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From the Editorial Desk
Electronics and Telecommunication Engineering has always played a major role in the advancement of
the latest in the technology arena. As technology progresses rapidly, it has become essential for
engineers and technologists to keep up with the changes in their respective areas of expertise. The IETEStudent Forum (IETE-SF) was formed in the year 2005 under the Department of Electronics and
Telecommunication of D.J. Sanghvi College of Engineering, to not only facilitate the flow of ideas and
information but also to encourage the advancement in the field of electronics and telecommunication
engineering. To keep up with new technologies, IETE-SF conducts technical workshops and seminars
to encourage them to work on their technical skills. This forum paves a way for students to gain
knowledge apart from their academic curriculum. In addition to conducting workshops and seminars,
IETE-SF runs the book-bank facility where students can avail a wide range of technical books. ‘DJ
Strike’, a project mentorship program, which encourages students from the second, third, and fourth
years to team up together to develop a product was continued this year as well by the IETE-SF. Over
the last eight years, the EXTC Department has organized various technical events like STTP on
Microwave and Antenna, Image Processing, and Wireless Networks. The department also organized,
National conferences like NCCT-2011 in the year 2011 and International Conferences like ICCT-2013
and ICCT-2015 in the year 2013 and 2015. Since 2017 the department has been organizing the
International Conference on Wireless Communication (ICWiCOM 2017, ICWiCOM 2018, ICWiCOM
2019 and ICWiCOM 2021) where the conference addresses only narrow topics in the domain of
Wireless Communication. Proceedings of the conferences are available on the Springer digital library.
For the last ten years, IETE-SF has been organizing ‘DJ Spark’, a state level project competition. This
competition aims to provide a platform for students to showcase their ideas as well as technical paper
writing skills and soft skills. After a vigorous review process, the shortlisted research papers of the
qualified projects are published in the ‘DJ Spark’ Journal, which has a recognized ISBN Number. Due
to the overwhelming response received for the same, IETE- SF has been motivated to organize ‘DJ
Spark 2022’. The best technical projects, in coherence with the field of Electronics and
Telecommunication, built by undergraduate and postgraduate students, will be displayed during the
competition.
We hereby appreciate the efforts taken by all the faculty members of the department of EXTC and the
IETE-SF student committee members for organizing ‘DJ Spark 2022’.
Congratulations to all the participants of DJ Spark 2022!
Best wishes.

Dr. Amit A. Deshmukh
Co-Convener, DJ Spark 2022
Professor & Head, EXTC,DJSCE

Dr. Hari Vasudevan
Convener, DJ Spark 2022
Principal, DJSCE
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Abstract—All our life we have felt and recognized emotions
involuntarily, something that comes naturally. But the inability
to interact or communicate due to lack of development during
the early years of life is a serious issue. Autistic children are
unable to recognize emotions or sentiments leading to special
needs. In the current day and age, understanding emotions and
expressions is a skill that is not a want but a need. Be it having
a regular conversation at the supermarket or an important
meeting, these recognition skills are necessary. At a very tender
age, autistic children usually face more difficulty in
development as compared to their peers. There are certain red
flags that hold them back from engaging with others. Nonverbal
cues, such as facial expression, play a vital part in interpersonal
relationships. The Facial Expression Recognition system is a
method of determining a person's emotional state. In this
system, the captured image is compared to a trained dataset
stored in the database, and the image's emotional state is
presented. An autistic kid when unaware of an individual's
emotions can use the software Live and make informed
decisions. This will not only develop their interpersonal skills
but at the same time protect them from unwanted situations. We
have designed expression recognition using Tensor flow and
Keras which ensures adaptability and smooth functioning. We
also made use of CNN which is convolutional neural network.
For the basic function of Speech-to-text conversion, we went
ahead with Google’s API which is very trusted.
Keywords— facial recognition, emotion recognition, python,
JavaScript, visual studio, CSS3, HTML, Tensor flow, OpenCV,
Machine Learning, Autism.

I. INTRODUCTION
Facial expression is a visual reflection of an individual's
affective state, cognitive activity, intention, personality, and
psychopathology, and it is used to communicate in
interpersonal relationships. It has been studied for many years
and has progressed significantly in recent decades. Despite
substantial progress, accurately understanding facial emotions
remains difficult because to the complexity and variety of
facial expressions. Nonverbal clues like gestures, facial
expressions, and instinctive languages can be utilised to
convey intents and emotions in general. This technique has
the potential to be a powerful nonverbal communication tool
for people. It's how well the system recognises or extracts
facial expressions from photographs that counts. Because of
its potential, the system is gaining traction. Identifying
features presented as part of a facial expression allows
humans to perceive emotions on a regular basis. A grin or
upward movement of the lips' corners, for example, is
intrinsically tied to happiness. Other emotions are also
identified by deformations that are specific to that
manifestation. Automatic facial emotion identification study

addresses the problem of expressing and categorising static or
dynamic elements of these deformations of face pigmentation.
A person's facial expressions are divided into basic emotions
such as anger, disgust, fear, happiness, sadness, and surprise
using this method. The main purpose of this technology is to
use eye gazing, facial expressions, cognitive modelling, and
other techniques to enable efficient interaction between
humans and robots. In this situation, facial expression
recognition and categorization can be employed as a natural
form of human-machine connection. The system's intensity
varies by person, as well as by age, gender, facial size, and
shape, and even within the same person, expressions do not
remain stable over time. Recognizing expressions is difficult
due to the inherent variability of facial pictures generated by
various factors such as illumination, position, alignment, and
occlusions. Some facial feature representations for face
recognition and expression analysis surveys go into detail
regarding these challenges and possible solutions. Common
methods for extracting speech emotion features can only
represent limited context information and cannot fully exploit
the qualities that human emotion fluctuates slowly and is
dependent on semantic settings. Deep learning algorithms, on
the other hand, can determine the underlying internal
relationship between data and extract intrinsic characteristics
from large-scale training data, resulting in more accurate
emotion classification. We transform voice to text to detect
emotion since applying machine learning to an audio stream
and detecting emotions would be a tiresome operation. As a
result, our technology allows the user to upload a preset audio
track to make the procedure easier. The file is then processed
using Python tools and Google's speech recognition API. Why
do we use Google's API instead of creating our own model?
Since Google has been utilizing a voice assistant that can
translate speech to text better than other models, it has a larger
dataset and superior accuracy
II. OBJECTIVE
In everyday life, emotion is important. People can
communicate and comprehend each other more easily when
they express their emotions. Emotion recognition is a
technology that allows machines to understand human
emotions and has a wide range of applications. It is not
necessary that these interpersonal skills are well developed in
individuals. Autistic children usually face the issue of
interaction and communication. At a very tender age, their
development is comparatively slower than others. There are
certain red flags that hold them back from engaging with
others. They have difficulty comprehending what is going on
around them, such as what other people are saying or
communicating nonverbally. And due to these developmental
1
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delays, they must begin with a steady course of daily
therapies. Therapy becomes a daily routine for these kids
wherein their minds are developed. To help them practically
make decisions in day-to-day life, we wanted to come up with
a solution that acts as a bridge for them between therapy and
practical execution. When autistic children can manage their
own challenging behavior, they can learn and get along better
with others. We wanted to develop a model which not only
can help children but can be used in multiple domains.
Emotion, In human-computer interaction (HCI), for example,
permits the robot to deliver appropriate feedback based on the
user's emotional state, thus boosting the contact quality. In the
medical world, having a better emotional understanding of
how people with mental illness live their life assists doctors to
diagnose and treat the problem more successfully. Because of
the rapid advancement of communication technology and the
growing popularity of smartphones and social media, Internet
users upload a large amount of video data to express their
thoughts. Furthermore, different points of view might result in
differences in emotional expression. We can gain a more
accurate and comprehensive understanding of netizens'
attitudes toward network events and products by using
emotional recognition of users' multimedia films. Emotion
identification has come a long way in recent years. However,
most researchers are focused on unimodal emotion
identification. Speech and facial expressions, for example,
share a lot of the same thematic and temporal properties and
are frequently seen in human emotional interactions, therefore
they're getting a lot of attention in the emotion computing
field. External factors such as occlusion and lighting, on the
other hand, may have an impact on the accuracy of face
expression recognition. The outcome of speech emotion
identification will be influenced by variances in the voices of
different participants as well as surrounding noise. By
combining more emotional factors and making full use of
complimentary emotional information, the recognition result
is more accurate, and the recognition performance has evident
advantages over single modal recognition.
III. PROPOSED DESIGN
Speech and facial expressions are used to represent human
emotions and intentions, and generating an efficient and
effective feature is a key component of our system. Face
recognition is critical for interpreting facial expressions in
applications including intelligent man-machine interfaces and
communication,
intelligent
visual
surveillance,
teleconferencing, and real-time animation from live motion
images. For efficient interaction, face expressions are useful.
The majority of facial expression recognition research and
systems are limited to six basic expressions (happy, sad,
anger, disgust, fear, surprise). It is discovered that describing
all facial expressions is insufficient, and these expressions are
grouped based on facial activities. Facial expression
recognition is a difficult task. As a result, we'll need more
information derived from spoken conversation to help us with
this by increasing the database.

Our Application also provides the feature of audio detection
which uses Google’s text to speech convertor. Currently it
would be using pre-installed audio but later can be
developed into a real time feature.

Fig.1 Home screen of Aura’s Interface

IV. IMPLEMENTATION
Facial Expression Recognition
The facial expression recognition system is trained by taking
photos of various facial expressions and utilising a supervised
learning approach. Image acquisition, face detection, image
preprocessing, feature extraction, and classification are all
part of the system's training and testing phase. Face detection
and feature extraction are performed on face photos, and the
results are then categorised into six classes that correspond to
six basic expressions. Our system uses Convolutional Neural
Networks for facial recognition to process image data. CNN
is a unique type of model that has been designed for working
with image data in 2D. Similar to a normal Neural Network,
convolution is performed i.e multiplication between the input
data with a 2D array of weights. So we use CNN to train our
model to detect emotions. We have used the FER2013 dataset
available with around 27000 images to train and validate our
model. The accuracy of our model is about 67% in theory
however when we tested it in live conditions it turned out to
be pretty accurate. When the user clicks the video button on
the home page they are redirected to the video.html web page
where a frame loads and displays whatever is visible to the
camera. Then the system tries to find a face and once that is
done the image data is sent to python in the backend where
the model analyses and classifies the expression with one of
the 7 emotions. Then the emotion is sent to the HTML page
wherein it is displayed near the face of the user.
Image Acquisition
Static images or image sequences are utilised to recognise
face expressions. Face images can be obtained with a camera.

Whenever a person with special needs or anyone who requires
help with respect to recognition of emotions, is in need of any
device of practical use, then they can use Aura. Simply by
opening the API, they can use of Live video scanning feature
wherein you can scan the emotion of the indivial live and the
results instantly which is dynamic. The special person can
then make an informed decision.
2
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difficulty of traditional neural networks is avoided. A CNN
uses a multilayer perceptron-like technology that is optimised
for low processing requirements. A CNN's layers consist of
an input layer, an output layer, and a hidden layer, along with
numerous convolutional layers, pooling layers, fully
connected layers, and normalising layers. The removal of
limitations and advances in image processing efficiency result
in an image processing and NLP system that is considerably
more effective and easier to train.

Fig.2 Flowchart of the proposed API

Face detection
Face detection is useful for identifying a person's face. The
Haar classifier is used to detect faces in the training dataset,
and Opencv is used to implement it. The difference in average
intensity in different sections of the image is encoded using
Haar like features, which are made up of black and white
connected rectangles with the value of the feature being the
difference of the sum of pixel values in black and white
regions
Feature Extraction
The feature is chosen. In a pattern classification task, the
vector is the most significant component. After preprocessing, the image of the face is used to extract the relevant
features. Scale, pose, translation, and fluctuations in
illumination level are all fundamental challenges in picture
classification. The CNN algorithm, which is detailed below,
is used to extract the key features.
Convolutional Neural Network
A convolutional neural network (CNN) is a type of artificial
neural network that is used in image recognition and
processing. It is specifically designed to process pixel input.
CNNs are image processing, artificial intelligence (AI)
systems that use deep learning to do both generative and
descriptive tasks, such as image and video recognition,
recommender systems, and natural language processing
(NLP). A neural network is a hardware and/or software
system modelled after the way neurons in the human brain
work. Traditional neural networks aren't designed for image
processing and must be fed images in smaller chunks. CNN's
"neurons" are more such as in the frontal lobe, the temporal
lobe for processing information in humans and other species.
By stacking the layers of neurons in such a way that they span
the entire field of vision, the partial image processing

Fig.3 System Diagram

Speech Emotion Recognition
Now to detect emotion from speech we convert the speech to
text because it would be a tedious task to apply machine
learning to an audio signal and detect emotions. Hence, to
simplify the process our system gives the user an option to
upload a prerecorded audio file. Then we process their file
using some python packages and Google's speech recognition
API. We use Google's API, instead of designing a model
ourselves because Google has a larger dataset and higher
accuracy since it has been using a voice assistant that can
transcribe speech to text better than most models. For emotion
recognition from text, we have used a python package called
"text2emotion" in python. It processes any textual message
and can recognize the underlying emotions from it. It
currently has a limitation of only recognizing 5 emotions
namely Happy, Sad, Angry, Surprise, and Fear. It starts by
removing any verbiage from the text in the message. Next, it
performs NLP techniques to find specific words that best
describe emotions or feelings. After that, it would match the
word found in the message to its emotion category. It would
also keep a count on how many words were found in a
particular emotion category. Lastly, it provides the output in a
dictionary format and displays the probability of each emotion
category.
V. RESULTS AND CONCLUSION
Various CNN algorithms were utilized in this project to
anticipate a person's real-time expression. The model can
make predictions using only a few parameters and has a 67
percent accuracy rate. However, research is being done to
integrate subjective characteristics in the model, such as
gestures and speech tone, in order to improve the model's
3
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accuracy. The goal of this study is to use external parameters
to understand a person's emotion and how our minds interpret
that emotion. This is important for people who have trouble
comprehending emotions, as well as those who want to
analyse expressions as part of market demand analysis. This
project provides a method for recognising facial expressions
as a category. Robotic vision, video surveillance, digital
cameras, security, and human-computer interaction are all
applications that benefit from face detection and emotion
extraction from facial pictures. The purpose of this research
was to develop a computer vision-based facial expression
recognition system while also increasing advanced feature
extraction and classification in face expression recognition.

Fig.7 Emotion Surprise

Fig.8 Emotion Sad

Fig.4 Accuracy and Loss in Training over 30 Epochs

The Experimental demonstration is as follows:

Fig.9 Emotion Fear

Fig.5 Emotion Happy

Fig.10 Emotion Disgust

. Fig.6 Emotion Angry

Seven different facial expressions of different people's photos
from various datasets were examined in this experiment. This
research entails preprocessing collected facial photos for
facial expressions. Facial expression recognition is a difficult
problem to solve. For critical applications, more effort should
be put into improving categorization performance.

4
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OUR WEBSITE INTERFACE IS BELOW
Fig.11 Video Page

Fig.12 Home Page

well as at mini-marts and shopping centers to view client
feedback in order to improve business, and so on. It can
recognize people in a crowd and track residents' identities,
age, gender, and present emotional state to look for suspicious
behavior. It can be used to prevent criminals and prospective
terrorists from committing crimes. The automated extraction
of images of suspects from criminal records, which can help
police narrow down possible suspects rapidly, is a valuable
application of face recognition. This is a primary application
which uses the sketches of the accused and matches them with
the photos in the federal database of the offenders.
Applications in fields like police departments, video
monitoring, banking, and security device access
authentication are in high demand. In recent times, automatic
face recognition has gotten a lot of press. due to its ease of use
and advantages over other measures. The benefits of facial
identification over other approaches, such as fingerprint
recognition, are largely due to the fact that it does not need the
cooperation of those being tested. Face recognition systems
are often more user-friendly and cost effective, so recognition
outcomes can be reversed in ambiguous situations by people
with little to no experience. With the digitization of the world,
everything is switching online. In this scenario, it is of utmost
importance that a suitable face identification method is
incorporated, particularly in sectors like online banking (For
instance in digital banking customer onboarding process). Our
system with further enhancements and modifications will be
suitable in such platforms in the future.
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cameras to record images only when the subject grins. In
security systems that can identify a person, he can show
himself in any manner. When a person enters a room in a
house, the lights and television can be adjusted to their
preferences. Doctors can utilize the technique to determine the
severity of a deaf patient's discomfort or disease. Our
technology can be used to identify and track a user's mood, as
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Abstract— In this research, we present a completely
autonomous localization and mapping approach for an
unknown indoor robot environment. The SLAM (simultaneous
localization and mapping) technique is the foundation of this
algorithm. The self-driving bot has a laser sensor that creates a
map of its surroundings while also keeping track of its present
location. This system gains autonomy by automatically setting
goal points to map previously unmapped space or revisit
familiar locations to improve map accuracy. Our ultimate goal
is to improve map accuracy and coverage. This strategy is tested
in a real-world setting on a mobile robot using the ROS
platform. As the number of automobiles increases, the demand
for parking has become a component of society. Car theft and
difficulty for drivers are two issues with today's parking system
that we are all familiar with. In light of this scenario, there is
potential for developing a new system to assist us in improving
and resolving issues with the current parking system. This study
proposes a solution including the creation of a new automated
parking system that incorporates QR code technology and is
capable of delivering security and convenience to all users.
Keywords— ROS, LIDAR, Arduino, IOT, Raspberry pi,
autonomous vehicle, QR-code, SLAM, NodeMCU, Esp8266, IR
sensors.

I. INTRODUCTION
In the future of the automotive industry, autonomous vehicles
are something which seem to be the upcoming prominent
thing. The continual advancement of self-driving technology
necessitates the development of better strategies for
decreasing the frequency of accidents. The most significant
problem that researchers in this sector face is ensuring the
safety of customers, pedestrians, and equipment. One of the
most difficult problems with autonomous vehicles is their
capacity to react accurately and safely to a variety of situations
that may arise while driving. As a result, these self-driving
bots will need sensors that are taught to respond swiftly and a
processing unit capable of understanding all of this data in real
time. Among all of these sensors, LiDAR has the highest
implementation complexity, making it particularly well suited
to autonomous vehicle requirements. The increasing interest
in automated vehicles has given rise to seek a solution to the
problem of Simultaneous Localization and Mapping (SLAM),
a problem that appeared in robotics 25 years ago to the
researchers. The basic ideology for attaining safety in
Autonomous Vehicles is Obstacle Avoidance (OA). The OA
approaches can be divided into two categories: the first is
based on a previously known environment (offline processing
algorithms), and the second is based on sensor data collected

in real time. RPLidar1 and a Raspberry Pi2 are used in our
execution, which falls under the second category. The
proposed methodology provides a solution to the problem of
navigation and obstacle detection. However, the optimal path
is uncertain due to the inefficiency of previous knowledge
regarding the surroundings and the obstacle which is common
in every online algorithm. We need a smart parking system
that must be developed in our cities to solve the problem of
parking. It enables the driver to park a vehicle using web
technology. Traffic problems will inevitably arise as the
number of vehicles on the road rises. This is because the
current transportation infrastructure and parking facilities are
unable to cope with the increased number of vehicles on the
road.. To assuage the problems mentioned above, the smart
parking system has been developed. With the implementation
of this system, users can easily locate and secure a vacant
parking space at any car park deemed convenient to them.
With the help of a computerized system, good services can be
delivered to users who wish to park their vehicle into any
organization’s premises using Internet of Things (IOT) based
on a QR code-based parking management system. The
physical parking space infrastructures is connected with
information and communication technologies using sensors,
where cloud-based smart management services are provided.
This is the basic criteria of IOT used for our project. A mobilebased web application would be created to implement the
suggested system. The end user will be able to check the
availability of parking spaces and book a certain parking lot
using this mobile-based online application. Each parking lot
would be fitted with a control system that would allow for the
monitoring of the number of available free and occupied
parking spaces as well as informing users of the parking lot
status (open with/without available free parking spaces, or
closed). It will also detect when a vehicle approaches the gate
for automated gate opening. Users may check for available
parking spaces online from anywhere and park without fuss.
As a result, the system resolves the parking problem. The
concept of a smart parking system can aid in the saving of time
and fuel, as well as the creation of a systematic parking system
that users can simply manage using their cellphones.
II. OBJECTIVE
The main aim of this paper is to show how we planned to
create a mobile robot that is capable of operating fully
autonomously. The system will be capable of mapping an area
and creating a 2-D map of the given region. It will be capable
of avoiding and detecting obstacles in its path using lidar
6
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sensors. The robot is not only going to be capable of
localization but also autonomous navigation from point A to
point B. The values of the points have to be given by the user
on the 2-D lidar map. The project will make use of
technologies like ROS, SLAM, LIDAR, etc. The whole
system works on the core of Raspberry Pi 3b+ connected on
an Arduino. The Arduino controls the encoded motors using
the l298N motor driver. Many operating systems such as
Raspbian, Ubuntu, etc are supported by Raspberry pi board.
The existing systems used RFID, LED, and IR sensors which
had considerable drawbacks. Hence, for the second half of the
project, a QR code-based approach is used which eliminates
these drawbacks. The QR code is generated in such a manner
that it encodes the unique details of the user. primarily focus
on how to assist vehicles in readily finding vacant parking
spaces in a specified parking region. Aside from that, it will
aid in the reduction of traffic, energy consumption, and air
pollution. As a result, this study has proposed an ideal method
that allows people to book their own parking place based on
their needs and car specifications.
III. PROPOSED DESIGN
For the implementation of our autonomous vehicle, the two
important hardware components used are Raspberry Pi and
RP Lidar.

Fig.2: RP LIDAR And Raspberry Pi

Our model is made up of a robot with a motor driver (L298N),
a Li-Po battery for the motors, and for powering the raspberry
pi, a USB power bank. For the vehicle's localization and
navigation, a four-stage algorithm was created. The process
for an autonomous vehicle is divided into four stages:
1.Initialization: In the first stage, route-specific metrics
(beginning, intermediate, and final way-points) and
environment profiling are loaded into the command line
arguments. Furthermore, upon algorithm initialization, the
vehicle's relative locations are used as input, and a calibration
method is run on the installed WiFi stations and this happens
only once every mission.
2.Localization: Our Indoor Positioning System (IPS) gives the
vehicle's position for localization and it can localize in any
map given as an input.
3.Obstacle Detection: In the third stage, the vehicle's fitted
RPLIDAR A1M8 module was used to detect nearby
obstacles.

Fig.1: RP LIDAR And Raspberry Pi mounted on Chasis.

LIDAR (Light Detection and Ranging Module) is a remote
sensing method that uses light in the form of a pulsed laser to
measure ranges (variable distances) to the Earth and sends
these pulsed lights to into every direction (360◦). The distance
to the nearest obstacle is computed based on the time and
wavelength of the received pulse. To recognise barriers and
navigate, all of these measurements must be processed. A
Raspberry Pi 3 board is utilised to process this data. Many
operating systems, including Raspbian, Ubuntu, and
Windows IoT, can be run on the Raspberry Pi board. Raspbian
was chosen since it was designed exclusively for the
Raspberry Pi hardware and provides greater performance than
the other operating systems.

4. Decision Making: At this stage, our decision-making
algorithm processes all of the gathered information about
obstacles. The algorithm determines the optimum course of
action for the vehicle.
5. Control: The algorithm controls the physical parts of the
vehicle (DC motors) in order to move the vehicle.

Fig.3: Circuit diagram for the autonomous bot
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Raspberry pi is the main microprocessor that will be driving
the encoded motors. The motor driver used with the motors is
for providing sufficient current to the motors. The Rplidar will
be used as a sensor capable of scanning the environment it is
placed in, enabling obstacle avoidance and navigation using
ROS and SLAM. The battery will be supplying the 12 V to
the motors and the circuit.

information such as exit time, etc. With the help of both the
QR codes generated by user the admin can calculate the fare
and send a receipt to the user. We have incorporated all these
features in our mobile application which we have developed
for both the admin and the user side.

Fig.6: Nodemcu

Fig.4: SLAM Map

IV. BLOCK DIAGRAM

We used four IR sensors and two servo motors in this IoT
Smart Parking System. The NodeMCU is coupled to IR
sensors and servo motors. NodeMCU manages the entire
process and provides information on parking availability and
time to Firebase, which is linked to our mobile app, allowing
it to be watched from anywhere in the world. Two IR sensors
are employed at the entry and exit gates to identify cars and
automatically open and close the gates.

Fig.5: Circuit Diagram for Parking System

The entry and exit gates are controlled by two servo motors.
When the IR sensor detects an automobile, the servo motor
rotates from 45° to 140° and then returns to its original
position after a pause. Two more infrared sensors determine
whether a parking space is open or occupied and relay the
information to NodeMCU. So whenever a car enters a parking
system a user can generate a QR code from the mobile app
which is scanned by the parking system admin. By doing this
the admin can retrieve the car information from the genrated
QR code and update on the firebase. Similarly when a car is
exited the user can again generate QR code which contains the

Fig.7: Proposed Algorithm for An Autonomous Bot

Fig.8: Decision Making Algorithm
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In order to test many types of algorithms and simulate driving
behaviors in actual world, autonomous miniature vehicles are
widely used. In the past few years, several approaches have
been proposed for obstacle avoidance in self-driving
vehicles. In this paper, we presented our autonomous vehicle
implementation which gives a solid solution to this problem
in an efﬁcient manner. Our vehicle is capable of navigating
in an unknown environment while avoiding obstacles. Unlike
other implementations, our vehicle doesn’t use Computer
Vision (CV) techniques for obstacle detection but only a
single LIDAR sensor and thus can safely navigate in low
luminosity environment. We performed various experiments
and veriﬁed the success of our implementation.
VI. FUTURE SCOPE

V. RESULTS AND CONCLUSION
The main aim of this paper was to create a fully
autonomous robot containing two batteries which is selfpowered and capable of mapping its surroundings. Along
with this it navigates through obstacles, parking itself to
the allotted parking lot. This was possible with the help
of a chassis fitted with tracks and coupled with two
motors, a lidar, a Raspberry PI and a compass. In order to
track the distance traveled for more precise mapping and
movements, encoders were used on the motors. A QR
code-based approach was selected to enter the parking lot
and fetch the car details from the database. Using IR
sensors, we tracked the availability of the parking spot
and sent this data to the user with the help of a website.
Finally, by selecting the destination (the allotted parking
lot) the bot parked itself using ROS.

Through this project we have tried to create an autonomous
robot who can locate its position in the environment and
navigate safely from a starting point to a destination point
while avoiding obstacle using an existing Wi-Fi
infrastructure. This was incorporated into our robot with
Raspberry Pi and LIDAR. A mapping feature is also
implemented which is capable of generating an image of the
environment during navigation. There are possibilities of
modiﬁcations on the algorithm in order to predict obstacle
movement and navigate in dynamic environments in a more
efﬁcient manner. In future, RGB Depth cameras can be used
in order to get a 3-D model of the location which will be of
great use in constructions. The arrival of automated vehicles
(AVs) will drastically influence the future of the smart
parking market. This significant influence is already seen in
various cities around the world who are beginning to trial
self-parking vehicles, specialized AV parking lots, and
robotic parking valets. AV fleets in future are expected to
fundamentally change the way cars are used, affecting how
often and where vehicles will be parked.
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Abstract— Geometry and structure is one of the most critical
criteria during the project of Design of a Wideband Antenna.
The world is moving towards making hardware technologies
smaller in size with best possible efficiency, which we have also
implemented while designing our antenna. The project aims to
design a micro strip antenna on some given specifications for an
industry-based company. The project commences with
designing the antenna on a software called IE3D, then
fabricating it with a very common substrate called Glass Epoxy
and then finally fabricating the final antenna using Arlong Fr4
substrate to meet the exact requirements which is asked by the
company which required us to get frquency of 4.5 Ghz and a
bandwidth of more than 1 Ghz
Keywords: Microstrip Wideband Antenna, IE3D Software,
Arlong
Substrate,
Small
Range
Ultra-Wideband
Communication

I. INTRODUCTION
Ultra-Wideband is an upcoming technology for short distance
wireless communications. Communications using Ultra
Wideband technology occur with high data rates. .UltraWideband Technology has applications in variety of sectors
like radiometers, frequency hopping, pulse radars and OFDM
wireless communication systems [3]. UWB antennas have
wide bandwidth which while designing, simulating and
fabricating, designers use known antenna structures like
patches and slots to meet the demands of the modern
industry[1,2]. A Rectangular Microstrip Antenna is an
antenna which consists of a rectangular patch. One side of the
patch consists of a dielectric substrate and another side
consists of a ground plane [4-5]. Wimax means Worldwide
Inter-operability for Microwave Access. It is a technology
which is wireless and is rooted to IEE 802.16. It imparts large
speed data over a huge network [6-7].

Fig 1: Problem Statement with 1 antenna operating in (3,0) mode and 3
antennas operating in (1,0) mode.

There is one antenna which is capable of transmitting a signal
in all three directions and 3 identical receivers capable of
receiving the signals placed at a distance of 50 m with an
operating frequency of 4.5 GHz with a bandwidth of 5%.
According to the requirement of the problem statement there
has to be one master which is supposed to communicate with
all the 3 antennas which serve as slaves whereas the slaves are
able to communicate only in one direction. The purpose for
this setup is such that the master has all the information
transmitted by the 3 slaves and slave receive only the required
information sent by the master.

II. PROBLEM STATEMENT
The requirement of the problem statement is shown. In
wireless applications like wifi there are always sensor nodes
which act either as a transmitter or as a receiver. In the current
problem statement (which is shown below):
8i
Fig 2: Problem Statement with all 4 antennas operating in (3,0) mode

11
• Proceedings for DJ SPARK 2022

ISBN: 978-93-5593-448-2

• Design of Wideband Antenna for Small Range Ultra - Wideband Communication
RMSA

Fig 6: RMSA top and side view
Fig 3: Comparison of the 3 lobe figure and 1 lobe figure

An MSA in its simplest form consists of a radiating patch on
one side of a dielectric substrate and a ground plane on the
other side. The top and side views of a rectangular MSA
(RMSA) are shown in Figure 1. Radiation from the MSA can
occur from the fringing fields between the periphery of the
patch and the ground plane. The length L of the rectangular
patch for the fundamental TM10 mode excitation is slightly
smaller than 𝜆/2, where 𝜆 is the wavelength in the dielectric
medium, which in terms of free-space wavelength 𝜆𝑜 is given
as 𝜆𝑜 /√∈𝑒 where ∈𝑒 is the effective dielectric constant of a
microstrip line of width W. The value of ∈𝑒 is slightly less
than the dielectric constant ∈𝑟 of the substrate because the
fringing fields from the patch to the ground plane are not
confined in the dielectric only, but are also spread in the air.
To enhance the fringing fields from the patch, which account
for the radiation, the width W of the patch is increased. The
fringing fields are also enhanced by decreasing the ∈𝑟 or by
increasing the substrate thickness h.
RMSA was chosen because of:
1.
2.
3.
4.
5.

Low fabrication cost
High Performance.
Smaller size,
Light in weight.
Low volume.

Fig 4: Electric Distribution of (1,0) mode antenna

III. WORKING
We started with the (1,0) mode for the antenna as shown in
the diagram, however we found that the antenna is able to
transmit in only one direction while in the (3,0) mode the
antenna is able to transmit in all 3 directions in the in form of
3 lobe diagram which matches the problem statement
requirement. The depiction for it is shown below.

Fig 5: Electric Distribution of (3,0) mode antenna
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IV. ANTENNA WORKING
Glass Epoxy / FR4
First, we performed analysis to fix the design using the
fundamental mode formulas .First, we performed simulation
for the microstrip antenna in order to obtain the optimum
dimensions using the IE3D software. Given the dimensions of
the ground plane which are 60x80 mm we obtained the desired
dimensions and the corresponding smith chart.

Fig 9: Radiation Pattern simulation depicting the 3 lobe requirement
Once we performed the simulations, we performed the experiment
physically as shown below :

Fig 7 : Corresponding Smith Chart

Then, using these dimensions we ran simulations where using
the fundamental frequency of 4.5 Ghz we obtained the
corresponding current distribution chart and radiation pattern
which are shown below.

Fig 10: Radiation Pattern measurement Setup

One side of the antenna acts as the transmitter while the other
side of the antenna acts a receiver. We performed basic PCB
fabrication process to obtain the desired design.We then
connected the antenna to the (device) by connecting the wire
at the feed point where we performed soldering. However,
during this process, we found that the bandwidth of the
antenna was significantly lower. The antenna produced a
bandwidth of 50 MHz however the required bandwidth of 500
MHz.As a result of this we changed the patch dimensions of
the antenna.We found that the power level of the antenna was
lower than expected.
Fig 8: Surface current Distribution simulation

Arlong Substrate
The results were not expected as per the requirement from the
glass epoxy substrate, therefore we switched to Arlong
Substrate. For the Arlong substrate we performed the same
fabrication process and obtained the required bandwidth as
13
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well as power level. Spectrum Analyzer SMB 100-A,and RF
Source FSC-6 were used in measurement to observe power at
a distance of more than 50 m which shown as below.Low loss
connecting cables were used.Initialy impedance of the
antenna was measured over 4 to 5 Ghz of frequency range
using vector network analyzer ZVH-8. For observing the
radiation pattern transmitter and receiver antenna were placed
at 50 m apart.We performed orthogonal measurements and
power was received as seen from figure.

Fig 12: Experimental setup to measure the signal strength from the
receiver end

Fig 10: Patch Dimensions

Fig 13: Observed signal strength in the spectrum analyzer

V. RESULTS AND CONCLUSION
A planar monopole antenna is selected which provides a
short distance point to point communication over a
distance of more than 50m which is independent of
orientation of transmitter and receiver.
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Abstract: Accidents are more likely to occur when a vehicle
travels at high speeds. Many lives could have been saved if
emergency services had been able to obtain accident
information and arrive in time to help the people involved in
the accident. Using factors and alerting the rescue crew, this
concept deals with an accident finding system. In order to
save the precious human life, an effective automatic accident
detection system with an automatic announcement to the
emergency service with the accident location is a top priority.
Accident waking and discovery are the focus of the suggested
system. Using the GSM network, the system will transmit the
accident's position, time, and speed, all obtained from the
GPS. This will allow the rescue team to arrive in time to save
the life of a priceless individual. That information is sent to an
emergency response provider in the immediate vicinity of
where the accident occurred. Accidents can be detected and
the rescue squad can be alerted in time thanks to the design.

I.INTRODUCTION
With the advancement of technology, the world is through
a perpetual state of transformation. Transportation has
become considerably easier and faster thanks to
technological improvements. However, a rising problem is
the rise in traffic accidents that cause public health
problems, human deaths, and property damage.
Approximately 1.35 million people are killed and 20 to 50
million are injured in road accidents every year, according
to a World Health Organization (WHO) report published
in February 2020. More than 90% of the accidents that
result in the death of children and young adults aged 5 to
29 years old occur in low and middle-income nations. Road
safety must be improved in both developed and developing
countries as the number of fatalities continues to rise.
A large population in a developing country results in a high
number of road accidents that result in the deaths and
destruction of property. Over speeding, intoxicated
driving, and other infractions of the law are to blame for
many collisions. Over speeding causes deadly accidents
because of the significant impact on both the vehicle and
the victims. A rescue squad may not be able to locate an
accident in a deserted area until it is too late. As a result of
car accidents, many people have died because they could
not get the medical attention they needed in a timely
available funds, algorithms employed to validate an
accident, weather, traffic flow, and other factors.
Besides the automated system, manual means of detecting
an accident include a driver's report, a report from the
transportation agency or public personnel, aerial
surveillance, or a close-circuit camera. The disadvantage
of this detection method is that it necessitates a third party's

manner. Accident detection and notification systems are
being developed with the latest technology in order to save
lives and dispatch the response team to the area as promptly
as feasible. Some of the efforts to reduce road accident
deaths include both accident prevention and detection
systems.
The establishment of a transportation system has been the
driving force behind human civilization's rise to the top of
the animal kingdom. The automobile plays a significant
role in our day-to-day lives. All of these activities are
carried out through the use of this technology. However, it
has the potential to cause us harm or even death if we are
not careful. In driving, speed is one of the most critical and
fundamental risk variables. In addition to the severity of a
collision, it also raises the likelihood of a collision
occurring.
Despite numerous initiatives by governments and nongovernmental groups around the world to raise awareness
about the dangers of distracted driving, accidents continue
to occur. If the emergency services had received the crash
information in a timely manner, many lives could have
been saved. Emergency services may have prevented 4.6%
of the fatalities in accidents if they could have been at the
scene at the right moment, according to research by
Virtanen and colleagues. As a result, saving human lives
necessitates effective, automatic accident detection and
notification of the accident site to emergency services.
Accident detection systems have been studied by a number
of researchers. Traditionally, traffic accident prediction
relies on long-term traffic statistics, such as annual average
daily traffic and hourly traffic volume. Traditional traffic
accident prediction relies on historical data, but Realtime
traffic accident prediction relies on real-time traffic data,
such as induction loops, infrared detectors, cameras and
more. Traffic incident detection studies, on the other hand,
look at how traffic conditions change after an incident has
occurred. This is where real-time traffic accident prediction
differs from traffic incident detection studies. However, the
performance of these detection and prediction systems is
highly limited by the amount of monitoring sensors,
involvement in order to work. There are sometimes delays
and errors because of the witness's difficulty expressing
himself. The driver-initiated incident detection system has
a few advantages over the other detection methods,
including a faster response time, greater event information,
and more. Drivers who are severely injured may not be able
to report the accident. An impact sensor or an airbag sensor
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is traditionally used in conventional built-in automatic
accident detection systems to detect an accident and a GPS
device is used to locate the accident site.
The GPS (Global Positioning System) is the primary
technology utilised in this system to detect location
coordinates. GPS is a satellite-based system that uses
longitude and latitude coordinates to track an object's
location. A map, such as Google Maps, can enhance the
visual appeal of this data. Indonesia is a country where
GPRS is a popular choice because of its vast service area.
This system's hardware is linked to the end user via GPRS,
which was chosen due to its low production cost.
As a result of two-wheeler accidents, the death rate is
rising. 60 percent of these deaths are caused by a lack of
sufficient emergency medical services within the "golden
hour" of an accident, which is defined as the time period
following an accident. We can tackle this problem with the
help of the Internet of Things and digital controls and
sensors. There are a number of different sorts of traffic
accidents dependent on their severity. Generally speaking,
there are two types of post-accident scenarios: one in which
the bike is damaged but the Victim is uninjured, and the
other in which the bike is damaged but the Victim is
unconscious. Even though the bike has been completely
wrecked in the crash, the rider is still conscious and only
has minor injuries, making case1 a unique scenario. As a
result, the Victim may not need the services of an
ambulance, police, or other emergency responders in
certain scenarios. It is possible that the bike is unharmed in
Case 2, but the victim will be seriously injured. If the
victim is unconscious or unable to care for themselves, the
public may be unable to assist the victim in saving his or
her life if the vehicle has been damaged or is otherwise
unusable. The victim may die if care is not received within
the allotted window of time. In this case, the Victim will
need assistance from the police, an ambulance, and so on.
Using the Internet of Things (IoT), we can solve both of
these issues. As a result, the Internet of Things underpins
the entire idea. Embedded C Programming is utilised for
improved accuracy, and Arduino Nano is used in the design
phase to connect people, processes, and data; it acts as an
essential part in the system. To be able to transport data via
a network without the need for direct communication
between people or computers, and to connect a victim to
the resources they need in order to save their lives.
Proposal's main goal is to find the accident site using GPS
and to send SMS notifications over GSM based on the
Victim's need to deliver vital care in time to save the
Victim's life. Unfortunate emergency facilities can use the
system to its full potential.

