial.print("PH:"); 

  //Serial.println(phvalue); 

  } } 

  // Ultrasonic Sensor 

  digitalWrite(trigPin, LOW); 

  delayMicroseconds(2); 

  digitalWrite(trigPin, HIGH); 

   delayMicroseconds(10); 

   digitalWrite(trigPin, LOW); 

   duration = pulseIn(echoPin, HIGH); 

   // Calculating the distance 

   dCm= duration*0.034/2; 

  \\ lcd.setCursor(0,0); 

    lcd.print("PH:"); 

lcd.print(phvalue); 

 lcd.setCursor(6,0); 

 lcd.print("W:"); 

 lcd.print(dCm); 

  if(data3 <= 20){ 

      digitalWrite(relay, HIGH);  

    } 

    else{ 

      digitalWrite(relay, LOW); 

    } 

             Serial.print("123 "); 

    Serial.print(data1); 

    Serial.print(" "); 

    Serial.print(data2); 

    Serial.print(" "); 

    Serial.print(data3); 

    Serial.print(" "); 

    Serial.print(data4); 

    Serial.print(" "); 

    Serial.print(data5); 

    Serial.print(" "); 

    Serial.print(phvalue); 

    Serial.print(" "); 

    Serial.print(dCm); 

    Serial.println(); 

    delay(750); 

} 

          void serialmotor 

} 

 

CONCLUSION AND HARDWARE SETUP 

          The proposed, agricultural monitoring 
system is need for the hour to reduce the human 
intervention in farming. This demonstrates the 
advantage of building the rules with mathematical 
equations and linguistic variables. This process is 
aimed to educate the farmer on the use of an 
integrated technology system to monitor and 
control operations. The system can also create an 
excellent set of decision-makers with reduced 
manual contribution. Furthermore, the outcomes 

help us to understand more about the significance 
of each variable to obtain healthy plants. This 
achievement leads to a smart water management.  
For future enhancement, we would like to attain 
more data so that we can run training and testing of 
the data. 

 

 

Fig: Master Controller – Hardware Setup  
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Fig: Water Pumping System  
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IIb�aÂ]0rls0R2KK_>DR=4D2>006n64;K7M0D>0
v�	
��hhh�����!�����J��
�����!�������\\U�������jZWX
�jZU��
+Z-�g��w�����x��y������q��g����[��q����������!��
e_=>P70E.>0;̀̀DRD;>40:2R=::n0LDL;:D>;?0AAO0
L32R;66237M08NNN0O3=>6/01D3R_D460Bn64/08870NGL/0s3D;̀670
#	���jY���	��U������jVjXjVZ��[�����\\k��
+,\-�I�����!z�
��{��I�� �����	�I��g��g|��{������[��
o3=}=:70E8KL:;K;>4D>P0AAO���������������
�������{���
3;R;DC;3602>0AQo.0L:=4̀23K67M08NNN0O3=>6/0.;326L/0
h��
��	���!������#	���WW���	��W������,jkUX,jVj��b
���
�\\V��
+,,-�~/0mD0=>?0~/0Q/0C=>0?;30];D}670E.03=?DG0�=6;?0
������������������������	
���	���	��Ii�b��I���i�
6n64;K7M0D>0Q32R/08NNN08>4/0Ba1012>̀/70����70LL/0
YVYXYVk��
+,�-�B/0e;0=>?0]/0O23p;:62>70Ê;6DP>0=>?0
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����[���Y�����Y�		�Y �
������]�������e�		�_��_Z�	��Z���������[�Y�g���]ZY���Y�
_
�]Z�ZY����Z�����̀���������\�Y
��������[� ������������
��������������\������_���[��g�Y
��]]������̀�����̂
�]]����g�̀�����������
�[���̂�Y��Z���̀��������		
����
��g�	����\���Z��Y����e��Y���Z��[���g���Y�����Y�������
�������[�����_�	��
 �
�
dr@j����Z��iZ̀��Y��ZY�~ ����]�Y������� ���\�
�������������������������̂��\[��W��Z	���Y�����
����_	��������������������������������������
mr@�Y ���g����������̀��_����g�W�	�x̀���Y�
���
��� �����������¡¢������������£�����¢�¤��������¥�
����������\���\�������	��
�o�̂¦§̈©��¡�¤����������
lr@���Y\�����Y_�		���̀����]������[��̀����]���
W��\�	����[���� ��Y���̀��Y[���WxY���
��̀�
�����������̂��̂��������_	����\�����[[Z���������
£�¢���ª����«  ��¤����������
�r@«��¬��¥�¢��¤¦¢�¥���¦�¢�����¢�������������
Y����������\����f
_Y���������������	����e�Yx�X�
��g�	��[���� �]� �� �	�®�_	�� ����_	�� ��\���
�̄�����¤������¡���ª�¥�°±���
cr@c �[YZ��� �̀����Z�W����è���w��Y�� ��̀��e���
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�L����������
����������X���������

))!<.33"$/,%-(:&"x$#;(+"$0,%-(,%(2#<B%"$"-b6

��������	������V���8����
�����Ep�Q��GW�

y&,/-,%-(&#+#.&<B(.%/(2B#"&b(n,2B(:&.<2,<#'==(

��
M����������8�	��_g��iK̀Ni�O����7��JK����

qAr(5?(\?(y&1+B(.%/(R?(z?(!.b#'())\(+1;;.&b(

�������������{M	����V�������������������	��V�

����������������������������V���
�	��
����

+1::"&2#/($#.&%,%-(#%0,&"%;#%2'==(R?(4%2#&.<2?(

Q�������8�	�����MM���N�J��P����JKKJ��

��K������������H�������������������Q��
��������

))t.$1#(<"6�������������
�������8����W�H�

���������	������������M���M����8������
����

:#&+"%.$(.++,+2.%2+'==(R?(\++"<?(4%3?(!b+2?'(0"$?(e'(

MM��i�LNi_L�������JKJK�

�������� ���|��EJK�OG��]����6���7	���
����

�M��9�������������__}����

I���� X������	�� 7D� JKJJ�� �P�	������

H8��	�7	�W���M�Whh�������������
hJK�Oh��hKLh

8����6���7	�6�
���6�M��9���6�������6__6��6�6

��������	�67D6JKJJ6��D�6��M���h�

��J�����X���Y�	�����H��Q�����|�����~������V��

���Q���H����8���9���H�����������������

����	���9���p����V���]�� ���������Q��p��V�����

R?(S.&+'())!4U4�!u(\%(":#%(#%/2"6���8�����

���8������M������	������������������

�
M	��������������������Y������������	��

��
:12#&+'==(,%(>&"<?(\CS(!4�>T\�(�"2,<#+'(

JK�_��MM��JJ̀NJJL��

NATIONAL CONFERENCE ON APPLICATIONS OF AI AND IoT IN ENGINEERING AND TECHNOLOGIES (NCAAIET-24)

ISBN: 978-81-965236-7-1
240



����������	
����������������������
����������

�������� !�" # $%&'$ ()&*++ ,)-.&$#"/� 0)�1 23� 


��� 4�� 55�� �667�68�� 96�:�� ��;<�

�6���64=��96�:��>:�6>���

��8�����?��;@����A
BCD�@�����E��	����A��

F�'G)H'G#� �"I J1 K$�%"��� ��� '&%0�( )" )"�#"� 

L&I/� '('$�-' �"I $M�#% �..�#!�$#)"'�++ �,N 

��O5	B���	�P���P�Q��>���
������55���7�8��96�R��

��>��S��?�B�
�T���U96�RV��A;D	�W
Q;
���	�����

�W
Q;
����AP�;Q�TQ�<��BB5�<==�
Q;
�X	����	Y

�;D	��C�X5�

��Z����A��[�P;QQ�������
D������
��[���;	��

��,)-.�$#$#0� ���%"#"/ #" #"\)%-�$#!'] JM� 

_̂� )"�#"� L&I/� ��.�%#�"!��++ ̀ �(-.#�I' 

�
a���P�Q��9��55�����7�8R��b�T��966R��

��:��������E�D��c��A��d�
;
���
��e��[��

f)I�/M�%#� ��̂fg )"�#"� L&I/� �!�I�-#!] � 

$))� \)% ��/)%#$M-' �"I .%)/%�--#"/ !��''�'�++ 

;
�e��C��4B���
B����
a����O5	B���C;��h�	C���

96�8��55���847�>9��

NATIONAL CONFERENCE ON APPLICATIONS OF AI AND IoT IN ENGINEERING AND TECHNOLOGIES (NCAAIET-24)

ISBN: 978-81-965236-7-1
241



������������	
�������
����
���


������������������

����������������

�������������������  ����

�����!"#�

�
�
�

$%&'()*'+,-
�.
/010.2
304/56
708790
4/0
:022;.:
<8/0
18.51;8=58>
2?0


0.@;/8.<0.2
2?03
4/0
9;@;.:
;.A
�?;5
18.51;8=5.055
;5


B/;@;.:
2?0
.00B
28
B0@0987
4/0
9;4C90
0.@;/8.<0.249


<8.;28/;.:
53520<A
�.
0.@;/8.<0.249
4;/
D=49;23


<8.;28/;.:
53520<
4958
?45
;.B=52/;49
4779;142;8.A�.


<;.;.:
8/;.
?04@3
;.B=52/362?0/0
;5
4
7855;C;9;23
8>
4;/


18.24<;.42;8.
C3
B;>>0/0.2
?4/<>=9
:4505A�.
5=1?


?4E4/B8=5
5;2=42;8.564.
0.@;/8.<0.249
<8.;28/;.:


53520<
14.
7820.2;4993
54@0
2?0
9;>0
8>
2?0
F8/G0/5A
�.


5=1?
94/:0H51490
50.58/
B07983<0.262?0/0
4/0
B424


1899012;8.6B424
<4.4:0<0.26
18..012;8.6
4.B
78F0/


18.5=<72;8.
;55=05A
�8�
201?.898:3
�
5701;>;14993
5=;20B


>8/
2?;5
58/2
8>
.00BA�?;5
7470/
7/050.25
4.
�8�
C450B


>/4<0F8/G
2?42
0>>012;@093
<8.;28/5
2?0
1?4.:0
;.
4.


0.@;/8.<0.2
=5;.:
50.58/56
<;1/818.2/8990/6
4.B
�8�


C450B
 201?.898:3A50/5
 14.
 <8.;28/


20<70/42=/06?=<;B;236B02012
2?0
7/050.10
8>
?4/<>=9


:4505
C82?
;.
2?0
;.B88/
4.B
8=2B88/
0.@;/8.<0.2
=5;.:


2?0
7/87850B
<8B=90A�?0
B424
;5
528/0B
;.
2?0
F0C


50/@0/
4.B
2?0
=50/
14.
411055
2?0
B424
4.3F?0/0
;.
2?0


F8/9B
2?/8=:?
4.
;.20/.02
18..012;8.A
�.
2?0
7/87850B


F8/G
4
F0C
4779;142;8.
;5
B0@09870B
28
7/8@;B0
@;249


;.>8/<42;8.
28
2?0
=50/A�?0
=50/
14.
4958
502=7
4


.82;>;142;8.
>8/
1/;2;149
1?4.:05
;.
2?0
50.58/
B424A�.


18<74/;58.
28
82?0/
1985093
/09420B
53520<562?0


7/87850B
53520<
;5
4
98FH1852
8.06
411=/420
4.B
=50/


>/;0.B93A


�2
;5
4958
198=BHC450B
4.B
?45
0453
<8.;28/;.:
4.B
B424


@;5=49;E42;8.
<8B=905A
�?0
53520<
?45
C00.
0@49=420B


;.
B;>>0/0.2
524:05A�>20/
2052;.:
499
2?0
>=.12;8.5
;.


B;>>0/0.2
18.B;2;8.56
;2
5?8F5


�
�
?;:?
B0:/00
8>
411=/413
4.B
/09;4C;9;23A























�����IJ����






�
�

�
��

������������������������KKLMNOPL�MQRSTL�URSRTLULSN�
����������V��WSL�WK�NQL�UWVN�MQRXXLSTOST�OVVYLV�OS�NQL����������������������

ZW[X\��WPL[SULSN]VLUO"TWPL[SULSN� RS\� Ŷ_XOM�
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����dfd=gdfd����

<=d>? ��b�	
������������"���c��a6�6���������r��r��
b���������G�PIBKVjBSJJBiVi��BMjlDNBEVLDEP�DQPVNB
�	����lViPEJBkMVNJSFTBPNBURVLABVWB]ViP[VlB̂y_AB
abc��de=e������=h�g=}e����

<=f>?�AB�DNJR�JJFB]AB�AB[VRNJRFBDNIB�AB�AB�J�PNJFBG�JSPONB
�������������������
�
�����������������������
�
DRLMPQJLQjRJBWVRBIQNBQMRVmiV�JSFTBY����H[]B
����	��
��	���+�
'�(�����)���=|�����d��������hg
�}*��de=e����

<=h>?����#��������t�������7���t�����#��������#���������������7���
����G�NJROKJWWPLPJNQBVkQPlDEBVkkVRQjNPSQPLBWVRmDRIPNOB
���������QVEJRDNQBNJQmVRnSFTBY���B�RDNSDLQPVNSBVNB
��������������������)�����������������h�eegh�=d��
+)�de=e����

<=�>?���#PFBUAB�jPFB�AB�PNFB�ABXjFBDNIB�AB�JNOFBG��DEjDQPNOB

��������
���	�����	����	���		���
��������������
����
PNBIJEDKBQVEJRDNQBNJQmVRnSFTBY���B[VlljNPLDQPVNSB
#�

��	��)���=h�����==������=ed}g=ed|��+)������
de=e����

<=}>?��������~���������#���t��b�'���
�����#�
�����������
#���GXJEWPSMNJSSFBDEQRjPSlBDNIBlJSSDOJBSkRJDIPNOBPNB
lViPEJBSVLPDEBNJQmVRnSFTBPNBURVLABVWBY�C\[\]B
�VRnSMVkSB̂_�FBHkRPEBx__�AB�

<=*>?XABBZJ�PLPFBBGHBBSjR�JKBBVNBBmPRJEJSSBBkVSPQPVNBB
JSQPlDQPVNFTB������		����	����b�������
��	��)���
hh�����f������d}fg�d|d��!����dee|����

<=|>?��������"��r����)����r��r��b����������������c��(���
G�VjBDRJBWDLPNOBQMJBlVNDBEPSD�BSkVQBEVLDEP�DQPVNBjSPNOB
kMKBEDKJRBPNWVRlDQPVNFTBPNBURVLABVWB]ViPXKSB̂yxAB
abc��de=d������=|fg�=�}����

�x_�B�AB�DNOFB[AB�jFBDNIB�AB�PjFBG�VLDQPNOBPNBWPNO������
�
	����u�'�����		�����������6�
���'�
����

���������
PNQJR�JNQPVNFTB�
PNBURVLABVWB]ViPLVlB̂yxABH[]FBx_yxFBkkABxp�gd|e��

<d=>?a���&�	
�����%���+�����	���r����6����	(���������r���r����
[MVjIMjRKFBGHH]U��BDLLJEJRVlJQJRBDjOlJNQJIB
����������������6�
���TBPNBURVLABVWB]���B̂_wAB
abc��dee|������=fg=|���

<dd>?ZVVOEJFBG�MJBOVVOEJBlDkFTBMQQkS���lDkSAOVVOEJALVl�FB
de=d�����"�������#���������

�

NATIONAL CONFERENCE ON APPLICATIONS OF AI AND IoT IN ENGINEERING AND TECHNOLOGIES (NCAAIET-24)

ISBN: 978-81-965236-7-1
274



����������	
�������������	�������	�����	
�����
���
���
�

�������� !"#$%&��'�"#%$(%�) !"*%+����"�,-%$�� !*�.&%"/%���0 !�$�1�2%$%(%�%�%-(3!�$�1�4%.%�,�'%$ 5"

6789:;<=8><?@A?B8CD:<;@>ECF?G>HE>88;E>HI?J:=:;:K?L@MM8H8?@A?G>HE>88;E>H?:>N?O8CD>@M@HP?
QE;RNDR>:H:;I?O:=EMS:NRI??T>NE:?

U789:;<=8><?@A?B8CD:>EC:M?G>HE>88;E>HI?J:=:;:K?L@MM8H8?@A?G>HE>88;E>H?:>N?O8CD>@M@HP?
QE;RNDR>:H:;I?O:=EMS:NRI??T>NE:?
5VW%.%�,�'%$ XYZ-%�.�[\-"

"

�]
���̂�_̀a�
���̂���
�̂�	��̂�����	������b
�b�����b���
��
������
�����	���
�������������̂�����̂�����	
��	��

���c���	̂�
�c����	�������	�����	
��������	�
�
���
d�����

efghijklejmfnlgheglojpqnjkrlsjpqetulsnjtnsgpivkltevlwnl

�
��������
��	������̂���	�����	�������	�����	��
�
���
�

c����	�������	�����	
�����
�
���
d������������������������

]�������������	�	���
��

�	���������������������	���c�
�̂��


�
���
dx����̂���	��c�̂����̂������	
��������	��	c��
���̂�����

�
������̂�����y��

��dd����
�	�����cc�̂����������	��c����������

	��]����c�̂����̂����	c��
���̂����������	�
dd����z��
���	��
{�

|}i~lgilsjigntg�nvkfjnlghn���l�lti������
��]��b��	�

c�	��	���c������̂���	��	��c�	��	���������̂����̂��������	�
��
�

���]��c��	�dd������������	��
�
���
������̂�����]���
������

������	c��
���̂������	��b��������	
��������	�
�c��dd������

�c������̂�
����������	��b����]�����	��	�b�
�
���
��

��̂����̂������c���	�����	��
�
���������̂�����������
��
�

�����	�������cc�̂d�

����������	�������	�����	
��������	�
�
���
��

���	������	�����	����������]�������������	�	���̂����̂���

���	
��������	��	c��
���̂������c�	��	��������̂���	��

�	c��
���̂��������	
��������	�
�c�������	�����	��
�
�����

���cc�̂���	�����	�d�

������a���������

���������� �¡¢£��¤�¥�¦�§�̈©�ª��«�«¬©�¥���©�®¦����̄�¥�¦�����

3�°±".�&��"��",$W%�"%$�%��"²\,���Z"%�'"��[���%$("$�V%�$�!"%�"

³�.."%�"+$%&�."%�'"+$%��V\$+%+�\�"'�$�[+.("$�.%+�'"+��$�+\�"

1�$�\�%."+$%��V\$+%+�\�"���'�!"��[.,'��Z"-%��"+$%���+!"[%$�!"*\"

+���"��"+��"�%+,$�"\́"+��"%,+\-\+�&�"��',�+$("µ$Z%��¶�"

�&�$(+���Z"��"+��"W��+"%�'"%.-\�+"́\\.V$\\́"³%("0%·�"[%$�"\́"

+���$"'%+%"���'��"̧���",$W%�"�V%[�"��"�\+",��'"́\$"V$�&%+�"

+$%��V\$+%+�\�"/\$�"'��+$�W,+�\�"��+��"%$�"���'�'�"0��"[,$$��+"

W,�.'��Z"³%�"'���Z��'"%�'"W,�.+"��"+��"����+���+�"[��+,$("��"

+��"3¹+�"[��+,$(!"��"[\,.'"�\+"-��+"%.."+����"��³"$�º,�$�-��+��"

��"%''�+�\�"+\"��́$%�+$,[+,$�!"+��"V$\[�����"+��-��.&��"���'"+\"

[�%�Z�"��"\$'�$"+\"[�%�Z�"���V��Z",V"³�+�"Z$\³��Z"+$%́́�["

%�'"%�"%Z��Z"V\V,.%+�\�»"¼�%�Z��Z"+$%��V\$+%+�\�"���'��"0$%["

��"%",��º,�"%�'"%'&%�[�'"'$�&�$"%����+%�[�"�(�+�-�"½�+�."+���!"

&���[.��"³�.."W�"'��V%+[��'"+\"³��$�"V%$+�[�V%�+�"%$�"0��"

[\���[+�\�"��"-%'�"��"%�"��&�$\�-��+"[%..�'"&���[.�¾+\¾

&���[.�"¿À3ÀÁ�¼\���[+��Z"+\"&���[.�"��́$%�+$,[+,$�"¿�\¾[%..�'"

&���[.�¾+\¾��́$%�+$,[+,$�"¿À3�Á"��&�$\�-��+�Á"+\"��[$�%��"

-\W�.�+("%�'"�+"��"�\V�'"+�%+"[\���[+�'"%�'"%,+\�\-\,�"

&���[.��"¿¼ÀÂ#ÀÁ"³�.."$�',[�"+��"%W\&�¾-��+�\��'"V$\W.�-�"

¿�,[�"%�"+$%́́�["[\�Z��+�\�!".%[·"\́"�V%[�"%�'"��[$�%��'"+$%́́�["

&\.,-�Á�"¿Ã�Z%$'��Z"%�$"%�'"V\..,+�\�ÁÄ"Å�$�+!"+��"$���"\́"[%$"

��%$��Z"%�'".�%���Z"*�$&�[��"³�.."Z$\³"%�'"��³"³%(�"\́"[%$"

��%$��Z"³�.."�V$�%'"¿Æ%�Z!"�+"[%�"%.�\"W�"[%..�'"%"��.́¾��$&�[�"

[%$!�\"+�%+"$\%'�"%�'"[�+���"Ã�',[�"[$\³'��Z"¿Ã\��!"3¹ ÇÁ�"

Ã�',[�"'��+$%[+�\��!"�-V$\&�"�%́�+("%�'"-\W�.�+("0��$�"%$�"

�́³�$"$\%'"%[[�'��+�"¿1%,!"3¹ XÁ!"¿*\,W$%!"3¹ XÁ!"¿Æ%�Z!"��"

%''�+�\�!"\+��$"��́\$-%+�\�"%W\,+"V%$+�[�V%�+�"�,[�"%�".��·�"

¼\-V%��\�"&���[.��!"³��[�"�%&�"�\¾[%..�'"��+�$��+"\́"0���Z�"

¿�\0Á"'�&�[��"\�"W\%$'�¿),�$$�$\¾�W%��¶"�+"%.�!"3¹ °Á!"�-%$+"

\WÈ�[+�"�,[�"%�"$\%'�"*�'�"¿Ã*½Á!"\$"%́+�$"+��"+$%́́�["[\�+$\."

[��+�$"%$�"%.."V\���W.�"#"V$\[���"+�%+"[%�"W�"[%..�'"&���[.�¾+\¾

É"¿À3ÉÁ�"��"�+�"́��%."$�V\$+!"+��"[\--�++��"$�.�%��'"%"

[\-V$������&�"%�'"[\-V$������&�"\&�$&��³"\́"+��"³\$.'»�"

-\�+"́.�Ê�W.�"%�'"[\���[+�'"�0*"�(�+�-��"̧�%$�"%W\,+"+��"

Ë�\[�%."��$&�[��"%��\[�%+�'"³�+�"+����"-%[�����Ë"Å\$"�Ê%-V.�!"

+��"+�[��\.\Z("³%�"+��+�'"��"$�%.¾³\$.'"#�"%"V$\&��Z"Z$\,�'"

��"+��")�$-%�"[�+("\́"�%���."Ã\%'"[\��+$,[+�\�"��&\.&��"

&%$�\,�"V.%(�$�"¿¼�+("\́"�%���.!"3¹ Ì%Á�"#,+\-%·�$�".�·�"Å\$'"

�%&�"+��"\VV\$+,��+("+\"+��+"��"'�́́�$��+".\[%+�\��"%$\,�'"+��"

³\$.'"¿[�+("/\�+"[\-V%����"%$�"��Z%Z�'"��"+$%��V\$+%+�\�"

¼$�%+�"(\,$"\³�"-%V".�W$%$(".�·�"Í%(-\"²\³�&�$!"�"�%'"+\"

-%V"�%[�"[�+("��'�&�',%..("¿Å\$W��!"3¹ ÌÁ�"0���"[\���[+�\�"

[$�%+��"%"+$%��V\$+%+�\�"�(�+�-"0��"'%+%"(\,"���'"+\"-%·�"

%[[,$%+�"V$�'�[+�\���"�+"��"'\��"+�$\,Z�"$%V�'"��-,.%+�\�"¿��Z�"

,���Z"��,$%."��+³\$·�"%�'"-%[����"�+,'(Á"+\"�&%.,%+�"�\³"+��"

V$\Z$%-"[\,.'"W�"%VV$\%[��'"'�́́�$��+.("-�+�\'"¿��Z�!"

'�́́�$��+"-\'�."[\�́�Z,$%+�\��!"'�́́�$��+"V%$+�"\́"+��"-�+�\'Á"

¿)\$%!"3¹ ÎÁ�"0��"Å.\$�'%"��V%$+-��+"\́"0$%��V\$+%+�\�"

¿Å�µ0Á"��"%.$�%'("V.%����Z�"Ã�.%+�'"+\"+��"$���"\́"V$\V$��+%$("

-�[�%��[%."�(�+�-�"¿²%'�"�+"%.�!"3¹ ÎÁ"$�́�$$�'"+\"%�"�-%$+"

+$%��V\$+%+�\�"�(�+�-"��"%''�+�\�!"+��"V,W.�["��[+\$"��"%.$�%'("

V.%����Z".�Z%.!"$�Z,.%+\$("%�'"�\[�%."%����+%�[�"-�%�,$��"

+%$Z�+��Z"¼ÀÂ#ÀÄ"Í%(-\"¿Í%(-\!"3¹ ÏÁÁ!"2�&%'%"V%���'"

�+�"́�$�+"��.́¾'$�&��Z"[%$".%³"��"3¹  "¿̧,�++�."�+"%.�!"3¹ 3Á"%�'"

NATIONAL CONFERENCE ON APPLICATIONS OF AI AND IoT IN ENGINEERING AND TECHNOLOGIES (NCAAIET-24)

ISBN: 978-81-965236-7-1
275



��������������	
��	��	���	��	�������������������������

����������	����������������������������������������������

��������������������	�������	���
�������������������	
��

	���������	�������
�	������	����	��������������	
���������

����������������������� ������	���������	������

������������		��������	�������������������	
��	��	!

���	���������������
��	���	�����	
����	!���	��

��
�	������	������������	��������	���������� ��������

���	�������������"#$%&"%'("#)#**%+#,-*.%/&'#0#"1%(23*%-&2%45*2%

�����������������	����		������6�
���������	������������

�������7�������	������
������������	����	��	
����	
�

���������������7	��������	�������������������	�
���	��

�����8����	������	�	��������������������������

�������	
�����	����
���9������:��;���	����������<����	�

=>?>������������	�������������	�������	�
������	���

���	������	��������	���	�������������7� �7	��	����	����=>9?@��

A�����������������������������	
���B����	�����������������

��������������������������	
���������	������������

������������!���������������	�������:��������������������

����	���������8�	��������������������	��	�����������	�

���	���������	��������	
����	�������������������	�����

������������
���������������	�������	
�����������	
��	��!