II. LITERATURE SURVEY
Md. Syedul Amin, Jubayer Jalil, MBI.Reaz, Accident
Detection and Reporting System using GPS,GPRS and
GSM Technology. This paper proposes the use of a GPS
receiver to monitor a vehicle's speed and detect an accident
based on the monitored speed, and to send the location and

time of the accident from GPS data processed by a microController via the GSM network to the Alert Service
Center. This paper uses GPS, GPRS, and GSM technology.
Parag Parmar, Ashok M.Sapkal, Real time detection and
reporting of vehicle collision, This study suggests the use
of Accelerometer and Gyroscope capabilities to acquire
data and detect an accident based on the orientation angle
and orientation in real time. GPS data processed by a
microController is then sent over GSM network to the
nearest hospital and the family members of those involved
are also alerted.
Gowshika B, MadhuMitha, G,Jayashree,Vehicle accident
detection system using GPS, GSM modem, this paper
proposes Use of a Piezoelectric sensor to identify an
accident based on voltage produced by collision and send
location and time of the accident using GPS data processed
by a micro-Controller via the GSM network to the Alert
Service Center is proposed in this study.
Sayanee Nanda, Harshada Joshi, Smitha Khairnar, An IOT
Based Smart System for Accident Prevention and
Detection, The main objective of this paper is to propose a
system which can effectively help in preventing any kind
of mishaps and if such conditions occur then how it detects
and informs the concerned authorities and people, so that
the situation can be taken care of immediately. This system
detects accidents by vibration sensors, accelerometers. For
detection, we use GPS and GSM module which locates the
site of the accident and correspondingly informs the
person's near ones and nearby hospitals through a text
message.
Dhruvesh H.Patel, Parth Sadatiya, Dhruvbhai K. Patel,
Prasann Barot, IoT based Obligatory usage of Safety
Equipment for Alcohol and Accident Detection, the
objective of this paper is to develop an innovative as well
as the novel project of "Obligatory usage of safety
equipment for alcohol and accident detection through IoT".
System is plan and implemented such a way that the twowheeler will not ignite until the rider wear safety
equipment (helmet) and pass an alcohol test, which will
help to solve the problem of drink and drive.
III. COMPONENTS
Arduino Uno:
Arduino UNO: Arduino is an open source microcontroller
that is easily programmable and it can be erased and
reprogrammed again. It also acts as minicomputer just like
other microcontrollers from which input can be taken and
output can be controlled for many sending information
over the internet. Arduino development board is used as
hardware by Arduino UNO and Arduino IDE (Integrated
Development Environment) which is a software for
developing code is used. C and C++ programs are used so
that the microcontrollers are easily programmable.
Arduino has 14 digital input/output pins (of which 6
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provides PWM output) and the microcontroller which is
used is ATmega328.

Figure (3) GPS Module

Figure (1) Arduino UNO

GSM Module:

Accelerometer:

The GSM SIM900 module is recommended for connecting
the GPS, GSM, and the assigned mobile number. SIM900
refers to the fact that it is a three-band system, which
includes EGSM900 MHz, PCS 1900 MHz, and DSC 100
MHz. The GSM module's receiving pin and the GPS
module's transmitting pin are used to communicate with
the mobile phone.

Electromechanical accelerometers are used to detect
acceleration force. g force is the only cause of acceleration
that can be seen here. The acceleration is expressed as a gforce. Accurate 3-axis acceleration measurement is
provided by the ADXL335. The x, y, and z axis
acceleration ranges measured by this module are 3 g.
Acceleration is translated into analogue voltages, which
are the module's output signals. Sensors and signal
conditioning circuits are built within the polysilicon
surface-micro machined sensor

Figure (2) GSM Module

GPS Module:
All of Earth's locations are broken down into a series of
coordinates that can be easily tracked using a module
known as a GPS module. NEO-6M is the GPS system in
use here. In order to determine the vehicle's location, the
GPS module will use the coordinates it receives from the
GPS receiver to send data to Arduino, which will then send
the data to the saved contact via GSM module. The GPS
module's output is in NMEA format and operates at a
frequency of 1575.42 MHz. This format includes data such
as real-time position.

Figure(4) Accelerometer

LCD Display:
The operating voltage for the LCD Display is between
4.7V to 5.3V. It has a current consumption of 1mA.The
LCD module operates in 8-bit and 4-bit mode. The pin
configuration of LCD Display is as follows LED Negative,
LED Positive, Data pins from 0-7, R/W, RS, VEE, Vcc and
GND.
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V. OBJECTIVE

Figure(5) LCD Display

Buzzer:
A mechanical, electromechanical, or piezoelectric audio
signalling device, a buzzer or beeper (piezo for short).
Alarm devices, timers, and confirmation of human input
such as a mouse click or keystroke are all common uses of
buzzers and beepers. There are still situations where
buzzers and similar circuits can be employed, despite the
fact that they appear to be impractical and unwanted due to
technology advances. Ovens and microwaves, electrical
alarms, judging panels, electronic metronomes, car
parkings, etc. are all examples of modern usage.

Figure(6) Buzzer

IV. SOFTWARE
Arduino IDE:
It is possible to create numerous kinds of devices using the
Arduino Integrated Development Environment (IDE). It's
written in C and C++ and runs on Windows, Mac OS X,
and Linux systems. Using this IDE, you may programme
Arduino-compatible boards by writing and uploading
programmes to them. Applications can be ported to other
vendors' development boards with the use of 3rd-party
cores. The Arduino's code is written and compiled using
free and open source software. It's Arduino's official
software, so even someone with no prior technical
expertise may get their feet wet in the learning process by
simply compiling code.

Rather than relying on the accelerometer to identify a
sudden drop in speed, the goal is to avoid collisions
altogether. In the event of an accident, the Arduino is the
primary control unit. Using accelerometer, GPS, and GSM
modules, it gathers all the relevant information and
displays it. It is the goal of the accident detection and alarm
system to detect and alert the rescue team in a timely
manner. When an accident occurs, Arduino serves as the
primary control unit for communicating with other devices
in the system. The GSM module's receiving pin and the
GPS module's sending pin are utilised to communicate
with each other. The GPS module will find the vehicle's
location and the coordinates are retrieved by the receiver,
and the received data is transferred to Arduino and the
alarm to the rescue squad through GSM module. In order
to identify an accident, the accelerometer and gyroscope
use readings from the vehicle's motions. We'll get help
faster, which means more lives saved.

VI. PROPOSED DESIGN
Arduino UNO is used as controlling unit, communicating
between modules for better information transformation at
time. Arduino UNO is used as controlling unit, it reads the
values from accelerometer. If Arduino observes any drastic
change in the speed of the vehicle. It reads the current
location from GPS module and sends it to the mobile
number through SMS by using GSM module.
Accelerometer detects if there is any fall in axis.
Accelerometer can be used for detecting the collision
direction from tri-lateral axis movements. Within of
limited time of buzzer signal the GPS module collects the
coordinates from Google Module. These co-ordinates
nearby hospitals are alerted for emergency rescue call to
passenger. The hospital approves the accident by verifying
the accident at specified location and confirms the
accident. The saved personal members of family are
informed regarding the accident through GSM module.
Monitoring the speed of the vehicle and detecting if there
is any sudden drop in the speed of the vehicle. Before
sending the SMS Arduino activates the buzzer, after thirty
seconds of beeping it goes off and the SMS will be sent.
But if the passenger is not in danger, he can press the “IAM
OKAY” button. This is done to prevent the situations
where it would it lead false accident rescue.
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BLOCK DIAGRAM

Fig. 7 Block Diagram

At start the hardware will be initialised and it takes the
reading from hardware every second. If the reading
overcomes the threshold reading of sensors then Arduino
sends the GPS co-ordinates to emergency dial via GPS.
Emergency dialler checks the coordinates at portal and
contacts the nearby hospitals for emergency need and waits
for its approval. After the hospital approval the rescue team
reaches the location of accident and upon confirmation it
informs their family members.
Steps As soon as the vehicle is started the system is on
The system gets the accelerated data.
If the data record is not in the threshold range of the
Accelerometer than GPS co-ordinate are recorded and
emergency message is sent using GSM
A buzzer is used for notifying nearby person.
If the data recorded is in the threshold range of
Accelerometer than system goes to step 2
Above steps are repeated till the journey is not completed

Fig. 8 Flowchart

VII.

IMPLEMENTATION

Arduino UNO is used as controlling unit, communicating
between GSM AND GPS modules for better information
transformation at time. Accelerometer can be used for
detecting the collision from tri-lateral axis. Due to change
in axis during the collision the value is accelerometer is not
in the threshold range. Also, a buzzer is used for notifying
people in the surrounding which can help in evacuation.
The GPS module collects the coordinates and emergency
message is sent. The GSM module send emergency rescue
call to the number in the system. With help of this family
member and others are informed about the accident.
It is a user-friendly device. The user has the facility to
update details of him and emergency contacts. The user has
the facility to abort the emergency dial to responder by
using control switch.
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loses control of the vehicle and is unable to stop it in time.
When the processor receives and processes vibrations, the
vibration sensor will be triggered, as well. Devices that can
lock the brakes must be coupled to a CPU. We'll be able to
halt the vehicle and lessen the damage of a collision thanks
to this new feature. It is also possible to develop a mobile
application that monitors a vehicle's precise location and
status. This approach can be adapted to assist people in a
variety of situations, including when they are injured in an
accident. Fleet management, restaurant service, traffic
violations, rental car services, etc. can all benefit from this
system.
Fig. 9 Use Case Diagram

The user has the facility to update details of him and
emergency contacts. The user has the facility to abort the
emergency dial to responder by using control switch. The
dialler/responder is the one who awaits for the accident
alert designed from the system.

X. SOCIAL IMPACT
The proposed system contributes to decreasing death rate
caused by accidents. It detects the accidents occurred with
the help of proposed methodology, It also fetches the
location of the accident using GPS module and sends the
alert message using GSM module to the medical
emergency which can get to the location of accident in time
which can also save lives of people. By this feature the
death rate caused by accidents can be reduced.
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Abstract—The Least Significant Bit (LSB) and Discrete Cosine
Transform (DCT) based Steganography are both examined in
this study. Steganography based on LSB embeds the text
message in at least significant bits of a digital image. Inserting
information in a cover file using the least significant bit (LSB) is
a common and straightforward method. Unfortunately, even
minor image alteration can compromise it. Converting a picture
from a lossless compression format like GIF or BMP to a lossy
compression format like JPEG and back could erase the
information buried in the LSBs. Steganography based on DCT
embeds the text message in the least important bits of the digital
picture's Discrete Cosine (DC) coefficient. DCT works by gently
altering each image in the video, but only to the point where it
is undetectable to the naked eye. This paper includes an
implementation of both of these strategies as well as an analysis
of their performance. The parameters MSE and PSNR are used
to evaluate the performance of these two approaches. We also
try to employ Deep Neural Networks to develop the hiding and
revealing procedures that are supposed to function together in
this study. The system is trained on photos randomly selected
from the ImageNet database, and it performs admirably on
natural photographs from a range of sources. We not only show
that deep learning can be used to successfully hide images, but
we also look at how the outcome works.
Keywords—Least Significant Bit (LSB), Discrete Cosine
Transform (DCT), Steganography, Steganalysis, Neural Networks

I.

INTRODUCTION

The act of conveying a hidden message under the appearance
of carrier content is known as steganography. The purpose of
steganography is to hide the presence of a communication
such that the recipient cannot see it. The extensive use of the
internet as a means of mass communication and, as a result,
the online distribution of digital multimedia presents unique
prospects for modern steganography. In recent years, interest
in the use of digital media assets, such as image, audio, and
video files, as content containing steganography has
expanded, as has commercial software. The so-called least
significant bit embedding approach is a popular digital
steganography technique.
The two communication participants share a personal secret
key that generates a random series of digital signal samples
using the LSB embedding approach. The key message is
contained in the least important bits of those sequence
samples, maybe encrypted. We provide a brand-new robust
steganalysis technique for detecting LSB fouling in digital
signals in this paper. The logy is based on a finite automaton

Fig 1: Steganography Representation

whose states are trace multisets, which are multiple sets of

selected sample pairs. When the pairs of samples are chosen
from a nonstop digitised signal, a number of the various sets
of tracks have the same anticipated cardinalities. The random
inversion of LSB results in probabilistic transitions between
these trace multisets, changing the statistical correlations
between the cardinalities of the trace multisets. Furthermore,
whether or not the length of the embedded messages is
exceedingly small, sample pair statistics are extremely
sensitive to LSB embedding. We get an easy quadratic
function that can predict the length of an embedded message
with high precision by studying these correlations and
modelling them with the finite machine, under the premise
that continuous signals like natural visuals and sounds are
continuous. DCT is also used to convert the image to the
frequency domain.
The functions of mathematics the digital image data is
transferred from the spatial domain to the frequency domain
via DCT. DCT embeds the data inside the LSB of the medium
frequency components and details it for lossy compression
after converting the image in the frequency domain. For
JPEG compression, DCT Technique coefficients are
employed. It separates the image into sections with varying
degrees of prominence. It converts a signal or an image from
the spatial to the frequency domain. The parameters MSE and
PSNR are used to evaluate the performance of these two
approaches.
II.
LITERATURE SURVEY
This section includes a literature review as well as
Steganographic algorithms. Various surveys have already

been undertaken in this topic. The parts that follow go over
a handful of the studies.
A survey of recent LSB-based photo steganography
achievements was undertaken by G. Prashanti and K.
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Sandhyarani. The survey's authors discuss how to improve
steganographic findings such as resistance, embedding
capacity, and hidden information un-detectability. In
accordance with this survey, two novel strategies are also
proposed. The first method includes embedding data or secret
messages into the cover image, while the second method
involves hiding a grayscale image within another grayscale
image.
In their study "Secure Binary Image Steganography Based on
Minimizing the Distortion on the Texture," Bingwen Feng,
Wei Lu, and Wei Sun proposed a state-of-the-art technique
to binary image steganography. The goal of this approach is
to reduce texture distortion. The rotation, complement, and
mirroring invariant texture patterns are retrieved from the
binary picture first in this steganography method.
Jessica Fridrich and her colleagues: This work provides a
steganalysis methodology that can even estimate the length
of a hidden message buried in the LSB method. The test
image is separated into groups of n consecutive or
discontinuous pixels using this procedure. This approach
uses the changing pixel values to deduce the secret message's
content.
Adversarial instances, a minor perturbation, are unexpectedly
vulnerable to deep neural networks. When adversarial
instances are fed into a neural network, the results are
erroneous. At the same time, while the existence of
adversarial examples is often considered to be detrimental to
neural networks, it can also be beneficial for information
concealment. Papernot et al. investigated whether adversarial
instances developed for one network might be transferred to
another. It also takes advantage of the fact that hostile
examples are particularly prone to image modification; when
adversarial samples are printed or photographed, the model
fails to recognise the photo. Szegedy and Goodfellow
published a seminal paper in which they suggest a method for
building adversarial examples based on neural network
gradient.
III.
OBJECTIVE
Image steganalysis is the study of photographs with the goal
of identifying and detecting hidden signals and data. In order
to detect data within photographs, statistical digital signal
processing is frequently utilised. It's crucial to look for
hidden messages in the photographs. On the steganography
side, this is critical in order to discover strategies for
improving the steganography algorithm. By exposing the
algorithm's faults, the user can improve it further, making it
more difficult to discern whether or not data is buried in the
photographs. Steganalysis is also crucial in terms of security,
as it allows for the surveillance of a user's communication
with the outside world.

BLOCK DIAGRAM

Fig 3: Embedding Process

Fig 4: Steganalysis Process

IV.

IMPLEMENTATION

Chapter 1. Sample pair Analysis on LSB technique
1.1 LSB technique
A basic technique to hide information in the bitmap of the
image is to replace the Least Significant Bit (LSB) of the
pixel by a bit of the message that needs to be hidden. The
LSB technique is implemented in the following manner.

Fig 5: Sample image pixels

The very first step includes the conversion of the pixels
present in fig 3 into binary format.

Fig 6: Sample image pixels in binary

Let’s suppose now the letter ‘A’ needs to be hidden in

Fig 7: Sample image Pixels with hidden data

ASCII is an abbreviation for American Standard Code for
Information Interchange This is the number 01000001 in
binary code. As a result, the LSB of each pixel will be
replaced with each of the bits that must be hidden. As a result,
we have:
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The first step is to extract secret data from the file'secret
data.txt.' After that, we divide each pixel into bits and save
them in a list. This is the bit we wish to hide in the pixels'
LSB. Finally, we delete the LSB from each pixel. The bit of
the message is then placed in the LSB.
Fig 13: Hidden data found in stego image

Chapter 2. Steganography and Steganalysis for DCT

Fig 8: Cover Image

Fig 9 : Stego image

Fig 10: Secret text file generated in the folder

1.3

OpenStego

DCT: The Discrete Cosine Transform is used to express a
finite sequence of data points in terms of a sum of cosine
functions oscillating at different frequencies. The Discrete
Cosine Transform takes a set of N correlated (similar) data
points and returns N de-correlated (dis-similar) data points
(coefficients), with the energy concentrated in only a few of
the coefficients M, where M N. DCT coefficients are used for
JPEG compression. The low frequency subband includes the
majority of the signal energy, which contains the most
important visual characteristics of the image, but the high
frequency subband commonly removes high frequency
components of the image through compression and noise
attacks.

2.1 BLOCK DIAGRAM

OpenStego is a steganography programme that includes two
features: a) Data Hiding: It has the ability to hide any data
contained within an image file. b) Watermarking: Using an
invisible signature to watermark image files. It can be used
to detect file copying that isn't authorised. To encrypt a secret
text file inside the cover picture, OpenStego's concealing
function is employed. For an extra degree of protection,
Openstego enables password-based data encryption. The
algorithms AES 128 and AES 256 are supported.
Fig 14: Block Diagram of DCT Steganography

Fig 11 : OpenStego GUI
Fig 15: Steganalysis using DCT

1.4 Sample Pair analysis on Stego image generated by
OpenStego

The structural steganalysis approach of sample pair analytic
(SPA) is based on some sample pair statistical measures that
are very sensitive to LSB embedding processes. Aletheia is
utilised to carry out the SPA attack. Aletheia is an open
source image steganalysis programme for finding hidden
messages in photos.

Fig 16: Original Image and LSB, DCT stego image

Pressing 3 will create a spreadsheet file with the details of
MSE and PSNR in the folder named "Comparison_result".
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more concise image encoding, which applies to all sizes of
concealed images.

Fig 17: Comparison of MSE and PSNR values for LSB and
DCTmethods

2.1 Description
Encoding: Pressing 1 at the command prompt will request the
user to select a carrier image; remember to supply the entire
name of any file. Any personal image can also be used as the
carrier, but it must be placed in the "Original image" folder.
This will now prompt the user to enter the text to be encoded
in the image and saved in the "Encoded image" folder.
Decoding: Pressing 2 creates a decoded text file from the
image in the "Decoded output" folder, which also contains
the text entered previously. Comparison: Pressing 3 will
produce a spreadsheet file in the folder named MSE (Mean
Square Error) and PSNR (Peak Signal to Noise Ratio) with
the details of MSE (Mean Square Error) and PSNR (Peak
Signal to Noise Ratio).

Two error terms make up the loss function: reconstruction
loss of the cover picture and construction loss of the hidden
image. To train our model, we'll utilise a small imagenet
dataset. The collection contains 2000 photos with a resolution
of 64x64x3.
1)

L(c, c0, s, s0) = ||c − c0|| + β||s − s0||

3.2 Optimization
Learning rates, activation functions, and the number of
epochs have all been tested. The effect of these parameters
on the mean Reconstruction loss is depicted in the parallel
coordinate chart below

Chapter 3: Deep Steganography – Using Neural Networks

Fig 19: Effect of activation Function,number of epochs and Learning rates

3.1 Architecture
Our goal is to automate the entire process of concealing and
revealing the hidden image (or message). The network's
architecture is similar to that of auto-encoders.

At higher learning rates, changing the activation function
from relu to tanh makes the model optimization process more
unstable (represented by the two flat lines in the plot). The
model improves its optimization performance by halving the
learning rate, but it is still outperformed by the model with
relu as the activation function.

Fig 20: Best performing model and most relevant parameter
Fig 18: Proposed Model

The visualisations above assist us in determining the best
performing model as well as the most important parameter.

The network architecture presented in this study comprises
of three networks:
Prep-Network: maintains an eye on the upcoming buried
secret image. This component serves two purposes. First, in
states where the secret image (size M M) is smaller than the
cover image (size NxN), the preparation network gradually
increases the size of the secret image until it reaches the cover
image's size, dispersing the secret image's bits throughout the
full NxN Pixels. The most significant goal is to turn colorbased pixels into more relevant features (such as edges) for

The model using relu activation, a reduced learning rate, and
600 epochs took the least amount of time to optimise to the
lowest reconstruction loss. The learning rate is the most
significant parameter affecting the optimization, followed by
the activation function and the number of epochs, according
to the parameter importance plot.
3.3 Outputs
Let's look at the outputs of the top two models, those with the
lowest final mean image reconstruction loss. Cover image,
secret image, encoded cover, decoded secret, difference
between encoded cover and original cover, difference
between decoded secret and original secret image are the
output formats.
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The most noticeable difference in the outputs is that the
model's encoded cover with tanh activation loses its original
hues. Aside from that, it occasionally transmits some of the
features of the hidden image. This issue does not appear to be
present in the model that uses relu activation.

Fig 21: Outputs of the top two models, i.e, the models with the lowest final
mean image reconstruction loss.

3.4 Results
While encoding the secret image in the cover image, the
second model leaves certain traces (features) of the secret
image. The encoded cover built using the model shows a
modest shift in colours and the visible edges of the secret
image. The observable features in the diff Cover column
reaffirm the prior conclusion. The difference between the
pixels of the original cover image and the created cover
image is represented by this value. Ideally, both the images
should be the same, and the result should be a black picture
as is the case of a secret image. However, in the instance of a
cover image discrepancy, we may notice several visual
aspects that indicate that the created cover picture is not the
same as the original cover image. When comparing the
results to the first model, we can observe that it covers the
secret image far better, as the created cover image leaves
absolutely no trace. Furthermore, the difference between the
decoded and original covers is primarily a black picture,
indicating that the created cover image was quite similar to
the original cover image. As a result, our conclusion from the
metric visualisations that the first model performs well is
confirmed.

2. Learning Rates: Another interesting take away from the
metric visualization is that the model with tanh activation,
while optimized using a higher learning rate, got stuck in
some local minima as pointed by the flat mean reconstruction
loss curve. Models with relu activation functions don't seem
to face this problem. In the visualization below, we'll
compare the models with the following hyper-parameters:
tanh activation with the learning rate 0.001 and 300 epochs,
tanh activation with the learning rate 0.0005 and 300 epochs,
relu activation with the learning rate 0.0005 and 300 epochs,
relu activation with the learning rate 0.001 and 300 epochs.

3.5 Effect of Activation Function and Learning Rates
Fig 23 : Effect of Learning Rates

1. Activation Function: Below is a side-by-side comparison
of two models that have identical hyper-parameters but differ
only in their activation functions. The first employs relu
activation, whereas the second employs tanh.

The above data show that our deduction from the metric
visualization was correct: when the activation function is
tanh and a larger learning rate is utilized, both the cover and
the secret image are lost in the encoded image created. The
networks, it's reasonable to assume, did not optimize. This is
further supported by the unusually high-quality data in the
Diff cover and Diff Secret rows. As can be observed in the
second row of visualizations, models with relu activation
function do not suffer from the same variance. At both a
higher (0.001) and lower (0.0005) learning rate, the model
with relu activation function performs well.
V. RESULTS AND CONCLUSION

Fig 22: Effect of Activation Function

A method for detecting LSB steganography in digital signals
is proposed. The prediction is astonishingly correct. The LSB
and DCT methods for steganography are discussed in depth
in this study. For steganography applications, the LSB and
DCT algorithms are used. The performance study of the LSB
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and DCT approaches is successfully performed in this
experiment, and the experimental results are reported. The
DWT implementation has been saved for future use. The
MSE and PSNR values for the LSB and DCT algorithms are
compared. The PSNR value represents the image quality after
data has been embedded. The PSNR of DCT is higher than
that of LSB, according to the results of the trial. As a result
of the trial, the DCT algorithm is found to be more fit for the
task.
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Abstract — In the field of Medicine, especially in diagnostic
applications, diagnostic work is extremely difficult and requires a
lot of attention from a radiologist. The detection of autoimmune
disabilities in medical imaging has become an emerging field in
many medical diagnostic programs. Automatic detection on MRI
is important as it gives us information about the abnormal tissue
needed to plan treatment. Therapists study the patterns of soft
tissues, viz. gray, white matter, and cerebrospinal fluid within
brain images to detect potential abnormalities. Manual detection
of brain tissue requires a lot of information and is time consuming.
MRI scans help detect brain tumors early on, and it has become a
hot topic for research in medical imaging analysis. Three main
steps are involved in the proposed brain cell division process that
includes pre-processing, image limitation, and classification. One
of the problems with an MRI scan of the brain tumor is the size
and variability of their cellular structures. The most common way
to detect defects in light magnetic brain images is by human
testing. This method does not work due to the large amount of
data. Hence, automated tumor detection methods are being
developed as they will save radiologist time and prove the
accuracy of the test. Detection of a tumor on the brain MRI is
difficult because of the complexity and variability of tumors. The
purpose of this paper is to provide an overview of MRI-based
brain tumor classification techniques. First, a brief introduction
to brain tumors is provided. Subsequently, MRI techniques based
on MRI-based brain tissue are presented. Evaluation and
validation of the results of MRI-based tumor segmentation is
discussed. Finally, targeted tests were introduced and future
developments were addressed in MRI-based brain tumor
classification techniques.

I.

INTRODUCTION

When abnormal cells form in the brain, brain tumor
arises.There are two main types of cancerous or malignant
tumors. A cancerous tumor can be classified as the primary
tumor that begins inside the brain and the second most common
tumor, called the brain metastasis tumor. The most common
way to detect brain tumors is Magnetic Resonance Imaging
(MRI) scans. From MRI images information about abnormal
tissue growth in the brain is identified. When Machine Learning
algorithms are used in MRI imaging a brain tumor prediction is
performed very quickly and high accuracy helps to provide
treatment to patients. The radiologist can make quick decisions
through these predictions.
In the proposed project, the Artificial Neural Network (ANN)
and the Convolution Neural Network (CNN) are selfexplanatory in order to determine the presence of a brain tumor
and its function is evaluated. The most common way to detect
a tumor on an MRI image is to examine it. This method is time

consuming. Not suitable for large amounts of data. MRI also
has noise caused by user interventions that can lead to
misalignment. Large MRI scans should be analyzed, therefore,
automated programs are needed as they are very expensive.
Automatic detection of the tumor on MRI images is necessary
because high accuracy is necessary when it comes to dealing
with human health.
According to the International Cancer Research Agency
(IARC), the mortality rate for people with dementia is 76%.
Diagnosing brain tumor is necessary with proper treatment to
avoid any human death. With latest technological advances, it
is possible to detect tumor automatically on images such as
magnetic resonance imaging (MRI) and computed tomography
scanners using computer-assisted design. One of the most
dangerous diseases in medical science is Brain Tumor.
Effective and effective diagnosis is always of great concern to
the radiologist in the pre-tumor stage.
Histological analysis, based on stereotactic biopsy tests, is a
gold standard and the goal is to determine the level of tumor in
the brain. The biopsy procedure requires the surgeon to drill a
small hole in the groin where the tissue is collected. There are
many risk factors that include biopsy tests, including bleeding
and traumatic brain injury, fainting, headaches, stroke, coma
and even death. But, what worries me the most is that it is not
100% true which can lead to a serious diagnostic error followed
by improper treatment of the disease. Tumor biopsy is
challenging for patients with brain tumors, non-invasive
imaging techniques such as Magnetic Resonance Imaging
(MRI) have been widely used to identify brain tumors.
Therefore, improvements in tumor detection and MRI-based
predictive data-based systems are needed. But when you first
see a imaging technique like Magnetic Resonance Imaging
(MRI), proper identification of tumor cells and their isolation
from nearby soft tissues is a complex task that may be due to
the presence of low light in thought patterns or its high data. the
presence or active function and the unexpected areas of the
plant. Automatic detection of a feature in medical imaging
using machine learning has become a field from a few medical
diagnostic programs. Its use in detecting brain tumors on MRI
is very important because it is used to provide data on abnormal
tissue needed to plan treatment.
Recent publications have also reported that computer-assisted
diagnostic and therapeutic interventions, based on medical
imaging, may be an effective way as it can save a radiologist's
time and regain tested accuracy. of tumor exposure. Machine-
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based learning methods such as Deep ConvNets in radiology
and other fields of medical science play a vital role in
diagnosing the disease more easily than ever before and thus
provide an alternative biopsy for brain tumors.
In this project, we have tried to identify and differentiate a brain
tumor and compare the results of the two-stage and multi-phase
brain tumors with and without Transfer Learning (using
previously trained Keras models such as VGG16, ResNet50
and Inception v3) using Convolutional Neural Network
Architecture (CNN).
II.

LITERATURE SURVEY

The authors in [1] proposed a Brain Tumor imaging program
for MRI images using dissection and SVM. This paper has
suggested a system for detecting Tumor in the brain. Image
processing is used in medical tools to detect Tumor, only MRI
images can detect Tumors region using K-Means fragmentation
by pre-image imaging. Control of audio output with a Median
filter and skull mask used Object labeling to get detailed
information of the Tumor region is also used to make the
system more flexible using SVM (Vector Support Machine).
Simonyan & Zisserman 2014 investigated the impact of the
depth of the convolutional network on its accuracy in the visual
image system. Their main contribution was a comprehensive
exploration of increasing depth networks using structures with
very small filters (3 × 3) flexibility, indicating that significant
improvements in the original art configuration could be
achieved by pushing depth to 16-19 weight layers. after training
smaller VGG versions with thinner layers. Naveena H. S. et
al. Use the ANN capability to analyse MRI images as cancerous
or non-cancerous tumors. Separation is achieved by the K
merging algorithm. The Gray Level Co-Occurrence Matrix
(GLCM) was then used to extract the elements in a separate
image.
Krizhevsky et al. achieved outstanding results in image
classification based on learning solutions introduced in training
a large convolutional neural network to classify 1.2 million
high-resolution images in 1000 different classes. test data,
found 1 high and 5 error levels 37.5% and 17.0% were much
better than the previous state of the art. This approach achieved
a pass rate of the top five tests of 15.3%, compared to the 26.2%
achieved with the second best runners-up.
The Pan & Yang 2010 ‘survey focused on classifying and
reviewing current progress in phase transfer studies,
retrospective and integration problems. They discussed the
connection between transfer learning and other related machine
learning strategies such as background familiarity, multitasking learning and sample selection bias, and collaborative
flexibility. They also analysed some of the potential issues in
the future in conveying learning research. In this survey article,
they also reviewed a few current trends in transfer learning.
Szegedyet al.2015 proposed the complete construction of a
neural network with codenamed Inception An important feature
of this structure is the improved use of computer resources

within the network. This has been achieved through a carefully
designed design that allows for increased network depth and
breadth while maintaining a compact budget. His results seem
to provide strong evidence that the proximity of the expected
limited building with easily accessible dense building blocks is
an effective way to improve neural networks of computer
vision.

III.

PROPOSED METHOD

Artificial Intelligence & Brain Tumor
A simulation of human intelligence processes is known as
Artificial intelligence (AI). ML (Machine Learning) is a subset
of AI. ML is designed to learn new information from the given
data and become familiar with and develop information. The
training time required for In-Depth Learning methods is higher,
accuracy is higher than Machine Learning methods. DL is also
automatic and also large domain knowledge is not compulsory
to get the results you want as compared to ML. Brain tumor, In
science of medicine, abnormal and uncontrolled growth of cell
inside the brain is considered as tumor. It can affect the muscle
movement and sensory information. It can also lead to a more
serious condition involving death. Depending on the origin, the
plant can be divided into primary plants (inside the skull) and
secondary plants. The WHO (World Health Organization)
classified gliomas into glioblastoma/ high-grade glioma / HGG
/ malignant & LGG / IV stage / II and III phase / low-grade
glioma / benign. As compared to HGG most LGG tumors have
a slower growth rate and respond to treatment but there is a
small group of LGG tumors that if not detected early can lead
to GBM. For both cases planning of an appropriate treatment
(including surgery, radiotherapy, or chemotherapy) is
necessary, given that early and accurate diagnosis of the tumor
may lead to better prognosis. For GBM (Glioblastoma
Multiform) or HGG patient the survival time is very low which
is 12 to 15 months. The most common non-invasive method of
diagnosing brain tumor over the past few decades is Magnetic
Resonance Imaging (MRI). MRI is used because it does not use
harmful radiation unlike other methods. This is possible
because of diversity of advanced soft tissue used in MRI. An
MRI image is defined as a pixel matrix which has characteristic
features. The borders are often blurred and it is difficult to
differentiate healthy tissue as Glioblastomas become malignant
tumors. The solution to this is that more than one MRI method
is usually implemented. The brain tumor in our project is
classified into following type- necrosis (1), enhancing (benign)
(2), undeveloped (dangerous) (3) and edema (4) tumor. MRI
images can be taken in a variety of locations, using sagittal
images (side images) in our project. The procedure of brain
tumor classification can be a random choice of ROI, Semiautomatic and fully automatic.
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A. Basic Operation of Neural Networks
It is a sub-field of ML for which algorithms are stimulated
with the help of formation of the brain of human. It takes
the given data, trains it to observe the patterns in the given
data and predicts the results of the new set of the same data.
It is constructed with neurons layers, network-based
processing units, layer of input, layer of output and in
between there is a hidden layer. We have made our brain
tumor images of 128 X 28 which is 16,384 pixels. Each
single pixel is given an input to each single neuron of the
first layer. Neurons of the next layer are connected with
Single-layer neurons by channels. We have multiplied the
input by the corresponding weight. The total is sent as
input to the hidden layer neurons. Every single of these
neurons is supported with a number which is called bias.
Then this value is transferred to a threshold function which
is called the activation function. Its effect tells that whether
a selected neuron will function or not. At the station a
activated neuron transmits data to subsequent layer
sensors. In this way, the information is transmitted through
a network called forward. Within the exit layer, the neuron
with the highest value heats up and determines the output.
Numbers are possible. The actual output is compared to the
predicted output that finds error in prediction. The negative
value acts as a direction indicator, while the magnitude of
the change serves as an adjustment factor. This data is later
returned to us through our network. This is called 'back
propagation.' Weights have now been adjusted based on
this information. With fewer inputs, this forward and rear
distribution cycle is repeated. This method is repeated until
our weights are determined in such a way that the network
can reliably predict the type of plant in most cases. This
concludes our training. Although NN training can take
hours or even months, investment time makes sense
compared to system complexity. Numerous studies show
that after analyzing MRI images, the method of dividing
the sensory network, especially CNN (Convolutional
Neural Network), works much better.

B. Transfer Learning
Future data and training should be in the same area, and they
should also have the same distribution this is the main idea in
most data mining algorithms. But, in many practical real-world
applications, these assumptions are unstoppable. In such cases,
a successful information transfer can significantly improve
learning performance. It also helps in avoiding costly data
labelling efforts. Recently, to address this problem transfer
learning has emerged as a new learning framework. Through
this, we are transmitting the ‘information’ learned by the model
from the task which are done in past, to our current one. The
aim is that the two functions are not completely separate, so we
can use any network limitations that is

learned by the model from its extreme training, unless we have
done that for ourselves, and we have consistently proven to
improve model accuracy and also to reduce the time required
for training. Three different settings are divided by: inductive
transfer reading, dynamic transfer reading & unsupported
transfer reading. In addition, each method of transmitting
learning can be divided into various categories based on “what
is to be transferred” to learning. It includes an example transfer
method, a feature representation transmission method, a
parameter transfer method and a relay information system,
respectively.
Activation Function
The Sigmoid function has a range of 0 to 1 and is used to
forecast exit opportunities in binary split mode, whereas the
Softmax function is utilised in multi-stage division. Tanh
activity is between 1 and 1 and is considered superior to
sigmoid activity when binary division is performed using the
feed up process. The ReLU (Rectified Linear Unit) has a range
of 0 to infinity, while the Leaky ReLU (improved variant of the
ReLU) has a range of -infinite to infinity. Rectified Linear Unit
is an abbreviation for non-linear processes. (x) = max (0, x) is
the output. ReLU is used to add linear infringements into our
ConvNet. As such, the real-world data that we want to read with
our ConvNet can be non-negative linear numbers. Other
indirect functions, such as tanh or sigmoid, may be substituted
for ReLU. The majority of data scientists utilise ReLU because
it is more intelligent than the other two.The number of pixels
that will be moved one at a time across the input matrix.
Occasionally, the filter output does not match the input image.
We have two options: zero-padding the image to fit or
discarding the portion of the image that does not fit the filter.
This is referred to as legitimate padding, and it maintains only
the permitted portion of the image.
Convolutional Neural Network
Separation models are divided into two types: productive
methods that use handmade features and discriminatory models
using traditional learning techniques such as vector support
(SVM), Random Forest (RF), and Convolutional Neural
Network (CNN) (CNN)) .Brain tumour classification employs
discriminative models, as these methods rely significantly on
the release of [a huge number] of low-resolution picture
elements, which directly show the link between these features
and the label assigned to a voxel. We used the structures of the
Convolutional Neural Network for the identification and
classification of Brain Tumors in our project.
Convolutional neural networks analyse densely packed data
that is utilised in image classification, image processing, and
face recognition, among other applications. A unique threedimensional architecture with a custom neural network that
analyses the image's RGB layers. In contrast to the others, it
analyses a single image at a time, discovering and extracting
the main elements and utilising them to split the image.
Automatically reads presentations or summaries of medium
and high quality in input training data. A convolutional layer is
the primary building element of CNN architecture.
Additionally, it has several additional layers, including an input
background, a convolutional layer, an active layer, a blending
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category (max pooling, medium integration, and entire
blending), a fully connected layer, and a dropout layer.
CNN is preferred because it’s capable of learning automatically
to perform any task given enough training data, i.e. there is no
requirement or special handmade image features such as those
in SVM, Random Forest, etc., requires a large amount of
training data, is time consuming, and thus is a very tedious
process.
Software-Python editing language is used instead of MATLAB
as, it is shorter and more readable than MATLAB, its data
structure is higher than MATLAB and it is open source and also
provides more explicit packages and data sets.
Database- The Kaggle Database is used containing 2 sets of
training and testing. There are 2 small ‘train’ folders containing
HGG (220 patients) and LGG cases (27 patients). There are 110
patients with cases of HGG and LGG included in the ‘test’
folder.

with the help of MRI images or other images methods. Binary
Thresholding is used for identification a plant region from the
brain image. Feature Domain- Feature background is
mathematical a mathematical process that produces a quantity
parameter of be resolving or unusual changes that do not appear
in the eye of the flesh. We can remove certain features from the
images because we want to do image classification using a
a category that requires these features in order to be trained. We
chose to release GLCM. These characteristics are reliable on
the possibilities density function and frequency occurrences of
the same pixels.
Feature Extraction- Feature Extraction is a mathematical
process that works on a quantity parameter for corrective or
abnormal changes that are not clear to the naked eye. We need
to remove certain attributes from the images because we need
to create image analysis using a separator that requires these
features to be trained in it. We have chosen to release GLCM.
These factors are based on the probability of congestion and
how often the similar pixels appear.