����@��A���	�C�
���=>9D@��	��	�
���	�������

�	������������������������
�	
�������	�����������
���	
�������

�	��������	
�� ��������	��=>9E@�� �����	
���F��B��

�������������
���������
������������	
��	������	
�

�	��������	����������	�����������	����	������������

����	������������	������	
�����	�����	�G����H����

�������8���	�������������������������	�����	
����	�
�	
�

�	����	�����	
����������������������������		�	
��

����������9� ��������������������������������������

	�������������������������	�������	��	�������	���������

������	
����������������������������������������������

������������������������	�����������������������������

����	��8�����������	�������I�J���������������������K����

����������������������������������������������������

�������6���������K������=>9L@���������	���������������	��

������	���	������������	������������	��������	���������

�������������������������
����������	
������	������	��

���������	������	
�C����������������������������	��������

������6��
��	�������	���������	����������������	�	����

M�������������������	��
���	�	���������������	���

���������������7	��������	���	����		�	
��J������������������

�����������	�N�������������������	�����������������������

����	�������������	��������	�
�	���������	
���������

O#,"*%,-$%P,0#%QP,-R#$.%S52%+&*2%&T%2P#%2(+#%(23*%

��	�
�	������	
�	������	�����������������������U����

	�������������	��������	������������������������	���

�����������������������������	��7�������	�����������������

������������������������������G��������	������������������

�������	������������	��������������		�	
���������	�
�7	�

�������������	�
�	�������	�������������������	�����

����	������������	�������������������	����V	���9DW=@������

��������������	��������	��������������������������	�

A������=>>E@��X�������������	����������������	
���	�	��

������������ ���������������������������������������������

J����������������	����B��������������C��������

���	�������������	������������������:������J����	
�����������

�������	�	
��	����
�������������7���������������	������

�	���	���������������������������������������������	
��

��������	
�����	�����	�������	�����
���	�F������������	
�

�	������	���������������G�����	������������N����Y����

��	�
�	�����������������	�������	���������
��������

�	�����	�������	���������	��������	�C����������������

���	���������	���������8�	��������	������
����Z�7�����

��N����������	�������������K�	��������������������	���������

�������������������������������������G����	��Z��	��

��	������������������������������	��������	
�Z�8�	���������

�������������������������������������	�
������

F���	
��������������@Z��	�������Z�J�������������������

��������Z�������������������	���������������G�����	�����

F����	�	
����������������F����		�	
��������	���

����	
�����������	��6�������	���	�����������	��
������

�����������
�	����[�	��������������	��	����������	������

������	������������	�����	�����������������������������

�	��������	��������������	���������	�
�	��������	�	
�

�����	���G����	���������	����	�����������	��

������������	�������	����	�����������������
�	���	
������

�����
��������������	
��	����������	�����[�	��	��������	��

�������������������������������		������������	�

�������	�������������������������
���������������
������

����������	����������	����	�����	
���	�����������������

F����	�������������������	
�������	�����	
�������������

���������������	��\���	
�\��������	
���
������	������	��

�����������������������������	������������	�����	
����

	���������������	��������������	��������	���������F�

����	�����������������	F����
��������������������������

�����	����������	�������������������������	
��	����
	��

���	���������	���	�
�	������	������	��G�����	
�

���������������	���
���������	�����������	��������

���������������������	������	�������������������������

�	�����	����	�	�����	��	����<�B������������
������

����	��
���	����	���	�������	
����	������������������

��	��	�����������	������	!��	�������	���������	���������

��������	���������������������	������	����	���������

���������	�
�	������������	�����Y�����	� �������

 ������Y  @���������
���������	���	����
��	����	�

���!��!����������!���	����	����	�	���Y  ���	��������

�����������������	����������������������	��������������

�	���	���������������������	
�	�
��������������	
�

NATIONAL CONFERENCE ON APPLICATIONS OF AI AND IoT IN ENGINEERING AND TECHNOLOGIES (NCAAIET-24)

ISBN: 978-81-965236-7-1
276



�����������	�
��������
�����
�������������	���	��������

�����
��������������������������������
����������������
�

���
����	�����		���
���������������
�����
�����
���
�����

������������	����������
���������
����	����������

������
�������������
�����
���
���������������
������
��

���������
��������������������������������
��
������

������
���������
������
�
����
����������������������

�
������
���������	�
������
����������������������

���
�
��������
������
�
�����	�
��������
������
���������

�
���
����������
��������	����������
�����
������������
�

������������� ���	�
���������
����������
�����
���!�
����	�

����������
��������"����������
�������������
��		��������

������������������
�������	�
������������������!��

�������
��������
��#��
������
�����
���
���"���
�������

��������
���"��������	�����
���
����	����������������������

��������������

$$�%&'()*(+*,-().',(+/01'./'2+.&,

$�������������������������������
���"��
�	���3
�3	����

��������
�����
��������������
�������������
���

��
�����
������
�
���
���������������������������		���
�

���
���������������	��������3��������������
�����

4���������
�����		���
�
������	�������������������
����������

�������5#�6���������
�������
�������������
���������
�
�


��
��
����������������������	�
������������
���������������


����������
��������
��	�����
��������������������
���������

��������
������������
��������
�����������������
��	�

�	����
���	�������
�������������������������������
������

������
�����������������
������
������������
�����	�	�����

������������������������
�������7����������������������	�

�
���������������
�����
���!�
����	�
�����������
�������

��
����
����
��������
����
�������
����������
���

�����
��
��������������
������
�����
���������������������
����

$� �8989:;8<9=��
������>�������"���
��������
��
�����	���

$���������������
���	����������
��?�����
�����������
��

�@�����
���
��������
������
������������������
�A��#���

�����
���	���$����
�
�������
��������
������
��������
����

����������������������
�����@������
������	����
�����

"���
������
��		����
����������������
������������
���

$
��������"���
������6��$�$���B�����
����C�����D��E�
�
�����

���������
�����	��������6��$��������
�����#������������	���

��
��	���������������
��?�	����
������������
������

��������A�"�
����������������������"�������
���������
�

�������������������������������������		����
�
����	���

����������������������
��������
��
��
�����������

FGHGIJKLGMNOLJFGIOPJQONRGSQOTJQUVOGHGMOSPOSNWXOPQGGOYRGONZKGO

�	�������
������
���������
���"��
������������������
��

#���
���������
���������"�������������
��	���
������
�
���

���
����������������
��	�
�����
���
�������
����������

������
������������		��
��
����		���
��
��
������������

?��	
������������
������
��A�
������������[������"���
��

	��������
������������\���������������"��
�����������

���	��
����������
�������
��#
�
�������
�����������������

"����
�����������
�������� E]��
��
������"�������������

"�������"��
����������	��
�����?����
�������	���������

�������"���	���
����������	��
����A��������

��������

��������$�����	
�����
���������������������������������


��
����"����
�������"���
���������
�������������������
���

����������������
���������
����
���"�
����$����
�
����

���������	��
����������������	����
�����"�������
��	�
���

�
����]������	�����	���������
�������������������
������

^������
�������������
����	��������
�����������	�$���

�
�
�������������
������������"����		���
�����������E�
��

��
������������������
�����������������������

�������
���$����
��������
���������"���
���A�����"�������

�����	�����"��
�������������		���
�����
������

�
�
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<(*/,-'�$ *�.%#$,=)(%#�/ ,$=!"/�%$�$!"�/%?"�$,?"�#"&"#/"/�

$!"�.*(%#,$3�*+�$!"�&*($%'"�%..(,"0�$*�$!"�?*$*#8�9!,/�

=%)/"/�%�=!%-'"�,-�/.,--,-'�0,#"=$,*-�*+�$!"�?*$*#8�7,'8�_�

,(()/$#%$"/�$!"� *#:,-'�*+�A6L#,0'"�=,#=),$8��

^
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����Xv̀ cX��\]��
]�̀cvX[��Xv̀ cX�

RS�TUV�WXY�
SZX[\]̂�_̀aYbc�

W_R�R�y{xs�

NATIONAL CONFERENCE ON APPLICATIONS OF AI AND IoT IN ENGINEERING AND TECHNOLOGIES (NCAAIET-24)

ISBN: 978-81-965236-7-1
289



�
�

��������	�
���	�����������	��	����	����	��	���
��	�	
�����
���	����	��	���	���
���	���	�����
	����	���	�����	����
	
��� !"#��		������$	%�����	��		���
	������	����	#�
����	����
	
����	��	��
����	���	�������	�������	&'(	��
	�	����
	�����	
����	���	�����	��	��	����	�����	��
	������	�	�������	���	)��	
����
	��	#��	������	*��	�����	��	���	������	�����	��������	��	
���	
������	��	+���	��	+������	������	�����������	�����	���	
��	&�,�����
	���������	���	-&�./�	+���	��	���������$	���
	��	
���	�����	��
	��	+���������		
	

*��	�������	��	���	�����	�	
����������	�����	��	���	
�����	��
	��	+���	��	��	���	��������	��	���	�������	%��	�$	�������	
��	��	���	�����	��	���	���0��	+�	����	
��������
	��	
������	
��	�����������	�$����	+���	���
�	���	����	��	���	��
	�������	
���	+�������	�$	������	�����	����������	��	���	�����	�����	
#��
���	��	#1%2314	��+�	56 7	����	����	8�����$	��	8���	
����	56 7�	���	19�	���	����
�
	�	�����	��	5�"55	����	���
�����	��	
+��	����
	����	.��	��	���	��	���	��0��	�����	��	����	
�����	����	
$���	+����	����	��	���	�����	+���	��	 �5"!	����
�	����	���	
��������	������	:		

*���	�$����	�����
��	�����������	���	��	+���	�	���	
�������	��	�����
�	�������	��	��	���	���0��	���	���
	��	�����	
���	���	�������	��
	����
�����$	�����	;4	���	������	��
	&'(	
���	���	
�����	��
�������	1�����	��	�	����	��
������	��	���	
��������	1$	���	
�������	��	���	�����
���	���	���	��������	
�������	�����
	���	������	+��	���	������	����	��	����	���	
.%��	#����	+�	��	����
�	+����	���	�����
	��		��$	�����		
�����
	�����	#�	�����	��
���	��
	���
	�	�������	��	�������	
���	.%�	�(�������	��	���	���	�������	��	���������	��
	�������	
�������	��	���������	�,����$�		

<=><?@<ABCD	

EFG���	%���������$		

EF����	)�������	*���		

EF(�������	��
	����������	��	��$	����	��	���	��������		

EF��
��$	(�����	9��������	��
	*���	������	

EF��������	���	%����$		

EF&����	������		

EF��������	%$����		

EF3���	'�������		

<HHIJK<@JL?CD	

EF.��	%������	#����	�G����	M	9�������	�G�����	M	
��
�������		

EF9���	G����
	����������		

EFG������	.��	(�������		

EF(������	.��	&������	(������		

EF��������	.��	(������		

EF��
�������	3����������	.��	(������		

	
	

NOOPQKL?KIRCJL?DD

��	
��+	���	��������	����	���	
�����	��
	
�������	��	����	���0���	:#��	���������	(������	+���	%�%	#����	
��
	����	�������	�����	#)(S4�;	��
	.%�	��
����:	+��	
���������	��	+��	�����
	�$	��������	���	��������������	��	
����$	����	��	���
+���	����	+��	�������
�	'��	��
���T�	
��������	��
	���������	����	����	���������$	����
���
	��	
��
��	��	��������	���	����T�	�����������	%���
�	���	���0��	
���	����	������
	���������$	������	��	���	���	��	��������$	
�����������
	���������	��
	���	�
��������	��	
��������$�*��	#�
����2��+���
	 �*2����
	�����������	���	
���������	�������	
�����	���	����������	��
�����	��	+���	��	
������	����	���	�+����	��
	��������	���	�������	����	*���	��	
���������	���	����	����	��
	������$	�������	������������	
#�$	���	���������	��	���	������$	��	
�����
	�$	�	�������	��	
��	���	����	�����,��	��	����	�����	+���	������	���	��	
������	

NOOOPQUBVBUB?KBCD

WXYF )��$��	Z�	������������	1�	'���

�
	�$����	
���	G����
���	.��	
�������	��
	#��������	�������������	8������	
��	(���������
	��
	��������	%$�����	-�8(�%/�	56 5[	!-!/\5]72
!66�		
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�!LJhi!K���!J�Ih�jkLKhll!mI�n�l�hojhk!hmKhi�ik�J�p!K�
hoj�ml!Lmq��mi�n�l�Dhhm��m�!mphki!lK!j�!m�kr�khlh�kKn�s!h�i�
�ppk�Kp!mI�hojhkp!lh�skLJ��jj�!hi�J�pnhJ�p!Klq�KLJjtphk�
lK!hmKhlq�hmI!mhhk!mIq�lp�p!lp!Klq�jnrl!Klq�D!L�LIr��mi�
Jhi!K!mh#�uLJjtphkv�!ihi�i!�ImLlp!K�jkLKhll!mI�n�l���kh�ir�
DhKLJh��m�!JjLkp�mp�j�kp�Ls�K�!m!K���kLtp!mh#�wKKLJj�m!hi�Dr�
��ktln�Ls�mhx�ihyh�LjJhmp�Ls�n!In�phKnmL�LIr��mi�tlh�Ls�
y�k!Ltl�!J�I!mI�JLi��!p!hlq�JLkh�Kn���hmIhl��k!lhz�sLk�
ho�Jj�hq�nLx�pL�jkLKhll��mi��m��r{h���l!Im!s!K�mp�yL�tJh�Ls�
!J�Ihl�lL�pn�p�n!In�|t��!pr�!msLkJ�p!Lm�K�m�Dh�jkLitKhi�sLk�
i!lh�lh�i!�ImLlhl��mi�pkh�pJhmp#}hi!K���!J�I!mI�!l�pnh�
phKnm!|th��mi�jkLKhll�tlhi�pL�Kkh�ph�!J�Ihl�Ls�pnh�ntJ�m�
DLir�~Lk�j�kpl��mi�stmKp!Lm�pnhkhLs��sLk�K�!m!K���jtkjLlhl�
~Jhi!K���jkLKhitkhl�lhh�!mI�pL�khyh��q�i!�ImLlh�Lk�ho�J!mh�
i!lh�lh��Lk�Jhi!K���lK!hmKh�~!mK�ti!mI�pnh�lptir�Ls�mLkJ���

�m�pLJr��mi�jnrl!L�LIr�#�w�pnLtIn�!J�I!mI�Ls�khJLyhi�
LkI�ml��mi�p!llthl�K�m�Dh�jhksLkJhi�sLk�Jhi!K���kh�lLmlq�ltKn�
jkLKhitkhl��kh�mLp�tlt���r�khshkkhi�pL��l�Jhi!K���!J�I!mIq�Dtp�
k�pnhk��kh���j�kp�Ls�j�pnL�LIr#�wl���i!lK!j�!mh��mi�!m�!pl�x!ihlp�
lhmlhq�!p�!l�j�kp�Ls�D!L�LI!K���!J�I!mI��mi�!mKLkjLk�phl�
k�i!L�LIr�~!m�pnh�x!ihk�lhmlh�q�mtK�h�k�Jhi!K!mhq�!myhlp!I�p!yh�
k�i!L�LI!K���lK!hmKhlq�hmiLlKLjrq�~Jhi!K����pnhkJLIk�jnlq�
Jhi!K���jnLpLIk�jnr��mi�J!KkLlKLjr#�}h�ltkhJhmp��mi�
khKLki!mI�phKnm!|thl�xn!Kn��kh�mLp�jk!J�k!�r�ihl!Imhi�pL�
jkLitKh�!J�Ihlq�ltKn��l�h�hKpkLhmKhjn��LIk�jnr�~����q�
J�ImhpL�hmKhjn��LIk�jnr�~}���q�h�hKpkLK�ki!LIk�jnr�~�����
�mi�Lpnhklq�Dtp�xn!Kn�jkLitKh�i�p��ltlKhjp!D�h�pL�Dh�
khjkhlhmphi��l�J�jl�K�m�Dh�lhhm��l�sLkJl�Ls�Jhi!K���!J�I!mI#�
}hi!K���!J�I!mI�!l�Lsphm�jhkKh!yhi�pL�ihl!Im�ph�pnh�lhp�Ls�
phKnm!|thl�pn�p�mLm!my�l!yh�r�jkLitKh�!J�Ihl�Ls�pnh�!mphkm���
�ljhKp�Ls�pnh�DLir#��m�pn!l�khlpk!Kphi�lhmlhq�Jhi!K���!J�I!mI�
K�m�Dh�lhhm��l�pnh�lL�tp!Lm�Ls�J�pnhJ�p!K���!myhklh�jkLD�hJl#�
"n!l�Jh�ml�pn�p�K�tlh�~pnh�jkLjhkp!hl�Ls��!y!mI�p!llth��!l�
!mshkkhi�skLJ�hsshKp�~pnh�LDlhkyhi�l!Im���#��m�pnh�K�lh�Ls�
t�pk�lLmLIk�jnr�pnh�jkLDh�KLml!lpl�Ls�t�pk�lLm!K�jkhlltkh�
x�yhl��mi�hKnLhl�!ml!ih�pnh�p!llth�lnLx�pnh�!mphkm���lpktKptkh#�
�m�pnh�K�lh�Ls�jkL hKp!Lm�k�i!LIk�jnrq�pnh�jkLDh�!l��vk�r�
k�i!�p!Lm�xn!Kn�!l��DlLkDhi��p�i!sshkhmp�k�phl�!m�i!sshkhmp�p!llth�
prjhl�ltKn��l�DLmhq�JtlK�h��mi�s�p#�"nh�!ms�thmKh��mi�!Jj�Kp�
Ls�i!I!p���!J�Ihl�Lm�JLihkm�lLK!hpr�!l�pkhJhmiLtlq��mi�!J�Ih�
jkLKhll!mI�!l�mLx���Kk!p!K���KLJjLmhmp�!m�lK!hmKh��mi�
phKnmL�LIr#�"nh�k�j!i�jkLIkhll�!m�KLJjtphk!{hi�Jhi!K���
!J�Ih�khKLmlpktKp!Lmq��mi�pnh��llLK!�phi�ihyh�LjJhmpl�!m�
�m��rl!l�JhpnLil��mi�KLJjtphkv�!ihi�i!�ImLl!lq�n�l�jkLjh��hi�
Jhi!K���!J�I!mI�!mpL�Lmh�Ls�pnh�JLlp�!JjLkp�mp�ltDvs!h�il�!m�
lK!hmp!s!K�!J�I!mI�pnkhlnL�i!mI�
�

��Ub�c������	e�	����g��	���V�	

	
�0=':);+�4)<0+%*);�&'&+jkLy!ihl���sLktJ�sLk�pnh�
i!llhJ!m�p!Lm�Ls�mhx�khlh�kKn�khlt�pl�!m�pnh�s!h�i�Ls�Jhi!K���
�mi�D!L�LI!K���!J�Ih��m��rl!lq�x!pn�ljhK!���hJjn�l!l�Lm�
hssLkpl�kh��phi�pL�pnh��jj�!K�p!Lml�Ls�KLJjtphk�y!l!Lmq�y!kpt���
kh��!pr��mi�kLDLp!Kl�pL�D!LJhi!K���!J�I!mI�jkLD�hJl#�}hi!K���
!J�I!mI�!l���kLtp!mh��mi�hllhmp!���j�kp�Ls�Jhi!K!mh#�
��pnL�LI!hl�K�m�Dh�LDlhkyhi�i!khKp�r�k�pnhk�pn�m�!mshkkhi�skLJ�
lrJjpLJl#��Lk�ho�Jj�hq���jnrl!K!�m�K�m�mLmv!my�l!yh�r�
JLm!pLk�pnh�nh��!mI�Ls�i�J�Ihi�p!llth�Lk�pnh�IkLxpn�Ls���Dk�!m�
ptJLkq��mi�ihphkJ!mh��m��jjkLjk!�ph�Jhi!K���khljLmlh#�
}hi!K���!J�I!mI�phKnm!|thl�K�m���lL�Dh�tlhi�xnhm�j��mm!mI�
Lk�hyhm�xn!�h�sLkJ!mI�ltkIhkr#��Lk�ho�Jj�hq���mhtkLltkIhLm�
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Y&]'(̂'� X̀ +̀&,X\&*$̂� *Z� âX(\�
'$]&(*$a'$\̂_� -&%-+&%-\&$%� \-'&(�

&̂%$&Z&,X$,'�&$�̂-X̀&$%�\-'�Zb\b('�*Z�b([X$�
+&]&$%_�-'X+\-,X('�Y'+&]'(._�X%(&,b+\b(X+�

(̀X,\&,'̂_�\(X$̂ *̀(\X\&*$� .̂̂\'â_�X$Y�
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�$�� �� ���"������V(! ��,�- ���"���!�����+�����������"��
��"������)�����'23��+�� �(!�"��2/t--������"�!,�����
37Q�IX���"!(��!�HQP��2�5��"� ��"!��  �"��� ��(���+�5��0�
�"��HX,U��2��"�����+ ��"�����,�

�:�A@=EyCD>ADAB=>A<<G>E

������! ��������" ��������!� ������� ���� ���
#$%&'��� ��!���!+�"!�����������" �����"������ ����("� ��"!����
 ���#$%&',�-"� ���#$%&'���!��"0�������*+�������"��0�
(� ��*��5*+�5��0��"����)�"����3-/t������ �� (��*��!����*
�� �2 ����2�������QUTI��������" �������!��)���!� �����! �
ohnlZnZd\lZ[[_lj̀ki_̀ iZf\̀ohnlZnZd\lZ[[_lmf̀ b_lhbi_l][̀
��� (��!��"��(�����(���*�� �#6&����""��!0���HT*���""���
2�t0���(��'/23�!0�����! ���!��)��/#-�!������+�� 0��"���"�
-Qt��" ������,�������! ��������" ��������" ������!� ���
&$HIHI�!�"!���)��� ���2�t����""��0� ���#2&*|}�.#/�
���(���)���'23�I0��"�� ���37Q�IX�%�3�� ��"!���)���
���(���)���'23�H��"� ���#$%&'���!��",�- ��("!�� ���������
���4(�"�1������&RN��"����!���X,X�J��+��� �"��)�� ���,�
2��� ��"���10�� ���!��� ��+��� (�����"������+������� �� �� �

Z�̀\i_̀���̀oZea[_c̀gihnìhf̀pqr�sst� ���U�sst,�
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�,� �������D�������������E��� ���������������������

��� D,�����E�D������� ����� ������jièro������������� �
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àO>?9:A=8P=><A:AG8JOPK8
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]̀_aea_ad[/ĥgct̀d/ĝm]là/]lc/alĝm]là/i][_d/

\]_d̂a]f[/yz{u/Z/f]̂md/]\gtl_/gk/i][_d/a[/ĥgct̀dc/
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_̂̀̀abcdef�c̀gbhij̀cgckjb�kbl̀ghc̀_mc_̀a�kh�m̀_mkgd�cj�
n_ogb�gmckpkceq�r̀jshkbahh�snkda�t̀kpkbu�kh�
hjoacnkbu�cngc�sa�mgb�gdd�aviàkabmaf�hkbma�kc�kh�
àhijbhkwda�lj̀�xyz�jl�gdd�gmmktabch�gbt�lgcgdkckah�
sj̀dtsktaq�{gmn�eag̀f�avng_hckjb�gbt�tkhc̀gmckjbh�
g̀a�gc�wdgoa�lj̀�|yz�jl�gdd�gmmktabchq�}�m̀_mkgd�
mjbc̀kw_ckbu�adaoabc�kb�g�n_ua�iàmabcgua�jl�g_cj�
gmmktabch�kh�t̀kpà�kbgccabckpabahhq�}mmj̀tkbu�cj�
àmabc�lku_̀ahf�lgcku_a~̀adgcat�mjddkhkjbh�̀ah_dc�kb�
�|yylgcgdkckah�gbt���fyyy�kb�_̀kah�ià�eag̀q�}�
hkubklkmgbc�ìjwdao�kb�cna�àgdo�jl�gmmktabc�
gpjktgbma�hehcaoh�kh�cna�tapadjioabc�jl�
camnbjdjukah�lj̀�tacamckbu�j̀�ìapabckbu�ck̀atbahh�gc�
cna�snaadq��acnjth�lj̀�̀at_mkbucna�allamch�jl�
t̀jshkbahh�o_hc�wa�tapadjiatt_a�cj�cna�tgbuà�kc�
ijhah�jb�cna�̀jgtq��na�laadkbu�jl�hdaai�djsàh�cna�
t̀kpà�h�taùaa�jl�gdàcbahhf�̀ah_dckbu�kb�ng�g̀tj_h�
mjbtkckjbh�gbt�̀gkhkbu�cna�dk�adknjjt�jl�gb�gmmktabcq�
r̀jshkbahh�mgb�wa�mg_hat�we�hdaai�tkllkm_dckahf�
hiamklkm�ceiah�jl�t̀_uhf�gbt�apab�mjbtkckjbh�jl�
wj̀atjofh_mn�mjoo_ckbu�lj̀�avcabtat�iàkjth�

jl�ckoaq��c�jlcab�ogbklahch�kchadl�kb�_baviamcat�gbt�
kbgiìjìkgca�sgeh�gc�ckoah�jl�hc̀ahh�gbt�avng_hckjbq�
ĵbhktàkbu�cnkhf�laadkbu�hdaaie�mg_hah�g�tam̀agha�kb�
gdàcbahh�gbt�m̀agcah�̀kh�e�hkc_gckjbhf�snkmn�̀gkhah�
cna�dk�adknjjt�cngc�gb�gmmktabc�skdd�jmm_̀q�

�nkh�b_owà�kbtkmgcah�cngc�cnàa�kh�g�m̀kckmgd�baat�cj�
tapadji�g�oacnjt�lj̀�c̀gm�kbu�t̀kpàh�gbt�ug_ukbu�
cnak̀�dapad�jl�gccabckpabahhq��j�tam̀agha�cna�b_owà�
jl�m̀ghnah�skcn�}r}���gtpgbmat�t̀kpà�ghhkhcgbma�
hehcao�f�g�ojt_da�kh�ukpab�kb�cnkh�g̀ckmdaq��ghat�jb�
jickmgd�tgcg�gbt�g̀cklkmkgd�kbcaddkuabmaf� cnkh�
camnbjdjue�ngbtdah�cna�g_cjogckm�tacamckjb�jl�
t̀kpkbu�lgcku_aq�r̀jshkbahh�kh�g�inabjoabjb�cngc�
jmm_̀h�snab�jba�dapad�jl�mjbhmkj_hbahh�kh�
tkokbkhnat�gh�g�̀ah_dc�jl�sag̀kbahh�j̀�dgm��jl�hdaaif�
gbt�kc�mgb�og�a�g�t̀kpà�bjt�jll�hkdabcdeq��nab�cna�
t̀kpà�kh�tkhc̀gmcat�j̀�t̀jshe�snkda�t̀kpkbuf�kc�dagth�
cj�g�djhh�jl�gdàcbahhq�r̀kpà�tkhc̀gmckjb�ngiiabh�
snab�hjoacnkbu�j̀�hjoajba�tkpàch�gccabckjb�l̀jo�
cna�cgh��jl�t̀kpkbuq�r̀kpà�t̀jshkbahhf�kb�mjbc̀ghc�cj�
t̀kpà� tkhc̀gmckjbfdgm�h� gìamkikcgckbu� apabc�
�̀gcnàfkc�kh�talkbat�we�m̀ghnah�ẁj_unc�jb�we�t̀kpà�
avng_hckjbq��nab�g�t̀kpà�kh�t̀jshef�na�j̀�hna�djhah�
mjbc̀jd�jl�cna�pankmdaf�snkmn�mj_dt�dagt�kc�cj�
h_ttabde�paà�jll�cna�̀jgtf�hc̀k�a�gb�jw�amcf�j̀�
ldkijpàqr̀kpà�kb�gccabckjb�mgb�̀ah_dc�l̀jo�g�ùgt_gd�
djhh�jl�ljm_h�jb�cna�̀jgt�gbt�c̀gllkm�mjbtkckjbhq�

�jsapàf�wjcn�t̀kpà�lgcku_a�gbt�tkhc̀gmckjb�oge�
ngpa�cna�hgoa�baugckpa�koigmchf�kbmd_tkbu�hdjsà�
àgmckjb�ckoahf�ijj̀à�t̀kpkbu�iàlj̀ogbmaf�gbt�g�
nkunà�̀kh��jl�wakbu�kbpjdpat�kb�g�m̀ghnq�

		��	�����������	��

�già�ìjijhah�cj�gtt̀ahh�cna�khh_a�we�m̀agckbu�gb�
aviàkoabc�cj�mgdm_dgca�cna�dapad�jl�t̀jshkbahh�w_c�
cnkh�hehcao�c̀agch�cna�g_cjogckm�tacamckjb�jl�t̀kpà�
t̀jshkbahh�wghat�jb�pkh_gd�kblj̀ogckjb�gbt�g̀cklkmkgd�
kbcaddkuabma� ���q� �na�
ko�wgdgbmat�aea�wdkb�kbu�̀gcat_a�cj�oatkmgd�
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�	C��������O	����������@���	�����������	�
�������	��

�	���������	����@��������S�	��������������&'(#��� �

(%"_$(%L% �

NATIONAL CONFERENCE ON APPLICATIONS OF AI AND IoT IN ENGINEERING AND TECHNOLOGIES (NCAAIET-24)

ISBN: 978-81-965236-7-1
381



�����������������	
���	��������������������������������

�
���	�������	����
���

��������������� �!�"����#��$� %&'�

()*+,,-,./0.123456,,43)1762/3.860.14519-:-;160<-0663-0<)1=44>/8?-</-194;;6<61451@0<-0663-0<)1ABCB>>4../-)1D/8-;0/CB1

EFGHIJKHL

��M�$MN$ OM� �PQ�$�R� ����M��S�$�M���T���!O���O�

 �PQ�$� M��$��$�%��$� �Q$M��� !� S %��$OR�$��$�M�

M%���� M���S����R���$ ������P��SSM�����U PM����!M��S�

T����U $��O $$OM��MMP�S�����M% �O VMP�$�� � �!���Q� �!�

$�M����PQ%$ ������%M��W�$�M�$MN$ OM� �PQ�$�R�%���Q�M��

��O�$��S�U�$M����P���X�� M$R��S�%�M� %�O������R�PRM��

S�Q�P� ��$�M�U��$M�U�$M��!M�M��$MP��R�$�M�$MN$ OM�

 �PQ�$�R���XM�$�M���$M�$ �O�$���M�����SQO�$����$��$�M�

M�X ����M�$���P��Q�����M�O$�����M����$�%�M� %�O�

������%���S��N P V �!���!�� %���P� ���!�� %�

%��$�� ���$�� ��YQ %&OR�!� � �!����QO�� $R������

�Q� S %�$ �����P�U��$MU�$M��$�M�$�M�$�$M%�� YQM����

%����M�������P��Z�O������&M�Q�������$���M�%$���

�����!M�M�$���S$M��$�M�$ �!�$�M�'[\��O���U�����OMW�

UM����OR�P SSM�M�$�P���!M���S�� �'���� ������OM� ��

MN���MP�$�����Z�O���� ��$�M����$���M�%$���S���$U��

��Q�����%%��P �!�$��$�M�S �P �!�W�$MN$ OM�MSSOQM�$���R�

�M�MSSM%$ XMOR�$�M�$MP��R�$�M����$�%�$�OR$ %�

PM%�O�� V�$ ����M$��PW�U� %���O���O�UM���$�M�OMXMO���S�

	��W�%�O% Q�����P�M��W��
W�$Q�� P $RW��O&�O � $RW�

$�$�O���O P�W�$�$�O�P ���OXMP���O P�W���P�$�$�O��Q��M�PMP�

���$ %OM���
�UMXM�W����� ����$��M�MS $MP��R�$� ��

������%���

#��]�����

� $�� Q��P �N PMW����$��%�$�OR� �W��Z�O !�$���P�

]��$MU�$M��$�M�$�M�$��

^

"��������	�����
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^

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

'���������������

'�"��$M� �O��
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Abstract: Engineering constructions made 

of several materials are becoming 

increasingly and more effective, especially 

in transportation-related applications. 

Combining many materials results in designs 

that are more effective and perform better 

than they could do with just one material, 

which is advantageous for a variety of 

sectors. Because ultrasonic welding creates 

excellent welds without the need for filler 

material, it may be used to join thin sheets of 

copper, aluminum, magnesium, and brass, 

among other non-ferrous metals. This 

connection is dependable, robust, and able to 

bear heavy weights and strains. These 

investigations assess the correlation between 

several welding parameters, including hold 

time, weld pressure, and weld duration, and 

the tensile strength of ultrasonic-welded 

sheets. It has been shown that the connection 

between the sheets may be strengthened by 

prolonging the weld and increasing the 

welding pressure. Applying an interlayer has 

been found to increase the joint's mechanical 

properties, namely its fatigue life and tensile 

strength. It was proven that adding a copper 

or zinc interlayer improved the tensile 

strength of the joint. The interlayer's ability 

to function as a barrier between the sheets, 

preventing the formation of intermetallic 

compounds and other defects that might 

weaken the joint, is what gives the joint its 

improved  

Mechanical capabilities. The 

characteristics of ultrasonic welding, the 

interface between welding joints, 

performance, and welding factors for  

Different materials are covered in this 

review paper. 

Index Terms – Ultrasonic welding, 

parameters, interlayer, fatigue life, joint's 

tensile strength. 

I. INTRODUCTION 

Welding is a fabrication process 

whereby two or more parts are fused 

together by means of heat, pressure or 

both forming a join as the parts cool. 

Welding is usually used on metals and 

thermoplastics but can also be used on 

wood. The completed welded joint may 

be referred to as a weldment. Basically, 

welding may be classified into three 

types: Plastic welding: In plastic welding 

or pressure welding process, the pieces of 

metal to be joined are heated to a plastic 

state and then forced together by external 

pressure. These welding are also known as 

liquid-solid welding process. This 

procedure is used in forge welding and 

resistance welding. 

Fusion welding: In the fusion welding or 

no pressure welding process, the material 

at the joint is heated to a molten state and 

allowed to solidify. These welding are 

also known as liquid state welding 

process. This includes gas welding, arc 

welding, thermite welding etc. Cold 

welding: In this welding process, the joints 

are produced without application of 

heat, but by applying pressure which 

results diffusion or inter-surface 

molecular fusion of the parts to be joined. 

It is also known as solid state welding 

process. This process is mainly used for 

welding nonferrous sheet metal, 

particularly aluminum and its alloys. This 

includes ultrasonic welding, friction 

welding, Explosive welding etc 

(Troughton M. J., 2009). 
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Figure 1. Types of Welding 

II. ULTRASONIC WELDING 

 

Ultrasonic welding is a type of solid-state 

welding as shown in Fig.1. Ultrasonic welding 

techniques have recently become extremely 

important in all industrial applications. 

Different metals and non-metals with varying 

melting points were treated using USW. This 
method makes it simple to fuse thin foil wires. 

With USW, high-quality welded joints can be 

produced without a protective gas shield. 

Ultrasonic welding (from Fig.2) is a widely 

used technique for joining metals and 

thermoplastics (Heinzle E. et al, 2006). The 

method employs ultrasonic vibrations at high 

frequencies of 20-40kHz and low amplitudes 
of 1-25μm to generate heat at the junction of 

the parts to be welded, causing the 

thermoplastics to melt, and become firmly 

attached upon cooling. This technique is 

known for its speed, with welding typically 

taking between 0.1 and 1.0 seconds (Davis 

J.R., 2003). The ultrasonic energy can also be 

used for reshaping thermoplastics and fitting 
metal sections in plastics to securely link 

dissimilar components. Ultrasound has been 

applied to steel joining 

 

Figure2. Illustration of Ultrasonic Welding 

System 

for over 60 years, enhancing grain 

refinement of fusion welds, and for 

brazing and soldering. The first steps 

towards the discovery of ultrasonic 

metallic welding (USMW) took place in 

the late 1940s when ultrasonic vibrations 

were applied to traditional resistance 

welding equipment at the Aero projects 

Company of West Chester, Pennsylvania. 

The goal was to decrease floor resistance 

in spot welding of aluminium ( Liu J. et al, 

2019). 

 

III. WORKING PRINCIPLE OF 

ULTRASONIC WELDING 

In the ultrasonic welding 

system (from Fig. 2) oscillation energy is 

supplied to the part to be welded by the 

welding tool, the so-called sonotrode. 

The very briefly occurring friction of the 

material particles causes the material to 

plasticise very quickly in the desired 

areas. The order of magnitude of the 

plasticizing depends upon the amount of 

ultrasonic energy supplied. Subject to 

proper application it is almost impossible 

for the materials to be altered or 

detrimentally affected in any way in areas 

outside the welding zone. Depending 

upon the type of plastic material, different 

solidification times are required "at the 

joint of plasticized material" to resolidify 
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under the effect of the still present 

mechanical pressure. This process is 

called the cooling or holding time 

(Deekshant Varshney K., 2021). The 

USW systems utilize an in-process weld 

cycle in an effort to mitigate welding 

variability and stabilize weld quality, 

commonly done by measuring and 

controlling the electrical input to the 

transducer. Although it will be sufficient 

to control the speed of the sonotrode, it 

cannot provide detailed information 

regarding the forces at the weld interface 

and 

their influence on weld quality. Besides, to 

address the root causes of weld variance, 

the electrical impedance of the transducer 

is determined by building overall 

representations of the system, displaying it 

as an equivalent electrical  network  (Tariq 

H., 2014). The relationship between this 

electrical entry impedance and the 

 

Figure 3. Components in Ultrasonic 

Welding System 

mechanical impedance at the weld is difficult 

to predict due to the many transfer elements 

like transducers, acoustic components and 

tooling that are situated between the welding 

system and the weld itself. Therefore, it is 

evident that, solely relying on the electrical 

input parameters to manage the welding 

process, does not guarantee optimal weld 

quality (Emamian S. R., and Mirzaei M., 

2021). 

In the Ultrasonic welding machine 

(from Fig. 3), the sonotrode tip is brought 

into contact with the resonant part, 

allowing it to move freely within the 

required amplitude of oscillation. The 

ultrasonic pulse starts immediately. Once 

the right amount of plasticizing has 

happened where the parts meet, pressure 

increases to the selected level. This occurs 

rapidly and is completed just before 

welding. After the ultrasonic impulse 

ends, the force weakly increases, then a 

cooling phase starts; when it's finished, the 

machine returns to its original state, thus 

signalling the end of the welding process. 

The cycle takes a short duration. Therefore, 

complete welding process can take from 

0.1 to 5 seconds, depending on the 

application (Macwan et al, 2015). The 

main components of ultrasonic welding 

systems are: 

i. Sonotrode: Depending on usage the 

following materials can be used; 

Titanium based alloy, hardened steel, 

special hardened steel and ferro-titanite. 

ii. Sonotrode support ring: The 

sonotrode support ring is made from 

brass and is used for support at the 

front of the resonance unit. All 

sonotrodes are fitted with a shrunk  on 

ring for the M4000 model. 

iii. Booster: The booster transforms the 

amplitude. There are different booster 

transmission ratios available. Which 

type you use depends largely upon the 

respective welding application and we 

will specify this on a case-by  case 

basis. A set screw connects the booster 

and sonotrode together. 

iv. Booster support ring: The shrunk-on 

booster support ring assumes the rear 

support function of the entire 

resonance unit. 

v.Converter: The mechanical ultrasonic 

oscillations are generated in the 

converter. The converter is 

encapsulated and can be air cooled If 
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required. 

vi. HF contact: When the converter is 

installed, a spring-mounted element 

transfers the high frequency tension 

to the HF contact. The most important 

parameters to be considered in USW can 

be separated into system and materials 

parameters. The main system 

parameters are Welding time, Weld 

pressure, Hold time, Amplitude of 

vibration, Frequency, Electrical energy. 

The material parameters, including 

workpiece features, include Sample 

cleanliness (Oxides or    Contaminants), 

Crystal structure, Dimensions, 

Hardness. 