Fig 1. Dataset

Data augmentation- data augmentation is used to optimize the
amount of data by adding duplicate copies of existing data or
newly created performance data from available data. Here as
the database is very small, so it was not sufficient examples of
neural network training. This issue was there solved by data
enrichment. There were 155 hopeful and 98 negative examples,
leading to 253 model images earlier data augmentation and
after augmentation data set contains: 1085 good examples
(53%) and 980 (47%), leading to 2065 model images.
Data Split- In the data, 70% is used for training. 15% is used
for verification (upgrade) and 15% is used for testing.
Data pre-processing- Pre-processing includes re-scaling,
sound removal for image enhancement, using binary
Thresholding and morphological activities such as erosion and
elasticity, the structure of the container using a method based
on the edges.
The following steps were used to preview the entire image:
The first step is to crop the target area- the part of the image
that contains only the brain.
As the images come in different size so our next step is to resize
to have a dimensions of (240, 240, 3) = (width, height, no. of
channels)
Then, apply normalization: to scale pixel values to the range 0–
1.
Segmentation- A brain tumor is performed to tumor tissue
from normal brain tissue and a solid brain tumor is separated

Fig 2. Flow Chart

Fig 3. Block Diagram

Why This Architecture? - The ResNet50 and VGG-16
models were more sophisticated in data size and were
overcrowded. We can get better results by using transfer
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learning with these models with the help of data augmentation
but since we were facing hardware limitations, we took into
consideration complexity of computation and memory
limitations.
Understanding the architecture- Each input image with size
(240, 240, 3) goes through following layersZero Padding layout with lake size (2, 2).
A flexible layer with 32 filters, with filter size
of (7, 7) and a distortion equal to 1.
The basis for making the bulk normal to make standard pixel
values to speed up the calculation.
ReLU activation layer.
Top Blend Layer with f = 4 and s = 4, respectively
High Combination Layer with f = 4 and s = 4, as before.
Flat layer to lay a 3-dimensional matrix one-sided vector.
The combined layer (exit unit) is fully integrated with one
another a neuron with sigmoid activation.

Fig 5. Graphical representation of time taken

The experiment carried out 2065 brain MRI images.

I. EXPERIMENTAL RESULTS
The experiment carried out a total of 2065 brain MRI images.
The analysis based features are extracted from each image and
the equipment used for analysis is weak. The features are
curated using GLCM. For classification purpose, The MultiLayer Perceptron (MLP) and Naïve bayes with 70%-15%-15%
split. In 70% percentage split, the instances used for training
are 70%, 15% and for data validation and the remaining ones
are used for data testing.
Fig7: Training and validation accuracy across the epochs

Table 1. Experimental result analysis

From the Table 1, we can deduce the classification rate of brain
MR images using MLP and Naive bayes. The accuracy of about
98.6% and 91.6% is obtained respectively.

Fig 8: Training and validation loss across the epochs

As shown in the figure, the model with the best guarantee
(91%) is reached in the 23rd period. Now, the best model (the
one with the best verification accuracy) detects a tumor in the
brain by:
88.7% accuracy in test set.
0.88 F1 points on test set.
Fig 4. Graphical representation of accuracy
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As we can see, the results are reasonable.

shown great potential in the analysis and detection of tumor in
MRI images, further development is needed to accurately
classify and differentiate the tumor region. Existing work has
limitations and challenges in identifying the lower parts of the
brain region and distinguishing healthy and unhealthy images.
III.

Table 1: Performance Table of the Best Model

II.
CONCLUSION
This paper suggests work in the brain tumor system with the
help of machine learning algorithms. In this case, we have
studied the different types of plants. In summary, we have
proposed a Convolutional neural network-based approach to
the diagnosis of brain tumors in MRI imaging. There are
various methods available for brain tumor classification and
brain tumor detection. To overcome the limit CNN-separators
are used to compare training data with test data, from this data
we get the best results-based, these features are extracted using
the matrix known as Gray Level Cooccurrence Matrix
(GLCM). The texture of the images considered in this proposed
project incorporates dynamics, comparisons, relationships,
similarities. For classification purposes, the The Multi-Layer
Perceptron algorithm and the Naïve bayes algorithm are also
used a high accuracy of 98.6% and 91.6% is achieved by
considering 212 samples of MR brain images. This accuracy
can be further improved by considering a large number of data
points and extracting power-based features in addition to seambased features.Although vegetative detection methods have
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Abstract—The pursuit of understanding vision and replicating
it artificially using machines, has been a long one. In the last
two decades various techniques have been proposed. As the
technology keeps on increasing day by day, it has become easy
to create technologies for managing different kind of systems.
Medical management system has an application in the
pharmacy industry. This paper proposes the technical
description of a simple medical management system made using
Java Eclipse, MySQL and Window Builder which is used to
maintain the records of medicines, customers and the
companies through which the medicine is manufactured. Aim
of our app is to reduce the stress on employees of medical store
and make the record tracking of the store easily possible.

IV.

INTRODUCTION

In this world of digital modernization almost every
individual out there uses Technology to simplify his work.
The access to technology is aimed at making an individual’s
life easier. In this busy world people have lack of time in
every sector such as service sector, business sector and many
more, so why to make life again more complicated. So, my
friends working in Medical Store, we have made your work
little bit simple with our product MEDICAL STORE
MANAGEMENT SYSTEM to have all the utility services
near you listed together.
Medical store management system helps you to store all the
data required for running a medical store like medicine name,
its company, identity no, price, manufacturing date, expiry
date etc. It also stores data of customers for the reference. It
also stores the company details of the product. Not only that,
it also keeps update of the medicine which is in stock. In
short, it is all in one system for all the chemist!
This project is a windows-based application to be developed
in Java having Eclipse as front-end and, MySQL and JAVA
as backend. Eclipse provides an integrated development
environment. We can create a java application by designing
the form to make the user interface. Adding our own
additional code and objects such as button, textboxes,
JComboBoxes and many more is what we have done.
MySQL is a powerful relational database application with
which a desktop user can efficiently create and manipulate
database system
V.

GUI which is simple to understand. This system is admin
only. This system contains of 5 different GUIs linked with
one another through the source code. The 5 GUIs consists of
Login page, Home page, Manage Medicine, Manage
Company, Manage Customers. Also, different buttons like
ADD, DELETE, SEARCH, UPDATE and CLEAR are
provided to manipulate and maintain the records of the store.
Each button is then coded separately and then it is linked
with the respective database in MySQL to ensure the proper
functioning of the system. For the linking of database to the
GUI, we need to execute the certain queries as per the need
of the program. We have included various additional
packages in the program which are needed for the execution
of the program. Where needed we have coded certain trycatch block for catching the exceptions. In this way the
source code and GUI for the project has been executed
properly.

VI.

ARCHITECTURAL BLOCK DIAGRAM

Following figure shows the architectural block diagram of the
implemented system.

LITERATURE SURVEY

The technical paper on medical store management proposes
the management of a particular medical store. The works of
managing records of different medicines, different
companies and different customers is the sole aim of this
project. This system is created using Window Builder which
provides a very user-friendly interface in order to create a
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Block Diagram is divided in two sections
USER :
Admin can login using the ID and password.
Admin surfs for the required services
Display of the services surfed by the Admin
ADMIN :
Admin can add New Medicine, New Company, New
Customer through the Admin Dashboard
Admin can manage and edit the customer details, medicine
details and company details.
VII. PROCESS DESIGN AND
HARDWARE /SOFTWARE USED
There are three distinct components
A. Client applicationThis is the front end where our clients communicate with
the framework. Its fundamental work is to complete
distinctive client orders and get data from the database.

B. Database ServerIt focusses on productively dealing with the assets, for
example, various tables in which the information is
available. The admin's essential occupation is to deal with
the information tables ideally among different Users who
simultaneously demand same asset.

The project is designed for developing the medical store
management system whose purpose is to reduce the
complexities of record keeping. The main objective of this
project is to organize the medical store details like stocks,
medicines, expense, sales and others. The project is mainly
developed at the administrative end and therefore it only
provides access to the administrator of the store. The medical
store management system is developed as application
program for reducing manual work managing medical store,
it also helps in keeping track of all the details regarding the
expense, stocks and sales.
As, this software is mainly focused for used by admin. There
will be one user only. First the user enters login details then
it enters into homepage where there are three buttons manage
medicine, manage customer, manage company.
So, this software stores detail of medicine purchase stock and
sell stock. We can maintain purchase stock detail by
company wise sell stock detail by customer wise. We can
perform the operations of add, update, clear, delete using the
buttons.
In manage medicine we enter id, name, price, quantity, mfg
date, exp date, etc where ID is the primary key .In manage
company, we enter ID, company name, phone number. Here,
phone number is the primary key. In manage customers, we
enter ID, name, age, medicine name, phone number, gender,
quantity, etc. Here also, phone number is the primary key.
At last, we have a log out option where a user clicks and a
dialog box appears “Are you sure want to log out?” On
clicking yes, we will be logged out otherwise, we will stay
logged in.
IX.

C. Network for connecting the first two componentsA network and communication software, in other terms,
jdbc connections, drivers, libraries, etc. are used to
transport the data between the User and the server
Developing the system environment calls for the requirement
of hardware and software. The hardware and software
requirements in our project areA. Hardware requirements1) Basic computer system
2) Processor – i3-3rd gen
3) Ram- 4Gb
4) HDD – 500GB
B. Software requirements1) Eclipse
2) MySQL Workbench 8.0 CE
3) jdk 1.8.0_301
4) mysql-connector-java-8.0.27

DATABASE OF MEDICAL STORE SYSTEM
PROJECT

As we know that all dynamic website or software needs
database, Here in this medical store system project we use
mySQL database .In this experiment, We have made a
Medical Store Management System. We used the
WindowBuilder extension available in eclipse and made 5
GUI layouts for the application. Then We linked our
database using the connection package of SQL, we made a
variable of the Connection class(con) and connected the
database to the GUI. We have added action Listeners to the
required buttons and fired appropriate queries using prepared
Statement class. Finally, to make the connection work, we
linked a java SQL connector to the module path of my
project. As for the JTable, we’ve added an rs2xml.jar to the
classpath of my project to avoid the manual coding to display
the database in the table.

VIII. WORKING OR PRINCIPLE
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X.

E. CUSTOMERS:-

IMPLEMENTATION OF THE PROJECT
A. LOGIN PAGE:-

B. HOMEPAGE:F. LOGOUT:-

C. MEDICINE:G. MSQL IMAGES:
1) MEDICINE

D. COMPANY:-
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IV.

FUTURE SCOPE

Billing system can be created for medicine purchase through
which the customer would also have a receipt of the purchase
made by him. User login interface can also be developed so
that the user would also be easily to able their information
anytime.
The notification system can also be established, like if a
particular medicine is not in stock, then the app must be able
to notify the user whenever the medicine comes in stock. If
in case the user is very old age or having any other problem
and cant be able to come to the store then for them home
delivery of medicines and other stuffs can also be done
through the app.
Instant suggestions regarding normal health issues can also
be provide through any assistant like feature. Also, if offline
payment of dues isn’t possible to any customer, then online
mode of payment should also need to be added in order to
reduce complexity and time.
The system can be updated with respect to the advancements
in technology to make customer service easier.
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Abstract- Speech Emotion Recognition is the ability to use
software to detect the emotion of the speech using various
parameters. Human speech consists of many complex sounds each
acting as its signal. We aim to extract features from the audio by
forming a parametric representation of the speech waveform. This
must be done at a low data rate to make it easy to load and then
analyse them. To do so, our paper makes use of a speech
extraction technique called Mel Frequency Cepstral Coefficients
or MFCC in short. More details about it are discussed further.
Keywords - Deep Learning, Human speech, Librosa, Machine
Learning, Mel Frequency Cepstral Coefficients (MFCC),
Multilayer perceptron, Neural Network, NumPy, Speech
Processing

I.

INTRODUCTION

One of the most essential factors that ensured humans
evolved as a species is speech. Speech is the medium through
which humans express their thoughts, feelings, emotions, and
opinions. Without speech, there is no way humans would
have been able to progress.
While modern-day computers and algorithms are supremely
competent at understanding specific commands, they
struggle with the unspoken part of speech. That unspoken
component includes nuance, emotion, context, and much
more. Many attempts have been made to solve this issue with
some of the biggest companies on Earth investing significant
resources into this.
With this paper, we aim to help better understand how we can
better understand emotion from speech i.e., audio. Speech
Emotion Recognition tries to mimic the human brain and its
way of comprehending emotions with the help of numerous
factors discussed ahead.
A highly accurate and reliable SER system has numerous use
cases ranging from helping improve customer service to
slowing down cars when an angry or sad driver is detected,
to better marketing depending on the mood of the consumer.
The applications are endless, and they can only change the
world for good.
II.

OBJECTIVE

Using the Librosa and Sklearn libraries, as well as the
RAVDESS dataset, a model has been made to predict the
emotion in the speech, given the audio file as the input in
‘.wav’ format.

III.

LITERATURE REVIEW

Emotions were formerly thought to be difficult to quantify
and, as a result, were not researched by scientists. Although
contributions to the subject have recently increased, it
remains an unexplored study area with a variety of possible
applications. Applications like emotional hearing aids can
help autistic people. Furious callers can be detected at an
automated call center and transferring the caller to a human,
and adjusting the teaching pattern of an e-learning AI-based
tutor depending on the learner’s concentration level.
Speech signals are among the most natural forms of human
communication, and they have the advantage of being easy
to measure in real-time. They include implicit paralinguistic
information as well as linguistic content, as well as the
speaker's emotions. Identifying and extracting different
emotion-related speech components is a difficult issue when
creating a speech emotion identification system. Because
feature selection influences classification success, it is crucial
to integrate relevant audio characteristics in speech emotion
recognition.
The Berlin Emotional Speech Database (EmoDB) is a
collection of emotional speech utterances recorded in
German. The database was built using daily utterances,
therefore the naturalness of speech was prioritized. Ten
actors, five female, and five male recorded speech data based
on specific emotions, resulting in ten different sentences for
seven different emotions: boredom, anger, disgust, sadness,
fear, happiness, and neutrality. EmoDB's unique feature is
that all of its utterances are formed of emotionless words,
which means that EmoDB is useful for determining the right
elements of emotion due to its removal of the effect of
emotional information in words.
The Interactive Emotional Dyadic Motion Capture
(IEMOCAP) database contains around twelve hours of data.
During each recording session, speech, face, and landmark
data were collected. Each session consisted of a series of
conversations between men and women. The recording
involved a total of ten actors divided into five pairs. To
maximize sound quality, all data were recorded at a
professional film studio. Actors were seated three meters
apart, at a "social" distance of three meters. This
configuration allows for real conversation. An evaluation test
with seven people was conducted to classify each utterance
based on both audio and visual streams. The data was labeled
as neutral, happy, sad, angry, surprised, fear, disgust,
frustration, excited, or other.
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IV.

PROPOSED DESIGN

4.1 About the Data Set
The dataset used for this project is extracted from the
RAVDESS dataset, which stands for Ryerson Audio-Visual
Database of Emotional Speech and Song. It is a song and
speech dataset, with video and audio files respectively. The
size of it is more than 24.8 gigabytes. However, since video
files are beyond scope of the project, we decided to use only
a specific portion of the dataset that is pertinent to our use
case. The subset we’ve used consists of a total of 1440 (16bit, 48 kHz,’.wav’) speech audio-only files, which are
divided into 60 files each from a group of 24 actors.
Each actor has been recorded saying two phrases "Kids are
talking by the door”, and "Dogs are sitting by the door" in
different intensities, and different emotions such as happy,
sad, angry, etc. The dataset is also evenly distributed with
male and female actors, each accounting for 50%. The name
of each .wav file present in the dataset follows a specific
convention which is given below.
A total of 7 partial identifies, each providing a specific
characteristic of the file, separated with a ‘- ‘combine to give
us the file name.
Filename identifiers:
1. Modality (01 = full-AV, 02 = video-only, 03 =
audio-only).
2. Vocal channel (01 = speech, 02 = song).
3. Emotion (01 = neutral, 02 = calm, 03 = happy, 04 =
sad, 05 = angry, 06 = fearful, 07 = disgust, 08 =
surprised).
4. Emotional intensity (01 = normal, 02 = strong).
There is no strong intensity for the 'neutral' emotion.
5. Statement (01 = "Kids are talking by the door", 02
= "Dogs are sitting by the door").
6. Repetition (01 = 1st repetition, 02 = 2nd repetition).
7. Actor (01 to 24. Odd-numbered actors are male,
even-numbered actors are female).
Filename example: 03-01-04-01-02-01-19.wav
1. Audio-only (03)
2. Speech (01)
3. Sad (04)
4. Normal intensity (01)
5. Statement "dogs" (02)
6. 1st Repetition (01)
7. 19th Actor (19) Male, as the actor ID number is odd.
4.2 Understanding a music file
The file format chosen in the project is “.wav” which saves
the file in its WAVE format, a standard digital audio file
format utilized for storing waveform data.
4.3 Libraries used
The objective of the project is accomplished using a few
machine learning algorithms and libraries, a brief description
of which is provided below:
4.3.1 Librosa
Librosa is a Python package that can be used to analyse music
and audio. Librosa is one of the numerous libraries dedicated
to sound analysis. It provides the building blocks for
developing music information retrieval systems. Feature

extraction and manipulation, onset detection, displaying
spectrograms and chromatograms, and time-domain
waveform visualization are just a few of the numerous
activities that could be accomplished with this package.
Complex mathematical operations, such as Discrete Fourier
Transformation (DFT), can be quickly solved using the
Librosa function 'stft', which stands for Short-Time Fourier
Transform.
4.3.2 SoundFile
SoundFile is an audio library based in Python developed on
libsndfile, CFFI, and NumPy. SoundFile is capable of
interpreting and writing sound files.
Libsndfile is a library based on C that is open-source and
works across multiple platforms like Windows, Linux, and
Unix. It is used for operating write and read functions on
sound files. To access Libsndfile, CFFI has to be used, which
calls code in C. CFFI is a python foreign function. Numpy is
used by the library to represent audio data.
4.3.3 OS
Python's OS package supports a variety of functions which
are used to communicate with the OS. It is a Basic Utility
Module in Python. This module enables multiple operating
system specific functionalities. The ‘os’ and ‘os.path’
modules contain numerous functions for communicating and
using the file system.
4.3.4 Glob
Glob is a broad word that means using Unix Shell rules for
matching given patterns. In Python, the glob module is used
to find files/pathnames that match a given pattern.
4.3.5 NumPy
NumPy is a fundamental Python library for science-based
computing. One of the main uses of NumPy is to create and
access multidimensional array objects. Not only these, but it
also helps with masked matrices and arrays, while improving
processing speeds for array operations like sorting, selecting,
DFT (Discrete Fourier Transforms), basic statistical
operations, mathematical and logical operations, shape
manipulation and many more.
4.3.6 Matplotlib
Matplotlib is a Python library that is used majorly to help
visualize various data in multiple different ways. Matplotlib
works across all systems like Windows, Linux and more. It
uses data in the form of array, and then creates 2D charts. Not
only that, Matplotlib can be used to embed graphs in Python
GUI toolkit-based programs. It is also compatible with
Jupyter notebooks, which are one of the most common way
that Python code is written.
4.3.7 Scikit-learn
Scikit-learn is a Machine Learning library based on Python.
It is extremely capable and widely used due to its numerous
capabilities. They include using a python interface to perform
Machine Learning functionalities like regression,
classification, dimensionality reduction and clustering. Scikit
library has largely been written in Python itself and also
makes use of many of the Basic Utility Modules of Python,
discussed above. We used MLPClassifier, accuracy score,
and train_test_split for our project out of all the methods
available in Scikit-learn.
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4.3.8 Accuracy_score
In Python, Scikit learn, the accuracy score method is used to
calculate the accuracy of either the faction or the count of
accurate predictions. It reflects the ratio of the total of true
positives and true negatives out of all forecasts
mathematically. The function returns the subset accuracy in
multilabel classification.
4.3.9 MLPClassifier
Multi-layer Perceptron Classifier is a classifier that does so
based on and underlying Neural Network. Other methods of
classification like Naïve Bayes or Support Vector Classifiers
do not have an underlying Neural Network. The way
MLPClassifiers work is by calculating the partial derivatives
of the loss function at every step and then updating the
parameters to reflect the changes. To avoid overfitting, a
regularization component can be added. It will decrease the
model parameters.

To avoid a skewed dataset where the number of voice
recordings for some emotions is far more than other
emotions, that dataset is close to perfectly balanced with 96
samples for the ‘Neutral’ emotion and 192 samples for all the
other seven emotions. Note that this imbalance is simply
because, as mentioned above, the neutral emotion only
consists of ‘01’ level for intensity, while all other emotions
can have either ’01’ or ‘02’ as their intensity values. Thus,
the number of recorded samples is halved for the ‘Neutral’
emotion. The graph plotted below displays the same thing,
with each emotion assigned a specific color.

4.4 Exploratory Data Analysis
4.4.1 Creating a wave plot of the audio file and a
spectrogram and playing the sound file
By importing a .wav file and using the display method of the
Librosa library, we can visualize the waveform for any given
file. The diagram shown below shows the waveform a
custom .wav file prepared by the team members for this
project.

Fig. 3. Equal distribution of all emotions.

Fig. 1. Waveplot for the custom wav file.

Apart from the wave plot, the Librosa library also allows
plotting certain other types of graphs that display different
characteristics of the audio file. Another example shown
below is of the same music file but displays a colorful
‘spectrogram’ by color-coding different values of
frequencies.
We then specified the location of the file and used
os.system command to play the audio file using the native
player.
4.4.2 Creating a Dictionary of all the Emotions and a
database of the available samples and their classified
emotions
We then created a dictionary of the 8 emotions.

Fig. 2. Spectrogram for the custom wav file.

Fig. 4. Male and female split of the dataset.

4.5 Feature Extraction
In this phase, we will define a function. Using a NumPy
hstack technique, this function will extract audio recordings
and return them as stack arrays in a horizontal sequence.
Since it was invented in the 1980s, MFs is one of the best
functions for when we do Speech Recognition tasks.
This shape impacts how much sound is produced. If we
can accurately estimate the shape, we should be able to get
an accurate representation of the phoneme being
manufactured. Within the envelope of the short time power
spectrum, the vocal tract’s shape should be created. The MF
is supposed to accurately represent the envelope.
The Python расkаge librоsа саn еаsily do loading audio
data and соnverting it to MFs format. Audio files have a
variety of characteristics. Among them are MFCC (Mel
Frequency Cepstral Coefficients), Chroma, and Mel.
The overall form of emotion can help choose which feature
extraction approach (MFCC, STFT, Log-Mel Spectrograms,
Zero-Crossing Rate, Spectral Centroid, etc.) to utilize for
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modelling. Audio recordings can be turned into a format that
can be understood properly by models with the help of feature
extraction.
4.6 Details of Features
4.6.1 The Mel Scale:
The Mel scale, put simply, is a logarithmic transformation of
a signal’s frequency which is created to account for the
changes in perceived distances of the sources of sound in the
human ear. This transformation from the Hertz scale to the
Mel scale can be represented mathematically as
𝑓
𝑀 = 1127 ∗ (1 +
)
100
Graphically, it can be shown as:
Fig. 5. Steps involved in MFCC calculations

MFCCs are regarded as highly accurate parameters in pattern
recognition problems relating to the human voice. Hence,
they are widely used in speaker identification and speech
emotion recognition.

Fig. 4. Visualization of the Mel scale.

Since this scale is an accurate representation of how different
sounds are perceived by the human ear, it is extremely useful
while training models such as a speech emotion recognizer.
4.6.2 Mel frequency cepstral coefficients (MFCC):
Centred on human auditory perception, the cepstral
coefficients are got by a twisted frequency scale. The
computation of MFCC coefficients intends to mimic the
human hearing system by trying to artificially implement the
working of the human ear.
This assumes that the human ear is a good, reliable, and
unbiased speech recognizer. Although it is now being used in
speech processing applications, MFCCs primary function
was to recognize monosyllabic words in non-stop spoken
sentences. The basis of MFCC is housed with the known
discrepancies in the human ear, which consist of critical
bandwidths with frequency filters spaced linearly at low
frequencies and logarithmically at high frequencies, and the
same has been used to retain information phonetically vital
properties of the speech signal.

4.3.10 Chroma Feature in a Music file:
After computing the MFCC coefficients, another important
parameter that we calculate is chroma, which condenses the
tonal content of a musical audio signal. Apart from its use in
speech emotion recognition, chroma features are also
considered an important prerequisite for high-level semantic
analysis, like chord recognition or harmonic similarity
estimation. A better quality of chroma features helps to
achieve better performance and accuracy after the model is
trained. Using Short Time Fourier Transforms and Constant
Q Transforms, chroma features of the music file are
extracted. The diagram shown gives a brief look at the steps
involved while extracting chroma features from an audio file:
4.7 Splitting the Data
We split the data in this project in a 75:25 ratio. To train the
model, 75% of the data is used, while the remainder 25% is
for testing the model. This is done as to create predictions on
data not already used to train the model, the existing data has
to be split in the train-test process. Only then can its
performance be measured.

The formula to calculate Mels for any frequency:
𝑓
𝑚𝑒𝑙(𝑓) = 2595 × 𝑙𝑜𝑔10(1 +
)
700
The formula to calculate MFCCs:
1 𝜋
𝐶𝑛^ = ∑𝑘𝑛=1 (𝑙𝑜𝑔𝑆𝑘^ )𝑐𝑜𝑠[𝑛(𝑘 − ) ]
2 𝑘
The algorithm for MFCC calculation is shown below:
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can imply that it is the ideal model for our use case, which is
to predict the emotion in a given speech waveform.
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CONCLUSION

Speech emotion recognition has a wide range of applications
in the current world, including the health industry, online
learning, and call centers, amongst many others. The
simulations displayed above demonstrate that the model's
multiple machine learning algorithms and libraries will
collaborate to produce the intended results.
VII.

FUTURE SCOPE

The increasing growth and development of AI and machine
learning have ushered in a new era of automation. The
majority of these automated gadgets are controlled by the
user's vocal commands. Many advantages can be created over
present systems if, in addition to recognizing words,
machines also interpret the speaker's emotion (user). The
proposed project can be further modelled in terms of
efficiency, accuracy, and usability for future advances.
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Abstract—The Electrical and Power Subsystem (EPS) plays a
crucial role in the functioning of the CubeSat. The first task is
responsible for delivering power to all the components in the
CubeSat. This poses a few problems as the power from the
solar panels will not be constant, nor will all the parts require
the same voltage. So we have to combat these two main
problems as sending variable voltage to system components
could damage them. Along with the fact that we have to have
multiple voltage rails in the CubeSat itself, each rail will need
some protection on its own. The second major part will be the
protection circuit following up on this. Along with the fact that
the system components might get damaged with overcurrent or
voltage, we also need to account for the battery. Since we have
gone with a lithium-ion battery, we need to ensure that the
battery also has a comprehensive protection circuit. This is
because the battery is volatile, and if something were to
happen to it, the entire project could fail. In this paper, we will
be going over these two major roadblocks that we have and
how we plan to counter it.
Keywords— CubeSats, electrical and power subsystem, Solar
Panels, Power budget

I. INTRODUCTION
Nanosatellites are classed as satellites weighing less than 10
kilograms. They differ from ordinary satellites in the sense
that they require less time to develop due to their smaller size
and the corresponding reduced cost. CubeSats form a subset
of nanosatellites with specific constraints on their size and
mass, based on a standard unit. Many CubeSats are intended
for research purposes, carrying different payloads according
to their goals. Project EINSat(Exoplanet INvestigation
Satellite) is among these. It aims to observe and identify
exoplanets by employing a new approach to exoplanet
detection, utilizing the CubeSat form factor to allow the
conduction of exoplanet detections at significantly lower
costs and reduced development time. It is also a platform to
provide students with an opportunity to work in a fascinating
but complicated domain
of
space
research.
Project EINSat is a 3U(10x10x34 cm) CubeSat space
telescope designed to detect transiting exoplanets from stars
with an absolute magnitude of 0<V. It aims to perform
precision photometric observations of one star at a level of
around 100 ppm accuracy. It is the duty of the electric and
power subsystem(EPS) to provide power for all the
components onboard the CubeSat. The basis of the selection
of solar panels and batteries will be the power budget of the
entire CubeSat and will also depend on the different modes
• Proceedings for DJ SPARK 2022

of operation. The protection circuit similarly will be
designed according to the maximum rating of the different
components onboard the CubeSat
II. OVERVIEW
The task of EPS is to provide power to various subsystems
as required by the mission timeline. It has to ensure power
generation by means of solar cells, energy storage in
batteries and regulation of power distribution to various
subsystems.
EPS is divided into 3 main aspects:
A. Charging
The charging circuit is crucial for the CubeSat to function for
an extended period. Since the source for charging will be
solar panels, issues will have to be addressed. The first is the
varying amount of power coming through the panels. While
we will try to always have the panels in the optimal direction
with respect to the sun, this will not always be possible, so
there will be fluctuations. So we will need an IC which can
take in a wide range of inputs and stabilize it. Another issue
is that the voltage which the panels provide might not be
optimum for charging the cells, so we will need buck
converters to change it to the suitable voltage. Lastly, it will
have to be integrated with the MPPT for optimization.
Keeping all these requirements in mind, we decided to go
with the BQ25798 battery charger made by Texas
Instruments. It meets all our requirements while also having
additional features such as temperature monitoring etc.
While containing the I2C connection, which we will use with
our onboard computer, it also contains a USB-compatible
data connection, making ground testing extremely easy.
Along with this, it also has a wide array of accepted
voltages, so any fluctuations from the panels will lie within
its range to adjust for charging the battery.
B. Protection
While we need a protection circuit for every component, the
one for the power delivery will prove to be most helpful. If
the excess current or voltage can be blocked from the power
source itself, we 3won't have an issue with the other
components. So it7 is crucial to choose a well-equipped
protection circuit. This is why we went with the BQ77915
from TI. Along with overcurrent and over and Undervoltage
protection, it also has temperature protection and short
circuit protection. Along with this, we have decided to go
37 1
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with its evaluation board provided by TI. Other than the
apparent advantage of the entire circuit coming pre-built,
another advantage would be the placement within the
CubeSat. Since we have a separate board, we can place it
somewhere else in the CubeSat. This will ensure all the
electronics are not together, thereby reducing chances of
overheating, etc., and will also make the wiring less cluttered
and allow us (to a certain degree) to ensure all weight of the
EPS is not only on one side.
C. Storage
Traditionally in such missions, a Ni-Cd battery is used. It is
because it is reliable and durable compared to other types of
batteries. Another advantage is that it has been thoroughly
tested, so we know much about it. However, the issue with it
is that it is not efficient at all. It is half to almost a fifth less
efficient than a typical lithium-ion battery. while also being
heavier. Since this is a very small satellite, we decided to go
with an LI battery. However, an issue with li -ion batteries is
that they can be very volatile. Due to this, we will be
required to build extensive protection circuits around it to
detect voltage, current, and temperature fluctuations. Since
we have an orbit time of approximately 90 minutes, 30
minutes will be in eclipse; we will have plenty of time to
recharge the battery. Most of our tasks are planned for when
the CubeSat is in eclipse, so we had to choose a large battery
accordingly. One that could last multiple trips of the eclipse
without being charged fully. Due to this, we have gone with
a 4 cell,22.2Whr battery. Another reason we went with is
that most commercial off-the-shelf (COTS) sensors are
designed for batteries with 3-5 cells in series. So by having a
4-cell battery, the building of the protection circuit around it
has also become a lot easier.
D. Sensors
We also require a voltage and current sensor for the
CubeSat's EPS. The purpose of this is to measure the current
and voltage going out of the battery to help us determine the
battery's State of Charge(SOC). The particular method that
will be used is coulomb counting which will estimate the
SOC of the battery by finding out how much energy has
been dissipated. This will help us decide when to put the
CubeSat in which mode. For the sensor itself, we have gone
with BQ29330 as it meets all our requirements and has
additional protection features. Along with this, it has the
widest temperature range for functioning, which will make it
ideal in our situation

station, which will be for around 8 mins twice a day. During
the transmission window, the transceiver will operate in fullduplex mode consuming around 3500mW of power for data
transmission or only in Rx mode which consumes 2000mW
of power. The ADCS Reaction Wheels will always stay on
and will consume around 800mW of power. The payload
will operate only in eclipse. Two loss sources have to be
considered. The first one is the chemical yield of the battery
and the second is the yield of the converters. These two
types of losses affect the charge.

Fig.1 Power modes
In the CubeSat’s orbit, there are 5 different possible power
consumption states 2 during daylight and 3 during the
eclipse. These are1)
2)
3)
4)
5)

Daylight without Transmission or Science
Daylight with Transmission without Science
Eclipse with Transmission without Science
Eclipse without Transmission with Science
Eclipse without Transmission without science

In order to have power modes for complete orbits, the
different cases above have to be combined. The combination
gives 6 (2x3) different power states. The table below shows
the sum of the different states (unit mWh).

III. POWER BUDGET
Fig.2 Solar array power production

A. Assumptions
To calculate the total amount of energy (MWh) needed for
one orbit around the Earth, assumptions were made. Some of
them come from the project’s requirements and others will
define new system requirements. These assumptions are
listed below. One orbit is 92.6 mins long with 32.6 mins in
eclipse. It is assumed that the CubeSat will only have one
ground station. Thus, RF transmission and reception is
turned on when the CubeSat is in the LOS of the ground

Most CubeSat projects use a very simplified way of
calculating the amount of energy generated by solar cells. In
such a case, the power generated by a solar panel is given as
follows = ⋅ ⋅ ⋅ sin
:
Where
[%]

is the nominal efficiency of used solar cells,
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[W/m2 ] is sunlight power density,

[∘]

is the area of solar cells on panels and,
is the angle of sunlight

irradiance measured from the panel base plane. Nominal
efficiency is considered as constant without dependencies,
and its value is obtained from manufacturer documentation,
typically measured in laboratory conditions at 25∘ C
temperature. While this formula is a gross approximation of
the actual power generated by solar panels, it is accurate
enough to give a base design for the configuration. In the
equation itself, almost everything is constant except for the
angle. Power Cubesat, a MATLAB based power modelling
tool designed for use with CubeSat was used to calculate the
power generated by the solar panels throughout the orbit.