 

IV.METHODOLOGY 

ULTRASONIC  

 

 

 

 

 

 

 

 

 

 

V. METAL WELDING PROCESS 
In this process, the two pieces of metal 

are joined by vibrating them around 20,000 

cycles per second. The vibration causes 

the two pieces of metal to come into 

contact and generate frictional heat, which 

melts the surfaces of the two pieces, 

creating a strong weld. The main 

parameters used in this ultrasonic 

welding machine are: Welding time, Hold 

time, Weld pressure and Frequency and 

amplitude of vibration. Ultrasonic metal 

welding is a welding process that utilizes 

high frequency sound waves, rather than 

heat, to join pieces of metal together. 

suggested that based on the selected tabular 

array with welding parameters, the next 

step is to connect transducer, which is used 

to generate the high-frequency vibration 

during the welding process. The 

transducer then delivers ultrasonic energy 

and transforms the copper interlayer into a 

liquid, which helps to join the two metals 

together. Frictional heat is also generated 

by the vibrations, which can be adjusted to 

suit the welding requirements and allow 

for an effective weld (Chen et al., 2016). 

Finally, the joint is cooled down to a 

temperature that does not compromise the 

strength of the weld. This cooling process 

helps to solidify the weld and ensure that 

it has the necessary strength and 

integrity to withstand demanding 

applications. Ultrasonic welding process 

is based on the following four processes: 

Clamping, transmitting vibrations, 

Holding and Unloading. 

Clamping: First, we must clamp the 

sheet materials to be welded on the anvil 

of the ultrasonic welding machine as a 

lap joint process. Clamp the sheets on the 

anvil tightly so that the sheets do not get 

disturbed by the vibrations transmitted 

from the Horn (Sonotrode) as shown in the 

Fig. 5. 

 
Figure 5. Clamping of sheet metals on the 

anvil 

Transmitting Vibrations: After the 

clamping process, high frequency 

vibrations are transmitted from the 

sonotrode to the sheet material which 

clamped on the anvil. The pulse of energy 

causes the workpiece to undergo localized 
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plastic deformation, leading to the 

formation of a joint as shown in the Fig. 6. 

 
Figure 6. Transmitting Vibrations through 

the selected sheet metals 

 

Holding: This holding process is followed 

by transmitting the high frequency 

vibrations to the sheet metals. In this 

process the horn exerts certain pressure 

over the sheet metals (from Fig.7) and it is 

held over the anvil for some time to create 

a strong joint between the two metal 

sheets. Then a weld nugget is formed. 

 
Figure 7. Holding of the ultrasonic 

welded sheet metals 

Unloading/Unclamping: Finally, after the 

holding process, the Fig.8 shows that a 

strong weld nugget joint will be formed 

which forms indentation of the horn on 

the sheet metal. The weld formed 

between the two metal sheets forms an 

intermetallic compound (IMC’s), the 

welded sheets will be unclamped by 

unscrewing the screw on the anvil. 

 
Figure 8. Unloading/unclamping the 

ultrasonic welded sheet metals 

VI.EFFECT OF PROCESS 

PARAMETERS 

To further enhance the weld strength, the 

three process parameters - pressure, time, 

and amplitude - should be optimized. As a 

result, not only will there be a reduction in 

the emission of pollutants, but the fuel 

efficiency of vehicles and aircraft could 

also be improved. The ultrasonic welding 

utilizes high-frequency vibrations with 

low heat input, the process being notably 

beneficial in the automotive, aerospace, 

appliance, and medical industries. This 

work investigated the influence of welding 

time, pressure, and vibration amplitude of 

0.3 mm thick Copper sheets, by means of 

join characteristics and shear strength. 

Analysis of variance revealed that the 

main factor impacting energy absorption is 

welding time, with pressure and amplitude 

proving influential also. Results indicated 

successful application of USW with most 

welds attaining a strength higher than the 

base material (Koen et al., 2023). It is 

explored that under optimal ultrasonic 

welding parameters (0.8 s welding time, 

4 bar pressure, 62.4 μm amplitude), a joint 

with low gap fraction of 2.07% was 

obtained, and the maximum T-peel 

strength reached 432.9 N. Electron 

backscattered diffraction technology was 

employed to analyses grain boundary 

types and texture evolution. Continuous 

texture and copious amounts of large 

angle grain boundaries composed of high-

density dislocations and substructure were 

observed in the bonding interfaces. The 
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findings suggested that plastic 

deformation occurred in the bonding 

region and provided energy for the 

motion and rearrangement of dislocations, 

leading to the formation of new interfaces 

between the copper wires via 

recrystallization of the copper under high 

temperature. studied that high-power 

ultrasonic spot welding (USW) was 

employed to unify copper and AZ31B 

magnesium alloy with different welding 

energies as shown in Fig 9. Adhesion 

microstructure and durability of disparate 

associations were observed. The diffusion 

augmented throughout USW created an 

interface diffusion layer that was contrived 

of Mg and Mg2Cu eutectic property. The 

diffusion layer breadth intensified with 

higher welding energy or temperature at 

the joint interface. A distinctive diffusion 

pattern occurred at maximum welding 

energy of 2000 and 2500 J, which was 

caused by an internal pressure that 

triggered the close eutectic liquid at hot 

spots are observed in Fig.10. The tensile 

lap shear strength raised during the 

beginning, reached an apex value, then 

fell as welding energy augmented. 

Connections created with optimal 

welding parameters of 1500 J and 0.75 

s separated in the pattern of cohesive 

failure observed in the boundary diffusion 

layer's eutectic structure (Hajian S. et al, 

2021). 

 

 
 

Figure 9. Image of ultrasonic welding of 

Mg and Cu and shear strength with 

respect to welding energy. 

 

 
 

Figure 10. Effect of process parameters on 

joint tensile strength. 

The use of welded structures made 

of AZ31B magnesium alloy and AA6061 

aluminium alloy has become a popular 

means of constructing lightweight 

automobile body designs. In this paper, 

ultrasonic spot welding (USW) is 

experimented on to raise the strength of the 

joint. It is found from Fig.11 that with a 

welding energy of 1540 J, the joint starts 

to melt slightly. At the 1540 J energy level, 

there is a sudden surge in β phase which 

then greatly reduces the joint's 

performance. Upon inspection of the 

fracture, it is discovered to be a cleavage 

fracture that is accompanied by multiple 

secondary cracks (Zhanzhan et al, 2021). 

 

 
Figure 11. Image of ultrasonic welded Mg 

and Al sheet with formation of IMC 

VII.EFFECT OF MATERIALS 

USED 
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The automotive and aerospace 

industries are increasingly turning to 

lightweight materials, such as 

magnesium and aluminum alloys, to 

manufacture components. The use of 

these non-ferrous metals like magnesium 

and aluminum alloy is increasingly 

becoming popular in industries dealing 

with marine, chemical metallurgy, and 

electronic appliances due to its high 

strength-to-weight ratio, excellent 

strength and rigidity, favorable cost, and 

easy machining characteristic. These 

materials have low density, great specific 

strength, decent damping properties, and 

can be cheaply cast. Ultrasonic welding is 

one of the most energy-efficient, solid-

state joining techniques available, and it 

has been found to provide maximum weld 

strength (Felice R. et al, 2020). There are 

some critical problems and challenges 

going through to joining heavily 

responsible structural aspects in the 

automobile and aerospace industries, 

especially in the automobile industries 

for joining 5XXX and 6XXX sequence 

aluminum and in aerospace industries for 

joining the 2XXX, 6XXX and 7XXX 

aluminum. Because of the thickness and 

elastic vibrations of the parts, these 

challenges are faced. For the foils and 

wires, these challenges d no longer 

occur. The two key areas have emerged 

that hinder development from a realistic 

purpose standpoint. The first trouble is 

the sticking between the welded parts 

and the weld tooling. The second problem 

is that of various weld satisfaction when 

successive welds are made with what 

show up to be equal machine welding 

parameters (Basak S. et al, 2021), At first 

AA6061 introduced as "Alloy 61S", 6061 

is an aluminum-alloy containing 

magnesium, silicon, and other elements. It 

is precipitation-hardened and has good 

strength, weldability, and extrusion 

properties. This alloy was developed in 

1935.Applications: Aircraft, camera and 

marine parts, electrical connectors, 

decoration, hinges, magneto and brake 

components, hydraulic pistons, 

appliances, valves, bikes - all these items 

are suitable for fitting with the parts 

mentioned. Aluminum alloy 6061 is a 

medium-high strength alloy with better 

corrosion resistance and weldability than 

6005A. Also, it has medium fatigue 

strength and good cold formability. 6061 

aluminum is one of the 6xxx alloy types 

that use magnesium and silicon as primary 

elements (Zhang L. et al, 2021). stated 

that AZ31B is a formable and weldable 

magnesium alloy with good strength and 

ductility when used at room-temperature. 

Its versatility makes it suitable for diverse 

applications such as aircraft fuselages, 

cell phones, laptops, speaker cones and 

tools made from concrete. It can also be 

super formed at high temperatures, 

allowing it to produce intricate 

components used in the automotive 

industry. Additionally, it is not affected 

by high humidity and salt spray, making it 

an ideal choice for applications in marine 

environments (Jayasathyakawin S. et al, 

2020). 

VIII.EFFECT OF INTERLAYER 

USED 

Ultrasonic spot welding of ZEK100-

O Mg alloy to Al6022-T43 Al alloy 

with a Cu interlayer was successful, and 

various aspects of the process were 

examined. The Fig. 12. shows the 

ZEK100-O Mg alloy to Al6022-T43 Al 

alloy with a Cu interlayer in the middle of 

the sheets to be joined. 
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Figure 12. Image of ZEK100-O Mg and 

Al6062 alloy sheet with Cu interlayer 

Microstructural analysis of Mg/Cu 

and Al/Cu interfaces revealed that while a 

diffusion layer formed at each interface, 

the Mg/Cu one was considerably thicker 

and composed of α-Mg and Mg2Cu 

eutectic, while a thin layer of Al2Cu and 

“barb”-like interlocks were found at the 

Al/Cu interface. Furthermore, the tensile 

lap shear strength increased with the 

welding energy reaching a peak value at 

1500 J, reaching a level of 80% that of the 

strength of Al6022-Al6022 similar joints, 

and almost the same as ZEK100-ZEK100 

similar joints, 

 
Figure 13. ZEK100-Al6022 vs 

ZEK100-Cu-Al6022 

 

The joining of the Mg/Al 

dissimilar metals was accomplished with 

ultrasound spot welding (USW) 

supplemented with a Zn interlayer (From 

Fig. 14). Here, we studied the layer 

formation, microstructure, mechanical 

properties, and fracture behaviour of the 

structures obtained when mating 

Mg/Zn/Al by USW. Results indicated that 

four distinct morphologies, due to the 

variable temperature and stress 

distribution, form the interface. The 

integration of a Zn interlayer checked the 

molecular diffusing of Mg and Al atoms, 

thus inhibiting the genesis of Mg-Al IMC. 

The formed Mg-Zn and Zn-Al structure 

gave satisfactory results and exhibited 

minor brittleness. The greatest shear force 

attained with Mg/Al joints USW with Zn 

interlayer was approximately 89.6% 

greater than those of ones without the 

interlayer (Xiaoyan et al, 2019). 

 

 

Figure 14. Image of joining of Al and Mg 

with Zn interlayer. 

The incorporation of a Cu coating 

metallic interlayer in high-power 

ultrasonic spot welding (HP- USW) was 

studied for its weldability, joint strength, 

and its effect on the microstructure of 

AZ31B Mg alloy. Joints with the 

interlayer showed good weldability while 

requiring less energy, and their strength 

was comparable to joints without it (From 

Fig. 15) Temperature measurements, 

hardness data, and electron probe micro-

analyzer (EPMA) results indicated the 

formation of Mg2Cu in the interfacial 

regions. The changes in thermal and 

vibrational properties, grain structure, 

and the ternary alloy of MgCuxAly at 

the interface centerline suggest that this 

composited structure accounts for the joint 

strengthening (Chihiro et al, 2019). 
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Figure 15. Image of comparative lap shear 

tensile force data vs energy, in high-power 

ultrasonic spot welding (HP-USW) of AZ31B, 

with and without interlayer (A: without 

interlayer; B: using Cu coating as interlayer) 

The influence of gold coating and 

bare nickel interlayers on the 

microstructure and mechanical properties 

of aluminum-magnesium dissimilar 

resistance spot welds. Spot welds were 

performed with welding currents from 16 

to 24 kA, with a fixed welding time of five 

cycles. Welds with bare nickel interlayers 

resulted in no joints; however, with the 

gold coating added to the nickel surface, 

resistances spot welds conforming to 

AWS D17.2 standards were created. The 

average lap shear strength of the welding 

compositions was almost 90% of the 

same of AZ-31B spot weld strengths. The 

fusion nugget size was evaluated, and the 

interfacial microstructure and fracture 

surface morphology were observed and 

recorded (Penner et al, 2013). 

Ultrasonic welding with a copper 

interlayer between aluminum and 

magnesium metal sheets is a process used 

to join two or more metals together as 

shown in Fig. 16. It is an economical and 

efficient way to join two metals, 

particularly when the two metals have 

different melting points. Ultrasonic 

welding works by using high frequency 

vibrations to generate heat at the surface 

and quickly melt the copper interlayer, 

which in turn melts and bonds the two 

metals together (Singh P. et al, 2017). 

 

Figure 16. Image of Aluminium/nickel 

interface of weld (with Au coated Ni 

interlayer, 24 kA) and Magnesium/nickel 

interfaces in weld (with Au coated Ni 

interlayer, 24 kA) 

The copper interlayer acts as a heat 

conductor and provides a strong bond 

between the aluminum and magnesium 

metal sheets. It also helps to prevent 

galvanic corrosion, which can occur when 

two dissimilar metals are joined together. 

The copper interlayer also helps to absorb 

shock and vibration, making the welded 

joint more durable and less prone to 

fatigue and cracking.An important 

consideration when using a copper 

interlayer during ultrasonic welding is 

the sheet thickness of each substrate. The 

sheet thickness of the substrate should be 

kept as close to that of the copper 

interlayer as possible, or thinner, if 

possible, to ensure an effective weld. If 

the sheet thickness of the two work pieces 

is significantly different, it can lead to an 

incomplete weld and a joint that is not as 

strong which expected to be (Chihiro et al, 

2019). 

Pure copper is an ideal interlayer 

material for ultrasonic welding due to its 

excellent mechanical properties. It has 

good electrical and thermal conductivity, 

making it ideal for use in applications 

where heat and electricity must be 

transferred quickly and efficiently. 

Copper also has high levels of ductility 

and malleability, meaning it can be easily 

bent and stretched into different shapes 

without fracturing. Pure copper also has 
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excellent corrosion resistance and is 

resistant to abrasion, making it ideal for 

use in environments where exposure to 

corrosive chemicals or abrasive surfaces is 

likely. Additionally, copper is highly 

resistant to fatigue, meaning it can handle 

repeated stress without cracking or 

breaking. Another important point to 

consider when using copper as an 

interlayer is its ability to form an alloy 

with other materials. When the copper is 

subjected to vibrations from the 

transducer, it will form a liquid, allowing 

it to fuse with the two metals being 

welded together. This process helps to 

promote an even and complete weld, 

improving weld strength and joint 

integrity (Farzami F. et al, 2019). 

 

IX. CONCLUSION 
Ultrasonic Welding can lead to the 

development of new techniques and 

equipment, which can enhance the 

performance, reliability, and cost-

effectiveness of the process. 

Additionally, understanding the science 

behind ultrasonic welding can help 

researchers optimize the process for 

specific materials and applications, 

leading to improved quality and 

performance. There is a need to study 

Ultrasonic Welding due to its 

numerous advantages, such as the 

ability to join different materials, high 

production rates, and low energy 

consumption. It is widely used in the 

automotive, electronics, medical 

device, and packaging industries, 

among others. Ultrasonic metal 

welding is a solid-state welding process 

that utilizes high-frequency vibrations 

to join two metal pieces together. 

Unlike traditional welding methods, 

ultrasonic metal welding does not 

require the use of heat or any external 

filler material. Instead, the process relies 

on mechanical energy to create a strong 

bond between the two metals. some 

of the advantages of ultrasonic metal 

welding are: High Precision, Strong 

Welds, Cost-Effective, No Heat 

Distortion, Environmentally Friendly, 

Versatility. 
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Abstract 

           In today's world, data science plays a pivotal role in numerous fields. Within the realm 

of data science, data scientists are tasked with analyzing data.[3] By conducting these 

analyses, predictions about the future can be made. The data analysis process encompasses 

both structured and unstructured data. Data science relies on data visualization tools to 

streamline the analysis of data, making the process more manageable.[2] Data analysts utilize 

a variety of visualization tools, which initially examine the dataset and present the results in 

visual formats such as pie charts, bar charts, and histograms. These visualization tools play a 

significant role in the decision-making process[5]. Tableau and PowerBI are the primary tools 

used in data analysis. 

Key terms: data scientist- structured data-unstructured data-data visualization tools-

histograms-decision making-tableau-power bi. 

1. Power BI &Tableau Introduction: 

Power BI is a set of cloud-based 

tools that allow companies to access, 

analyze and understand data and, 

therefore, to make data-driven decisions. 

In fact, Power BI was created as an 

application designed for business 

analysis and enables access to data from 

practically any device[8]. Furthermore, 

the data is accessible and can be shared by 

any worker in the company and it is 

updated in real time 

Tableau is data visualization tool. 

Tableau provide a three platform 

for users.They are tableau desktop,tableau 

public and tableau server[9]. Tableau pulic 

is fully free version for users.Tableau 

analysis a various dataset and produce the 

result in visualization type.users easily 

understand the dataset in the form of 

visualization.  

Power BI includes three programs: 

 Power BI Desktop: A free desktop 

app that allows the transformation 

and visualization of data, as well as 

the creation of reports. 

 Power BI Service: This online 

service (SaaS) has similar 

capabilities to the desktop 

application, but it also allows the 

updating of data in real time so that 

users can check the updated 

information at any time, as well as 

publish and share it. 

 Power BI Mobile: Power BI also 

has an application through which 

reports can be viewed from iOS, 

Android and Windows mobile 

devices. 

Tableau in three program : 
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In the age of data-driven decision-

making, the importance of tools that 

enable efficient data visualization and 

analysis cannot be overstated. Tableau, 

a prominent platform for business 

intelligence and data visualization, 

provides a range of products tailored to 

various requirements[6]. This article 

delves into the capabilities and 

differences of Tableau Desktop, 

Tableau Public, and Tableau Server, 

highlighting their distinct features and 

practical applications[7]. 

Tableau Desktop 

Tableau Desktop is an essential tool 

that enables the creation of engaging 

and visually captivating data 

visualizations. It caters to the needs of 

individual analysts and data 

professionals, providing them with the 

ability to connect to diverse data 

sources such as spreadsheets, 

databases, and cloud-based 

repositories. With its user-friendly 

drag-and-drop interface, Tableau 

Desktop empowers users to effortlessly 

design dashboards, reports, and 

visualizations without the requirement 

of intricate coding[5]. 

Tableau public 

Tableau Public is a cloud-based 

platform that offers a complimentary 

version of Tableau. It provides users 

with the opportunity to share their 

Tableau creations globally. This 

platform is designed for enthusiasts, 

students, and individuals who wish to 

publicly display their data stories. With 

Tableau Public, users can create 

interactive dashboards that can be 

easily embedded on websites or shared 

on various social media platforms[2]. 

Tableau Server elevates the 

functionalities of Tableau to a 

corporate scale, offering a centralized 

framework for secure teamwork, data 

management, and expandability. It 

caters to organizations requiring 

efficient administration and 

widespread dissemination of 

interactive dashboards and reports to a 

substantial user community[3]. 

2.Power BI for data visualization: 

Power BI's main benefit is that it is one of 

the data visualization platforms that allows 

the development of better information 

presentations and designs —whether they 

are charts, reports or others—, as well as it 

includes integration capabilities 

and guarantees the security of the data. 

In other words, this set of applications 

enables the development of interactive 

graphic representations that promote the 

understanding of the information, that are 

visually impressive and interesting and can 

be easily shared. In addition, Power BI 

allows the personalization of all panels 

and reports and includes a data security 

and data governance system that 

protects the information and 

facilitates data management and data 

governance[6].  

Another competitive advantage of Power 

BI is that it encourages data integration, 

since it has the capacity to collect data 

from many sources and in any format -

either from a local software or digital 

platforms-. For example, it has access to 

both relational and non-relational 

databases, Excel, CRM, Azure and SQL 

files, or even web applications such as 

Google Analytics or Google Ads. 

Power BI is also the only visualization tool 

that integrates with Zebra BI,  a data 

visualization and reporting software that 

provides advanced and innovative visuals 

for Power BI and Excel. 

Tableau for data visualization: 
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Tableau's interface has been meticulously 

crafted to prioritize simplicity and user-

friendliness. By incorporating drag-and-

drop functionality, users can effortlessly 

generate visually captivating charts, 

graphs, and dashboards, all without the 

need for extensive programming expertise. 

3.Benefits of Power BI : 

 Connectivity: Power BI has the 

ability to import data in any format 

and stored in any data source. In 

addition, it facilitates the 

transformation and crossing of data 

from different sources in a single 

view.  

 Sharing: As an application stored 

in the cloud, Power BI makes it 

easy for reports to be shared with 

employees and with customers. 

This makes it easier for all 

departments to be connected and to 

consult each other's reports, 

promoting cooperation between 

different business areas and joint 

strategies. 

 Transversal utility: Another key 

aspect of this tool is that it is 

functional and useful for all the 

departments of a company. The 

creation of dashboards is adapted 

to the requirements and needs of 

each department, and it improves 

the overall business activity. 

 Real-time updating: Data is 

updated automatically. This way, 

companies are able to make real-

time decisions. 

 Price: Power BI Desktop and 

Power BI Mobile are totally free. 

Power BI Pro, on the other hand, os 

a monthly payment tool which also 

allows to create collaborative 

spaces, has superior security 

measures and more storage 

capacity. 

Benefits of Tableau 

Tableau facilitates the art of data 

storytelling, empowering users to 

construct narratives around their 

visualizations. This functionality 

greatly assists in delivering data 

insights in a captivating and 

comprehensible manner. 

 

4.Step-by-step guide to use Power BI for 

data visualization: 

1. Install Power BI Desktop: Start 

by downloading and installing the 

Power BI Desktop application from 

the official Microsoft website. This 

is a free tool that allows you to 

create reports and dashboards on 

your local machine. 

 

Fig.no:1 .Power BI for Desktop 

2. Connect to Data Sources: Launch 

Power BI Desktop and click on 

"Get Data" in the Home tab. You 

can connect to a wide range of data 

sources such as Excel files, 

databases, online services like 

SharePoint, SQL Server, Azure, 

etc. Choose the appropriate data 
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source and provide the necessary 

credentials or file path. 

 

Fig.no:2 .Power BI connect to data 

sources 

3. Transform Data (optional): If 

your data requires any cleaning, 

transformation, or merging, you 

can use Power BI's Power Query 

Editor to do so. Power Query is a 

powerful tool for data preparation 

and shaping.

 

Fig.no:1 .Power BI transform data 

 

4. Create Visualizations: Once your 

data is loaded, you can 

start creating visuals. Power BI 

provides a vast array of 

visualization options, including bar 

charts, line charts, pie charts, maps, 

tables, matrices, etc. You can select 

a visualization type from the 

"Visualizations" pane and drag and 

drop the fields from the data model 

to the appropriate areas (e.g., 

Values, Axis, Legend) to build the 

visualization. 

 

Fig.no:4 .Power BI for data 

visualization 

5. Add Filters and Slicers: Power BI 

allows you to add filters and slicers 

to your reports. Filters allow users 

to control what data is displayed in 

the visuals, while slicers provide a 

way to interactively filter data 

across multiple visuals. 

6. Create Relationships (if needed): 

If your data comes from multiple 

tables or data sources, you may 

need to create relationships 

between the tables to enable proper 

data aggregation and visualization. 

You can do this by defining 

relationships in the "Model" view. 

7. Format and Customize: 

Customize your visuals, adjust 

colors, fonts, and styles to make 

your report visually appealing and 

easy to interpret. 

8. Add Calculated Measures (if 

needed): Power BI allows you to 

create new calculated measures 
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using DAX (Data Analysis 

Expressions) to perform 

calculations not available in the 

original data. 

9. Create Dashboards: After 

creating individual visuals, you can 

group them together in a 

dashboard. Dashboards provide a 

unified view of your data and allow 

you to organize and present your 

insights effectively. 

10. Share and Publish: Once you 

have built your report and 

dashboard, you can save the file 

and share it with others using 

Power BI Service. You can publish 

the report to the cloud, and others 

can access it through the web or 

mobile app. 

Step by step guide to install tableau 

Installing Tableau is a straightforward 

process, and here's a step-by-step guide 

to help you install Tableau Desktop: 

 Tableau Desktop Installation Guide: 

#### Step 1: Download Tableau 

Desktop 

1. Go to the official Tableau website: 

[Tableau Download 

Page](https://www.tableau.com/produc

ts/desktop/download). 

2. Choose the appropriate operating 

system (Windows or macOS). 

3. Click on the "Download" button to 

start the download. 

 Step 2: Run the Installer 

 For Windows: 

4. Locate the downloaded installer file 

(usually in your Downloads folder) 

with a name like `TableauDesktop-

<version>-<architecture>.exe`. 

5. Double-click the installer file to run 

it. 

 For macOS: 

4. Locate the downloaded DMG file 

(usually in your Downloads folder) 

with a name like `TableauDesktop-

<version>.dmg`. 

5. Double-click the DMG file to mount 

it, then double-click the Tableau 

Desktop icon to run the installer. 

Step 3: Begin Installation 

6. The Tableau Setup Wizard will 

launch. Click "Next" to begin the 

installation. 

 Step 4: Review and Accept License 

Agreement 

7. Read and accept the license 

agreement. Click "I accept the terms in 

the License Agreement" and then click 

"Next." 

 Step 5: Choose Installation Location 

8. Choose the installation location for 

Tableau Desktop. You can use the 

default location or specify a different 

one. Click "Next" when ready. 

Step 6: Select Installation Type 

9. Choose the installation type. For 

most users, the default "Typical" 

installation is sufficient. Click 

"Install." 

 Step 7: Complete Installation 

10. The installer will now proceed with 

the installation process. Once 

completed, click "Finish" to exit the 

installer. 

Step 8: Launch Tableau Desktop 
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11. After installation, Tableau Desktop 

may automatically launch. If not, find 

the Tableau Desktop shortcut on your 

desktop or in the Start menu 

(Windows) or Applications folder 

(macOS) and double-click to open it. 

Step 9: Activate Tableau Desktop 

12. When you first launch Tableau 

Desktop, you may need to activate it. 

Follow the on-screen instructions to 

enter your product key or sign in if you 

have a Tableau account. 

Congratulations! You have 

successfully installed Tableau Desktop. 

You can now start creating 

visualizations and analyzing your data. 

Keep in mind that Tableau Desktop 

requires a valid license or a trial key 

for full functionality. If you don't have 

a license, you can start a trial or 

purchase one from the Tableau 

website. 