This paper presented an approach to design and
implementation of the entire electronics and power delivery
subsystem in a cubesat mission. Future work will involve
building prototype of the entire power generation and
distribution network including solar panels.
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Fig.3 Per Orbit Plot and Orbit Averaged Plot
Thus one can infer that the CubeSat will produce an average
of 6.4W of power during daylight. Thus we can infer that the
CubeSat will produce around 88320mWh of energy in a day.
B. Summary
Once the satellite is in nominal mode of operation, it will be
in one of these power consumption combinations. At an
altitude of 400 kilometers, the satellite will orbit about 15
times around the Earth in a day. It will have three
opportunities to communicate with the ground segment (an
assumption that only one ground station is used for
communication). The assumed scenario is that the satellite
will perform science operations once a day and that the
communication will be established three times a day and that
during the remaining eleven orbits, no science and no
transmission will occur. The energy consumed for each orbit
is summed, so the total consumption per day is known. So
the total energy consumption for the CubeSat will be
61090mWh, which is lesser than the total energy produced,
which is around 88320mWh.
IV. CONCLUSIONS AND FUTURE WORK
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Abstract—The On-Board Computer is one of the vital parts of a
nanosatellite mission, performing all the necessary calculations
and telemetry tasks to maintain the system’s continued
functioning and wellbeing. A real time operating system is used
for scheduling, prioritizing, and dispatching jobs integral to the
mission’s success. It integrates the other subsystems of the
cubesat mission and allows a communication link to be
maintained between the cubesat and the ground station. This
paper will summarize the working of the on board computer in
Project EINSat and its functions and importance.
Keywords: Cubesats, On-board computer, real time systems

I. INTRODUCTION
Nanosatellites are classed as satellites weighing less than 10
kilograms. They differ from ordinary satellites in the sense that
they require less time to develop due to their smaller size and
the corresponding reduced cost. Cubesats form a subset of
nanosatellites with specific constraints on their size and mass,
based on a standard unit. Many cubesats are intended for
research purposes, carrying different payloads according to
their goals.
Project EIN Sat(Exoplanet Investigation Satellite) is among
these. It aims to observe and identify exoplanets by employing
a new approach to exoplanet detection, utilizing the CubeSat
form factor to allow the conduction of exoplanet detections at
significantly lower costs and reduced development time. It is
also a platform to provide students with an opportunity to work
in a fascinating but complicated domain of space research.
Project EIN Sat is a 3U (10x10x34 cm) CubeSat space
telescope designed to detect transiting exoplanets from stars
with an absolute magnitude of 0<V<6 and deployed at low
earth orbit. It aims to perform precision photometric
observations of one star at a level of around 100 ppm accuracy.
The requirements of a cubesat’s on board computer depend
primarily on its goals. In this case, the processor used was
chosen based on its capacity for image processing. Similarly,
the software used was chosen and developed according to the
need to fulfil the goal of transmitting image and telemetry data
to the ground station. It also need be reliable, efficient, and
fault tolerant. As a real time system, all its jobs must meet their
deadlines. In accordance with this, we have chosen the

most efficient processor available meeting our weight and size
requirements.
II. LITERATURE SURVEY
There are many shining examples of on-board computers of
existing cubesats. Among these is JUGNU, a cubesat project
by IIT Kanpur.[1] This project in fact uses two on board
computer modules rather than the single one used here, one to
perform all critical health monitoring tasks due to its high
reliability while the other is intended to perform complex
computational tasks. On the software front, they make use of
the SALVO PRO and μC/OS-II real time operating systems
respectively. These are chosen according to their individual
requirements and functions.
A group of students from BITS Pilani developed an on board
computer for their nanosatellite by creating separate modules
each for command and data handling, image processing, and
interfaces for exchange of data.The cubesat project ISRASAT1
uses an Atmega32 component as well as additional hardware
for temperature sensing and real time clocks.[3]
III. SPECIFICATIONS OF ON BOARD COMPUTER
When selecting the processor for the OBC of a CubeSat
mission, it is important to consider the speed, instruction set
size, and memory capabilities.
One must review the rates at which satellite tasks must be
executed and the size of the data being transferred from
different subsystems. For example, if we plan to store images
on the OBC, there will likely need to be an external memory
chip to handle the larger data sets required of images. The most
computationally complex tasks being executed on the OBC
must be reviewed prior to the selection of the flight computer.
Since we plan to run an ADCS module on the OBC, it is very
important to review the computations required to produce the
spatial vector of the satellite.
Alongside these fundamental considerations, the designer must
also take into account the available pulse-width modulation
(PWM), number of analogue-to-digital converters, and
available connection interfaces of different flight computers.
Depending on the requirements of the satellite, certain flight
computers may be lacking the physical connections needed to
achieve mission success.
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Considering our requirements, the processor Nano-Mind
A3200 is a rudimentary fit.
Hardware features:
High-performance AVR32 MCU with advanced power-saving
features
512 KB build-in flash
128 MB NOR flash (On two dies of 64 MB each)
32 kB FRAM for persistent configuration storage
32 MB SDRAM
RTC clock
On-board temperature sensors
Interfaces:
I2C, UART, CAN-Bus
8 external ADC channels that can also be used as GPIO
External SPI with 3 chip selects
Cubesat Space Protocol (CSP)
GOSH interface for check-out
DATA BUS
The OBC and other subsystems will communicate through the
data bus. This term refers to all the hardware, ( i.e. wires, pins,
plugs, etc.) and the software protocols, that allows
communication between various devices. There can be many
data buses with different protocols inside the same system.
Some of the most used protocols for CubeSats Data Buses are
Inter-Integrated Circuit (I2C), Serial Peripheral Interface (SPI),
Universal Asynchronous Receiver Transmitter (UART) and
Controller Area Network (CAN) [12]. For choosing a Data Bus
for a specific application is important to take into account the
communication type, data rate, hardware requirement and the
number of devices to be connected to the same Bus
(scalability). A summary of each protocol, and its attributes,
can be found in the following table

FLIGHT SOFTWARE
Flight software refers to the specific software which is
executed by the OBC during the lifetime of the mission, in
other words, the flight software controls the communications,
and at the same time controls the spacecraft. This software is
different and unique for each spacecraft because each mission
has different goals and requirements, usually it is a very
complex system, that involves many functionalities and
interfaces. There is not a rigorous way to design and
implement the flight software, and this process requires
important efforts and resources. To address this issue some
organizations have developed software frameworks with the
intention of decreasing the time and resources needed to
implement the flight software, but also for ensuring basic
functionalities, standards and safety measures, along with
multiple missions.
To build a software for our CubeSat mission, we will
implement NASA’s Open Source cFS (Core Flight System) in
conjunction with a premade RTOS FreeRTOS.
NASA’s cFS
The NASA cFS software framework delivers a series of
established software applications to operate on-board space
flight computer systems. The Core Flight Executive(cFE),
within the cFS, provides software developers a set of reusable
services tailored to the fundamental functions required of
satellite system management. The software environment
enables a high-level modular approach to flight computer
implementation.
NASA cFS will aid in the enhancement of code re-usability
and the reduction in source lines of code. The cFE within the
cFS framework provides many of the fundamental code
services required of an on-board flight software system, such
as timing and event handling, and software bus maintenance.
Application Programming Interfaces (APIs) are also provided
for flight-specific applications such as file management and
system safety checking.
The framework adheres to a publish-subscribe software
pattern, in which all cFS applications subscribe to specific cFE
services at run-time. This pattern enables a simplified software
development process in which applications can be easily added
and removed from the softwarebus. Additionally, the cFE has a
configurable set of requirements that can be run on multiple
platforms, including a Linux desktop computer. This is
essential for testing purposes, as it provides the software
development team the ability to build and run applications on a
desktop with the understanding that the application will be able
to run identically on the flight hardware. cFS uses a layered
architecture, internals of a layer can be changed, without
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affecting other layers, this enables the framework to run on
multiple operating systems without modification.
FreeRTOS
FreeRTOS is a market-leading real-time operating system
(RTOS) for microcontrollers and small microprocessors.
It has a tiny, power- saving kernel of scalable size, with usable
program memory footprint as low as 9KB. Some architectures
include a tick-less power saving mode. It has one code base
for 40+ MCU architectures and 15+ toolchains, including the
latest RISC-V and ARMv8-M (Arm Cortex-M33)
microcontrollers. It comes along with a growing number of
add-on libraries used across all industry sectors. FreeRTOS
can be used for any purpose under its MIT license.
DATA FLOW BD

Communications
Interfacing with the communications subsystem is
integral to the continued success of the mission, as without
this there is no way to send or receive data from the cubesat.
For this, we use the AX.25 data link layer protocol. It is
primarily used by amateur radio operators and widely used to
communicate with research cubesats. This specifies that we
use HDLC (High Level Data Link Control), a standardized
synchronous data link layer protocol, for the definition of the
procedures and frame syntax. AX.25 further requires that the
variable length address field be subdivided into the source
address, repeater stations if present, and destination address.in
accordance with amateur radio rules.
The implementation of the AX.25 protocol has been well
documented, being a part of the linux kernel for use on
personal computers. Modifying and using the code for the
same will allow us to implement it on our operating system
and make use of it for communications while in orbit.
Electrical and Power Subsystem (EPS)

IV. INTERFACING WITH OTHER SUBSYSTEMS
Payload
The payload onboard imaging satellites consists of a camera
which is classified according to the resolution of the image that
can be reproduced. According to the application, the imager
must be capable of collecting photographs of Earth or other
universal bodies in various spectral bands. After that, filtering
techniques are used to deliver the image in a frequency range
that can be used.

The data acquired and the images are processed with the OnBoard Computer system. The binary image files collected from
one observation session are concatenated into a single binary
file and further to RAW FITS file format. The files are then
processed and thereafter are studied for further exoplanet
analysis.
In Project EINSat (Exoplanet Investigation Satellite), we plan
to use the Ximea MQ042MG-CM-BRD camera and hence the
interface used for the same is xiAPI i.e. XIMEA Application
Programming Interface which uses C/C++ languages.

The electrical and power subsystem is vital to the cubesat, and
the continued state of charge of the battery must be
continually monitored. This is done by the OBC using the
current and voltage values fed in by the appropriate sensors by
the coulomb counting method to find state of charge (SOC).
This is done according to the following formula:
Along with this, the EPS also is interfaced with the OBC
through the charging circuit, which uses one of the I2C ports
for monitoring telemetry of the same.
Attitude detection and control subsystem (ADCS)
Once the CubeSat is deployed, it will randomly tumble while
orbiting Earth. The ADCS subsystem is a stabilisation
mechanism made of actuators and sensors connected in a loop
to keep the satellite’s orientation steady and ensure it operates
efficiently.
A closed feedback control loop is used where the satellite's
attitude is first determined by various data collected by sensors
and then compared to the desired attitude through complex
control algorithms. Actuators are then used to perform the
necessary manoeuvres to achieve the required attitude for the
satellite, and a continuous loop is maintained. Possible sensors
include earth, sun and star sensors, gyroscopes, magnetometers
and directional antennas. In contrast, actuators could have
magnetic thrusters and wheels, reaction wheels, momentum
wheels, or control moment gyros.
It is common for CubeSats to use reaction wheels because 3axis stabilisation is achievable within the limited physical
space offered by the structure and frequently. The calculations
required to be done by the OBC concerning ADCS can be
summarised as follows:
Quaternion Estimation - Method to convert several vector
inputs into one perturbed quaternion output
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Triad - Gives a highly approximate matrix, which is the fusion
of two input matrices.
The above two methods require matrix calculations to be done
simultaneously rather than in series.
B-Dot - It is a method to dampen the motion of the satellite in
the case of very high angular velocities. Input to the function is
the magnetic field gradient vector and the output is a moment
in the direction opposite to the direction of angular rates.
Centroid Algorithm - It is used to perturbate and minimise the
error between star positions of the images captured and star
positions in the star catalogue.
In short, all of the algorithms require inputs as multiple 3D
vectors and it requires them to run parallelly. The outputs are
either Quaternion or Errors (in nm or arcsecs).
In all the estimated processing requirements of the ADCS
subsystem can be approximated to be:
Processor need of about 200 MHz Storage Memory of up to 8
MB.
Table 1: Transmission Protocol from ADCS to OBC

Table 2: Transmission Protocol from OBC to ADCS
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Abstract—As music streaming services like Spotify have
become more popular, it's becoming more crucial for these
platforms to be able to recommend appropriate music to their
consumers. Machine learning has long been used to develop
music recommendation systems. This can be observed in
enhancements to music streaming systems, such as
personalized playlists and recommendations for new albums
that a user would enjoy. Automated processes that
continuously acquire, sort, and analyze vast amounts of Webbased data are increasingly powering digital music delivery.
From a statistical standpoint, this study examines the control of
song audio aspects. It looks into the data-gathering processes
allowed by the Spotify Web API, as well as statistical tools for
analyzing the data. The popularity of songs is given special
consideration, and a Beta model with random effects is
developed to provide a preliminary solution to issues such as:
what are the determinants of popularity? For those interested
in the subject, developing a model that can characterize this
relationship, as well as establishing which elements are most
significant to make a song well-liked, is an interesting issue. In
this study, the Random Forest method shows that it performs
very well, capable of analyzing data with 94% accuracy.
Keywords— Spotify, recommendation, skip prediction, popularity
prediction.

I. INTRODUCTION
Recommender systems play an essential role in music
streaming services, prominently in the form of personalized
playlists. Exploring the user interactions within these
listening sessions can be beneficial to understanding the user
preferences in the context of a single session. In many music
streaming services, personalized music recommendation
systems play a prominent role. These recommendation
systems allow the user to listen to suggested music based on
a particular song, the user’s mood, time, or location. The vast
amount of available music and diverse interests exhibited by
various users, as well as by the same user during different
situations pose considerable challenges to such systems. In
this project, we would analyze the data of the user based on
various features and predict based on the same. Spotify, a
music streaming service, with over 190 million active users
and a library of over 40 million tracks create multiple
playlists that are directed towards users by taking into
consideration their preferences. Analyzing the probability of
skipping a song can provide insight into how efficient the
Spotify-generated playlists are. If a user skips songs in a
user-specific playlist, it can tell the company that they have
not entirely understood the user and require further analysis.
The reason why this problem is interesting is that it focuses

on how a particular user interacts with the provided
streaming service and further helps in
developing business recommendations from it. This project
aims in providing business recommendations that help in
making better marketing decisions and also enhance the
playlists by analyzing available data and determining the
probability of whether the song will be skipped or not.
II. LITERATURE SURVEY

Some related work has been done on the following topic.
Starting with [1] They tried concatenating the acoustic and
behaviour features of the first 10 tracks with the acoustic
feature of the second 10, then running the concatenation
through numerous convolutional layers and a self-attention
layer to get the predictions for tracks 10-20. They didn't use
an embedding layer, instead of sending in the concatenated
feature vectors straight away. This group looked at both
metrics and sequence learning methods and found that
sequence learning was more effective. The team simply
employed Gradient Boosted Trees and ensembled multiple of
these trees to forecast skips in this paper [2]. The next article
cited [3] says that various techniques were used to determine
the probability of songs that will be skipped. These
techniques include GBT, LSTM, Bi-LSTM (Deep Learning),
NLP techniques, and Loss Functions and out of that BiLSTM performs better than LSTM due to the more detailed
hidden encoder representation of the track sequence in the
Bi-LSTM. In the fourth citation [4] a new class of models for
dealing with songs popularity index has been introduced. The
use of a Beta GLMM allows accounting for the clustering
structure of data from the music album. Significant
relationships were found, which lays a promising foundation
for the research in prediction with these variables. This
research contributes to further understanding in the field of
HSS and the new product success prediction. In [5], the
authors discovered that there are quite some differences
between the most popular songs compared to the rest of the
songs, as well as between different eras. They also built
graphs to look at which songs are more similar to the others
and looked at text analysis techniques for looking at their
lyrics. The model provides an accuracy greater than 90%. It
uses collaborative filtering to recommend songs and podcasts
to users by using Machine Learning techniques. The model
provides an accuracy of 95.61%. Finally, the author has
given an RS for Spotify users that is based on CF and uses
only the information provided by Spotify's API. This
algorithm generates suggestions based on an ordered list of
the most frequently played songs throughout time. Spotify
only displays a subset of all songs played in order for the
system to propose songs that the listener is already familiar
with. Reading the above research papers, we got an idea
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about predicting whether the song will be skipped. We also
came to know about the algorithms which can be used to do
this. Now along with that, we can use the same data to:

features, we may use Logit Model to perform logistic
regression using covariates, to find the outcome of the song
being skipped or not.

Determine which hour of the day the users have the highest
favorability towards comp company-generated playlists by
conducting predictive analysis.

Determine which hour of the day the users have the highest
favourability towards the company-generated playlist: Spotify has various types of playlists (context type). Here
we analyzed the popularity of these context types (especially
the company-generated playlists) and also analyze their
performance concerning the hour of the day to determine
when users are most active and when to promote companygenerated playlists. They will be performed by data
visualization using python. Computing the number of times
each context type is played during the time of observation.
Finding the optimum hour of the day by analyzing the
number of active users to promote under-performing context
types. Learning how various context types are performing
during each hour of the day and drawing conclusions out of
it.

Analysing the features of the current song being played to
predict the next song to be played.
To assert the popularity of a song by analyzing several
acoustic factors and analyzing trends of features with years.
Predicting whether the song will be skipped.
II. METHODOLOGY
To solve the target problems, we need to have data that can
provide user interaction details and track features. The
required data was obtained by utilizing the Spotify API. The
User Interaction dataset includes information about at what
point was the song skipped and also about the content type of
the song. The Track Feature dataset gives one insight into the
various features of the track associated with the song,
including various acoustic features such as tempo,
bounciness, etc.

A. Target Problems:

Figure 1

Predicting the probability of skipping a song: Here, cleaning of the original data takes place to remove
redundancies created due to the back- button and endplay
which led to the data being repeated twice. Next, categorical
variables are incorporated for different features to further
incorporate a Machine Learning Algorithm. Then, the data
set is split into a Training and Testing set with a split of
60:40. There are a total of 60+ features, however, if we were
to use them all, it would have led to over-fitting. Hence, we
need to focus on the most important features that affect the
probability of a song getting skipped the most. We will
deploy a Machine Learning Model to identify the most
important features. In doing so, we would assign weights to
each feature according to its importance. Further, we will
determine the most important features by assigning a
threshold value above which we would select the features.
This will give us the most important features which we will
be using in the next steps. Once we have the most important

Analyzing the features of the current song being played to
predict the next song to be played: Here, Machine Learning techniques are used to find the most
similar songs to the current song based on the acoustic
vectors of the song and other factors like danceability,
liveness, tempo, etc. First standardization of the features
takes place to bring them to a common scale and then feed
these features to the algorithm. In the algorithm, we can input
the first song the customer searches and starts listening to.
And the next songs can be played in the order in which the
algorithm recommends if the customer himself does not
switch songs. We only run this algorithm in the case when a
user just searches a song and that track is completed. Then,
instead of repeating the same song (unless it is on repeat),
Spotify can play the following tracks with the help of this
algorithm.
Determining the trend of features by plotting it against each
year:
To find the trend of different track features with years, we
will visualize the popular songs over time from 1950 – to
2020. We can analyze features of popular songs and
recommendations can be given to new thriving artists that the
feature values of their songs should be in these ranges to
have a higher probability of getting their songs more popular.
Also, along with the music company’s streaming service; it
can roll out such a product that can evaluate the probability
of a new song being popular in the current market and on its
platform by using these feature values.
Predicting the popularity of a new song: One of the major complaints that independent artists have is
the trade-off between joining music streaming platforms. On
one hand, if they don’t join the platform (like Spotify), they
will not get enough attraction and will find it difficult to
grow. On the other hand, because these artists are not well
established currently, they are not provided with lucrative
deals on signing with such platforms (like other well-known
artists might get).
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B. Data Pre-processing:
Data pre-processing is a data mining approach for
transforming raw data into a format that is both useful and
efficient.

Figure 4

Figure 2

C. Exploratory Data Analysis:
Exploratory Data Analysis is a method for identifying
trends, anomalies, visualisations, and patterns in data. We
also get better analysis using different types of graphs like
histograms, pie charts, Heatmap, Data Distribution, etc. We
utilised histograms to group the data into plots to gain an
understanding of distribution of each feature in the dataset.
The histograms offered a count of the number of
observations in each prepared plot. We can easily notice
that the distribution is Gaussian, skewed or exponential. It
overall helped us for a better understanding of the dataset
and its distribution.

Figure 5

Figure 6

D. Feature Engineering and Feature Importance:
Feature Engineering:
Feature engineering is a machine learning technique that uses
data to create new variables that aren't in the training set. It
can produce additional features for both supervised and
unsupervised learning, simplifying and speeding up data
conversions while also enhancing model accuracy. When
working with machine learning models, feature engineering
is essential. A bad feature, regardless of the data or design,
will have a direct influence on the model.
Figure 3

Feature Importance:
Methods for computing a score for each of a model's input
features are referred to as Feature Importance; the scores
simply describe the "importance" of each feature. A higher
score suggests that a particular feature will have a stronger
influence on the model used to forecast a particular variable.
It is important for the following reasons: Data
Understanding, Model Improvement, Model Interpretability.
E. Applied Machine Learning Algorithms:
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The goal is to construct an accurate machine learning
model. We divided our data into a 65:35 ratio for training
and testing using the sklearn library.
The following are the machine learning algorithms that we
have considered:
1) Logistic Regression:
Logistic regression is used to solve a specific type of
problem known as classification difficulties. The goal is to
figure out which category the present object under
observation belongs to. Probability always ranges between
0 (does not occur) and 1 (occurs). We use the logistic
function to calculate probability in logistic regression. The
logistic function is a simple S-shaped curve which is also
known as a sigmoid function that is used to convert data
into a value between 0 and 1. These probability values
between 0 and 1 will then be transformed into either 0 or 1
using a threshold classifier.

A Decision Tree is a supervised learning model that would
be used to solve classification and regression issues, but it's
best for classification. It can be created using an algorithm
that divides the dataset in various ways based on the
conditions. The Decision node and the Leaf node are the two
nodes in this approach. Which, Decision nodes are used to
make decisions and have several branches, whereas Leaf
nodes are the outcome of those decisions and have no
additional branches. The decisions or tests are made
depending on the characteristics of the data set. The Gini
Coefficient is used to evaluate whether the dataset requires a
binary split. The Gini index has a value of 0 in an ideal
world. Gini index is calculated using: -

where Pi is the probability that the tuple in D belongs to Ci.
4) Support Vector Machine:

‘Y’ is the output of logistic function, where 0Y1 ‘β1’ is
the slope
‘βo’ is the y-intercept
‘X’ is the independent variable
After applying the Logistic Regression for the data samples,
we acquired an accuracy of 91%.
2) Random Forest:
Random forest is a supervised machine learning technique
that can be used to solve problems like classification and
regression. It is made up of N different decision trees.
Random forests create decision-making trees from randomly
selected data samples, generate forecasts for each tree, then
vote on the best answer. Because of the variety of decision
trees involved in model creation, unplanned forests are
thought to be the most accurate and powerful technique. By
averaging different decision trees, it avoids the problem of
overfitting in the model.

Where,
𝑅𝐹𝑓𝑖 = feature i’s importance
𝑛𝑜𝑟𝑚𝑓𝑖𝑖𝑗 is the normalized feature importance of feature I in
tree j
T = total number of trees.
After applying the Random Forest Algorithm for the data
samples, we acquired an accuracy of 90%.

3) Decision Tree:

The goal of the SVM method is to find the best line or
decision boundary for classifying n-dimensional areas into
classes so that additional data points can be readily placed
in the correct category in the future. A hyperplane is the
name for the optimal choice boundary. In a
multidimensional space, an SVM model is a representation
of distinct classes in a hyperplane. SVM will generate the
hyperplane iteratively in order to reduce the error. In order
to create a hyperplane, this selects the extreme points or
vectors. Support vectors are the most extreme examples.
SVM's purpose is to partition datasets into classes so that a
maximum marginal hyperplane (MMH) can be found.

x=sample
α = dual coefficient
b=intercept
5) K- Nearest Neighbours
The K-NN method assumes that the new case/data and
existing cases are similar and places the new case in the
category that is most similar to the existing categories. It is
also called a lazy learner algorithm because it does not learn
from the training set immediately instead it stores the dataset
and at the time of classification, it performs an action on the
dataset. KNN algorithm at the training phase just stores the
dataset and when it gets new data, then it classifies that data
into a category that is much similar to the new data. It's also
known as a lazy learner algorithm since it doesn't learn from
the training set right away; instead, it saves the dataset and
performs an action on it when it comes time to classify it.
During the training phase, the KNN algorithm simply stores
the dataset, and when it receives new data, it classifies it into
a category that is quite similar to the new data.
After
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applying the Logistic Regression for the data samples, we
acquired an accuracy of over 88%.

Figure 7

F. Statistical Accuracy Metrics:
We employ statistical measures like accuracy, precision,
recall, and f1-score to assess the classifier's performance in
predicting foetal health. The accuracy of a machine learning
model is a metric which is used to determine which version
is the best at identifying correlations and patterns among
variables in a dataset based on the input, or the training data.
The better a model can generalise to 'unseen' data, the better
predictions and insights it can generate, and thus the more
enterprise value it can provide.
True positive and false positive cases are marked by TP and
FP, respectively, whereas true negative and false negative
cases are designated by the letters TN and FN, respectively.

Precision, also known as positive predictive value, is the
percentage of relevant examples found among the recovered
instances, whereas recall, also known as sensitivity, is the
percentage of relevant instances found.
The ratio of real positives to total positives projected is
known as precision.

Hyperparameter Tuning:
Hyperparameters are variables that the user specifies
throughout the Machine Learning model construction
process. As a result, hyperparameters are provided before
parameters, or we can say that hyperparameters are utilized
to evaluate the model's ideal parameters. The best thing
about hyperparameters is that the user who is developing
the model decides on their values. There are two methods
of hyperparameter tuning, Random Search, and Grid
Search. In this, we are using Grid Search CV. Gridsearching is the process of sifting through data to find the
best parameters for a certain model. Depending on the
model, there are a variety of options. Certain parameters
are required to be used. Grid-searching is effective. Apply
to all model types, not just one. Grid-searching can be a
time-consuming process. Machine learning is used to
calculate the best parameters.to be used with any model
Grid searching is vital to keep in mind, can be quite time
consuming in terms of calculation and It will take a long
time for your machine to run. Grid-Search will be
implemented. Create a model for each conceivable
parameter combination. It repeats itself and creates a
model for each parameter combination each and every
combination Let's get started without further ado.
Implementation and examples
III. RESULTS AND DISCUSSION
We see that the track collection set by the user was the most
popular during the period of observation.
We also infer those Charts and personalized playlists for
every user performed the worst. The under-performance of
these types could be due to a couple of reasons. It could be
due to the incoherence in the song list recommended or
because these types were not marketed to their full potential
on the application. To boost these context types, we could
improve our recommendation system, or we could better
market them by sending the users notifications or positioning
them better on the app interface.
We infer from the model that out of the selected features,
features such as an hour of the day, popularity, and liveness
are statistically insignificant features.
We can also infer that provided the other factors remain the
same, that which has started by pressing the forward button
would have a higher probability of getting skipped. This
might be due to the recommendation system of the
application that puts songs of similar features together.
The model also rightly predicts the fact that a song ended by
pressing the forward button has a high positive coefficient
provided other factors remain the same.

The recall is the number of accurately detected positive
instances.

The F1-score is based on a combination of precision and
recall. The harmonic mean of the two is the F1 score.
• Proceedings for DJ SPARK 2022

Provided the other factors remain the same, the more the
duration of the song lesser is the probability of the song
getting skipped.
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Using the Nearest Neighbors algorithm, 9 more songs similar
to the one being played were predicted. As the songs have
been encrypted by Spotify we are outputted with the track
ID. These track IDs can be matched with the respective songs
later.
These songs were predicted using the track features such as
tempo, danceability, bounciness, etc.
IV. CONCLUSION
As discussed above, there are multiple applications and
uses of these results. To help companies build better
recommendation systems by helping them predict whether
a song will be skipped, and which song should be played
next. To help the marketing team with the analysis of
different playlists at different hours the day. To help artists
focus on important features to help them come up with a
song that generates enough traction and popularity.
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Abstract— Warehousing plays an important role in
modern supply chain, and any delay in operations can
prove costly. There are several safety hurdles that need
to be addressed that can hamper the logistics. Fires can
erupt anytime that can jeopardize the equipment and
entirely burn down the warehouse. Security is another
crucial issue. Especially in the pandemic, since a lot of
people cannot be deployed on ground, an automated
process would reduce the chances of burglary. Internet
of Things (IoT) helps us connect to the internet so that
devices can directly communicate with each other. It can
be used to remotely monitor objects through the
Internet thereby expanding the security level of a
warehouse. Sensors are initiated to detect any fires,
attempted thefts, or undesired entry of individuals.
Controlling, observing and securing are the essential
elements of the project, to develop a robust warehouse
management system that shrewdly deals with any
potential threats.
Keywords— Arduino, NodeMCU, MQ2 Gas Sensor,
Firebase, OpenCV, RFID, Load Cell, HX711 Load
Amplifier, IoT
I. INTRODUCTION
During pandemic security is also an issue. IoT represents a
new paradigm which can be used to solve this. Various
sensors are used to detect fires and theft.
Warehouses can have a large number of workers and other
personnel, and the traditional method of signing an
attendance sheet can prove cumbersome, and a modern
method of tracking needs to be implemented. We can make
use of an RFID based access system, which will allow only
authorized personnel to enter the warehouse space. RFID
(Radio Frequency Identification) uses electromagnetic
waves to uniquel tagged objects.
Data, such as a unique identification number, is
electronically stored on a tag, and its chip is activated
anytime it is near a reader (which works at short distances),
enabling it to share the information it holds. Door readers
use this same technology: These systems consist of three
components: the tag (transponder), the reader, and the host
computer(controller). Each RFID reader has an antenna for
sending the radio wave which is generated by it to check if
there is any nearby. This range can vary for each reader
depending upon the frequency of the radio waves it emits.

The detection of fire in the workplace should be quick and
needs a warning so that people can escape safely. It should
be discovered early which will increase the time available
for people to escape and enable them to evacuate safely
before the escape gets difficult.
Fires erupting in warehouses can prove dangerous, not only
to the physical safety of all persons present, but also poses a
threat to a warehouse- possibly rendering it unable to be
used and in need of renovation and repurchase of
equipment. This seriously hampers the supply chain. A
modern warehouse would have to send notifications to
administrators in case of a fire erupting.
Energy conservation is required to reduce bills and also to
have lesser carbon footprint on the environment.
As most of our energy today is generated using nonrenewable sources it becomes even more necessary for us to
reduce the use of energy as much as possible so we do not
emit harmful and toxic gasses in the atmosphere. By taking
small steps we can have a bigger impact towards society.
Electricity wastage is a huge problem today. Not only do we
emit far more carbon and methane into our atmosphere, it is
also extremely cost ineffective to have large warehouses
with high levels of energy consumption. A modern
warehouse tackles the issue of energy wastage by turning
off the lights when no one is using a particular area of the
warehouse.
A crucial role is played by warehousing in modern supply
chain. Inventory is needed to be maintained in order to save
costs, increase accuracy and reducing the risk of
overselling. Inventory management and offers a centralized
view of available stock, controls costs by analyzing reports
of your inventory, improves delivery by managing stock
outs, it reduces the time by keeping customer records in
place, and finally it helps in planning and forecasting by
analazing the data trends.
A modern warehouse implements this system to become
more efficient and help it overcome the challenges which
make it difficult to handle.
II. OBJECTIVE
We use a three-prong approach to run the warehouse like
clockwork, implementing automation systems using IoT.
An RFID based access system is used for authentication. An
RFID Reader checks for the unique Identification number
associated to each tag and then check it with the existing
stored Identification number and authorize it. This solves
the problem of manual identification and attendance of
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employees, which is error prone and time consuming, and
achieves the goal of preventing illegitimate access.
To prevent and protect against an unforeseen fire, an MQ2
smoke detector is used, which senses levels of fumes, which
can be used to send alerts to the devices of
security/administration to take necessary action to prevent
the spread of fire and hence minimize the loss of lives and
inventory. NodeMCU interfaced with this gas sensor would
send an Alert, thus protecting the warehouse against damage
to life and property.
We use OpenCV image processing to measure the number
of persons entering any room of the warehouse. This person
count will be incremented if somebody enters the room and
at that time lights are turned on. And in a reverse way,
person count will be decremented if somebody leaves the
room. When the number of persons inside the room is zero,
lights inside the room are turned off. This is an intelligent
way to create energy savings, and also reduces human effort
required to turn on/off lights, especially in large
warehousing spaces.
To maintain the inventory we use load cell and HX711
amplifier module to measure the weight of the inventory left
and use it to calculate the amounts of units left to sell. This
automates the process of restocking by alerting the
organisation for placing order of the products low on stock.

Fig 1.Data logs of personnel entering

If any RFID card isn’t stored in the database, a message is
displayed on the LCD display and the buzzer starts beeping.

III. DESIGN
The proposed solution in the project is divided into
following subsections
RFID detection for attendance and validation
When personnel enter, the RFID system makes use of a data
directory, to match unique identification. The data of
authorized personnel is stored on another Google sheet and
the specific permissions can be assigned to the individuals.

Fig 2, Assembled Circuit for attendance using RFID Card detection

Fig 2.Data of authorized personnel

Light conservation
OpenCV is used to count the number of people moving
upwards/downwards in the room. If no people are present in
the room we turn off the lights to save electricity.

The attendance is updated on a Google Sheet as well as an
LCD panel, which will display the name of the personnel
identified.

Fig 4.Logs for people in the room using OpenCV
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The number of people in the room directly reflects on
whether the lights need to be turned on or off.

Fig 9.Connection

Assembled circuit for smoke detection using MQ2 Gas
Sensor
Fig 5.Detection of people going upwards or downwards in a room

Fire detection
The project also aims to reduce fire hazards in the
warehouse premises, for this MQ2 Gas Sensor is used.
When the concentration of smoke/gases exceeds a certain
threshold a buzzer is triggered thereby alerting the people
inside the warehouse to evacuate immediately.
This ensures the safety of people as well as the
commodities. Hence capital as well as lives are rescued.

Inventory management using load cell
The aim is to maintain the inventory by keeping track of the
stock that is left by using a load cell.
The load cell measures the amount of stock left in kilograms
which can be then used to calculate the amount of units left.
Load cell amplifier measures the weight and supplies an
electrical analog voltage as an input to the HX711 Load
Amplifier Module. The output of HX711 module is sent to
the NodeMCU where the output of HX711 is converted into
the weight values in grams.
This data is reflected onto a Firebase real-time database
which then is displayed on a website.

Fig 7.Arduino code for smoke detection and output
Fig 6.Assembled circuit and setup for weight measurement detection using
load cell and HX711 Load Amplifier Module

Website to access the sensor values
The website fetches the data of all the above sensors which
is stored on Firebase and displays it in a tabular format. It
alerts the user when the stock runs low, when the reading of
the smoke sensor is too high and when there is an intrusion
in the warehouse. To implement the project, the data is
collected from the sensors using NodeMCU Wifi
microcontroller and pushed onto the Firebase realtime
database. This data is then collected from the database and
displayed onto the website.
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Fig 8.Home page of the website
Fig 12.Data logs of user1 displayed onto the website

Inventory management on the website and restocking alerts

Fig 10.MQ2 Sensor values sent to Firebase Realtime Database

Fig 13,Password reset for admin

IV. IMPLEMENTATION BLOCK DIAGRAM

Fig 11.Website displaying MQ2 sensor values

Fig.14. Flowchart of the proposed design
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VI. APPLICATION
V. METHODOLOGY
RC522 RFID Reader Module which has been used for RFID
card detection which in turn is used for attendance. LCD
module displays the name of the person entering. The servo
motor is used for controlling the door and opening it when
the credentials of the RFID card are validated. A buzzer
beeps when the user’s RFID card isn’t stored in database or
when fire is detected. MQ2 Smoke sensor module, a type of
Metal Oxide Semiconductor(MOS) type Gas Sensor is used
Fire detection. A buzzer is triggered when a fire is detected.

As RFID is a low-cost gadget, it is being used in a variety of
applications, whether in the medical profession,
transportation, or attendance systems. Because of its low
cost and low usage of battery, everyone utilises it.
RFID is used in our daily lives in the following ways:
In the medical field, hospitals are adopting RFID to check
the identity of patients in the emergency room and operating
room. Using RFID, clinicians can obtain information on a
patient's medical treatment as well as physical details such
as name, address, blood group, contact information, and
relatives' contact information.
RFID in the Identity Card Business Sector: RFID is being
used in the corporate world. RFID in the ID card might save
a lot of time and effort. Security, Restricted Area Entrance,
and Check-in and Check-out times are only a few examples.
Other Applications: RFID can be used in E-passports. Tags
are affixed to the passport so that authorities can get the
information right away. It is also useful for check-in and
check-out procedures. The load of manpower will be
reduced as a result of this.
Smoke Detector:
A smoke detector detects the presence of smoke. Household
detectors, often known as smoke alarms, normally emit a
local audible and/or visual alarm from the detector itself,
whereas commercial, industrial, and mass residential
devices send a signal to a fire alarm system.

Fig 15.Circuit diagram containing RFID Card Reader, LCD with I2C,
Servo motor and buzzer

Motion Detectors:
Intruder alarms, Automatic ticket gates, Entry way lighting,
Security lighting, Automated sinks/toilet flusher, Hand
dryers, Automatic doors.

Load cell has been used to measure the weight of the
inventory which is then amplified using an HX711 Load
Amplifier Module. The weight is used to calculate the
amount of stock left which helps in understanding when
restock is needed.

Load cells:
Load cells are used for- industrial specific applications like
on-board weighing, platform weighing, belt scales,
overhead track scales, hopper scales, weighing agricultural
produce, medical equipment and weighbridges.
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Abstract--- An electronic hotel management system is an
integrated system of food ordering and room reservation
system that ensures an organized way of managing data and
transactions. It provides an interface for the user to use without
having very deep knowledge about computers. This project is
developed with the goal of creating a system which would allow
both the customers and hotel managers to keep track of
transactions like food ordering, food categories, room
reservations, room categories, revenue generated of food,
online reservation and other regular activities which are
required to manage and run a hotel smoothly. The project
work is divided into several sections like: Admin Part for
managing various features like Home Page for User, Managing
food and Room Categories and Adding Items to the Cart for
Food Ordering. This project fulfills the requirement of making
a platform which requires to maintain records accurately.
There are various parts in which the project was designed.
Front-end is developed with the help of HTML, CSS and
JavaScript. For Backend, PHP is used. XAMPP server is used
for hosting the website.

I. INTRODUCTION
This project aims to develop an Integrated Online Hotel
Management System, where both admins and customers can
use the system using Internet. The admin will update the
customers about room availability, food menu and customers
will check the availability of rooms on the website by entering
the check-in and check-out date. The system provides a more
efficient way to customers to book their rooms in advance
comfortably and receive a smooth service.
The customers need to register and login to the system for
ordering food or booking room. All the Ordered foods,
reserved rooms information and generated revenue will be
known by the administrator. Food availability and booking
information are stored in a database by the hotel management.
The admin can add room information, different types of
rooms, food items, and different food categories and so on.
With the addition of several more components and different
features, a large number of hotels can be benefitted from this
project. The ability of a hotel to obtain and prevent
information of customer’s private information shows the
efficiency of that hotel. It has been a difficult and complex
operation to manage their outcome revealed, particularly
when information flow is inconsistent.