Comparison of powerbi and tableau 

Integration with Microsoft 

Ecosystem: 

 

Power BI seamlessly integrates with other 

Microsoft products such as Excel, Azure, 

and SQL Server, providing a cohesive 

experience for users who are already 

invested in the Microsoft ecosystem. 

Pricing Model: 

Power BI is well-known for its cost-

effectiveness, particularly for small to 

medium-sized enterprises. It offers a free 

version with limited features, making it 

accessible for users with budget 

constraints. 

Ease of Use: 

Power BI boasts a user-friendly interface, 

and those familiar with Microsoft products 

may find it more intuitive. The drag-and-

drop functionality simplifies the creation 

of visualizations without the need for 

extensive training. 

Data Preparation: 

Power BI offers robust data preparation 

capabilities, allowing users to clean, shape, 

and transform data within the tool itself. 

The powerful Power Query feature enables 

efficient data transformation[9]. 

Natural Language Processing 

(NLP): 

Power BI incorporates NLP features, 

enabling users to ask questions in plain 

language and receive relevant 

visualizations and insights. 

Enterprise Integration: 

Power BI is tightly integrated with Azure, 

making it a preferred choice for 

organizations utilizing Microsoft's cloud 

services for data storage and processing. 

Tableau: 

Data Visualization Flexibility: 

Tableau is renowned for its extensive 

visualization capabilities, offering a wide 

range of visualization types. Users have 

greater control over the appearance and 

customization of visualizations. 

Community and Resources: 

Tableau has a large and active user 

community. The Tableau Public platform 

allows users to share and access a vast 

repository of public visualizations, 

fostering collaboration and facilitating 

learning. 

Advanced Analytics Integration: 
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Tableau seamlessly integrates with 

advanced analytics tools and statistical 

languages like R and Python, providing 

users with more sophisticated analytical 

capabilities. 

Dashboard Interactivity: 

Tableau is highly regarded for its 

interactive dashboards, enabling users to 

create dynamic and immersive data 

experiences. The level of interactivity 

enhances data exploration and analysis. 

To evaluate the effectiveness of Tableau, 

we utilize various datasets to construct a 

comprehensive dashboard. One such 

dataset is the Park City Peaks Hotel 

dataset. This dataset encompasses 

information regarding hotel bookings and 

cancellations on a monthly basis, statistics 

on recurring guests, the preferred food 

options chosen by guests, and whether 

they opt for individual or family bookings. 

In this project, we analyze the dataset 

using both Tableau and PowerBI. 

Tableau Desktop is utilized in the analysis 

and creation of visualizations within the 

Tableau platform. Tableau Public offers 

both measures and dimensions, with 

dimensions consisting solely of date and 

name information. On the other hand, 

measures encompass all numerical values 

that can be altered. The Tableau Public 

menu includes options such as file, data, 

worksheet, dashboard, and more. 

Dashboards and storytelling are crucial 

components of Tableau, with dashboards 

enabling the analysis of multiple 

visualization data on a single sheet. 

Additionally, Tableau Public offers 

features such as analyze, map, format, and 

windows. 

 

CREATE A CAPTION IN WORKSHEET----- 

SHOW CAPTION 

 

Dashboard 
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In Tableau, it is necessary to generate multiple 
charts and analyze them using a dashboard. 
The dashboard is a key feature utilized in 
Tableau. Additionally, Tableau can be used to 
create a Gantt view. 

 

 

The figure presented here illustrates the 

analyses conducted on the dataset of 

Park City Hotel. The data analyst 

employed visualization techniques to 

depict the results of the analyses 

performed on the dataset of Park City 

Hotel. 

 

 

5. Conclusion  

Our experience with Power BI has shown 

that it is a radical approach to simplifying 

the business intelligence and data analytics 

space, whereby individuals and 

organizations can easily provide data for 

visualization, and share it with minimal 

investment of time and effort. When this 

service is delivered by an organization of 

the repute of Microsoft, with independent 

verification by Gartner which has 

compared the competition, it is evident 

that Power BI is a unique opportunity for 

research institutions and professionals to 

fulfil their data analysis needs. 

Tableau is recognized for its strong and 

adaptable capabilities in data visualization 

and business intelligence. It provides a 

wide array of features that cater to the 

varied requirements of individuals, 

analysts, and organizations.[1] Its user-

friendly interface, extensive visualization 

choices, and effortless data connectivity all 

contribute to its widespread acclaim in the 

industry. 
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Abstract— Technology always helps mankind in making 

life easier. Now presenting an innovative way which 

revolutionizes trash management system through this we 

are taking a step towards clean India. Waste management 

placed across cities set at open places are flooding because 

of increment in the  waste  each day and making 

unhygienic condition for the citizens, to maintain a 

strategic distance from such a circumstance we have 

proposed wireless solid waste management system for 

smart cities which allows municipal corporations to 

monitor status of dustbins remotely over web server and 

keep cities clean very efficiently by optimizing cost and 

time required for it. As soon as simulating creation 

maximum level, waste management department gets alert 

via cloud web server via GSm module placed at device so 

department can send waste collector vehicle to respective 

location to collect garbage 

Keywords—Waste management, ESP32 Microcontroller, 

IoT, GSM. 

I. INTRODUCTION 

 

India comes under the category of developing 

nations. Separation of waste is crucial for apt disposal of a 

huge quantity of trash which is been produced in our daily 

routine from various sources. People became used to just 

throwing things away and never realize the consequences of 

their actions as Problems like health hazards, pollution, 

environmental disturbance can take place due to an 

appropriate system of management. 

Urban areas with developing economies face poor 

waste collection services and fail in the management of dump 

collection which worsens the problem. The waste collection 

method that is been implemented in many countries is a 

challenge and the majority struggle due to weak guidelines 

and rapid urbanization . At present, the volume of municipal 

solid waste is increasing drastically with an increase in the 

rate of population, economic uprising, industrial 

development, change in consumption habits, and many other 

factors in the lifestyle of the urban population. It is alerted to 

the management company about the area that has to be 

visited to pick the overflowing or the bin that is nearing its 

saturation level so that the scavenger allotted may reach in 

prompt time and clear it.  
Inefficient collection services exacerbate the issue, 

leading to further environmental and health concerns. 

Implementing robust waste management strategies and 

leveraging technology for timely interventions can mitigate 

these challenges. Collaboration between stakeholders is 

essential for sustainable waste management practices and to 

address the growing demands of urbanization. 

 
.                     Fig 1.1 Public Dustbin 

II. LI TERATURE SURVEY 

 

1. “An IOT Based Smart Garbage Monitoring 

and Disposal Support System”:by Dr.T.M.N.Vamsi, 

Mr.G.Kalyan Chakravarthi, Mrs.Pratibha Lanka, 

Mr.B.Divakar(2021): To maintain the level of 

cleanliness in the city and form an environment which 

is better for living. 

2. “Internet of Things based Waste Management 

System for Smart Cities”:by Ayaskanta Mishra, 

Nisha Ghosh,Pujarini Jena(2019): waste management 

problem whichwill effectively separate dry and wet 

wastes. 

3. ” Environmental Monitoring and Smart 

Garbage Sorting System Based on LoRa Wireless 

Transmission Technology”:by Chun-Yen Chung, I-

Ting Peng, Jong-Chao Yeh(2020): The system uses 

electrostatic capacitance-type proximity sensors to 

determine the types of garbage deposited in garbage 

cans. 

4. ” IoT-Based         Solid         Waste         

Management Solutions”:by J.Sens.Actuator Netw(2019): The increase of waste generation has been considered a significant challenge to large urban centers worldwide and represents a critical issue for countries with accelerated population growth in cities. 

5. ” Waste Management System Using IoT-Based 

Machine Learning in University”: by Tran Anh 

Khoa,Cao Hoang Phuc,Pham Duc Lam (2020): We 

examine data transfer on the LoRa module and 

demonstrate the advantages of the proposed system, 

which is implemented through a simple circuit 

designed with low cost, ease of use, and replace 

ability. 

 

III. EXISTING SYSTEM 

Nowadays the waste collected from a streets, house and 

other establishment on circadian basis but which is not an 

effective management system. Because cleaning of garbage 

is not done immediately based on our needs. The existing 
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system have no proper planning recording the collection 

garbage which makes the city or town unhygienic. Also this 

existing system cannot regularly update the level and odour 

of the garbage bin to the authority. It too have disadvantage 

of consumption of more amount of fuels and more time. 

 

The labours who are cleaning the dustbins are also not   

taking any responsibility which makes the system worst in 

urgent cases. Normally, the purpose of the dustbin is only 

collecting a waste from different zonal. But here, the aim of 

our project is by utilizing a embedded system to maintain the 

management activities in addition with a waste collection in a 

dustbin and also in a mass waste collection places for 

detecting a unpleasant activities like over fire, moisture 

content etc., in a accurate manar 

All paragraphs must be indented.  All paragraphs must be  

IV PROPSED SYSTEM. 

Garbage is a waste generated due to the various activities 

generated by various activities such as industry waste, 

vegetable waste, commercial waste, house hold wastes etc. 

Improper utilization of the garbage may pose several 

environment issues namely generation of various hazardous 

gases which leads to the various health issues. Curb side 

collection, Incineration is the most common method of 

disposal in which waste is collected at regular intervals by 

SYSTEM ARCHITECHTURE 

 

4.1 BLOCK DIAGRAM 
 

 
           Fig 4 .1 Block Diagram  
4.2 FLOW CHART 

 

 

 

4.3 HAREDWARE USED : 
 

ESP32 MICROCONTROLLER: 

ESP32 is a single 2.4 GHz Wi-Fi-and-

Bluetooth   combo   chip designed with the TSMC ultra-

low-power 40 nm technology. It is designed to achieve the 

best power and RF performance, showing robustness, 

versatility and reliability in a wide variety of applications 

and power scenarios. 

The ESP32 series of chips includes ESP32-

D0WDQ6, ESP32-D0WD, ESP32-D2WD, and ESP32-

S0WD. 

ESP32 uses CMOS for single-chip fully-integrated 

radio and baseband, while also integrating advanced 

calibration circuitries that allow the solution to remove 

external circuit imperfections or adjust to changes in 

external conditions. 

     As such, the mass production of ESP32 solutions does not     

     require expensive and specialized Wi-Fi testing equipment 

 WI-FI 

ESP32 implements a TCP/IP and full 802.11 b/g/n Wi-

Fi MAC protocol. It supports the Basic Service Set (BSS) 

STA and SoftAP operations under the Distributed Control 

Function (DCF). Power management is handled with 

minimal host interaction to minimize the active-duty 

period. 

 

   GAS SENSOR 

 The time of processing in the cities is important. 

Because, in recent days the garbage collection is not 

collecting properly due to lack of workers, specialized 

vehicles and other means. So, the garbage which is on the 

road or land is degrading itself and emits a bad smell. And 

also in the garbage collectors, it’s not cleaned properly, it 

emits a bad smell and causes the different diseases like 

cholera, skin diseases etc. The proper utilization of garbage 

can help us to get some gases. Some may harm and some 

are useful. The useful gases which are emitting from the 

garbage can be utilized for commercial purpose also 
 

  TEMPERATURE SENSOR 

 

 

 

 

 

                  Fig Gas sensor 
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The sensors in the flame detector will detect the radiation  
that is sent by the flame, the photoelectric converts the 

radiant intensity signal of the flame to a relevant voltage 

signal and this signal would be processed in a single chip 

microcomputer and converted into a desired output 
 

 
HUMIDITY SENSOR 

In that system we are calculating the moisture and 

temperature inside the dustbin if the temperature is high 

then its gets the message to fire alarm. This system 

purpose that we are presenting the separation of wait and 

dry garbage. If garbage is wait then its go to wait dustbin 

then garbage is dry then its go to dry dustbin. Finally, we 

are showing the graphical representation on whole 

garbage monitoring system. 

        Fig Humidity sensor 

 

 

 

TESTING RESULTS 

 

 
 

                      Fig Output  

THINGSPEAK 

The Internet of Things (IoT) links 

together various devices with embedded operating 

systems and internet connectivity. These devices rely on 

IoT services to communicate and work together 

effectively. While individual IoT devices can't do much 

on their own, they gain significant functionality when 

connected to a service. This service acts as a behind-the-

scenes manager, enabling tasks like data collection, 

monitoring, and advanced analytics. In essence, IoT's 

true power emerges when devices  

 

V RESULT 

 

    

V CONCLUSIONS 

The objective of the project is for the real time 

access of information about the dustbin. This waste 

Management System using IOT has implemented the  

Fig 5.1 Output showing in rising the gas 

management of waste in real time using smart dustbin to 

check the fill level of dustbin to check if it is full or 

not.This system also helps to monitor the fake reports and 

hence can reduce the corruption in the overall 

management system. This reduces the total number of 

trips of garbage collection vehicle and hence reduces the 

overall expenditure associated with the garbage collection. 

It ultimately helps to keep cleanliness in the society. 

Therefore, the smart garbage management system makes 

the garbage collection more efficient. Such systems are 

vulnerable to plundering of components in the system in 

different ways which needs to be worked on. 

 FUTURE SCOPE 

Further in this we can add up the cost 

management portion and by the virtue of which we 

can place them in an individual’s home. So that they 

can use them and can manage the day- to-day garbage 

by their own and as the bin hits on alarm of filling its 

further recycled and can be used in kitchen garden in 

homes. That would be a good practice in field of 

environment safety. Smart dustbin helps us to reduce 

the pollution. Many times garbage dustbin is 

overflow and many animals like dog or rat enters 

inside or near the dustbin. This creates a bad scene. 

Also some birds are also trying to take out garbage 

from dustbin. This project can avoid such situations. 

And the message can be sent directly to the cleaning 

vehicle instead of the contractor’s office 
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