The proposed system aims to provide solutions to the problems
faced in conventional hotel management system and helps the
hotel staff to manage the hotel effectively and efficiently through:
Adequate Record Maintenance: Eliminating manual records anI
installing an electronic record keeping system thereby ensuring
that the records of all transactions are kept in an adequate manner.
This means that all the necessary information and data can be
easily accessed, tracked, monitored, modified, etc. in an
organized and centralized system.
Reduce Incidence of Fraud: The system is built in such a way that
there will be reduction in fraud by the hotel staff as well as
outsiders by maintaining proper records and monitoring various
transaction operations in the organization.
Maximizing Accountability: By reducing incidence of fraud and
eliminating wastages, accountability can be installed in the
process of management in the hotel organization
Provide Data Security: Different access levels will be provided to
various staff to ensure security of data.
Effective Resource Management: The complete record of
personnel will enhance the staff deployment and productivity.
II. LITERATURE REVIEW
A hotel management system is an easy-to-use, efficient and
brilliant and fast performance software. There are several features
such as one can get all the required payments from customers,
enter the room description, facilities provided, rates available,
services and administration in the reservation system. Online
Hotel Management System also allows user to book rooms and
order food in real time. There are several benefits of this system:
I. One can make reservation online and a lot of transactions can
be done really fast and efficiently. II. One can check available
inventory and online booking process can done in a more efficient
manner and large amount of data can also be managed
simultaneously. III. Online Hotel Reservation System assist
hotel’s customer’s with different payment options such as razor
pay, credit or debit cards, UPIs, COD, etc. This system can
monitor the performance of hotel on daily basis as the admin of
the system can see all the data related to payments and other
important information.
The primary aim of online hotel management system is to enable
users to order food and book rooms, provide information about
the hotel, food orders, contact details and feedback form. The
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user has to clearly mention his number and email in this
system. In case users have any grievances, they can contact
the admin and solve their issues. Suggestions from users
enable faster and better growth of the business. One slight
disadvantage is that, the online system did not have the
feature of instant booking. Customers need to wait for at
least a day for confirmation after their booking. That is the
reason for developing a system where users can check
availability of food and rooms and order accordingly with
instant confirmation.

closing a file. It can gather and save data to your files. It also
provides transmission and reception of email messages to the
user. We can add, delete, update the data in our database using
PHP. We can transfer data of one web page to another by the use
of session variables.

In future implementation, we will provide a feature which will
be to eliminate the exchange of emails between admin and
users to save precious time. The reservation requests would
no longer required to be processed and this will enable in
saving a lot of valuable time. Housekeeping management was
not included in the current hotel management system. To
enable housekeepers to perform their daily work,
housekeeping features will also be added later on to further
enhance the use of this system.
III. PROPOSED METHODOLOGY
3.1 Front End Development
The Front-end web development is a process in which a
website or a web application is created. It is also called as
Client-side development. A user can easily interact with it
with or without the requirement of an internet. In this system
HTML, CSS, JavaScript are used to make interactive web
pages. PHP is also integrated to provide connectivity with
MySQL database and perform logical operations needed for
the website to work satisfactorily.
3.2 JavaScript for the Front End:
JavaScript is a high-level programming language that allows
implementing the complex features on website. It is a very
important tool for a front end web development which helps
to create not only interactive web application but also allows
implementing dynamic features on web pages that cannot be
done with only help of HTML and CSS.
3.3 MySQL Database

Fig 1: E-R diagram for Food Ordering

User can search for the food items and he can also select the
food categories to check for the items under that category.
There is also an option to add item to the cart where all the
details of food along with the price of individual item and
grand total will be displayed.

It would be difficult to use the traditional file system to
maintain all the hotel activities. The activities can be food
ordering, room booking, inventory management,
housekeeping, storing of user information, etc. For these, an
efficient database management system is required. We have
used MySQL for this purpose. The database stores user
information such as name, email and contact. Room booking
feature is provided to the customers so that they can book
rooms at any given time on any given date. The check-in and
check-out details are also available for the admin to determine
the availability of rooms. The customers can also order the
food and the details will be saved in cart database.
3.4 PHP
PHP (Hypertext Pre-processor) is a scripting language which
is used on server side and can also be embedded in HTML. It
is used to connect the MySQL database with our HTML code.
It has the ability to perform many functions. It performs
system functions like opening, creating, reading, writing and

Fig 2: E-R diagram for Room Booking

60
• Proceedings for DJ SPARK 2022

ISBN: 978-93-5593-448-2

• Design of Integrated Restaurant and Hotel Management System

The checkout date of the user is known to the admin at the
time of check-in. So, the admin comes to know that the user
has checked out and that room is currently empty and can be
allotted to another user. The new user can book a particular
room if his check-in date is after the check-out date of the
existing user.
IV. RESULTS

Fig 6: Food Menu

Fig 3: Register Page

Fig 7: Cart

Fig 8: Home Page
Fig 4: Login Page

Fig 9: Manage Admin

Fig 5: Food Categories
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V. TABLES
Table I. User Details

Fig 10: Manage Food Category

VARIABLE

DATATYPE

sno
username
password
date
email
contact
address

Int
Varchar
Varchar
Datetime
Varchar
Varchar
Varchar

This table is of user side. It stores data of user’s personal
information like user name, user password, user email,
etc.
Table II. Food Category

Fig 11: Manage Food

VARIABLE

DATATYPE

id
title
image_name
featured
active

Int
Varchar
Varchar
Varchar
Varchar

This table is used for storing all the data of various food
categories which we want to display on website. The data
includes id, title, image name, featured, etc.
Table III. Food Details

Fig 12: Manage Room Category

VARIABLE

DATATYPE

id
title
description
price
image_name
category_id
featured
active

Int
Varchar
Text
Decimal
Varchar
Int
Varchar
Varchar

This table stores all the details of various categories of
food which are being displayed. It stores data of food id,
description, price, category id, featured, etc.
Table IV. Cart

Fig 13: Manage Room

VARIABLE

DATATYPE

sno
food_id
qty
uid

Int
Int
Int
Int

This table is of cart. It stores the data of user’s cart
information like food order, food quantity, and total price
of user’s cart.
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Table V. Booked Rooms

VARIABLE

DATATYPE

id
uid
room_id
ci
co

Int
Int
Int
Date
Date

This table is of room booking. It stores all the information of
booked rooms. It includes user id, room id, check-in and
check-out date.
Table VI. Admin

VARIABLE

id
full_name
user_name
password

DATATYPE

Int
Varchar
Varchar
Varchar

This table is of admin side. It store data about admin like
admin id, admin name, admin password, etc.
Table VII. Food Order Details

VARIABLE

DATATYPE

id
food
price
quantity
total
order_date
status
uid

Int
Varchar
Decimal
Int
Decimal
Datetime
Varchar
Int

This table is used for storing the status of various food orders
like quantity, order date, user id, status so that we can know
whether the foods are available or not.
Table VIII. Room Category

VARIABLE

DATATYPE

id
title
image_name
featured
active

Int
Varchar
Varchar
Varchar
Varchar

This table is used for storing all the data of room categories
which we want to add so that user can book rooms according to
their need.
Table IX. Room Details

VARIABLE

DATATYPE

id
title
description
price
image_name
category_id
featured
active

Int
Varchar
Text
Decimal
Varchar
Int
Varchar
Varchar

This table stores all the details of rooms. It stores data of room id,
title, room description, price, category id, image name, featured,
etc.
Table X. Payment Details

VARIABLE

DATATYPE

pay_id
payment_id

Int
Varchar

order_id

Varchar

signature_hash
created_at

Varchar
Timestamp

This table stores all data about payment details like pay id,
payment id, order id, etc.
V. CONCLUSION
In conclusion, we believe that this system can be used efficiently
to save the valuable time of customers as well as the hotel admin.
All the required work can be done in as easy way as compared to
the traditional system. Hence, the system is developed with
specific requirements and there is further scope of improvements
and upgradation as well. Through this project we have learnt
many technologies which would we very useful for us in the
future. We also came to know about the functioning of a hotel and
how it is managed. We also have a better idea of developing an
application and how to test it for getting better results.
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Abstract – Communication is a very important skill. It helps to
exchange thoughts, share experiences, and learn new things.
Looking at today’s fast-moving world, networking and
communication becomes very essential. Especially abled people
who cannot speak and hear get this barrier of not able to portray
their thoughts to the world and hence getting one step behind the
competition. The problem with them is not about communicating
with each other but to some person who doesn’t understands
sign language. Here we work on character level recognition and
prediction of the character signs from (A-Z) and some special
signs (space, del, nothing).
We use these signs for special
punctuation and to create a clear reading and visuals for the
application.

The next step after the initial model training which we
generally called the base model is trained is to fine tune
the model. Fine tune as its name suggest means to tune the
model finely and we do this by unfreezing some of the
layers of the network. Generally (Although it depends on
how dense the model architecture is) the unfreezing is
started from the last layers. It is considered that the initial
layer has the weights learnt for more complex features
whereas a simpler features for the last layers. So, the
model is gradually made to improve. (Depends: Model
doesn’t improve always).

Keywords – Adam, EfficientNetB0, Architecture Categorial Cross
Entropy, Open CV, Tensorflow Flask

I.

INTRODUCTION

People especially abled who cannot hear and speak have a
difficulty in communicating their thoughts to other people
who don’t understand sign language. A barrier gets created for
these people and a need for an intermediate between these is
essential. A system that is available to everyone and is reliable
with the predictions is the need.
This paper walks you through the building of such a deeplearning model that predicts a hand sign and then with these
combined hand signs and special symbols, create sequential
words that can be understood by everyone lifting the
communication barrier.
Deep Neural Networks are the best for image related datasets
since they give a good accuracy and different architectures are
already available that can be used to leverage the model we
are building. Large models are trained and already available
with their weights. This is the power of Transfer learning.
Transfer learning: A special technique where we use a model
that is already trained on a standard dataset like (ImageNet).
The weights for this model is stored and then these weights
can then later be used to train our own different model for a
different dataset.
The models trained with transfer learning have a high chance
of getting a better accuracy than writing an algorithm from
scratch. These model then can be fine-tuned to better suit our
datasets.
The initial way to start to train a transfer learnt model is to
freeze all the layers that’s keeping the the weights unaltered
with the optimizer and let the model improve on the just
having a look on the whole dataset iteratively that’s epochs.

Fig. 1. Transfer learning as a use case

The pre-processing may be different for each model but
the idea here is to get the pre-trained weights and apply
them to different use cases as shown in the above diagram.
The initial layers may be different too.
II.

DATASET

For any deep-learning model to work well a good dataset
is important. Here we have alphabetical characters in
English language represented in American Sign Language.
The data set is open-sourced and available free to use on
https://www.kaggle.com/grassknoted/asl-alphabet.
The dataset consists of 3000 unique images of 26
alphabetical characters namely A-Z. The dataset also
consists of some special signs which are helpful for us to
differentiate between words when the whole model is
ready to deploy. These special signs can be implemented
in an app for increasing the user friendliness. The 3 special
signs included are ’del’, ’space’ and ’nothing’ each with
3000 images for training.
For the validation part we will be randomly choosing 20%
of the whole training dataset and test on 28 unique images
already available with the dataset. (The ’del’ image is
missing
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here). A sample from the dataset is shown here.

using the ’softmax’ activation. Lastly we will condense all
these layers into a single model. The model summary layer
wise is -

Fig. 2. Sample from the dataset
Fig. 4. Model Summary
III. PRE-PROCESSING
The batch size: Number of training examples that are went
through the model one iteration are 32. With this now we have
a the training batch of size 2175 and validation size of 544. For
69600 images belonging to 29 classes for the training set and
17400 images for the validation set.

The ’efficientnetb0’ layer here is the one that contains the
pre-trained weights with a dense architecture. The model
workflow looks something like this.

A layer in a deep learning model is a structure that holds
information and processes the information in the current state
then this same information is passed to other layers that are
Initially before passing the images to the model all images will consecutively present in the model to process further
be turned to tensors and reshaped to a size of (200 x 200) with information.
3 color channels. The images are being converted into tensors
to use the power of GPU’s (Graphical processing unit). These
lines from NVIDIA will make your idea more clear.
According to NVIDIA, tensors operate on their GPUs to
deliver an order of magnitude better performance with lower
precisions such as TF32 and FP16. NVIDIA provides direct
support for CUDA-X libraries. This approach is fully
automated, reducing training to convergence times while
retaining accuracy.

Fig. 5. Model Workflow

Many type of layers are present in an architecture some of
them are Convolutional neural networks, max pooling and
global average pooling. Fully connected layer and ReLU
layers are also present.RNN layer in the RNN model and
dedconvolutional layer in autoencoder.
Fig. 3. Workflow for pre-processing
IV. System Architecture
As discussed earlier will be using a transfer learnt model that
will have its own trained weights and then model will use
these already learnt weights to train our model on our
character signs dataset.
The modelling steps will include creating an input layer
which takes images of shape (200 x 200 x 3) this layer will
be called ’input_layer’. Next the control flow will pass this
input layer to our base model with training set to false so that
the pre-trained weights don’t get updated. Next layer will be
a global average pooling layer following a dense layer with
29 nodes. 29 nodes to get the output probability of each class

A. EfficientNetB0 Architecture
EfficientNet is a convolutional neural network architecture
and scaling approach that employs a concurrent coefficient
to evenly scale all depth, breadth, and resolution parameters.
Unlike traditional practise, which changes these variables at
random, the EfficientNet scaling approach grows network
width, depth, and resolution with a set of pre-determined
scaling factors. Simply increase the network depth, breadth,
and picture size by, where and are constant coefficients
calculated by a tiny grid search on the initial small model.
EfficientNet increases network breadth, depth, and resolution
consistently and rationally using a compound coefficient.
EfficientNet uses a uniform scaling technique that uses a
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set of scaling coefficients to scale network width, depth, and
resolution. It is a convolutional neural network architecture and
scaling method that uses a concurrent coefficient to scale all
depth/width/resolution dimensions evenly. If we want to use
times more processing resources, for example, we can simply
increase the network depth, breadth, and picture size, where are
constant coefficients determined by a modest grid search on the
initial little model. EfficientNet uses a compound coefficient to
scale nets equitably.
When the input image is larger, the network needs more layers
to widen the receptive field and more channels to catch more
fine-grained patterns on the larger image, according to the
compound scaling approach.
In addition to squeeze-and-excitation blocks, the base
EfficientNet-B0 network is built on the inverted bottleneck
residual blocks of MobileNetV2.
EfficientNets transfer well and achieve state-of-the-art accuracy
on CIFAR-100 (91.7%), Flowers (98.8%), and three other
transfer learning datasets with an order of magnitude less
parameters.

Furthermore, because global average pooling aggregates
geographical data, it is less susceptible to input spatial
translations.

Fig. 7. Global average pooling

Dense layer
The dense layer is a deep layer of a neural network that is
closely linked. It’s the most popular and often utilised layer.
On the input, the dense layer performs the following
operation and returns the result.
Dense layer is kind of layer where the weights are flattened
andpassed to the neural network. It is one of the most
common and frequently used layer. Dense layer does the
following operation.
output(y) = activationf (dot(input, kernel) + b)
Where input is the data passed from the previous neural
network, kernel is the weight data, b is the bias value used in
machine learning to optimise the model, and activation is the
activation function. dot is the numpy dot product of all inputs
and their respective weights.

Fig. 6. Efficientnet insights

Pooling layers
The output feature map’s sensitivity to the location of the
features in the input is a problem. One technique to cope with
this sensitivity is to downscale the feature maps. This makes
the down sampled feature maps more resistant to changes in
the position of the feature in the picture, which is referred as in
technical terms as "local translation invariance."
By summarising the existence of features in sections of the
feature map, pooling layers allow for down sampling of feature
maps. Two common pooling strategies are average and
maximum pooling, which combine a feature’s average and
highest activated presence, respectively.
Global Average Pooling is a pooling strategy used in
classical CNNs to substitute entirely connected layers. The
purpose of the final mlpconv layer is to build one feature map
for each classification task category that matches. Instead of
constructing fully connected layers on top of the feature maps,
Each feature map is averaged, and the resulting vector is fed
straight into the softmax layer.
Because it enforces feature map and category
correspondences, global average pooling is more organic to
the convolution structure than totally linked layers. As a
result, feature maps can be regarded of as confidence maps
for categories. The elimination of the need for parameter
optimization is another advantage of global average pooling.
This layer also eliminates the possibility of over-fitting.

Fig. 8. Representing dense layer

Softmax Activation
The activation function of a neural network is critical. A
neural network is a linear regression model that does not
include an activation function. This shows that the activation
function is the source of non-linearity in the neural network.
Integers and logits are converted to probabilities using the
Softmax function. A Softmax generates a vector (let’s call it
v) containing the probability of each possible outcome. The
probability in vector v equals one for all possible outcomes or
classes.
n

S(y)i = exp(yi)/ ∑ exp(yi)
j=1

Where, y is an input vector passed to a softmax function,
S. It consists of x elements for x classes (possible
outcomes). yi, the ith element of the input vector. It can take
any value between −∞ and +∞. exp(yi), standard
exponential function
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applied on yi. ∑nj=1 exp(yi), the phrase "normalisation"
Ensures that the values of output vector S(y)i, sums to 1 for
ith class and each of them and is in the range 0 and 1 which
makes up a valid probability distribution, x, number of classes
(possible outcomes) (labels).
LOSS AND OPTIMIZER
For a single training sample in the dataset, the error is
determined using the loss function. The cost function calculates
the average of all the loss functions in the training set. The
optimizer is an algorithm that optimizes the weights and biases
such that they move towards the minimum in the graph.
V.

Loss
In multi-class classification tasks, categorical cross entropy is a
loss function. These are challenges in which a sample can only
belong to one of many possible categories, and the model must
choose which one it belongs to. It’s usually used to calculate
the difference between two probability distributions.
n

[Loss = — ∑ yi ·log yˆi]

(2)

i=1

where yˆi is the model output’s ith scalar value, yi is the
matching target value, and output size is the number of scalar
values in the model output This loss is a good indicator of how
easily two discrete probability distributions can be
distinguished from one another. In this case, yi represents the
chance that event i will occur, and the sum of all yi equals 1,
implying that only one event will occur.
When the
distributions become closer to one other, the minus sign ensures
that the loss gets lower.
Optimizer
The Adam optimization algorithm is a stochastic gradient
descent extension that has lately gained a hype in computer
vision and natural language processing models.

Fig. 9. Loss and accuracy curves

The training loss closes at 0.0037 whereas validation loss
closes at 0.3185. The training accuracy reaches 0.9999
whereas validation accuracy reaches 0.9054. The model has
slightly over-fitted.
VII.

DEPLOYMENT

Machine learning deployment is the process of deploying a
machine learning model in a real environment. The model is
frequently integrated with apps via an API and can be utilised
in a variety of contexts. Deployment is a crucial stage in
delivering operational value for an organisation from machine
learning.
The model will be deployed to the web with flask API. A
local server will be initiated that will take the live inputs from
the webcam or any other live video sourcing device and make
predictions on the same. The predictions will be returned
and displayed on the web-page creating an interactive loop
between the user and the model.
The input is being taken in form of signs or gestures, the user
will require a small time gap of 5 seconds to transition
between the first sign and second sign. To create user
experience at its best an itch effect of black screen in case of
successful image capture will be shown.

VI. LOSS AND ACCURACY CURVES

To optimize a machine learning algorithm a loss function is
used. The loss is calculated using training and validation data,
and the importance of the loss is determined by the model’s
performance in these two sets. For each example, it’s the total
number of errors made in each training or validation set. The
loss value represents how the model performed after each
optimization cycle.
To measure the algorithm’s performance an accuracy metric is
used to interpret. After the model parameters have been
defined, the accuracy of the model is usually calculated as a
percentage. It’s a metric that compares the accuracy of your
model’s forecast to the actual data.

Fig. 10. Deployment workflow

The special signs operation here means dealing with the
special signs in the dataset namely - ’space’ to put space
between 2 words or to identify that the first word is finished
and a new word is being started. ’del’ to delete the previous
word. and ’nothing’ to tell the system not to do anything.

The loss and the accuracy curves tells us how well or bad our
model has performed. The best fit for the loss curve would be
to gradually decreasing and for accuracy it would be to
gradually increasing. Loss and accuracy curves for this model.
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VIII.

LIMITATIONS

Out of the randomly selected 17400 images for validation, 1646
images were wrongly classified. The reason for this might be
the similarities between the images of these two classes. Here
we have some of the wrongly classified images.

Fig. 13. Landing page of deployed website
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Fig. 11. Wrongly classified images

One of the examples with these similarities is the sign
representation of alphabet ’Q’ and ’P’. The convolutional
models learn and predict on the features in the images, so for a
better prediction it is always better to have images which show
these features clearly.

Fig. 12. Similarities between Q and P

IX.CONCLUSION

With a sufficiently big dataset of 69600 images available for
training we were able to get up an accuracy of about 90.54% on
the validation data of 17400 images. This clearly shows the
power of transfer learning. The model works with a 30+ FPS on
a GeForce-MX250.
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The system can provide an aid to the deaf and mute people with
just a single click where they just have to load this website in
their browser and start interacting and showing gestures about
what they have to say or talk about word to word and the
characters will be automatically visible on the screen. This
person can now interact with anyone with ease and the job of
intermediate human is excluded with making the whole
communication process simpler. The landing page for the
system.
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Abstract - The automobile industry is rapidly evolving, with new
technologies being introduced on a regular basis. As AI and IoT
continue to advance at a rapid pace, the industry's focus is shifting
to making future technologies smarter by combining them. Along
with trying to get the most out of cars, we're also looking into making
them smarter and turning them into artificially intelligent devices.
The scope of this study was to provide the team real-world
experience designing an autonomous vehicle with a variety of
capabilities. The most essential takeaways from this project were
learning and understanding the workflow as well as dealing with the
hurdles along the route to building a fully operating autonomous car.
The goal of this project is to create a prototype of a remote-controlled
robot car that can perform a variety of tasks in order to create a
robot car that is both powerful and adaptable while using as little
technology as possible. The Arduino UNO is used as the key
component in this project, with which all of the other components
are interfaced. With the help of a Wi-Fi module, the developed car
may be controlled wirelessly from a laptop. The IR sensor glows
brighter within its range when it detects an obstruction. The gas
sensor is utilized for detection, and the buzzer beeps when smoke is
detected when it exceeds a crucial level. With the help of the ESP 32
wi-fi and camera module, live monitoring is also offered remotely to
the laptop.

Keywords - Arduino Uno, Autonomous, Controlled wirelessly, Live
monitoring.

I. INTRODUCTION
The automobile industry is evolving quickly, with new
technologies being introduced on a regular basis. As AI and IoT
continue to advance at breakneck speed, the industry's attention is
shifting to making future technologies smarter by combining them.
Along with attempting to maximise the utility of automobiles, we
are also investigating ways to make them smarter and transform
them into artificially intelligent devices. This study's goal was to
give the team real-world experience designing a remote-controlled
vehicle with a variety of capabilities. The most important
takeaways from this project were learning and understanding the
workflow, as well as dealing with the roadblocks along the way to
building a fully functional remote-controlled car. With the growth
of technology, everyone wants devices that can perform multiple
tasks. Many robotic automobiles have been constructed in the past
to perform specific duties. While actively searching for gas and
obstacles, the robot can move freely based on the controls provided
to it via a laptop. A variety of sensors are mounted on the vehicle
for this purpose. The purpose of this project is to construct a
remote-controlled robot car prototype that can do a range of
activities in order to create a robot car that is both powerful and
adaptive while utilising as little technology as feasible. In this

project, the Arduino UNO serves as the central component with
which all the other components are connected. The designed
car can be wirelessly operated from a laptop using a Wi-Fi
module. When an impediment is detected, the infrared sensor
glows brightly within its range. When smoke is detected and
exceeds a critical level, the buzzer beeps, and the gas sensor is
used for detection. Live monitoring is also available remotely
to the laptop using the ESP 32 wi-fi and camera module. The
robot can be used for surveillance because it can readily cover
places where humans are unable to go and then automatically
carry out their functions when barriers are encountered.

II. LITERATURE SURVEY
An Arduino UNO microcontroller is used to build a mechanical
automobile. The vehicle can be managed wirelessly with the
help of a wifi module. The activity of the structured vehicle is
separated into two components. The first is about using an
application to wirelessly communicate, while the second is
about avoiding collisions. The Arduino UNO is a hardware
development board that contains a Microcontroller that is used
in the sensor circuit. The ESP 32 WIFI-CAMERA Module is
used to stream live video at various resolutions. It is also
utilized to convey commands from the graphical user interface
to the motor driver module. The L298N motor driver Module
can control up to two DC motors. The motor driver regulates
the current of the BO shaft motors to control the speed and
direction of the wheels. The reflected IR waves are received by
the IR obstacle detection sensor. The data is then processed by
the integrated comparator circuitry. When gas comes into
contact with the MQ2 gas sensor, it changes the resistance of
the detecting material.
III. BACKGROUND HARDWARE
A. ARDUINO UNO
The Arduino UNO is a hardware development board that is
open-source and is based on the Microchip ATmega328P
microcontroller. The board includes a variety of analogue and
digital input/output pins. The pins are used to connect the
Arduino board to various shields and circuit boards. The board
has 14 digital pins and 6 analogue pins, and it can be
programmed using an integrated development system called
Arduino IDE and a B type USB link. It can be powered by a 9volt external battery, but it accepts voltages ranging from 7 to
20 volts.
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Fig. 1 Arduino Uno

B. ESP 32 WIFI- CAMERA MODULE
The ESP32-CAM is a low-cost development board that includes a
WiFi camera. It enables the creation of IP camera projects for
video streaming at various resolutions. It includes a PCB antenna.
The ESP32-CAM-UFL board has a U.FL connector ESP module
to which an external antenna can be connected. The ESP32-CAMEA module contains a small WIFI/BT antenna that is connected to
U.FL. The ESP32CAM-EAX is a module with a larger WIFI/BT
antenna that is linked to U.FL.

Fig. 2 ESP 32 Wifi-Camera Module

Fig. 3 L298N Motor Driver Module

D. IR OBSTACLE DETECTOR SENSOR
A pair of infrared transmission and receiving tubes make up the
IR Infrared Obstacle Avoidance Sensor Module. The reflected
IR waves are received by the receiver tube when the
transmitted light waves are reflected. The processing is done
by the onboard comparator circuitry, and the red indicator LED
illuminates. The module's tail has a three-wire interface with
Vcc, GND, and an OUTPUT pin. It works well with voltages
ranging from 3 to 5 volts. The output pin emits a digital signal
in the presence of hindrance/reflectance (a lowlevel signal).
The onboard pre-set helps fine-tune the operational range; the
effective distance range is 2cm to 80cm.

Fig. 4 IR Obstacle Sensor

C. L298N MOTOR DRIVER MODULE

E. MQ2 GAS SENSOR

An L298N motor driver IC and a 78M05 5V regulator are used in
this module. The L298N Module is capable of controlling up to
two DC motors. The motor driver regulates the current of the BO
shaft motors in order to control the speed and direction of the
wheels.

It's a Metal Oxide Semiconductor (MOS) type Gas Sensor, also
known as Chemiresistors, because it detects gas by changing
the resistance of the detecting material when it comes into
contact with it. Gas concentrations can be sensed using a simple
voltage divider network. The MQ2 Gas Sensor runs on 5V DC
and consumes about 800mW. It can detect amounts of LPG,
Smoke, Alcohol, Propane, Hydrogen, Methane, and Carbon
Monoxide ranging from 200 to 10000 ppm.
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V. IMPLEMENTATION
The Arduino Uno is used to upload the code to the ESP 32
Module. The code consists primarily of two elements:

Fig. 5 MQ2 Gas Sensor

IV. PROPOSED SYSTEM
Arduino UNO is used to build a laptop-controlled robot
automobile. The developed car performs a range of functions with
the help of the sensors indicated below. The entire vehicle is
separated into two sections: A and B. The layer 1 which is the
section A houses the control unit for the motors as well as the
camera module i.e. L298N Motor Driver Module and ESP32 Wifi
Camera Module respectively.

A graphical user interface (GUI) that incorporates the camera
display and automobile control buttons. The primary working
flow of ESP32-CAM is contained in this section. The module
serves as both a http and a web socket server. The http server
gets the request from the browser and returns the main page,
which is used as a GUI to manage the robot, while the web
socket server sends the images to the GUI display on the web
browser on a regular basis.

TABLE 1
SECTION A OF CAR

SECTION A
Sr No.
Name of Component
1
L298N Motor Driver Module
2
ESP32 Wifi Camera Module
3
Single shaft BO Motors
4
2200 mAh 3.7 V Lipo Batteries
6
BO Wheels
This section houses Arduino Uno along with the IR Obstacle
detector sensor and MQ2 gas sensor.

Fig. 7 Flowchart of working of ESP 32 Module

Movement of the car by taking input from the user with the help
of L298N Motor Driver Module.
The speed of the motor is determined by the width of the PWM
pulse sent to the “Enable” input of the L298N motor driver. The
wider the pulses, the faster the motor will spin. Thus, PWM
allows you to control the speed.
With the L298n dual H-bridge, it allows you to switch the
direction of the current which means with a motor, you can
make it spin in both directions. In addition, with PWM input,
you can use an Arduino to make it spin at any speed.

Fig. 6 Circuit between Arduino Uno and sensors

TABLE 2
SECTION B OF CAR

SECTION B
Sr No.
Name of Component
1
Arduino UNO
2
MQ2 Gas Sensor
3
IR Obstacle detector sensor
4
9 V Alkaline Battery

VI. WORKING
The code is written and compiled in Arduino IDE. Here we
connect the ESP 32 to the IDE via Arduino UNO, which acts
as a FDTI programmer. Once the code is uploaded into the ESP
32 successfully, we get an IP address which takes us to the main
GUI which acts as a remote control and shows us the feed of
the ESP 32 AI thinker camera module. The user wants to drive
the automobile manually, like a radio-controlled car, using
onscreen GUI-powered movement buttons. This mode
supports five simple but essential movements.
Forward
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Backward
Right and Left
Stop
The IR sensor glows brighter within its range when it detects an
obstruction.

The web server takes input from the user which is sent to the
motor driver through the ESP 32. The motor driver then gives
higher current signals to the motors accordingly to create the
movement required.

VII. APPLICATIONS
The main idea of this project was to create a model that acts a
prototype for many different applications based on this idea.
The RC car can be used for surveillance in regions that are
out of human reach or impossible to approach directly due to
the live feed received by the ESP 32 CAM.
The RC car can be used to gather information about the
survivors so that rescuers can take the appropriate steps to help
them. Because of the car's modest weight and tiny size, it can
be inspected in delicate settings without inflicting further harm.
Fig. 8 GUI Feed to control car movements

The gas sensor allows us to determine if the number of gases in
the surrounding atmosphere, such as LPG, Smoke, Alcohol,
Propane, Hydrogen,
Methane, and Carbon Monoxide, exceeds the critical threshold.
This will allow you to take preventative measures before a
mishap occurs. It can also aid in the analysis of the
circumstance if adversity has already occurred.
The automobile has numerous layers that assist in obtaining the
desired design. The circuits can also be easily altered and
expanded with additional sensors. It also makes accessing the
Arduino much easier, thus connecting the Arduino to the IDE
through USB will be a breeze.

Fig. 9 Circuit between ESP 32 and Arduino Uno

The ESP is detached from the Arduino and linked to the motor
driver L298N after getting the IP address. Motor drivers serve as a
connection between motors and control circuits. The controller
circuit works with low current signals, whereas motors require a
lot of current. The purpose of motor drivers is to convert a lowcurrent control signal into a higher-current signal capable of
driving a motor.

Fig. 10 Circuit between motor driver, motor and ESP 32
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VIII. FUTURE SCOPE
The prototype proposed in this study is based on such
futuristic vision. Such principles are being considered for
usage in a variety of other industries, but the paper restricts
the project's focus to commercial vehicles. Despite the fact
that the study is based on a rudimentary model, it is about a
prototype that attempts to simulate the operation of an actual
autonomous vehicle. The main idea of this project was to
create a model that acts a prototype for many different
applications based on this idea.
Detection and Handling of Objects (EODs) Object detection
is a branch of computer vision concerned with the
identification and classification of items in images and
videos. The goal is to handle suspected explosives without
endangering anyone's life.
Video analytics that are intelligent
Wherever CCTV cameras are present in retail venues, object
detection is employed in intelligent video analytics (IVA) to
analyse how shoppers interact with merchandise. These video
streams are anonymized by running them through a pipeline
that blurs people's faces and de-identifies them.
Self-driving cars
To move about safely, self-driving cars employ object
detection to spot pedestrians, other automobiles, and
obstructions on the road. 3D object detection, which applies
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cuboids around things, will be used by autonomous cars
equipped with LIDAR on occasion.
Hospital Dispensing and Hygiene In the healthcare sector,
automated RC/robots can perform a variety of roles, such as
delivering and transporting medicines and supplies to patients
while also being equipped with cleanliness tools to maintain the
hygiene of a patient's room. Tasks that allow clinical and service
personnel to focus on what they do best: patient care.
Emergency Preparedness
It is useful in a variety of emergency situations, such as urban
search and rescue, firefighting, and nuclear response. The extent
of the disaster's damage is monitored by an RC car.
Provides a clear path for the rescue team to the area of interest.
Informs people about the rescue/supply team's schedule.
Assists in the provision of essential materials/goods and
emergency supplies.
Use a drill to clear the debris and a camera to find the survivors.
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Abstract- - In present era, one of the leading causes of road
accidents is that after driving hundreds of kilometers at a time,
the driver becomes fatigued and eventually falls asleep while
driving. The motorist may potentially be completely oblivious
of any vehicle flaws. The number of hit-and-run accidents
caused by drivers under the influence of alcohol is on the rise.
As a result, there is an urgent need for a device that stops this
from happening, so that many lives can be spared every day.
Humans' greatest concern is their safety. We need to be
especially cautious when it comes to driving As a result, the goal
of this project is to create a cost-effective solution to these safety
concerns. A automobile will be used to house the proposed
system. The driver will be given goggles that have infrared
sensors built into them. If the motorist is discovered to be
drowsy or under the influence of alcohol, the driver will be
charged. If the driver does not stop the automobile after many
buzzers, the car will begin to slow down and eventually stop.
The device also has a feature that allows you to follow your
automobile by sending GPS coordinates to the local emergency
services whenever it is involved in an accident. The system will
use Li-fi technology to provide vehicle-to-vehicle
communication (using light signals). By reporting any type of
irresponsible driving to the nearest control room, this will help
improve general road safety. In the future, every car may be
required by law to have such a safety system installed for the
protection of the driver and passengers. As a result, the system
provides a full solution for preventing accidents, resulting in the
daily saving of a large number of lives.
Keywords- Arduino Uno, ESP 8266, GPS Module, GSM Module,
DC motor, Sensors

I. INTRODUCTION
Vehicle usage is on the rise in today's globe. As a result of
the increased use of automobiles, traffic has increased, which
has resulted in an increase in road accidents. Due to a lack of
immediate preventive and safety measures, this takes a toll
on the property and resulting in human life loss. Accidents
are unavoidable, but the consequences can be minimised.
This embedded system can prevent an accident from
happening by taking the necessary precautions. The
ambulance service and the police station can readily locate
the position because it was transmitted to their smart devices
with mobile network connection, along with a google map
link. The system includes an eye blink sensor, a temperature
sensor, an alcohol sensor, an accelerometer, a GPS module,
s
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a GSM module, a motor, a buzzer, and a led, among other
components, all of which are connected to a central
microcontroller unit. We'll utilize an eye blink sensor to
detect sleep and establish a time restriction so that if the
driver falls asleep, we can alert him. The temperature sensor
assists us in measuring the heat of the engine so that we can
advise the driver if the engine is overheated compared to
normal operating conditions. The alcohol sensor assists us in
determining whether or not the driver is inebriated. If he or
she is too inebriated, the vehicle will issue a warning and the
engine will shut off. When an accident occurs, the
accelerometer detects it and sends a signal to the
microcontroller for further processing. The GPS module
gives us the real-time location, speed, time, and date of a
specific spot where the car is. If an accident happens, the
GPS position of the accident is sent to the medical service
and police via the GSM module. After a minor accident,
everything may be fine, and the driver can re-inform the
ambulance service and police station. We will also be using
Li-fi technology for vehicle-to-vehicle communication
which is very much important for accident prevention.
II. OBJECTIVE
This paper presents the implementation of an easy and costeffective Accident prevention, detection and reporting
system with visible light (Li-fi) vehicle to vehicle
communication technology. The main objective of this
project is to prevent the accidents that happen due to human
errors like alcoholism of driver, driver’s drowsiness and due
to the overheating of vehicle’s engine. Sometimes, even if
the driver is alert enough to avoid circumstances like this, the
driver present in the opposite vehicle may not be that much
alert or cautious. So at this moment there is a lack of
communication between the two drivers. To bridge a gap of
communication between these two drivers, the feature of
vehicle-to-vehicle communication plays a major role.
Certainly, if the accident happens due to some unavoidable
circumstances, the used electronic devices will be able to
provide a spontaneous message and exact location to the
nearest police stations and hospitals in order to rescue the
victims. Thus, we can save more lives and avoid accidents at
a greater extent.
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III. LITERATURE REVIEW

IV. PROPOSED DESIGN

One of the most devastating phenomena is automobile
accidents. Though there are a variety of causes for car
accidents, the majority of them are caused by drivers'
inattention and uncontrolled speed. Also, due to a lack of
knowledge, there appears to be a problem getting to the
accident scene in time. Automatic Vehicle Accident
Detection and Messaging System Using GSM and GPS
Module [1], proposed a system that detects a vehicle accident
using a vibration sensor and sends an alert message to the
police control room for rescue. Accident Detection and
Reporting System using GPS, GPRS, and GSM Technology
[3], this paper propose a system that has the capability of
detecting accidents based on monitored speed and send an
alert to police stations. The speed of a vehicle will be
monitored and compared using GPS. This system has no
alert facilities that can prevent accidents. Light Fidelity, or
Li-fi, is a form of technology-based communication that use
light as a medium. Visible Light Transmission (VLC) is a
technology that eliminates the complication of wire
communication. Li-fi has evolved over the years, proving to
be secure, efficient, and capable of sending data at extremely
fast rates, it is about 100 times faster than speeds achievable
by Wi-Fi. Vehicle To Vehicle Communication Using Li-Fi
Technology [5], this paper proposes the use of all the sensors
such as accelerometer, ultrasonic sensor, speed sensor and
transfers the data collected from these sensors between
vehicles. Features such as accident warnings, traffic jam
information, and notifications concerning a rescue vehicle
are also available. Also, a led is used as Li-Fi Transmitter,
and a solar panel in this project act as a Li-Fi receiver. The
solar panel consists of a large number of photovoltaic cell,
which are arranged in a linear manner. The panel captures
the light emitted from the Li-Fi transmitter and then converts
its data into the electrical signal. There is no integration of
GPS and GSM modules which is required for accident
reporting. In the literature, several attempts at vehicle-tovehicle communication utilising light have been made.
Because the light frequency spectrum is so large, it is ideal
for short-range wireless communication. In this paper, we
are proposing a system that could increase functionality and
reliability in order to prevent vehicle accidents along with an
accident detection system and accident reporting. The idea is
obtained after knowing that there is an increased number of
fatal road accidents over the years. This project is designed
to introduce safety systems for the drivers, that alert the
subject during the state of drowsiness, alcoholism of driver,
or overheating of vehicle’s engine. This paper aims at
designing an automation system on Arduino UNO through
Interfacing multiple sensors, motor, water pump, buzzers,
GSM modules for security purposes, GPS module for
tracking purposes, and the algorithm for the same is designed
and implemented on a Web Application that uses a real-time
Database (Firebase). All this is linked through wired
communication and Li-fi communication.

This project is designed to improvise safety of people and the
quickness with which emergency services can reach the
accident spot. In this system, the interfacing of the sensors
will be done using Arduino Uno as the microcontroller. As
the preventive measures for vehicle accident, the sensors like
MQ-3 alcohol sensor, eye blink sensor and LM35
temperature sensor are used. DC Motor (control switch) is
used for engine control. A buzzer and a jet water spray are
used for alerting the driver for prevention purposes. The core
microcontroller (Arduino Uno) unit interfaces with all of
these devices. The alcohol sensor assists us in determining
whether or not the driver is inebriated. If he or she is too
inebriated, the vehicle will issue a warning and the engine
will shut off. The eye blink sensor detects the driver's eye
blink and alerts him if he is tired. The temperature sensor
assists us in monitoring the engine's temperature, and if the
engine is overheated, it appears to be abnormal. the driver is
warned by blinking of the red colored LED along with a
buzzer sound. For the detection of vehicle accident, an
accelerometer is interfaced and for reporting the location of
the vehicle that has met an accident, GPS module and GSM
module are used for smart alerting system (SOS). When an
accident occurs, the accelerometer detects it and sends a
signal to the microcontroller for further processing. In real
time, the GPS module transmits the location, speed, time,
and date of a specific spot where the car is. If an accident
occurs, the accelerometer detects it, uses GPS to determine
the location of the accident, and then uses the GSM module
to communicate the information to the ambulance service
and police. The location of the accident is included in the
message, which will assist emergency units such as
ambulances and police stations in reaching the casualty in a
timely manner and saving lives. Li-fi technology is used to
provide vehicle-to-vehicle communication. This enables
communication between two vehicles in which information
about the vehicle behind i.e., the speed and the distance
between the vehicles is conveyed. Using this gathered data
in database the data will be displayed to the respected drivers
on lcd screen as well as web application. This web
application will allow monitoring of accidents that take place
in a particular location.
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V. IMPLEMENTATION AND RESULTS

pins for the binary operations and 6 analog pins to get the
input from the sensors

Fig. 2. Arduino Uno

ESP8266: The ESP8266 is a Wi-Fi module which will be
used to connect to the firebase and send the data gathered
from the sensors using arduino analog pins which will be
then displayed on the application.

Fig. 1. Block Diagram

The project has been divided into four parts:
Part One: Accident Prevention System
The hardware, which consists of the microcontroller, LM-35
sensor, MQ3 sensor, Eye blink sensor, DC motor and a
buzzer.
Part Two: Accident Reporting System
The hardware which consists of GPS and GSM module along
with LCD for display of text and ADXL345 3-axis
accelerometer with high resolution measurement.

Fig. 3. ESP8266

Eye Blink Sensor: It uses infrared to detect eye blinks. As the
eye blinks, the variation throughout the eye will change. The
output is high when the eye is closed, but it is low when the
eye is open. As the eye blinks, the variation throughout the
eye will change.

Part Three: Vehicle To Vehicle Communication Using Li-Fi
Technology
Here the hardware simply consists of LED as light source
and LDR for detection of light.
Part Four: Web Application to Display the Data Retrieved by
The Sensors
The web application made using HTML (Hyper Text
Markup Language), JavaScript and CSS (Cascading Style
Sheets) and React that is used for monitoring and analytics.
Description (Part One)
Arduino-Uno: Arduino is a very advanced micro-controller
capable of performing tasks faster using its 16 MHz onboard
oscillator. It has PWM pins capable of giving 8-bit output
which means 1 to 255 discrete digital signals. It has 13 digital

Fig. 4. Eye Blink Sensor
Alcohol Sensor (MQ3 series): This sensor has an
analog output. This is handy for detecting gas leaks. It can
detect alcohol, benzene, CH4, hexane, LPG, and carbon
monoxide. Measurements can be conducted as soon as
feasible thanks to its high sensitivity and quick reaction time.
The potentiometer can be used to modify the sensor's
sensitivity.
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Fig. 8. GPS Module
Fig. 5. Alcohol Sensor

Temperature Sensor (LM35): This is an analog temperature
sensor that generates a proportional analog signal to the
current temperature. The output voltage may readily be
converted to a Celsius temperature reading. The advantage
of the lm35 over the thermistor is that it doesn't need to be
calibrated externally. It also prevents self-heating thanks to
the covering.
DC Motor: A DC motor is basically a device that converts
direct current electrical energy into mechanical energy. The
most of them rely on the forces produced by magnetic fields.
Almost all DC motors contain an internal mechanism, either
electromechanical or electronic, that changes the direction of
current flow in a portion of the motor on a periodic basis.

GSM Module: It's made for SMS-based wireless radiation
monitoring. This module can receive serial data from
radiation monitoring devices like survey metres and area
monitors and send it to a host server as text SMS. It allows
for two-way data transmission, status queries, and
configuration setup. GSM module, voltage level shifter, SIM
circuit, and ATMega328P microcontroller make up the
module hardware. Sending and receiving are controlled by
the microcontroller. The firmware is in charge of tasks
involving communication between the device and the host
server.

Buzzer: A buzzer is a device that emits a beep or an alarm
signal to send an alert message.

Fig. 9. GSM Module

LCD: Used to display the alert messages as well as the output
of the accelerometer.

Fig. 7. Part One Implementation

Description (Part Two)
GPS: It's a satellite-based navigation system that gives you
your location as well as the time. In a technique known as
trilateration, it uses data from satellites to find a specific spot
on the Earth. Meanwhile, a GPS receiver uses trilateration to
measure the distances between satellites using radio signals.
Trilateration is comparable to triangulation, which is a
method of calculating angles. GPS uses modules that contain
tiny computers and antennas that receive data directly from
satellites via specialised RF frequencies.

ADXL345: It is a 3-axis accelerometer with high resolution
measurement that is compact, thin, and ultralow power. The
digital output data is 16-bit twos complemented and may be
accessed by SPI or USB. In a tilt-sensing application, it
measures the static acceleration of gravity as well as dynamic
acceleration caused by motion or shock. Because of its great
resolution, it can detect inclination changes of less than 1
degree.

Fig. 11. ADXL345
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Fig. 12. GPS and GSM Module Implementation

Description (Part Three)
In this part an implementation of the new emerging form of
communication, technology that uses visible light, known as
Li-fi (Light Fidelity) or VLC (Visual Light Communication),
and use it for vehicle to vehicle communication in everyday
life. This communication definitely improves driver's safety
by allowing V2V communication.
LED: A light-emitting diode is basically a semiconductor
diode that glows when a voltage is applied. Here we will be
using this to send message signals using led which will be
then received by LDR and processed to retrieve the
information.

Fig. 13. Li-fi Implementation

Description (Part Four)
Web Application: Considering all sensors data collected in
the database, the data will be presented in real time to the
driver The main advantage of this web app is that it does not
require the user to download anything, the whole system is
accessible by any laptop, computer or smartphone and will
feature secure methods of login such that it can only be
accessed by some specific users.

LDR: It is known as Light dependent resistors, LDRs or
photoresistors are mostly used in electronic circuit designs
where it is necessary to detect the presence or the level of
light.
s
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[6]

Shubhankar Mali, Sushant Patil, Mrunal Pathak, Hatim Chokwala,
Prof. Sonali Patil, “Vehicle to Vehicle Communication System Using
Li- Fi Technology”, IJSART, June 2017

Fig. 14. Website Implementation

VI. CONCLUSION
Hence in this project we have implemented accident
prevention, detection and reporting system that helps
emergency services to locate the accident site as soon as
possible. As the number of vehicles on the road increases, so
does the number of road accidents, thus it is our
responsibility to keep them under control. Drunk drivers,
tiredness while driving, and overheating of the engine, which
causes fire, are the most common causes of accidents. The
implementation of this project will aid in reducing the
number of accidents caused by the aforementioned reason.
This system is very much energy-efficient, making it simple
to install in a vehicle. So in case, if an accident occurs, the
system will detect it and, using GPS, pinpoints the most
precise location, which is then relayed to the emergency unit
via the GSM module. This aids in the saving of many lives
by informing emergency services as soon as possible.
Overall, this system is very much feasible and easily
implemented in all types of vehicles for everyday use.
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Abstract—Diabetic retinopathy is a diabetes complication that
can have serious consequences for the eyes. According to
universal convention, it can be classified into five levels of
seriousness. However, optimizing a reviewing demonstration
for solid generalizability necessitates a large amount of adjusted
preparing data, which is difficult to gather, particularly for the
high seriousness levels. Typical information growth strategies,
such as arbitrary flipping and revolution, are incapable of
producing data with large differences. In this paper, we propose
a diabetic retinopathy generative adversarial network (DRGAN) in conjunction with a convolutional neural network to
generate high-resolution fundus images that can be controlled
by subjective evaluation and lesion information. As a result,
large-scale created data can be used for more significant
increase to prepare a DR evaluating and lesion division show.
The proposed retina generator is based on the basic and injury
covers, as well as adaptive evaluating vectors examined from the
idle reviewing space, and can be used to control the synthesized
evaluating severity. Furthermore, a multi-scale spatial and
channel consideration module is devised to advance the era's
ability to synthesize small details. Multi-scale discriminators are
designed to operate from large to small open areas, and joint illdisposed losses are used to optimize the entire arrangement
from start to finish. We validate the adequacy of our strategy,
which can both synthesize highly realistic (1280 x 1280)
controllable fundus pictures and contribute to the DR reviewing
errand, using broad tests on the EyePACS dataset connected to
Kaggle as well as the FGADR dataset.
Keywords— diabetic retinopathy, generative adversarial
network, Kaggle, fundus images, generalizability

I. INTRODUCTION
Diabetes is now a condition that affects about 65 million
people in India. According to point prevalence estimates,
diabetes-related eye illness, the most common of which is
retinopathy, affects almost one out of every 10 people with
diabetes. Many are unaware that if they have diabetes for a
long time, they may develop a diabetic complication. To raise
awareness, big hospitals in India hold free eye check up
camps in villages where people may get their eyes checked
for free. People's retinal pictures were gathered and
transmitted to an ophthalmologist. Following that, the
Ophthalmologist analyzes the photos and summons the
patients who are most likely to have Diabetic Retinopathy.
This summoned patient was made aware of the situation that
they are likely to have Diabetic Retinopathy and should see
an Ophthalmologist for a complete examination. This entire
process takes nearly a month or more, and in order to shorten

this gap, we devised a method that reduces the process to one
or two days, allowing the ophthalmologist to focus more on
the treatment and avoid the hectic work of determining which
patients have Diabetic Retinopathy and which do not[1].
There are four phases of diabetic retinopathy: 1) Mild nonproliferative retinopathy, in which only microaneurysms can
form; 2) Moderate non-proliferative retinopathy, in which
blood vessels lose their ability to transport blood as the
disease progresses, resulting in deprived blood supply to the
retina; 3) Severe non-proliferative retinopathy, in which
more blood vessels are blocked, resulting in deprived blood
supply to the retina. 4) Proliferative diabetic retinopathy is a
stage of diabetic retinopathy in which the retina's growth
factors drive the creation of new blood vessels that sprout
along the inside coating of the retina in some vitreous gel and
fill the eye. This case study is based on the APTOS 2019
Blindness Detection Kaggle challenge. Diabetic retinopathy,
the major cause of blindness among diabetics, affects
millions of individuals. Among persons who live in remote
places when medical screening is difficult to implement. At
the moment, the technicians travel to these remote places to
collect photos, which are then analyzed by highly qualified
doctors. Examine the photographs and make a diagnosis. The
objective here is to grow their efforts through technology; to
have the power to automatically scale their activities. Images
are screened for illness and information on the severity of the
ailment is provided. We will do so. This will be accomplished
by constructing a convolutional neural network and a
generative adversarial network (GAN).
II. OBJECTIVE
The objective of this project is to make an automated model
where the model takes the image of the retina of the patient
and tells us whether the patient is affected by diabetic
retinopathy or not and if yes then what is the scale of
severity.[1] This setup will be an alternative to expensive and
very accurate diagnosis done in metro cities and which is not
available in rural areas. Here we will be using CNN
architecture to process pixel data layer by layer and then
recognize and predict diabetic retinopathy from available
data of scanned pictures.[3] Its goal is to learn all of the
aspects that aid in the detection, categorization, and staging
of this disease. To evaluate and measure the performance of
the proposed architecture, various evaluation metrics will be
used.[3]We will also use GAN architecture as CNN
80
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distribution of grades of different classes is imbalanced and
hence it may cause overfitting thus making the model less
accurate.
DESIGN
CNN
Dataset Analysis
Each row represents the severity of the retinopathy disease.
Our dataset has four major issues that will make it difficult
for our model to identify the identities.
Images with dark colour illumination: Some of the images
are very dark, which will cause our model to misclassify
them.
Color inversion images: Some of the images in this gallery
have completely different colour shades, such as blue, pink,
and green.
Images with uninformative extra dark black pixels: This is a
significant problem because the majority of the informative
pixels will become small when the image is resized.
Cropped images: The dataset contains four different cropping
patterns.
The vast majority of training images are type-I and type-III,
while the vast majority of test images are type-III.
Pre-Processing of Image
Steps for Image Pre-Processing: Every image has a black
background. We can also see that some of the images have
extra dark pixels on the edges. As a result, those extra dark
pixels are cropped in the previous image. As we can see, the
image width and height are not fixed sizes. As a result, we
resize an image in step 2. Many images have been reduced in
size, and some have a circular shape, while others have been
cropped around the edges. As a result, in step 3, we draw a
circle from the centre of each image to give them a similar
shape. The majority of the images, as we can see, were
captured at various resolutions. Some are taken in bright
light, while others are taken in low light. We add a smoothing
technique to the images by blurring them with a gaussian
blur. [4]Following image preprocessing on the training
dataset we will be converting images to vectors.
Preprocessing images is a time-consuming process. As a
result, we will be storing preprocessed images in a vector so
that I don't have to run the above code every time I run the
programme.
Metrics for Evaluation
1) Transformation of output variables
Our model has five outcomes: [0,1,2,3,4]. We can now use
or transform these labels. One well-known encoding is: It
refers to dividing a numerical categorical data column into
multiple columns based on the number of categories in that
column. Each column has a "0" or "1" to indicate which
column it belongs to. For example, if the target label is 2, it
will be encoded as [0,0,1,0,0]. OR (Ordinary Regression): It
is used to learn ranking or ordering on cases that include
classification and metric regression features. Ordinal
regression's learning job is to assign data points to a set of
finite ordered categories, such as A, B, C, D, and E.
2) Cohen-Kappa Metrics
When the target labels are placed in the following order,
Cohen-kappa is used: [0,1,2,3,4]. In the event of a dispute,
the distance between the predicted and observed items is used

to calculate the score. It is concerned not just with agreement,
but also with punishing those who dissent. The score will be
greater if the true forecast is 3 and the model predicts 2; the
score will be lower if the model predicts 4 and the true
prediction is 3. [6] This trait will be highly useful because
being higher than predicted in medicine is okay because it
may be remedied with a later diagnosis. If, on the other hand,
the patient received a class-1 and was expected to earn a
class-0, there will be an issue since that patient will be
disregarded, which will be bad to both the patient and the
hospital's reputation.
Usage of CNN
Base-Line Model Training
To estimate the final score, we will start with a baseline
model and make any necessary changes to the model training.
In this case, I used three simple Convolutional layers with a
fixed kernel size of 2x2 and the same padding as with Relu
activation.
Two Max pooling layers with a fixed kernel size of 2x2.
The Global Average Pooling layer is used after max pooling.
There are four dense layers and one dropout layer.
Data Augmentation
We only have about 3000 training images and 500 validation
images. Any deep learning model with a small dataset is
prone to overfitting, which is not the case with baseline and
alexnet, but having a large set of data is still advantageous.
We can augment our dataset at runtime to make it larger
without storing it in our system. It used the four augmentation
techniques listed below to quadruple our dataset.
Horizontal reversal
Vertical reversal
Range of rotation
The zoom range
Implementation of Transfer Learning
Transfer learning focuses on preserving and transferring
knowledge gained while solving one problem to another that
is related but not identical. Consider the situation in which
we need to complete Task A but lack the necessary data to
train a deep neural network. It's a perfect fit for our
circumstances. The knowledge gained while learning to
recognise one type of problem (cars) can be applied to
another (trucks). For better results. [4] These models are
trained on a large number of images and can extract relevant
characteristics that can be used to differentiate one set of
classes from another. We will be using various pretrained
models and the same are listed below:
(i) VGG-16
(ii) VGG-19
(iii) DenseNet
(iv) ResNet 50, 152
(v) Inception-v3
(vi) Efficient-b0, b3, b4
(vii) Xception
Usage of Ensembling Methods
Ensemble approaches integrate multiple base models to
produce a single best-fit predictive model. Bringing a huge
number of weak learners together to produce a significantly
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more strong model. Baggage (Bootstrap Aggregation) and
Boosting are the two basic approaches. As final class
predictions, use N model predictions and the maximum
number of labels. For example, if N models are forecasted as
[1,0,0,1,1,1,2], the final class will be 1. This is because four
models are predicted as 1, two as 0, and one as 2. As a result,
the class prediction equals the maximum number of labels,
which is 1, as seen in Figure 1. The validation kappa score
for ensembles is 0.9314.
Interpretation of model
Instead of making forecasts, what if we told you what
circumstances caused that sample to fall into that group in the
first place? Model interpretability achieves this goal. It
assists humans in comprehending the processes that lead to
that outcome. Gradients from deep learning can be employed
in this situation. The activation at that position is proportional
to the gradient value. In medical and banking challenges,
model interpretability is crucial. Because erroneous
projections can cost a business money or even result in a
person's death. As a result, it's always a good idea to consider
the actions that lead up to that moment before leaping to
conclusions.
1) Grad-Cams
Step-1: Takes an image and feeds it to a model, which uses
the anticipated class labels to compute the gradients with
respect to each feature at a certain convolutional layer
(typically the last convolutional layer).
Step 2: Resize the gradients to meet the image's dimensions.
Step 3: To determine the activations in predicting the class
label with regard to the input image, create a heat map of the
gradients.
2) Analysis of Errors
The number of false predictions for that class divided by the
total number of predictions for that class I class-0 has a 2.05
error rate.
Class-1 has a 27.84 percent mistake rate.
Class-2 has a 24.92 percent mistake rate.
Class-3 has a 34.72 percent mistake rate.
Class-4 has a 28.47 percent mistake rate.
Although ten of the samples are from class 1, they were
anticipated to be from class 2.
GAN
In addition to the usual encoder-decoder design, the multiscale spatial and channel attention and progressive
generation design strives to synthesize more realistic results
specifics about the area.We randomly learn different latent
grading spaces. leveraging real DR photos to sample adaptive
grading vectors rating annotations that are available These
vectors can be considered as well as grading embeddings that
help with manipulation. For more efficient generation,
multiscale synthesis blocks are used.
To assess our model, we use both qualitative and quantitative
methods. Experiments with numbers The faithfulness and
trustworthiness aren't the only factors to consider. The
diversity of the samples generated is impressive, however
synthesized images can also be used to supplement data.
Improve DR grading and lesion segmentation models by
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training them. Extensive ablation research and comparison
tests that our strategy is superior and effective
III. IMPLEMENTATION BLOCK DIAGRAM

Fig.1 Flowchart of the proposed CNN system

Fig.2 Flowchart of the proposed GAN system

IV. METHODOLOGY
CNN
The methodology of this model is first we extract the data
and then do exploratory data analysis which consists of
analysis of data set, data exploration, image pre processing.
Then we measure evaluation metrics like transformation of
output variables, cohen kappa metric, etc. [4]Then we train
the baseline models, do data augmentation and then finally
we apply transfer learning in convolutional neural network.
Then we make ensembles of model.
GAN
We use GAN for the process of generating images. Looking
at the architecture of generative adversarial networks we see
a model which generates images and a model which
discriminates competing in min-max game resulting in
significant improvements in photorealistic image generation.
Realistic data is generated by a neural network and other does
the comparison between real and simulated data. The
advantage of DCGAN over GAN is that we get high
resolution images from it because of presence of
deconvolutional layer that upscales the process. One hot
vector is concatenated with random noise vector in CGAN.
CycleGAN can also translate unpaired images from one
domain to another.[3] BigGAN is a method for combining
multiple data sources. The most recent methods for training
class-conditional images, as well as scaling up batch size and
model parameters.[5] As a result, high-resolution and highfidelity photographs are produced on a regular basis. Based
on these well-designed conditional GAN frameworks, a
retina generator capable of creating realistic high-resolution
visuals was presented. A high-resolution retina image
generator conditioned on vascular, optic disc, and lesion
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masks, multi-scale spatial and channel attention, and multiscale discriminators with multi-task learning losses are all
included in our proposed model. The following are our
paper's primary contributions:
1. To generate retina pictures with controlled lesions, a
conditional high-resolution image generator is given. In
addition to the typical encoder-decoder architecture,
progressive generation design aims to synthesis more
realistic information local characteristics by grading multiscale spatial and channel attention. Furthermore, the
adversarial loss, feature matching loss, and grade
classification loss all collaborate to improve multi-scale
discriminators.

Fig.3 Class-0 (No DR) from validation data

2.We train various latent grading spaces for randomly
selecting adaptive grading vectors using actual DR pictures
with accessible grading annotations. These vectors are
grading embeddings that help with multi-scale synthesis
block manipulation for better generation.
3. To assess our model, we perform both qualitative and
quantitative research. We observed that the generated
pictures may be utilised for data augmentation in order to
train superior DR. The efficacy and superiority of our method
are demonstrated by ablation research and comparative tests
using Kaggle EyePACS and the FGADR dataset.
VI. RESULTS AND CONCLUSION
Automatic screening for diabetic retinopathy is difficult and
important because it allows eye specialists to diagnose the
various grades of diabetic retinopathy during the examination
of the eye, which is accomplished by a combination of
various steps such as the integrated use of morphological
operations along with the adaptive super pixel algorithm.
[6]This allows doctors to cure patients earlier and avoids the
need for eye transplants. The severity of diabetic retinopathy
can be further graded based on the number and size of lesions
found. Identifying more features that will improve the
performance of the adaptive super pixel algorithm in future
work. [6] Accuracy can also be improved by improving the
performance of the data or by tuning the algorithm. This
system can also be used to detect other retinal diseases.
CNN
After using a handful of pretrained models, we were able to
achieve a high score of 0.9314, which was the final solution
to our issue statement. Our goal is to create a system that not
only gives the highest score, but also makes a prediction with
an explanation. With a kappa score of 0.923 for model
interpretability and an ensemble of all pretrained models for
final model prediction, DenseNet was the second best option.
Instructions for Modeling: To encode class labels, ordinal
regression is used. We've added class weight to the dataset to
help it balance out. The architecture was Densenet, which
was pretrained on the imagenet dataset, and the loss function
was binary cross entropy using the Adam optimizer.[5] The
validation dataset gave a score of 0.923 after 30 epochs of
training the model, which will be used for model
interpretability ensembling for final model prediction.

Fig.4 Class-4 (ProliferativeDR) from validation data

GAN
In this study, we suggested a high-resolution DR image
generation method that is based on grading and lesion
information. The synthesized data can be used for data
augmentation to improve the performance of grading models,
especially for anomalous photos with high DR levels. To
improve DR-GAN training, more authentic annotated pixellevel lesion masks will be introduced in the future.

Fig.5 Analysis of False Predictions

VII. APPLICATION
1) Diabetic Retinopathy Screening and Detection
Diabetic retinopathy screening is essential for detecting and
preventing visual loss in diabetics. Referable diabetic
retinopathy (defined as moderate to severe diabetic
retinopathy or the presence of diabetic macular oedema) is
identified by national screening programmes and referred to
ophthalmology clinics for a thorough ophthalmic
examination. [3] According to estimates, diagnosing diabetic
retinopathy sooner might save the United States more than
$500 million in healthcare costs (U.S.). A funduscopic
examination by a competent ophthalmologist has
traditionally been the gold standard for diabetic retinopathy
screening. [6] However, due to the rapidly increasing
prevalence of diabetes and the costs associated with
screening, ensuring that all diabetic patients receive the
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necessary screening and treatment is proving difficult
(monetary, time, and labour). Telemedicine is becoming
increasingly popular. [5] Taking colour fundus photographs
and sending them to ophthalmologists to grade the images
remotely is a popular method for detecting diabetic
retinopathy during screening, and it has been shown to
improve screening rates, treatment rates, and diabetic vision
loss. To meet the demand for diabetic retinopathy screening,
32 million retinal images would need to be reviewed, even if
only telemedicine imaging was used. Recent breakthroughs
in artificial intelligence (AI) offer hope for the creation of an
automated diagnostic tool that will make screening available
to individuals in a number of contexts. When referable
diabetic retinopathy is discovered, the primary goal is to
prevent it from progressing to vision-threatening diabetic
retinopathy, which is classified as severe non-proliferative
diabetic retinopathy (NPDR) or proliferative diabetic
retinopathy (PDR) (PDR). Another possibility is the
existence of DME. This necessitates determining the stage of
diabetic retinopathy and tracking the condition's progression.
Because management regimens differ based on the severity
of diabetic retinopathy, it is critical to 1) assess the severity
of diabetic retinopathy by staging and determining the
presence of DME, 2) identify which patients are at high risk
of developing vision-threatening diabetic retinopathy, and 3)
determine ideal screening intervals based on a patient's risk
stratification scores.

[6]

Muhammad Nauman Zahoora (2018), “Fast Optic Disc Segmentation
in Retina Using Polar Transform”, International Journal of
Engineering Trends and Technology (IJETT), Vol – 6, pp 12-18.

2) Progression to VTDR Risk Stratification
Risk stratification is another beneficial application of AI in
diabetic retinopathy. Because progression can be slowed
with careful glycemic control and, if necessary, laser
photocoagulation, intraocular corticosteroids, or antivascular endothelial growth factor (VEGF) medicines,
determining who is most prone to develop VTDR is crucial.
3) The Effect on Patients and the Clinical Workflow
(Potential)
By identifying individuals with referable DR using effective
screening approaches, artificial intelligence will reduce the
need for less urgent ophthalmology office visits. This saves
the patient money by reducing transportation and co-pay
charges, as well as the number of appointments. Reducing
the number of appointments as part of diabetes multidimensional care will help to increase adherence rates
conducted a thorough cost-benefit analysis of automated DR
screening and concluded that it was far more cost-effective,
particularly in rural areas.
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Table 1: Comparison between microcontrollers

Abstract: Home Automation is one of the most popular
automations in this age of rapidly growing technology. The
proposed system uses solar energy-based power supply
technology. The objective of this paper is to develop a home
automation system that works on a sustainable and
renewable form of energy. The proposed system doesn’t
require any dedicated server PC like other existing
solutions and provides control over house appliances and
gadgets based on the concept of IoT using a WiFi module.
This system works on Node MCU ESP8266. The fresh
mobile application provision to monitor and control the
home appliances makes the process of home automation
eventful and adds an element of luxury to the otherwise
simple system.
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NodeMCU, Home Automation, IoT, Smart Home, Wi-Fi.

I.

INTRODUCTION

Automating our household as per a person’s daily
requirement, while before automated central control was
found only in larger commercial buildings and expensive
homes, with development of internet of things the aim
has gotten bigger to get ubiquitous computing in all
spheres of life. Now the aim for home automation is just
exactly that, use one single application to control
household electronic devices through Wi-Fi. In the last
decade, academic researchers have proposed several IoTbased home automation systems in the literature.
Different technologies have been employed in wirelessbased home automation systems, each with its own set of
advantages and disadvantages. Over the years, numerous
home automation systems have been published. Most of
these home automation systems used Wi-Fi based or
Bluetooth based communication with mainly controllers
such as PIC, Arduinos, Raspberry PI, ESP modules and
lastly Node MCU. Microcontrollers are used in most
home automation circuits because of it's low cost, low
power consumption, its programmability, them having
lots of input output capabilities and them being easy to
integrate with circuits.
For the selection of
microcontrollers we went through the features we can get
from each microcontroller.
Now through this table [1] and comparing each of these
modules prices we can decide that Node MCU is the best
option for us since we use Wi-Fi which is the most used
mode of communication nowadays. We can get the user
interface of both web based and application based and it
is also one of the cheapest microcontrollers which makes
it more economical to use and helps cut.
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II.

LITERATURE SURVEY

The concept of Smart Home has emerged because of the
advancement of electrical technology over the previous
two decades. People have been attempting to automate
their homes with equipment in accordance with the smart
home concept. Remote control of our household
appliances has become possible because of recent
advances in mobile communication technology and cost
reductions. On the other hand, to fulfill the growing
electricity demand, people are looking for the most costeffective solutions. Not only cost effective but people
have started looking for environmentally friendly options
too. Among these, solar power energy is the most
efficient. As a result, work on improving this technology
and finding more effective ways to use it is still ongoing.
Several home automation systems involved with IoT
have been proposed by academic researchers in the
literature in the last decade. In wireless-based home
automation systems, different technologies have been
used, each of them having its pros and cons. Over the
years, numerous home automation systems have been
published in the last few years. Most of these home
automation systems used Wi-Fi based or Bluetooth based
communication, mainly with controllers such as PIC,
Arduinos, Raspberry PI, ESP modules and lastly
NodeMCU.

electrical energy to solar energy using solar panels,
converters and rechargeable batteries are of paramount
importance[2].
For selecting the solar panel for our project, we started
by checking the specifications of our load, which were
the DC bulbs rated at 9 Watts and 12 Volts. Since we are
using 4 DC bulbs connected in parallel, the power needed
to switch on these bulbs at the same time is seen to be 36
Watts. To keep an error margin, we decided to use a solar
panel of 50 Watts, 12 Volts so all the bulbs can be
switched on altogether without the need of any prior
charging. We opted for a “Polycrystalline Solar Panel”
as they have a better lifespan and a cheaper cost as
compared to a monocrystalline solar panel.

Fig.1 Polycrystalline Solar Panel (50W, 12V)

In the paper “Smart home automation system using
Bluetooth technology.”[3] It suggests the use of an
Arduino board and a Bluetooth module to control up to
18 home appliances indoors and outdoors but is limited
to a short range. Another paper by UG students of RBS
Technical Campus, India makes use of a simple Android
OS paired with an Arduino mega board and a Bluetooth
module to implement home automation.
After referring to various papers by academic
researchers, we conclude that usage of NodeMCU as a
Wi-Fi module has multiple benefits over Arduino boards
and other PIC controllers considering their effectiveness,
connectivity range and maintenance. WiFi modules seem
to be the best option bearing in mind the fact that WiFi is
already available in most homes and buying wifi enabled
devices for home automation would require a minimal
setup with reduced complexity.
III.

IV.

IMPLEMENTATION

To start the circuit designing, we decided upon using the
NodeMCU ESP8266 with a 4 Channel relay, DC bulbs,
push buttons and our selected solar panel as the main
power source. Additionally, the entire circuit is
connected to a mobile application to control the bulbs.
NodeMCU ESP8266 is a development board which
specifically is used for IoT based projects. It is a Wi-Fi
based board which uses the firmware that runs on the
ESP8266 Wi-Fi SoC and hardware which is based on
ESP-12.

ENERGY EFFICIENCY

Alongside considering the cost we also consider energy
saving and renewability of resources for solving this
home energy problem. In this proposed home automation
system, we save costs by using the Wi-Fi module
ESP8266 on microcontroller NodeMCU; now for energy
saving we try changing the source of power and
resources used. Solar as we know is found to be one of
the best and most reliant of renewable energy. In addition
to being renewable, solar energy is also seen to be low
maintenance which makes it easier for people to use in
daily life and pollution free. Efficiently converting

Fig. 2 NodeMCU ESP8266

The 4 - channel relay module consists of four 5V relays,
associated switching and isolation components. These
components make the interfacing with the
microcontroller easy with a minimum number of
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components and connections. The contacts on the relays
are rated at 250VAC and 30VDC and 10A for each.

connected to the “Normally Open” pins of each relay.
The bulbs are connected in parallel to the socket. We use
the AC source for these bulbs.
Now, after all the connections are done, on connecting
the NodeMCU to the laptop, we run the code and the
circuit is complete. We can now control each bulb
according to each push-button and mobile application
control buttons. The app is connected to the circuit
through the code.

Fig.3 Four - Channel Relay Module

The DC bulbs have a 9 Watts power rating and 12 Volts
voltage rating. Accordingly, we choose a solar panel of
rating 50W, 12V.
Fig.6 Testing

Fig. 4 DC Bulbs

For the connections, the NodeMCU ground and Vin are
connected to the 4-Channel Relay’s ground and Vcc. 5V
is provided to the Vin and Vcc ports when connected to
the laptop. The push-buttons are connected to the SD3,
D3, D7, RX pins of NodeMCU ESP8266. The other pins
of push-buttons are connected to the relay’s ground. The
input pins of the 4-channel Relay Module are connected
to the pins of NodeMCU ESP8266. IN-1 is connected to
D1, IN-2 is connected to D2, IN-3 is connected to D5,
and IN-4 is connected to D6.

Fig.7 Blynk Application

We used the push buttons as well as the Blynk app to test
the circuit.
V.

Fig. 5 Schematic Diagram of Solar Based Home Automation

Further, the relays are connected to the DC bulbs. The
common pins of relays are connected internally to the
ground of the socket. All the bulbs’ grounds are

RESULTS AND CONCLUSION

In the future, the world will have to depend on
sustainable and renewable energy sources.[2] Solar
energy can easily be converted to electrical energy by
using a solar panel. Thus, in this project we have
designed and implemented a solar-based home
automation system that controls the charge incoming
from the solar panel along with the switching operation
of various home appliances. To implement the circuit we
connected NodeMCU ESP8266 to our laptop. We
observed that the relays worked perfectly when operated
using the push-buttons. This was indicated by the
glowing of IN1, IN2, IN3, IN4 on the Node MCU.
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Subsequently, when we connected the circuit to the solar
panel and tested it with push-buttons, the on and off
switching of the DC bulbs was observed almost
immediately after placing the solar panel under direct
sunlight. The solar panel gives DC output which we feed
to the circuit to supply to the bulbs. The DC operation
instead of AC is simple and has the same efficiency.
Electronic appliances have higher efficiency if they are
operated with a DC supply. So our project opens a
horizon towards using appliances in high efficiency.
This system has an added advantage of remote
controlling using a mobile application. The circuit was
responding well to the Blynk App. The system, though
primarily aimed to reduce human efforts, has a great
market value if introduced properly.[6]
VI.

FUTURE SCOPE

VIII.
[1]
[2]

[3]

[4]
[5]

[6]
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Currently, we are using an open source IoT Platform
called Blynk. Our future goal is to design a firebase
application which will control our circuit instead of the
Blynk app. Firebase is a Backend-as-a-Service (Baas). It
provides developers with multiple varieties of tools and
services to help them develop apps, grow their user base,
and even gain profit. “Solarify '' is the firebase
application that will run based on real-time data. A
flowchart to show its intuitive User Interfaces is given
below. Currently, we use the Blynk App for monitoring
and controlling the circuit through our mobile devices.

Figure 8: Solarify Flowchart

In the future, we could include DC motors instead of DC
bulbs to represent fans. Another facility to track and
control the speed of the motor can be an appendage rather
than a mere switching operation.
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Abstract- Covid-19 has impacted every aspect of human life
beyond comprehension. It has undoubtedly changed the course of
the twenty-first century. A careful analysis of the patterns that
have emerged so far make it clear that social distancing is one of
the most reliable and straight-forward way to curb the spread of
the virus. However, we are repeatedly reminded of the fact that
humans continue to be social beings and enjoy proximity to one
another, thereby unintentionally violating Covid norms. Based on
first-hand experiences of the team members as well as the data
that is available, we can safely conclude that, every coming day,
more and more people tend to flout the restrictions callously.
Thus, the need for a robust, cost effective and easy to implement
system became clear. Considering all these factors, the
fundamental intention behind the creation of this project was to
urge people to stay safe and follow the guidelines even at public
places, where the desire for social interaction peaks. The intention
of the project is to build an end-to-end system that can not only
detect the breaching of WHO approved social distancing norms,
but also alert the concerned authorities in case of any such
incidents.
Keywords - OpenCV, YOLO algorithm, Deep Learning, Computer
Vision, Django, COCO dataset, NumPy

I.

INTRODUCTION

The global pandemic has deteriorated everyone’s quality of
life. Not only have millions lost their lives, but billions have
also lost their livelihoods. Students have not attended schools
or colleges in years. So, our project is just an instinctive
extension of our desire to help people transition back to
normalcy. In a country as vast and multi-faceted as ours, it
has proven to be impossible to impose long and harsh
restrictions on gathering. With our system we aim to help
people mingle safely by minimizing proximity interactions,
and instantaneously identify possible super-spreader events.
Our personal longing for a return to normalcy has been one
of the biggest motivators for this project.
II.

OBJECTIVE

People often think innovation stems from making something
completely new, innovating something from scratch.
However, some of the most impactful innovations of our
times have emerged out of improving and creating upon
something already existing. The same goes for our project.
Without having to build a completely new infrastructure, our
system maximizes the potential of the already widespread
Closed-Circuit Television (CCTV) network. With the help of
powerful, Machine Learning based Computer Vision
algorithms, the system is extremely quick to be put in place,
saving precious time and money.

Various Deep Learning approaches, such as Fast R-CNN,
SSD, Retina-Net, and YOLO algorithm, were implemented,
and the model that generated the most accurate and precise
results was chosen for our Machine Learning model. The
outcomes of our working model will be published on our
website. The website's backend was developed with Django,
a programming language recognized for its lightning-fast
computation and a reassuringly secure authentication
mechanism that provides a safe way to manage the data
gathered through our model. The website's general front end
has been made user friendly in order to encourage ease of
access and comfort to even people who are not well educated
in technology. To make our website visually appealing, we
used CSS and Bootstrap.
III.

LITERATURE REVIEW

The importance and relevance of crowd management systems
were identified long back in 1995 by the likes of AC Davies,
Jia Hong Yin, S.A. Velastin. Their study [6] focused more on
the impact of real time monitoring and optimizing the
algorithms needed for it. The paper presented the data
collection and online monitoring processes developed by
them.
While in 1997, S.A. Velastin again along with A.N. Marana,
L.F. Costa, R.A. Lotufo published a study [4] that described
a technique for automatic estimation of crowd density. Their
paper used texture information based on grey level transition
probabilities upon digitized images. Unlike the previous
study, this did not involve real time processing of videos.
Fast forward to 2019, P. Suganya, Tannavi Gaurav, Priyansh
Rampuriya, and Subhadeep Dey published a paper [10] that
used modern day algorithms and with the help of much more
computing power than in the 1990s, were able to run realtime crowd management models. The main aim of their study
was to minimize stampede risks in high congestion urban
areas.
IV.

PROPOSED DESIGN

The objective of this project is accomplished by the support
of a few machine learning algorithms and libraries, a brief
description of which has been mentioned below:
OpenCV:
The Open Source Computer Vision Library was built to work
with python programming language. It helps solve CV
(Computer Vision) problems by enhancing the machine’s
understanding of perception. OpenCV provides a common
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platform to tackle such situations. It features GPU
acceleration that allows real time operations.
Open CV comes bundled with many Machine Learning (ML)
libraries that have statistical use cases. Some of these include
Deep Neural Networks, K-Nearest Neighbor, and more.
Naïve Bayes Classifier is also a very popularly used
algorithm included within Open CV.
OpenCV is compatible with Windows, Unix-based OS
(MacOS), Linux and more.
YOLO algorithm: You Only Look Once (YOLO) is a neural
network system that helps detect objects in real time. It
performs better in comparison to other similar algorithms
especially on metrics like speed and accuracy. This algorithm
is currently being used in various real-world situations such
as identifying animals, pedestrians, traffic signals among
many others. It is usually used in combination with a dataset
(such as COCO) when it is trained.
Computer Vision (CV): The field of Artificial Intelligence
(AI) that helps retrieve meaningful insights and information
enabling computers and other similar systems to interpret
visual inputs such as videos, images and more is called
computer vision. It performs tasks such as drawing boxes or
lines around identified labels, calculating distances between
them, and so on. Some applications include analyzing,
capturing and processing images while simultaneously
extracting real world, high dimensional data which can
eventually be used as information.
Django: A product of experienced developers, Django is an
open source, user friendly, easy to learn and use web
framework. It tries to automate as much as possible to
expedite web development and allow software professionals
to focus on more vital tasks. It is preferred because it is not
only fast and secure but also versatile at the same time.
Common Objects in Context (COCO): A dataset, built by
Microsoft and used primarily for captioning, segmentation
and identification is used all around the globe, for many CV
and ML related tasks. Creating a good understanding of the
visual scene is the foremost aim of a computer vision system;
it entails tasks like detecting what objects are present,
localizing them in a two- dimensional and three-dimensional
space, determining the properties of the objects, and so on.
Characterizing the relationship between objects is also
another example. Put simply, this dataset helps train any
algorithm that performs tasks such as object detection (e.g.
YOLO).
NumPy: It is one of the most commonly used tools for
scientific computing. It is compatible with the language
(Python) used in this project and helps perform complex
mathematical calculations with ease. This library consists of
multi-dimensional array objects, and also masked arrays,
matrices that can easily be performed operations on using
built-in NumPy functions. It has become the go-to choice for
developers, given its abundance of features like array sorting,
DFT (Discrete Fourier Transforms), linear algebra, and some
basic statistical operations.

Object detection: There are lots of object detection process
but in this project, we are more focused on YOLO (You only
look once). Object detection has applications in numerous of
fields, including self-driving automobiles, robots, video
surveillance, and object tracking, and many others.
Challenges:
1.Dynamic number of objects
2.Different Aspect Ratios and Spatial Scales
3.Modeling
4.Limited Data
5.Requirement for immense speed during Real-time
detection.
Various Approaches:
After having carefully analyzed and studied recurring issues
and problems faced in the world around object detection, we
sketched out certain approaches as to how they can be
tackled. Some of them have been listed as under, along with
the most precise one – the YOLO algorithm.
1. Fast R-CNN: This is an upgraded version of R-CNN,
which had various drawbacks and shortcomings such as
multistage pipelining, demanding requirements of space and
time, all combined with slow pace of object detection to name
a few. To address these issues, Fast R-CNN was introduced
with a new structure.
2. Single Shot Multi-Box Detector (SSD): SSD is based on a
technique called free-forward convolution layer, which
generates a fixed, non-user changeable sized collection of
assets like bounding boundary boxes as well as scores for
any instance of an object class found within those bounding
boundary boxes. The final decisions are produced using a
Non-Max Suppression.
3. Retina-Net: Retina-Net is a unified network which consists
of two subnetworks which are task-specific, in combination
with a backbone network. This backbone is nothing but a
non-conventional CN, or convolutional network that is incharge of creating a ‘conv’ feature map over a full input
image that it is given. The backbone output is classified in the
first subnet itself, and then convolution of bounding box
regression is performed in the second subnet consequently.
4. YOLO Algorithm:
To fully understand the YOLO algorithm and how it actually
works, we first need to discuss what we are finally trying to
predict. Eventually, what we want to be able to predict, is a
class of an object along with the bounding boundary box that
gives the exact object location. Four descriptors mentioned
below, are used as the parameters to describe each bounding
box:
1.
2.
3.
4.

Center of the box (bx, by)
Width (bw)
Height (bh)
Value c corresponding to the class of an object

Once the class probabilities are predicted, the next step called
non-max suppression is performed, which helps the
90
• Proceedings for DJ SPARK 2022

ISBN: 978-93-5593-448-2

• Crowd Monitoring System

algorithm to get rid of the unnecessary anchor boxes. The
bounding boxes that cover the same item but have a low
likelihood of being the same are deleted. The algorithm
selects the bounding box with the next highest-class
probability and repeats the procedure until we get all of the
different bounding boxes. One of the most important and well
known open-source object identification databases used to
train deep learning applications is the Common Objects in
Context (COCO) dataset. For training, this collection
contains hundreds of thousands of photos with millions of
already identified (pre-labelled) items, such as cars, humans,
dogs, birds, etc. Learning from a large and well-documented
dataset is undoubtedly the most important part of supervised
machine learning, and this dataset makes sure that it is
performed with enough accuracy and detail. COCO is a
Microsoft-sponsored initiative that categorizes and also
classifies photographs that it receives in addition to providing
machine-readable context descriptions and tags. This
dramatically reduces the time it takes for any AI or other
computer programs to learn how to process photos.
V.

IMPLEMENTATION

rectangle. This labels the person as safe. If the distance is less
than 1.25m, then a risk label is added, and a line is drawn to
the other centroid(s). If the distance is less than 1m, then the
color is updated to red. Otherwise the box is colored orange.
Distance Calculation:

Fig. 2 Demonstration of centroid and creation of rectangle.

Like mentioned in the flowchart, the given input video
stream, be it from a live camera feed or that from a video
already present on the machine, is first converted into
individual frames before further processing is done on it. The
model is already trained with the help of the You Only Look
Once, or YOLO algorithm in combination with the COCO
(Common Objects in Context) dataset, and hence can identify
individual factors in the frame, such as Humans, Cars, Bikes,
Cats, Dogs etc. We’ve programmed our model to only take
into consideration the labels that match the ‘person’ label in
the dataset. Once it has successfully identified all the people
in the frame (the confidence threshold of which has been set
to 0.5 in our case), it proceeds to draw rectangular boxes
around them. A centroid is also calculated for each of the
rectangular box, by adding the x and y coordinates of each
box with the width and height divided by 2 respectively.

Fig. 1 Flowchart of the proposed design

The video is inputted into the code. The code converts the
video stream into individual frames. With the help of the
YOLO (You Only Look Once) library, the code looks for
humans and ignores the irrelevant objects such as vehicles,
lamp posts, trees, animals, etc. present in the individual
frame.
Using the given specifications and pre-defined angle factor
and zoom factor, the boxes are drawn across each human
detected. Then from the centroid of each rectangular box, the
distance to the other nearby box centers is calculated. This is
where the color of the box and lines are decided. Depending
on the distance between centroids different lines and colors
are used. If the distance is greater than 1.25m, then no line is
drawn between the centers and the human is boxed in a green

Fig. 3 Line drawn between centroids of both rectangles
After analyzing the frame carefully, identifying each person
in it and drawing bounding boxes around them with their
respective centers, all we need to in order to find the distance
between any two people in the frame is to calculate the
distance of their centroids. We define a function that assists
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us with this task, given the two points in contention. It is
worthy of noting that it also takes into consideration the angle
and zoom factors, which makes calculations precise,
regardless of the distance and elevation of the camera from
the people it is monitoring.
Output Screenshots:
Upon running the code and giving the ‘sample.mp4’ video as
the input, the program then analyses the video frame by frame
and performs the same calculations for each frame. All these
frames are then combined into another video named
‘op_sample.mp4’ which fulfils the requirements of the
desired output. This was performed in the initial stages of
testing the code, and specific modifications were made after
analyzing the output video.

Fig. 4.3. Side view of the Platform 1 Staircase, Kandivali Station.

We further tried to check how accurate our code performed
on our own videos. It did exceedingly well with minimal
errors that we could spot. The screenshots attached below are
from the output videos, that were processed using our code.
The input videos were shot at Kandivali Station, Mumbai,
Maharashtra with variations like elevation, angle, distance
from the crowd, etc. Let’s take a look at a sample frame from
one of our output videos.

Fig. 4.4. Top View of Platform 2, Kandivali Station.

Fig. 4.1 Front view of the street outside Kandivali Station.

This picture shows the local market present right outside the
platform 1 of the station, the number of people present there
along with all the other important information such as the
‘Safe’ count as well as the ‘High’ risk count. As can be seen
in the picture, since the seven people at the upper side of the
image are dangerously close to each other, the code has
drawn red boxes around them and the same is reflected at the
bottom of the screen in the ‘High’ risk count. A similar output
has been obtained for different scenarios, the screenshots of
which are attached below.

Demonstration of our Website:
As mentioned in the objective, one of the primary purposes
of our project is not only to monitor the crowd but also alert
the necessary or concerned authorities regarding the
breaching or flouting of the rules.
The medium with which we have chosen to do so is through
a simple dedicated website that allows the user to get all the
flagged cases within a tap of the button. As you can see in the
image below, the website contains a button which when
clicked downloads an excel file for the user. This website can
easily be modified to add additional features such as viewing
the livestream of the CCTV, downloading the project file for
the code, etc.

Fig 5.1. Page 1 with the ‘Check Breaches’ button.

This is the welcome page of our project where the operator is
greeted with a hello and given the option to check for
Fig. 4.2. Top View of Platform 1, Kandivali Station.
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breaches. Once this has been clicked an excel file similar to
that of one shown below is downloaded.

epidemic, and how amazingly well social distancing worked.
In the early phases of the outbreak, cities that employed
preventive social distancing measures, such as closing
schools, churches, and theaters, suffered reduced disease
transmission and death, according to the study.

Fig 5.2. Instances where rules were breached.

This image is then visible to the user who can identify the
number of times the rules were breached and the exact date
and time when it occurred. Note that a particular instance is
flagged and reported in the excel file only when the ‘High’
risk count exceeds more than 1/4th of all the people present in
the frame. For Eg: If there are 20 people are present in the
frame and the number of ‘high’ risk counts in more than 5,
only then will such an occurrence be added to the excel file.

Fig. 5. Active COVID-19 cases graph

Another simple research [5] conducted this time for the novel
coronavirus provides sufficient information that can prove
the importance of social distancing and the positive impact it
can have in the fight against covid. The graph shown below
shows a visual representation of the difference in the number
of cases when social distances measures are followed in
comparison to when they are not. The red curve goes way
above the managing capacity of the Healthcare system and
most certainly acts as a huge burden on doctors and other
authorities. On the other hand, the blue curve, although
widespread, is evenly distributed and most importantly,
comfortably under the maximum managing healthcare
capacity. The inferences that can be extrapolated from this
are that the curve has an extremely sharp, steep peak if no
preventative steps are taken. It's quite an easy task to circle in
on why and how the number of sick people may quickly
outnumber the currently available health-care resources, such
as hospital beds or ventilators, if a situation like this does
indeed arise someday.
The number of cases that occur at any one time is reduced by
"flattening the curve." This ensures that hospitals have the
supplies and resources necessary to offer adequate care to
people suffering from serious disease.

Fig 5.2. Page 2 of the website.

The second page of the website depicts the certain unique
features about the project such as it being cost-effective, a
boon for the frontline workers, an invaluable tool to prevent
the spread of the virus along with having numerous
applications that extend beyond COVID-19.
VI.

In addition to this, according to the Center of Disease Control
and Prevention, someone infected with COVID-19 might be
contagious even before symptoms appear. This is worsened
by some individuals that stay asymptomatic while still being
contagious. In other words, even if one may think they are
healthy and not a potential source and spreader of the virus,
they could be transmitting it without realizing it, if they
choose not to remain socially distant.

SOCIAL IMPACT

A great testimony of the impact social distancing can have
been a study conducted in 2007 that evaluated how numerous
U.S. communities fared during the 1918 Spanish influenza
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way that it can be repurposed very easily for a post pandemic
scenario.
Railway Stations / Markets:
With the help of the same base hardware of cameras, and a
basic computer to manage the cameras, we just have to make
minor changes to the software. The object and distance
detection algorithms remain the same. It can be converted
into a crowd detection and dispersion system for extremely
busy areas like railway stations and main markets. Just by
changing the relevant parameters for crowding levels.
Traffic Signal Diversion:
The human detection algorithm can be replaced with car or
vehicle detection to help identify choke points across the city,
and help better plan future construction or traffic diversions.
Fig. 5 Various Infection Rates

When infected with the novel coronavirus [3], some patients
get a slight illness, while others don't. Social distance and
other preventive strategies can assist susceptible people avoid
getting more serious illnesses.
Large-scale tactics and strategies such as cancelling crowded
group gatherings and restricting public venues are just some
of the examples of social separation that have previously
been adopted. But it also requires a conscious, individual
effort from each of us to put COVID-19 prevention
measures into effect, and to mitigate the risks of another
wave.
VII.

RESULTS AND CONCLUSION

From this project we have demonstrated the effectiveness of
Computer Vision based systems in order to combat problems
such as crowd monitoring which would otherwise be
extremely difficult for humans. Using common object
databases, our model can identify humans very reliably and
accurately. The picture frames provide numerous data points
that enable calculation of distance between people in real
time. Due to the versatile nature of the algorithms used, this
code can be repurposed and built upon to create even more
systems that will always remain beneficial no matter the
situation. With the system’s accuracy, social distancing can
be enforced in a transparent and cost-effective manner. All
this code needs is a regular computer and CCTV system to
work smoothly. When in place, it also makes places more
human friendly by diffusing crowding and optimizing space
utilization. Like all modern technology, computer vision has
its pitfalls. There are valid privacy concerns, which we tackle
by not storing any facial information of the people involved.
By avoiding data that can identify people, we make a system
that is ethically and morally solid. If authorities actively
avoid collecting facial or other bio-unique data, computer
vision systems like ours can make the world a much safer,
enjoyable, and smarter place to live in.
VIII.

FUTURE SCOPE

While this project has numerous positive implications today,
with the pandemic still ongoing. It has been built in such a

Security Systems:
This system which makes use of high-quality cameras and
sensors in order to draw boundaries, can well be used as a
security system to track and identify theft / pickpocketing and
other such criminal activities that are common in crowded
places like stations, malls and supermarkets. Thus, even
assuming that the coronavirus is no longer a major threat and
social distancing norms are eased in the world, this project
will still remain relevant and will continue to serve us on
multiple fronts.
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Abstract—IoT is evolving slowly with city administration
because of emerging technologies. In urban cities the waste is
generated at an alarming rate so there is a need to collect data
in a smartly fashion, The waste must be collected in a timely
manner, and there should be provision to plan the trip for
collection of garbage in real time. When waste is being collected.
In this project, we propose a smarter way of disposing of
conventional waste by utilizing smart sensors that monitor
garbage near trash cans, smells emanating from those trash
cans, and filling data from containers. Within Waste
Management Centers, an authorized email ID is used to gather
information from multiple containers scattered all over a
city/region. As above, the acquired data can be used to
systematically plan a garbage collection route. By using wireless
communication technologies, bin information is sent to
authorized emails and Web.
Keywords—Smart bin, Ultrasonic sensor, NodeMcu Esp8266,
Internet of Things (IoT), Waste collection, Web application.

I.
INTRODUCTION
The nation has undergone a lot of growth, but public
awareness is still lacking. Garbage overloading is a very
common situation of public places awareness. Sometimes the
garbage is also spilled up which leads to pollution. This
ultimately leads to pollution. This is leading to an increase in
the number of diseases as the breeding of mosquitoes and
insects takes place. We can see that there is an inefficient way
of disposing of waste, as we see the garbage overflowing from
the bins. Over 80-95% of solid waste expenditures were
collected in the survey. As a result, we need to ensure a clean
and healthy environment in order to achieve a true Digital
India. To overcome the above problem, this paper was written.
Even though the Internet of Things concepts are old, the
design of this system is in its initial phase. The data is taken
from IoT (Internet of Things). An efficient way to manage
garbage is by continuously monitoring its level. Whenever
dustbin is full, the authorities are informed. Its approach to the
world is that it promotes dynamic planning and routing of
waste collection. By reducing the ingredients, the dynamic
scheduling and routing allows reduction of operational cost.
This paper introduces a smart garbage monitoring system
which incorporates NodeMcu, which is an alternative to
manage domestic waste.
Smart Garbage Management & Monitoring System is an
initiative which is taken for maintaining cleanliness in the
city. It is always desirable to prevent overflow of the bin. For
this reason, this system is design to check the garbage levels
at regular intervals. The main components of the system are
the NodeMcu and Ultrasonic Sensor. In this project, we
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propose a smarter way of disposing of conventional waste by
utilizing smart sensors that monitor garbage near trash cans.
NodeMcu are used, and a WI-FI module is already integrated
into the NodeMcu for sending garbage data to an online web
server. This is done in Arduino IDE, so an information
message regarding the clean-up request is sent once the filling
level reaches a threshold value. An innovative way to keep
cities clean and healthy is the Smart Garbage Management &
Monitoring System. This system is used for monitoring the
bins to check the garbage levels present and inform the city
about it.
Literature Survey
For solid waste management, this system incorporates sensing
and algorithm components. Integrating several sensing
methods allowed the detection of bin conditions. To assess the
functioning of the prototype system, the author conducted
many tests runs and the author concluded that these results
proved that the employed sensing system and the algorithm is
efficient for any solid waste bin management system.
Anagnostopoulos discusses different technologies in smart
waste management and a thorough survey of ICT-enabled
waste management models. He also discusses the use of
sensors, radio frequency identification (RFID), and actuators
in contemporary waste collection models. In this paper, the
author describes the advantages and disadvantages of
numerous dynamic methods for revealing their
characteristics. Using sensors placed in bins for early
detection and examination of waste through capacity,
temperature, weight, humidity, and chemical sensors, for
example, is one way of monitoring waste. The types of models
that adopt capacity, temperature, weight, pressure, and
humidity sensors, RFIDs, and wireless sensor networks
(WSNs) that incorporate dynamic scheduling and routing
model. Discussion between actors and the author is held about
the advantages and disadvantages of each model, as well as
how to make the model more efficient.
S. Vinoth Kumar provided a method of waste management by
detecting the level of waste inside the bin by using an
ultrasonic sensor and a force sensor to measure the weight of
the bin. LEDs are used to show these levels, and a GSM
system is used to communicate the location of the bin to the
android device. The Android device detects and updates the
location in the web server by comparing the co-ordinates. By
comparing the co-ordinates, the android device detects and
updates the location in the web server.
With the help of sensors that can detect the waste level in bins,
Gopal Kirshna Shyam proposed a smart method for garbage
management. The sensor data is transferred via the Internet to
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a database server for storing and processing. To determine the
optimal route for waste collection, these data are used to
observe the dust bins. It has the advantage that the routes are
decided not only based on the waste level, but also on factors
like traffic congestion in the area where bins are placed, and
the rate at which bins are filled. A shortest path spanning tree
algorithm is used to determine the shortest path for collecting
waste once the waste bins have been identified.
In his proposal, Shafiqul Islam incorporated GPRS, GPS,
GIS, RFID, and Web camera by using General Packet Radio
Service (GPRS). RFID tags mounted on bins contain bin
information and customer information. Whenever the
collection truck with built-in RFID reader passes near the bin,
it retrieves this information and updates the center server on a
spontaneous basis over GPRS. Used for location information
and monitoring of collection truck respectively. Monitoring
system GUI displays bin information, waste estimation, and
real-time image processing.
Objective
The main objective of this dissertation is to present an
efficient waste management solution with a primary focus on
the citizen (waste generator). The solution can provide a new
model of interaction with citizens and bring innovations that
can guide them during the process of their waste disposal,
always aiming at cleaner cities and free of waste accumulation
in the open air due to overflow of dumps (when existing)
and/or collection outside of time. The system also serves as a
basis for municipal waste collection services, seeking the
efficiency of the service with reduced time and operating
costs.
Based on studies of waste management models currently
presented in the literature, this work presents a prototype
developed to address the problems identified in the research,
which is ready for use. In addition, the study will also serve
as a guideline for future waste management research using
Internet-based solutions (like IoT). To achieve this main
objective, the following partial objectives were defined:
Review of the related literature on IoT-based waste
management solutions.
Proposal to solve the problem of garbage accumulation in
public roads, the basis of the desired solution.
Smart bin prototype construction and integration with an IoT
middleware platform and application development that will
make the front end of the solution to users.
Performance evaluation, demonstration, and validation of the
complete solution.

Fig 1: Illustration of Smart waste management system

The implementation process is divided into two parts:
Smart waste bin prototype
Web application
Smart Waste Bin Prototype
A DHT humidity sensor and an ultrasonic sensor are used in
the proposed system. The microcontroller board used is
NodeMcu. NodeMcu was used due to its ability to connect to
Wi-Fi. He projected system will share the live status of waste
in the bin. Ultrasonic sensor helps to achieve this task. The
ultrasonic sensor measures the space between the top of the
bin and the waste inside the bin. Ultrasonic sensors produce
this output when the bin is empty. Garbage present inside the
bin is calculated by subtracting height of dustbin and current
level of the bin. Some parameters are also recorded such as
temperature, humidity. GPS sensors is used to get current
location of the waste bin. By this location information we can
decide routing path to collect garbage and optimize collection
routes for the city. NodeMcu send this processed data to the
Flask based Web application. Using the web interface, live
status of garbage bin data can be monitored by authorized
user. As a result of this proposed system, garbage collection
authorities will be able to monitor, manage, and collect
garbage in a more efficient manner.

Implementation
The waste management system which is used currently in the
cities still follows very old and out of date model that doesn’t
meets the needs of municipalities. There are large number of
trucks that travel daily long distances, often through irrelevant
regions, and have daily or weekly pickup schedules. This is
costly and inefficient. This leads to waste of cost, a waste of
time, and, more importantly, environmental damage, not only
from the emissions of greenhouse gases from burning fossil
fuel, but also from the pollutant land and water resources from
poor waste management.

Figure 2: Smart waste bin Architecture

The DHT device is employed to observe the temperature and
humidness round the bin. By using location coordinates, it's
doable to spot the precise location wherever the bin is placed
97

• Proceedings for DJ SPARK 2022

ISBN: 978-93-5593-448-2

• Smart Garbage Management & Monitoring System

and to seek out the trail taken by the citizens throughout the
rubbish disposal method, further on optimize collection
routes. NodeMcu then analyzes and interprets the sensor
outputs. The NodeMcu sends this processed data to a Flaskbased Web application. Using the web interface, a prime
dominant authority will monitor the bin fill-level information
centrally. With this deliberate system, a live bin standing
could be acquired, which could facilitate the garbage
collection authorities to correctly control, monitor, and collect
garbage.

because of its Wi-Fi connectivity, it can be used to transmit
real-time collected sensor data to website and mobile
devices.

Web Application
The web development hierarchy is as follows: Client-side
(Front-end development) and Server-side (Back-end
development). Front-end development is client-side, it
includes every component that can be seen and communicated
directly by the users (client) such as images, colors, styles,
graphs, tables, buttons, live animations, navigation menus,
etc. to get a good user experience, the developer must check
the performance and responsiveness of the front-end
objectives. The most used languages for front-end
development are HTML, CSS, and JavaScript (JS). The web
application has been created to be a user-friendly and
interactive interface which can cover all requirements to
monitor the bin status and save its information in real-time.
JavaScript is used in our website to respond to real-time data
exchange between the front-end and back-end.
It is the server part that consists of server, the program
application, and the database. It is the part that cannot be seen
and cannot be accessible by the client. It stores the data,
controls the components of the front-end part, and ensures
that the front-end receives the data correctly. The language
use to build the back-end portion is python. Python is a
programming language that is related object-oriented
language. Python can be used to build websites, android
mobile, and desktop applications, as well as its used in testing
of software, etc. in addition to, the large number of libraries
and frameworks. The back-end section has been created by
flask which is a micro web framework, and it is one of the
most popular modules of python for the web developer. The
most advantages are easy to use and create an application,
quick to learn, and fast execution. The used database is
SQLALCHEMY which is a python SQL toolkit and Object
Relational Mapper (ORM).
The website that we have designed is hosted on Heroku
platform. Heroku is a platform as a service (PaaS) that allows
developers to build a project, run a website, and operate
website applications completely from the cloud platform.
The login page is welcome page, where the valid email and
password must be typed by the user to be redirected to the
Dashboard page, which will display the bin Location and bin
status on maps.
II.

Figure 3: ESP8266

Ultrasonic Sensor

Figure 4: Ultrasonic Sensor

The distance between the ultrasonic sensor and the obstacle
is measured using ultrasonic waves. It emits a wave at an
ultrasonic wavelength and receives the reflected wave from
the object. Once the ultrasonic wave is emitted and received,
the distance to the target can be determined. Both sending and
receiving ultrasonic waves are handled by one component.
By using this formula, the distance to the target can be
calculated: Distance = (Time x Velocity)/2 .In this project,
the distance between the bin lid and the garbage can lid has
been measured. Based on the distance measured we can
calculate garbage level percentage of the bin.
DTH11

HARDWARE COMPONENTS

It is an open-source Wi-Fi system on chip produced by
Espressif Systems. The embedded system provides the
internet connectivity. Arduino IDE can be programmed
via USB cable. The total number pins are 30, of which
there are 9 digital pinout and 1 analog pinout. It is a
component that is necessary for Wi-Fi networking system.
The power consumption is low on this device. The device
has been chosen as the main microcontroller in this project

Figure 5: DHT11 Humidity Sensor
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The DHT11 is a sensor that is used to monitor humidity as
well as temperature which will produce a digital output which
might be calibrated. Any microcontroller, such as Arduino,
ESP8266, etc., can be interfaced with DHT11 to get instant
results. The DHT11 is an extremely reliable and long-lasting
humidity and temperature sensor. This sensor is made of
three important parts. The system includes a humidity sensor
that is resistive in nature, a NTC thermistor, and to convert
all the analog signals into digital signal an 8-bit
microcontroller is used.
GPS
Figure 8: Registration Page

Once the user successfully logs in, the user will be redirected
to the dashboard where dustbin at different location will be
shown in the form of marker on the map. Based on the
garbage level of the dustbin the marker will turn into green
or red.
The marker will be green if the dustbin level is below 90%
and will indicate dustbin is empty.

Figure 6: GPS module

The NEO-6M GPS module has a ceramic antenna with a size
of 25 × 25 × 4 mm and is a high-performance GPS receiver
capable of finding satellites. The GPS receiver will locate the
vehicle and the retrieved information is transmitted to the
Arduino microcontroller and then is forwarded to the saved
contact via the GSM module. It operates in the range of,
1575.42 MHz and displays data in NMEA format, which
includes location information in real time.

III.

RESULTS

Snapshots of output: According to the usage and the
information gathered by the sensors, the trash can may display
different messages on the screen as shown below.

Figure 9: Level of Dustbin (Empty)

The marker will turn red if the dustbin level is more than 90%
and will indicate that the garbage management team needs to
collect the garbage.

Data is displayed on Arduino IDE Serial monitor after
collecting reading from ultrasonic sensor & converting it into
percentage.

Figure 10: Level of Dustbin (Full)

IV.
Figure 7: Arduino Serial Monitor

Registration page where new individual can register
themselves onto the application.
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CONCLUSION

To collect garbage efficiently and economically, this project
integrates a Wi-Fi modem, NodeMcu, and Ultrasonic Sensor.
The advanced system affords a stepped forward database for
garbage collection time and waste quantity at every location.
By realizing this project, we can prevent garbage containers
from overflowing in residential regions. This was previously
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done manually or with the assistance of loaders in garbage
trucks. It can constantly monitor the level of garbage & share
the real-time information to the garbage collection truck. The
technical method used in the presented system are sufficient
to guarantee optimal monitoring and management of nondegradable waste collection within a green environment.
By using this method, the collection of waste in the town can
be made less complicated. It helps reduce pollution, visitor
drift, manpower & time as well as money. With the assist of
proper technology (GPS & Software application) we are able
to guide the trucks by choosing the shortest route for garbage
collection. This task can upload an edge to cities that try to
become smart and people friendly.
V.
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FUTURE SCOPE

As part of this project, human resources and efforts will be
reduced while the smart city vision will be enhanced.
Frequently, we have seen dustbins spelling garbage out of it
on streets which is a problem that requires immediate
attention. To conceptualize the project, we were inspired by
the proverb “Cleanliness is next to God and a clean city is
next to heaven”. Pollution can be reduced by using smart
trash. Sometimes garbage dustbins overflow and animals,
such as rats and dogs, are found near or inside the dustbins.
This can be disturbing. Implementation of this project can
avoid such situations. Additionally, instead of notifying to
the contractor’s office, information can be sent directly to the
garbage collecting truck. “Swatch Bharat Abhiyan” is an
initiative that is started by the government of India to clean
infrastructure, roads, and streets as part of Clean India
Mission in 4041 cities. With our system, the Smart dustbins
display real-time information about the dustbins through an
internet connection. In recent years, the population has grown
rapidly, which causes more waste to be disposed of.
Therefore, a proper waste management system is vital to
preventing the spread of some deadly diseases.
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Abstract— People with disabilities, whether working-class,
non-working-class, or students, require some kind of device to
help them with their daily activities and to be independent.
The paper proposes a smart multipurpose hand gesture
recognition glove that can be used to convert the sign language
of a speech-disabled person into normal speech and enable
home automation for them. The product proposed uses simple,
low-cost microcontrollers and sensors that will detect the
gesture of the glove and perform an output action such as
speech conversion and home automation that will be
recognized using various machine learning algorithms that
provide the best accuracy overall. We have also compared the
accuracy of those algorithms to find the most accurate one.
This project will help speech-disabled people live their lives
independently by reducing the barrier of speech and using
technology in the language they are most comfortable using in
their day-to-day lives. The project is also an upgrade to
previous attempts that used image processing and machine
vision, as this system employs low-cost hardware and less
processing power while also taking care of privacy issues.

MPU 6050 interfaced with ESP32, collects data and sends it
to the host computer where the machine learning models are
deployed via Bluetooth. That data is then passed through the
machine learning models that we have created using various
machine-learning algorithms. Then we predict the gestures
and convert them into speech using a speaker.
II. METHODOLOGY
Working Principle
At the core, the basic working principal of the project is to
read the sensor readings from the glove, recognize the
gesture via trained machine learning models, and output an
action such as speech conversion or home automation.

Keywords— KNN, SVM, Decision Tree Model, Naïve Bayes,
Hand Gesture Recognition Glove, Flex Sensor, Home
Automation

I. INTRODUCTION
According to the survey conducted by the Ministry of
Statistics and Programme Implementation of India (MoSPI)
in 2016, there were approximately 2.68 crore disabled people
in India. 7% of which are mute people, which rounds up to
20 million people. Of that, 33.5% of the non-working class
are dependent on someone, while 37.2% are students. Both
categories need some device for their day-to-day activities
and to be independent. People with disabilities are more
likely to be unemployed because of the COVID-19
pandemic, have limited access to social protection and
financial assistance, and have disruptions in social support
and rehabilitation services. According to the 76th wave of
the National Sample Survey 2020, 76.4 percent of people
with disabilities do not get government assistance, and just
28.8 percent have a disability certificate from a competent
body. As a result, people with more mild impairments and
those who do not have a disability certificate are excluded
from these social protection measures.Our hand glove,
consisting of five flex sensors and Bluetooth, along with the

Fig.1 Block Diagram
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Detailed Flow
The project employs a low-cost, low powered
microcontroller such as the ESP32, which is also very small
in size. It collects the sensor data from the flex sensors and
MPU6050 and sends it to the host computer where the
machine learning models are deployed via Bluetooth
RFCOMM protocol to make it ready for the classification
stage. Then a Python program running on the host computer
feeds the data into the machine learning models. After
building the glove with all the required sensors, a dataset of
8 symbols was created from the American sign language by
collecting them from the microcontroller. Each symbol
consisted of data from a flex sensor that was based on the
bending of each finger of the hand, a gyroscope that
represented the angular inclination of the hand in 3D space,
and an accelerometer for recording hand movements.
The data point and its description are shown as below:
Data
Point
Acc-X
Acc-Y
Acc-Z
Xangle
Yangle
Zangle
Thumb
Index
Middle
Ring
Little

Description
Acceleration of hand along X axis
Acceleration of hand along Y axis
Acceleration of hand along Z axis
Angular inclination of Hand with respect to X
axis
Angular inclination of Hand with respect to Y
axis
Angular inclination of Hand with respect to Z
axis
Measurement of the amount of bend of Thumb
Measurement of the amount of bend of Index
Finger
Measurement of the amount of bend of Middle
Finger
Measurement of the amount of bend of Ring
Finger
Measurement of the amount of bend of Little
Finger

Fig.2: Flow diagram of Gesture Recognition

Fig.3: Complete Schematic of the Project

The datasets were collected by the microcontroller and sent
to the host computer so that machine learning models could
be trained on them using the Scikit learn library in
Python. The models trained can be chosen as per the
requirements of the number of gestures, as each algorithm
can have variable accuracy according to that number. For
each algorithm, the dataset was divided into two parts of
70% and 30% each, with the former being used to train the
model and the latter being used for prediction. The accuracy
score of each model was recorded after the models were
trained using different algorithms, and the one with the best
accuracy was chosen to classify the gestures.
Fig.4: Simulation on Proteus

With algorithms once trained and best selected, the complete
gesture recognition looks like the following diagrams:
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Fig.5: Result of the prediction algorithm

Fig 8: Flex sensor

MPU6050
The MPU6050 sensor module is a 6-axis motion-tracking
device in one package. In a tiny package, it includes a 3-axis
accelerometer and a 3-axis gyroscope, along with a Digital
Motion
Processor.
To
communicate
with
the
microcontrollers, it has an I2C bus interface.
Fig 6: Final glove

III.

PROJECT SPECIFICATION

Following components were used to make the glove:
ESP32
For a wide variety of applications, the ESP32 is a featurerich
Microcontroller with integrated Bluetooth and Wi-Fi
connectivity. It is the heart of our project, which collects the
data from various sensors and sends it to the host computer
to make it ready for the classification stage.

Fig 9: MPU6050

Following algorithms were used to train machine-learning
models:
kNN:
It stands for k-Nearest Neighbors; a supervised learning
algorithm for data classification that assesses how likely a
data point is to belong to one of several groups based on
which group the data points closest to it belong to.
SVM:
Support vector machines are supervised learning algorithms
based on the idea of finding the optimum hyper plane for
dividing a dataset into many groups.
Fig 7: ESP32

Flex Sensors
A flex sensor, also known as a bend sensor, is a sensor that
accurately measures the amount of bending or deflection.
These sensors are attached to each of the glove's fingers, and
the resistance of the sensor element is changed by bending
the surface. It is used as a goniometer and is commonly
referred to as a flexible potentiometer since the resistance is
directly proportional to the amount of bend.

Naïve Bayes:
A classification algorithm based on Bayes' Theorem with the
premise of predictor independence. A Naive Bayes classifier,
in simple terms, posits that the existence of one feature in a
class is unrelated to the presence of any other feature.
Decision Tree model:
A decision tree is a graphical presentation of all possible
solutions to a decision based on a set of criteria.
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Gini Impurity: Gini Impurity is a parameter used in the
construction of decision trees to identify how a dataset's
features should be split into nodes to form the tree. A
dataset's Gini impurity is a value between 0 and 0.5 that
represents the probability of new, random data being
misclassified if it were given a random class label based on
the dataset's class distribution.
Entropy: Entropy is measure of impurity disorder or
uncertainty in a bunch of examples. Entropy controls how a
decision tree decides to split the data. It affects how
a decision tree draws its boundaries.

SVM

kNN

Naive Bayes

Decision Trees

Fig 10: The pictorial representation of each algorithm

IV.

CONCLUSION

We have created a Hand Gesture Recognition Glove. The
glove, after classification, will enable communication
between normal and speech-disabled people without
worrying about the speech barrier. Furthermore, the same
enables the person to automate their day-to-day activities
with simple IoT-based home automation.The gesture
recognition glove was created using different classification
algorithms and their accuracy was recorded, which is shown
below:
Algorithms Used
Accuracy in %
kNN
98.97435897435898
SVM
98.97435897435898
Naïve Bayes
99.48717948717949
Decision Tree model with
98.97435897435898
gini impurity
Decision Tree Model with
99.48717948717949
Entropy
We have found Naïve Bayes and Decision Tree to be the
best fits for our current scenario, and they are used for
gesture recognition. This product has various features such
Distress Signal for emergency uses, Personalized Hand
gesture as per user, Short-cut gestures for frequent phrases,
and IoT application for Home automations. With further
advances, the product can find applicability in robotic arm
controller applications and remote surgery.
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Abstract-Due to the scarcity of fossil fuels the use of renewable
resources has to be minimized as much as possible. Solar energy
is one of the biggest sources of energy available. Solar trackers re
employed to increase the output due to solar radiations. This
paper shows how the plates of the solar tracker move according
to different angles of light.
Keywords— tracker, solar, light.

used among small commercial solar projects that have limited
space and also residential projects. Dual axis can increase
energy production by 40 percent.
DESIGN OF SOLAR TRACKER
The mechanical assembly for this project is created using 3D
printed Components printed on Creality Ender 2. A grey PLA
filament was used to print all the components. A total of seven
3D printed components were used. Additionally, a 6 inch long
and ¼ inch diameter nut and bolt were used in the assembly.

INTRODUCTION
Renewable energies are ways to generate energy from
unlimited natural resources. These energies are either available
abundant in nature or they are produced more quickly than they
are consumed. Renewable energies are the opposites of fossil
fuel energies as the stocks of fossil fuels are sparse and nonrenewable in nature some known examples of fossil fuels are
coal, oil or natural gas. Fossil fuels are non-renewable in nature.
Renewable energies are always produces from renewable
sources. Renewable energies are often produced as clean
energies or green energies.
There are multiple type of renewable sources and energies such
as sun, wind or water which are all theoretical unlimited on
earth. But here we are taking about the energy coming from the
solar rays, about 173,000 terawatts of solar energy strike the
earth at any given moment which is approximately more than
10000 times the total energy needs of the world. In this process
the solar radiation is absorbed by the Sensors and rebroadcasted
by capturing sun's rays and directly converting them into
natural energy through photo voltaic solar panels.
So how exactly does a solar panel work?
Solar panels work by allowing photons to knock electrons free
from atoms which generates a flow of electricity. Solar panels
actually have many smaller units which are called photovoltaic
cells. The work of photovoltaic cells is to convert sunlight into
electricity. Many cells together make up a solar panel. Our
project is based on Solar trackers which is a system that
positions an object at an angle relative to the sun. The common
applications of solar trackers are to position solar panels at an
angle perpendicular to the sun’s rays. As these solar trackers
move the hole day According to the sun, they help is drawing
more natural energy from the sun, they increase the energy
production by almost 25 to 35 percent and hence are better than
just solar panels
There are 2 types of solar trackers
1. Single axis tracker
2. Dual axis tracker
We chose to build a dual axis solar tracker as this tracker does
not only move east to west as the single axis trackers. But also
moves from north to south. Dual axis trackers are commonly

Figure 1

DESIGN OF EXPERIMENTAL SETUP

Figure 2

The Sun tracking solar panel consists of four LDRs, a solar
panel, 2 servo motors, and an Arduino nano Interfacing board.
It also requires a 5v external power signal. LDRs are named as
Right top, Right bottom, Left top, Left bottom. All the LDRs
are directly interfaced with our processing unit Arduino nano.
All these LDRs are attached to the rotating plate of the panel
and there is an intersection between them for light isolation.
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Light-dependent resistors produce low resistance when light
falls on them. Two Servo Motors are then interfaced to
Arduino nano as well. Based on the readings of LDRs feedback
is provided to two servo motors representing the X-axis and Yaxis. The signal feedback from Left bottom and Left Top LDRs
or Right bottom and Right top is provided to X-axis Servo
Motor i.e. decides the movement of the X-axis plate imagine
when more light falls on the left side of the X axis Left LDR
combination will have more light on it thus the resistance on
the left-hand side will fall and will comparatively be lesser than
resistance of Right-hand side LDR thus the voltage on the lefthand side will be more and servo moter will rotate towards left.
The signal feedback from Left top and Right top LDRs and Left
bottom and Right bottom is provided to Y-axis Servo Motor i.e.
decides the movement of the Y-axis plate. A similar process to
that of X-axis LDR movement is obtained on Y-axis as well.
Imagine if the light on LDRs at top is more than that of Light
on LDRs at bottom resistance of Top LDRs will fall and voltage
will increase will increase thus Y axis servo motor will move
towards Top side. The solar panel is fitted on the Y-axis plate
which is mounted on the dial which rotates in accordance with
the X-axis plate. This enables the panel to catch most of the
solar energy and hence provide output for maximum time.
Circuit Diagram:

Figure 3

Feedback:
For sensing light, four LDRs: Left Top (LT), Left Down
(LD), Right Top (RT), and Right Down (RD) are used. To
interface the LDRs to the Arduino nano, voltage dividers
are used. Each LDR forms a voltage divider with a 10KΩ
resistor. One end of the LDR is connected to Vcc and
another is connected to a 10k Resistor. The other end of the
10K resistor is connected to the Ground. The midpoint of
voltage dividers is connected to Analog pins 0 to 3. LT is
connected to A0, LD is connected to A1, RT is connected
to A2, and RD is connected to A3.

Figure 4

Each white dot represents an LDR, light falling on each LDR
is isolated by the vertical dividers to increase the accuracy of
the tracking algorithm.
When light is incident on an LDR, its resistance decreases, and
the voltage at its respective voltage divider goes towards Vcc.
And when LDR is in dark, its resistance increases in the order
of 100KΩ, and the voltage at the voltage divider drops close to
0.
The analog pins on the Arduino nano measure these voltages to
take feedback from the system and attempts to reduce the
difference between every LDR to 0.
Movement of Axis:
For the movement of the X and Y axis, two servo motors are
used, one for each axis. The horizontal servo is connected to
digital pin 9 of the Arduino nano and the vertical servo is
connected to the Digital Pin 10 of Arduino nano. Depending
upon the tracking logic, the Arduino nano sends control signals
to the servo motors
CONDUCTING EXPERIMENT
Procedure:
Assemble the circuit as shown in circuit diagram.
To calculate the Vfb to Servo motors provided by voltage
divider arrangement of LDRs dismiss the connection with
Servo motor (only for experimental purposes).
Upload the code for “Serial Plotter” to the microcontroller.
Apply Light in following 6 positions:
No light.
Light at centre Top.
Light at Left Side on X axis.
Light at Right Side on X axis.
Light at Top side on Y axis.
Light at Bottom side on Y axis.
Calculate the Feedback voltage for each LDR and for each case
Observations:
Observations provide the result for different position of light
(artificial light), LDRs illuminated, Feedback Voltage (Vfb) for
each LDR.
Feedbac Feedback Feedback Feedback
LDRs
Case Position
kVoltage Voltage Voltage voltage
Illumina
No. of light
LDR
LDR
LDR
LDR
ted
(LD)
(LT)
(RD)
(RT)

Joint Diagram:

1.

Centre
All
Top

4.95 V

4.95 V

4.95 V

4.95 V
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2.

3.

4.

5.
6.

Left
Side
LD, LT 4.95 V
(x-axis)

4.95 V

0.098 V 0.098 V

Right
Side (x- RD, RT 0.098 V 0.098 V 4.95 V
axis)
Top
Side
LT, RT 0.098 V 4.95 V
(y-axis)
Bottom
Side (yLD, RD 4.95 V
axis)
No
Light

None

4.95 V

0.098 V 4.95 V
Figure 7

Case 4: Light at Right Side0.098 V 4.95 V

0.098 V

0.098 V 0.098 V 0.098 V 0.098 V
Table 1

Graphs:
RepresentationLDR Left Down LDR Left Top LDR Right Down LDR Right Top -

Red Wave.
Blue Wave.
Orange Wave.
Green Wave.
Figure 8

Case 5: Light at Top SideCase 1: No Light-

Figure 5

Case 2: Light at Centre-

Figure 9

Case 6: Light at Bottom Side-

Figure 10
Figure 6

Case 3: Light at Left Side-

CALCULATIONS
The feedback is taken from a simple voltage divider
created by an LDR and a 10K ohm resistor. Therefore, the
voltage at the voltage divider is given by:
Vcc × 10,000 ÷ (10,000 + RLDR) … Equation 1
Variation in RLDR:
When LDR is in the Dark
RLDR < 500K ohm
When LDR is exposed to Light: RLDR > 100 ohm
Variation in Feedback voltage generated by the voltage
divider:
As per the variation of RLDR mentioned above and
Equation 1
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When LDR is in the Dark:
Feedback voltage >= 0.098V
When LDR is exposed to light:
Feedback Voltage <= 4.95V
ALGORITHM
Step 1 Initialize Vertical and Horizontal Servo Position to
90°
Step 2 Read all the LDR Feedback voltages and store them
to their respective variables.
Step 3 Compare the LDR feedback voltages from the pair
LD and RD.
Step 4 If LT is greater than LD by THRESHOLD value,
then increase Vertical servo position by 1° if Vertical Servo
Position < 180°.
Step 5 If LT is less than LD by THRESHOLD value, then
decrease Vertical servo position by 1° if Vertical Servo
Position > 0°.
Step 6 Repeat steps 3 and 4 with the LDR pair RT and RD.
Step 7 If LT is greater than RT by THRESHOLD value,
then decrease Horizontal servo position by 1° if Horizontal
Servo Position > 0°.
Step 8 If LT is less than RT by THRESHOLD value, then
increase Horizontal servo position by 1° if Horizontal
Servo Position < 180°
Step 9 Repeat Steps 6 and 7 with the LDR pair LD and RD.
Step 10 Go back to step 2.
RESULTS
Thus, we proved that When LDRs are illuminated
resistance across them falls and voltage increases.
More the Voltage on a side on a specific axis tracker plate
will incline more towards that direction.
LDRs act as Sensing elements.
Voltage Divider feedback output at any instant would be
either 0.098 V (Low state) or 4.95 V (High State).
CONCLUSION
The innovative designs in sun-tracking systems have
enabled the development of many Solar thermal and
photovoltaic systems for a diverse variety of applications
in recent years compared to the traditional fixed panels.
Solar systems which track the changes in the sun’s
trajectory over the day collect a far greater amount of solar
energy, and therefore generate a significantly higher output
power. The altitude dual-axis tracking system is more
efficient compared to other tracking systems. However,
from a cost and flexibility point of view, the single-axis
tracking system is more feasible than a dual- axis. This
paper discussed the merits of a Dual-axis solar tracker in
power maximization. We have established that dual-axis
solar trackers are a more viable alternative when the
purpose of an application is high power consumption.
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Abstract—Cubesats are miniature satellites which typically
weigh between 1 and 10 kilograms and follow the cubesat
dimension standards, which defines the outer dimensions of the
satellite. Since their inception, cubesats have revolutionized the
area of space exploration, radically bringing down the costs of
design and launch. This technical paper outlines the design of an
imaging payload for the cubesat mission EINSat( Exoplanet
INvestigation Satellite). We will go over the mission
requirements, limitations and the design decisions taken to best
suite the conditions.
Keywords- Cubesats, Exoplanet, Imaging Payload, EINSat,
Optical Telescope assembly, Fast steering mirrors, Star tracker.
I.

INTRODUCTION

The field of exoplanets, i.e. planets orbiting stars other than
the sun, is relatively new, with the first exoplanet detection in
1995. Since then, over 2000 planets have been detected and
catalogued by large scale NASA missions like TESS and the
Kepler space telescope mission. The existence of other
planetary systems brings out natural questions about the
possibility of life in these locations. However, the current
technology employed in the discovery of exoplanets is
extremely expensive and challenging.
Project EINSat(Exoplanet INvestigation Satellite) employs a
new approach to exoplanet detection by utilising the CubeSat
form factor to allow us to conduct exoplanet detections at
significantly lower costs and reduced development times. It is
also a platform to provide students with an opportunity to
work in a fascinating but complicated domain of space
research. Project EINSat is a 3U(10x10x34 cm) CubeSat
space telescope designed to detect transiting exoplanets from
stars with an apparant magnitude of 0<V<6 and deployed at
low earth orbit.
There are five primary methods of detecting exoplanets, which
are radial velocity measurements, gravitational microlensing,
direct detection and transit method. Out of these methods,
radial velocity measurements and gravitational microlensing
require large scale detectors and is not viable for CubeSat use.
Out of direct detection and transit method, direct detection
requires accuracy of 1 part per billion, which is out of scope
for this specific mission. On the other hand, transit detection
of an earth-sized planet orbiting a sun-like star requires
accuracy of around 100 ppm. Thus we view transit detection
as the best method of discovering an exoplanet for this specific
mission.
Thus, to achieve these accuracy goals, we needed to make sure
that the pointing of the CubeSat remains stable across its
observation duration due to inter-pixel gain variations in the
image sensor. If the light from the target star falls on different
pixels, there is a distinct chance that the measured flux of the
• Proceedings for DJ SPARK 2022

star will vary. Accordingly, we are planning on achieving 510 arcsecond RMS pointing stability over 20-minute
observations.
II.

LITERATURE REVIEW

This project takes inspiration from the ASTERIA space
telescope mission from NASA. ASTERIA was a 6U cubesat
mission whose mission was also to find exoplanets via the
transit method. The paper ‘On-Orbit Results and Lessons
Learned from ASTERIA Space Telescope Mission’ details the
imaging payload and the pointing control approach taken by
the cubesat. The OTA (Optical Telescope Assembly) in the
payload consisted of a lens assembly, a two-axis piezoelectric
nanopositioning stage, image sensor, a thermal baffle and a
image sensor. The lens assembly is similar to a DSLR camera
lens but with modifications for withstanding the launch and
LEO environments. The image sensor used is the fairchild
CIS2521 image sensor with a pixel size of 6.5 μm. The imager
is then mount on the piezo stage, which allows the imager to
get translated by ±50 μm, which is then used for fine pointing
correctioninthepayload. For pointing control, ASTERIA uses
a two-stage approach to pointing. During the observation
windows, the reaction wheel assembly maintains a coarse
attitude control. The fine pointing control is performed by the
star tracker and the piezoelectric nanopositioning stage. In a
20Hz control loop, the windowed star images from the star
tracker are fed into the control algorithm which translates the
piezo stage to compensate for the pointing error due to the

reaction wheels.
Fig.1 Pointing control approach in ASTERIA

Although this idea was novel in approach, this required a
significant allotment of resources. Almost all the components,
like the piezo driver board, the image sensor driver board had
to be custom designed, which is not feasible for a student-level
project. The power required for driving the electronics was
110
ISBN: 978-93-5593-448-2

• Design of an imaging payload for a Cubesat mission

also comparatively higher, requiring a bigger battery. The
monetary investment required for getting these components
was also beyond the scope of a student satellite project.
The payload design in EINSat is not a reimagination, but an
iteration of the ASTERIA payload design, putting more
emphasis on usage of COTS (Commercial off the Shelf) parts,
and bringing down the monetary costs significantly.
DESIGN REQUIREMENTS
Following design parameters are essential for the design of the
payload
Optical Telescope Assembly
There must be an optical assembly for gathering light and
focusing it on the image sensor.
The assembly must have a fixed aperture and not a very wide
field of view, so that noise from other light sources can be kept
to a minimum.
Image sensor
Choosing an appropriate image sensor is a critical task for an
imaging satellite. There should be proper balancing between
its size, imaging capabilities and power consumption.
There should also be robust software support for the said
imaging system to work on a CubeSat On-Board Computer
with significantly lower processing power than an ordinary
computer.
Below are some of the essential parameters which were taken
into consideration for choosing an image sensor
Pixel size- The pixel size should be as large as possible. There
are mainly two reasons for this. Firstly, greater pixel size
means greater light-gathering power, improving our imaging
capabilities and enabling us to observe higher magnitudes of
stars. Secondly, intra-pixel gain variations are much lower
than the inter-pixel gain variations. Having a larger pixel size
will allow the pointing control system to have comparatively
lesser stringent pointing requirements than having a smaller
pixel size.
Full well Capacity- Full well capacity is defined as the amount
of charge which can be stored within an individual pixel before
the pixel becomes saturated. It is dependent on the pixel size
of the sensor and the camera operating voltages. Having a
higher full-well capacity is generally preferred as the pixel
doesn’t get saturated early, and the SNR is maintained
Quantum efficiency- Quantum efficiency is the ratio between
the number of photons registered by the sensor and the
photons falling on the sensor. Higher QE is always preferred
for maximum SNR
Fine pointing control
A fine pointng control loop is important to achieve the
stringent pointing requirements of the cubesat mission
There should be a mechanism to make sure that the star’s
image is localised to one specific pixel on the image sensor
III.

HARDWARE USED

Optical Telescope Assembly
Tokina SZX SUPER TELE 400mm lens was chosen. This is a
mirror lens with an aperture of 76mm and has a similar optical
design as a cassegrain telescope. The field of view is 6° 8’.
There will be some minor modifications to fix its focus to
infinity.

Fig.2 Mirror lens

Image sensor assembly
The Ximea MQ042MG-CM-BRD camera was chosen. The
camera has a small footprint and low power consumption of
1.6W. The accompanying image sensor is the CMV 4000
image sensor from AMS
Full well charge
13500 ePixel size and Format

5.5 um with 2048x2048
pixels

Quantum Efficiency

>60% at 500-600nm
wavelengths

Dark Noise

13e- RMS

Fig.3 QE plot of CMV 4000
Fine Pointing Control Hardware
A fast steering mirror is used for fine pointing control of the
cubesat. These mirrors provide very fast optical beam steering
across two axes, while requiring extremely low power.
Moreover, the motion of these mirrors is very accurate. They
can take atleast 10000 unique positions within its tip-tilt angle.
These devices will be used to steer the light coming from the
lens assembly and act as a mechanism for fine pointing
control.
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RA and DEC are the right ascension and declination of the
object over the celestial sphere and α, δ the coordinates of the
star (S) to be projected.Thus, η and ξ will be the so-called
standard coordinates of the star S in the projection plane. Thus,
the output of this algorithm will tell the cubesat about its
orientation in space

Fig.4 MEMS Fast steering mirror

During the pointing process, the star tracker will try to keep
the target star always at the centre. The offset generated from
the movement of the star will be noted and the fast steering
mirror will be tuned such that it can offset this motion via its
movements. The flow chart for the entire algorithm is shown
below.

These MEMS mirrors are driven by driver circuits which are
then directly connected to the On Board Computer. These
These drivers are optimized to safely drive MEMS mirrors and
also include programmable low-pass filters (LPF) for
smoothing output voltages, a high voltage DC/DC circuit and
a high voltage amplifier and do not consume more than 100
mW of power.

Fig 5. Fast steering mirror Driver Circuit

Thus, these devices, along with the star tracker and the
image sensor make up the hardware for achieving fine
pointing control in the payload.
V. FINE POINTING CONTROL SOFTWARE

A Star Tracker is a sensor that detects stars and compares
their pattern of the stars with known stars from a stellar catalog
stored in memory. Then, it computes the precise orientation in
which the camera is pointed at the sky and deduce the
satellite's attitude. The star tracker along with the fast steering
mirror will constitute the fine pointing mechanism of the
payload. This section will briefly describe about the
algorithms used for this.
The star tracker will star the process by acquiring an image
from the star tracker camera from which a set of brightest
objects (Stars in our case) will be extracted from it. Each star
will be allotted a specific pixel coordinate.
Then, these set of brightest objects will be compared to a in
memory stellar catalog and the error will be found. Since the
star catalog is in RA DEC coordinates, it will first be projected
into planar coordinate using this formula

VI. IMAGE ACQUISITION
The current plan for image acquisition is to continuously
capture images with 50 ms exposure times for 20 min
observation durations. The exposure time will depend on the
update frequency of the fine pointing control loop. The image
resolution will be kept at 64×64 or 128×128 pixels by using
the ROI (Region Of Interest) feature in the image sensor to
maintain small data sizes. These images will then be stacked.
Stacking is generally done by averaging the pixel values of
images taken during a specific time interval, which is
generally 1 min. Stacking images makes them easier to store
in the On Board Computer memory and also boosts the SNR.
Calibration data
The CMOS detector has a constant non-uniformity in the
amplification values of its columns. Each column in a detector
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has its own amplifier. Thus, these offsets between the columns
appear as a ‘barcode’ pattern on the detector.

Fig.6 A sample of column offsets in CMOS sensor

Bias (zero exposure time) and flat(uniform illumination)
frames are genrerally used to correct column offsets and pixelto-pixel gain variations. These gain variations are solely
dependent on the temperature. So, by considering the thermal
characteristics of the CubeSat during the observation
windows, we can pre-record these frames on the ground. Nearzero exposure time bias frames will be collected on ground in
windowed mode at the minimum integration time the detector
can support. These frames will also be stacked in the similar
way. By considering one column as reference the gain for all
the other columns will then be obtained, thus giving us the
“offset map” for data reduction. Flat frames will also be
captured in a similar way.
Data Reduction
Data reduction will begin by manually reviewing every
stacked image that was taken either in “orbital sunrise” or
“orbital sunset”, which will have significant background
contamination from noise sources like the sun, moon earth etc.
Then we will proceed to perform background correction. The
offset map previously made will then be subtracted from the
raw image. We then subtract the background/sky noise by
selecting pixels in the target star window that do not have any
stellar flux, and calculate the median of the pixels for each
column, and then proceed to subtract that median value from
every pixel in that column. The process of Data reduction is
shown in the flow chart below.

.

FIG 7. DATA REDUCTION APPROACH

VII.CONCLUSIONS AND FUTURE SCOPE

This paper presents a unique approach to fine pointing control
in a 3U cubesat, and simplyfying and reducing the costs
required to make it feasible for a student satellite project. Since
this approach hasn’t yet been tested for space applications,
there is a need of significant testing and tuning to the entire
algorithm to make it space worthy.
If this technology proves to be space worthy, the same
algorithm with slight changes can be used for precise earth
observation as well. Agriculture monitoring, weather
monitoring and surveillance are some of the possible use-cases
where this approach might be useful. Alternatively, an entire
fleet of such satellites deployed to space can be used to detect
dozens of stars simultaneously for exoplanet transits. Each
satellite would monitor a single Sunlike target star of interest
for as long as possible in order to catch a transit. Nominally,
target monitoring would only be interrupted due to
geometrical constraints such as Sun, Earth, and Moon keepout zones. Individual telescopes within the fleet may be tasked
to switch between targets to maximize observational coverage
as stars move into and out of view. This approach might even
turn out to be cheaper than deployment of a single large space
telescope.
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Abstract— Nowadays, technology has become so profoundly
integrated into our lifestyle that one is always surrounded by people
having technology-supported wearables that help in monitoring not
just one’s health but also the health of others. Even with such rapid
advancement of technology, and the massive surge of wearablesshort for wearable technology; there still is a horizon waiting to be
broadened in the arena of pet wearables. This wearable technology
can be extended to our beloved pets, tracking their health, patterns
and moving a step closer to understanding them. The technology
coupled with some miniscule modifications can further be used to
aid and assist the impaired pets. Our smart vest is a feasible,
efficient and a pet friendly solution. This project will not only enable
owners to monitor their pet’s location and surroundings, but also
help gaining the various insights about pets. This solution can then
be modified to help blind and impaired pets, helping them gain
confidence to roam around their surroundings freely. Our project
considers various factors such as pet tracking, health and vital
monitoring, live camera feed. Our project also entails the additional
feature for aiding blind pets. With a simple yet sophisticated add
on, our prototype model can be diversified and yet serve the
purpose efficiently. The beloved pet’s owner can be aware of the
pet’s location, camera feed and health all at the convenience of a
single click.
Keywords— Internet of things (IoT), Machine Learning, Wearable
technology, wearables, smart vest, blind pets, Heart Rate Sensor, Node
MCU, ESP32, ESP 32 Camera, GSM, GPS, Ultrasonic Sensor,
Piezoelectric Buzzer, Firebase, Display Unit, Wireless sensor
networks.

I. INTRODUCTION
Wearable technology, often known as "wearables," is a class of
electronic devices which can be worn as accessories, embedded
within clothing, implanted in the user's body. The gadgets are
hands-free devices with practical applications that are powered
by microprocessors and have the ability to send and receive data
via the Internet. Wearable technology is growing in importance
as part of the Internet of Things, with potentially life-changing
implications in health and other sectors.
This wearable technology can be extended to our beloved pets,
tracking their health, patterns and moving a step closer to
understanding them. The technology coupled with some
miniscule modifications can further be used to aid and assist the
impaired pets.
The market for such wearable pet friendly technology is limited
and has a wide array to expand into. There are
Applications/products which appease and tackle different
problems and obstacles but often such products just target one
issue, and the others are left in the background. For example:
There are products which offer live surveillance of the pet, but
their scope does not expand beyond that. These solutions do not

monitor health or track the pet’s location and whereabouts.
What we plan to develop is a unified solution, one wearable
which targets the needs of both the pet as well as the pet owner.
We aim to come up with the kind of solution which does not burn
a hole through the pocket, but also gives the value for money.
Our smart vest is a feasible, efficient and a pet friendly solution.
This project will not only enable owners to monitor their pet’s
location and surroundings, but also help gain the various insights
about pets. This solution can then be modified to help blind and
impaired pets, helping them gain confidence to roam around
their surroundings freely.
According to several research and existing data, pets with partial
or complete visual impairment lack confidence. They find it
extremely difficult to move around. This is one such application
which could be facilitated with our pets’ smart vest as an add on.
The vest could be worn by any pet, and if the pet is blind then an
additional tool/modification clip on would serve the purpose,
without compromising on comfort or the product's efficiency.
Alongside these trackers also play a key role by monitoring the
health, changes in behavior of pets, as well as also keep tabs on
the pets’ location. Our project aims to ease and assist blind pets
in quickly becoming familiar with their current or new
environments. This would not hinder their normal daily activity
and give them their sense of confidence back. The product can
help pets with visual impairment track surroundings and help
them in obstacle detection, allowing them to become more
familiar with their surroundings.
ESP 32 and Node MCU are our primary microcontrollers. ESP
32 takes care of the camera feed and sends it to an application
which enables the video to be streamed live. Further, the camera
can be dualled with modern day machine learning tools and be
coupled with Facial Recognition.
Whereas the Node MCU collects data by interfacing with
different sensors like the GPS which provides the coordinates,
GSM which sends an alert along with location when the pet
strays away from the local coordinates and the display unit
through which the owner can display any message. The
ultrasonic sensor and buzzer are additional functionalities for
blind pets who may need assistance while acclimating to new
environments. If any obstacle is detected by Ultrasonic Distance
Sensors, Piezoelectric Buzzers will activate, emitting an audible
beep warning the pet to proceed with caution.
When the received data is sent to a website/application to view
by the pet owner.
The device's general design ensures that the dog is comfortable
while wearing it and that it does not obstruct their movement. All
the acquired data, including the camera live feed, position, and
vitals of the pet, is sent to the phone application/website,
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allowing the user to keep track of the pet at the convenience of a
button. This data can be collected for tracking patterns and traits
of the pet using advanced tools that data analysis offers us today.
If the pet strays away from a certain range, an alert message with
the pet's position coordinates will be sent to the owner.
This solution also enables us to keep track of pets for working
pet owners who need not worry about their pet at home while
they are at work. Overall, the pet’s smart vest is a unified solution
to cater to all needs of a pet and its owner.

tracking, vital measurement will be a great wearable technology.
Even connecting all these data with portable mobile applications
and cloud computing makes this project a promising project.

IV. PROPOSED DESIGN

II. OBJECTIVE
The objective of this paper is to build a fully functional and
efficient smart vest for pets using the concepts and Internet of
Things (IoT), embedded systems and club it with modern day
tools like Machine Learning and Data Analytics to gain insights
and extend the scope of the project. The market for such
wearable pet friendly technology is limited and has a wide array
to expand into. There are applications/products which appease
and tackle different problems and obstacles but often such
products just target one issue, and the others are left in the
background. Apart from the added benefits, it’s an efficient
solution for pet parents who set out for work having to leave their
pet at home. With smart pets’ vest, the owners can easily gain
access to monitor their pet’s activities. The smart vest should
include various functions such as such as pet tracking, health and
vital monitoring, live camera feed, and can be a guide for the
blind pets. The beloved pet’s owner can be aware of the pet’s
location, camera feed and health all at the convenience of a single
click. Thus, enabling effective wearables for pets. The aim of this
paper is to assist in the provision of alternative means of
interaction and tracking of pets for pet owners. All the mentioned
hardware is compact-sized and varies according to the range,
making our project portable and comfortable for the pets and
convenient for the pet owners.

Figure 1: Node MCU

It is a powerful microcontroller with significant storage and onboard processing capabilities, allowing it to be coupled with the
sensors with minimal loading during runtime via its GPIOs
(General Purpose Input/Output). For Node MCU, which is an
open-source firmware, there are open-source prototype board
designs available. It is a low-cost module with a large feature set,
making it excellent for IoT domain.

III. LITERATURE SURVEY
Pet wearables are emerging in recent years. There are smart
collars and vests for pets that use a GPS tracker to keep track of
the pet. There is relatively little technology available for blind
pets, and it is highly expensive. There is no all-in-one pet
wearable available.
In our smart vest, we have incorporated everything in one, and
there can be some add-ons to the vest that can be utilized by blind
pets as well. We used a GPS module to track the pet's location,
and if the pet strayed outside a set radius, the pet's owner would
be notified through mobile phone via the GSM module. The live
camera feed is provided by the ESP 32 Camera Module. The
heart rate sensor is used to monitor the pet's vitals. The important
information is displayed on the OLED Display. For the blind
pets, we use an ultrasonic sensor and a buzzer; if the ultrasonic
sensor detects an obstruction, the buzzer will emit sound at a set
frequency to alert.

Figure 2: ESP 32 Camera Module

The ESP32-CAM is a budget friendly, low power consuming
camera module based on the ESP32 microcontroller. The
ESP32-CAM can be used in a wide range of IoT applications. It
has a microSD card slot, which can be used to store images or
videos captured by the camera to send to clients. The ESP32CAM has advanced functions and is used in projects involving
image tracking and recognition.

Even technologies like dog feeders do exist, but as previously
mentioned, if such technologies are coupled together with live
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Flat panel OLED displays have a wide range of uses. It's utilised
in devices like television screens, computer monitors, and
portable systems like cellphones, handheld game consoles, and
personal digital assistants to make digital displays (PDAs).

Figure 3: GPS Module
Figure 6: Ultrasonic Sensor and Buzzer

The Global Positioning System (GPS) is a satellite navigation
system that can be used to track or locate a position. It is a
satellite-based system that uses satellites and ground stations to
measure and compute its position on Earth. GPS modules are
composed of tiny computers and antennas that receive data from
satellites directly over specified radio frequencies. It will then
collect timestamps and other data from all visible satellites.

Ultrasonic sensors use ultrasonic sound waves to determine the
distance to an object. In an ultrasonic sensor, a transducer emits
and receives ultrasonic pulses that communicate information
about an item's vicinity.
The sensor measures the time interval between sending and
receiving an ultrasonic pulse to determine distance of object. A
Buzzer is a type of auditory signaling device. A buzzer and an
ultrasonic sensor are linked together, and the buzzer will beep
whenever an obstacle is detected.

Figure 4: GSM Module

A GSM module uses GSM mobile telephone technology to
connect to a remote network. It's almost comparable to a regular
cell phone, even down to the need for a SIM card to identify
oneself to the network. TTL-level serial interfaces are usually
provided by GSM module to their hosts. Embedded systems are
the most common application. It integrates location tracking,
audio, text, SMS, and data into your app.

Figure 7: Grove - Ear-clip Heart Rate Sensor

To measure the heartbeat it uses the principle of
photoplethysmography i.e. blood is pressed into capillaries
during each heartbeat, causing their volume to gradually rise.
The volume drops between heartbeats. This change in volume
has an impact on the amount of light that can pass through the
tissue, such as red or infrared light. Despite the modest size of
the fluctuation, it can be measured using a pulse oximeter using
the same setup that is used to test blood oxygen saturation.

V. IMPLEMENTATION

Figure 5: OLED Display Unit

The main implementation of the project is to collect and analyze
real time sensor values with the help of the present sensors and
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to analyze the data to find the vitals and position of the pet.
Figure 9 :Ultrasonic Sensor

ESP 32 Camera and Node MCU are the main microcontrollers
of the product. All tests are conducted on the Arduino IDE.
These microcontrollers are tested using the blink code using the
TTL to UART FTDI module. UART, I2C and other such
interfaces have been used. Then the pinouts for the two
microcontrollers and different sensors are verified and connected
using jumpers and breadboards.
The sensor codes are tested individually for each sensor and are
calibrated. The output of every sensor is compared to its
expected output and is documented.
The ESP 32 Camera module is tested to be working on the
webserver. Further using the blynk app, we can display all of the
required data and statistics. To configure the blynk app, first we
install it on our ios/android device. We then install all necessary
libraries for blynk onto our laptop using the official blynk site.
In the new project section, we add the board of our choice. Here
we can add different widgets according to our choice. And thus,
remotely control the whole project.
The result test of the GPS Module and Ultrasonic Sensor is
shown in the images below.
Figure 10: Flowchart of the proposed design

VI. FUTURE SCOPE

Figure 8 :GPS Module

Apart from blind pets, the functionality of this solution could be
expanded to other pets who need assistance. Apart from such
diverse applications, this product could be linked to a specific
application so that pet owners can access their pet’s data through
the convenience of their smartphones. Further another
application extension would be to make an automatic pet feeder
which the pet owner can customize. Using tools like artificial
intelligence and machine learning, facial recognition could be
incorporated into ESP 32 camera module. Data analytics could
also help gain insights into the pet’s lifestyle and health
conditions could be monitored. Likewise, all acquired data could
be synced up with the cloud. These could also be synced up with
the vet for monthly appointments. Thus, the prototype can be
diversified further in the future and can be launched as a
complete product as ‘wearables for pets.’

VII. RESULTS AND CONCLUSION
After linking the sensor collected data to the blynk app, we can
perceive data received from all sensors. We put this system to
test by sending and receiving images, text messages and sensor
data readings. After rigorous testing, we conclude that efficient
transfer of data can be done via this project. And our smart vest
is an all-in-one solution for pet wearables.

VIII. SOCIAL IMPACT
This device would be useful to allow track the location and vitals
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of the pet. It encourages visiting the doctor in case of any
anomaly detected. In developing nations like India, the medical
infrastructure for pets is yet to progress, especially for those who
cannot afford an expensive healthcare system for pets. The
infrastructure is scarce and often inaccessible. We hope we can
make an impact by introducing a low cost and effective smart
collar which would help the pet and their owners.
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Abstract— The project entitled "Automatic Door Opening and
Closing System" has been designed with a simple design. The main
motto of this project is to utilize a sensor with a combination of
embedded equipment regarding the door opening system. Here the
design and implementation of an automatic controller for doors
has been described. The door gets opened when any human
movement is detected near the door as well as it detects its
temperature and the presence of a mask with the help of various
tools and technologies. Passive Infrared (PIR) sensor observes the
motion and transmits a signal to the transistor, which in turns
gives interrupt signal to the programmable ATmega
microcontroller, then using a Contactless Infrared (IR) Digital
Temperature Sensor (MLX90614) it senses the body temperature
of the human and if the temperature is above the brink
temperature then in addition using facemask and digital camera it
detects if the individual is carrying a mask or not after which the
output signal is transmitted to Direct Current(DC) motor that's
used to unlock the door and the door which is driven by using a
motor driving force.
Keywords: Arduino, ATmega, Camera, Door, Face mask, Opening ,
PIR sensor, Temperature.

I. INTRODUCTION
Opening and closing doors are always boring work, especially
for visitors to hotels, marketable structures, shopping
promenades, and theaters. So it can be utilized in different
spaces i.e. seminar rooms. The project primarily aims to detect
any movement of the bo in close proximity to the receiving
sensor with the enable of a passive infrared sensor. The
COVID-19 pandemic forced rapid technological advances as
well as posed security challenges in the wake of the virus. To
maintain social distance, the new limit became mandatory
within the permitted number of users allowed in the most
specific area of offices, shops, etc. Adopting new technologies
and robotic systems can help companies overcome the negative
effects of the epidemic while keeping their employees safe.
Body temperature has also become an important factor in
determining whether a person is healthy today. In view of the
current conditions in our world, a system with an automatic
temperature scanning gate has been introduced to monitor the
temperature of humans as they pass through the gate. Apart
from social distance, regular temperature checks and mask
checks are required at the entrances of malls and offices.

Normally, the human body emits infrared vitality, which is
recognized by a PIR sensor from a specific distance. This signal
detected by the sensor is communicated to the controller by the
motor driver Integrated Circuit (IC) to regulate the door motor.
When a body attains the operating spectrum of the PIR sensor
carries a signal to the Arduino to open and close the door. The
Arduino-controlled automated door opener has a mechanism
that determines the speed and direction of travel of the door.
The Arduino predicts detected changes in speed or direction of
travel to determine the cause and reverses the travel direction of
the door or ignores detection. Door settings are stored in
Arduino memory. The Arduino controls the speed of opening
and closing and the direction of travel of the door based on a
pre-programmed sequence. The door control mechanism can
detect the difference between these internal factors and the
external ions. Due to the Covid-19 pandemic, wearing a mask
in public places has become mandatory because wearing the
mask properly provides maximum preventive effect against the
spread of the virus. Face Mask recognition has evolved
reasonably in the new years due to Corona's insistence on
various applications in constitution enforcement, security, and
additional commercial applications. The work formulated here
is being built as a prototype for temperature monitoring and
mask identification for individuals. The first technology tried a
temperature sensor to detect current body temperature and only
allowed an individual who was having a temperature less than
the set threshold value. In other words, the objective of the work
is to give a safety net for individuals to curb COVID-19.
Enormous experiments have been performed on 50 various
image datasets to assess the performance of face mask detection
technology.
II. LITERATURE SURVEY
The current work seeks to automatically open and close the
gates at road position crossings. Generally, position-crossing
gates are operated manually by the gatekeeper. The gatekeeper
tends to receive all the information about the arrival of a train
from a nearby station. When the train departs from the station,
the station in-charge informs the nearest gatekeeper to be ready.
The malignant intervention produced can be prevented by
automating the entire process. In the cases where the train gets
120

• Proceedings for DJ SPARK 2022

ISBN: 978-93-5593-448-2

• Automatic Door Opening And Closing System

delayed for some or the other reason, the gates continue to
remain unrestricted for a longer period of time, which leads to
huge commercial jams adjacent to the gates. All this can also be
avoided with robotization. The system that has been proposed,
will use infrared detectors to indicate the presence as well as the
departure of trains at road conditions and uses arduino to
manage the opening/closing of gates. The proposed system
makes use of two IR detectors to describe train appearance and
the third IR detector describes the train departure times. When
testing the look of the train, signs are given to the business
which indicates the look of the train on the railway track. Once
the alternate detector detects the train, the signal turns to red
and the motor starts working close to the gate. The gate will
then remain closed till the train is completely disembarked from
the position cross. When the train detects the departure by a
third detector, the trade signal turns to green and hence the
motor is operated to open the gate. Road position is therefore
achieved by the use of robotization detectors of gate operations
at crosses.The main objective of this technical paper is to create
a design and implement an effective home security system.
Utilizing IoT, it can then be used as a database of all the
information collected by a simple-to-manage interface and to
control and automate home access by the moment. Arduino will
be the home safety and control component with real-time access
and supervision via cell-phone in the proposed work. A home
security system with a web camera is located at the doorway of
the house. It's connected to the arduino. To shoot alert dispatch,
the GSM module is used. Facial identification is done with the
help of the EHD algorithm making use of the MATLAB.The
door design concept proposed in this composition takes into
account the universal design principles and incorporates a
system of automatic opening for the elderly or disabled. Similar
to wheelchair diseases, people with limited mobility, people
with disabilities, and the elderly face the problem of entering
home structures. In most cases, the doors of the structure are
relatively heavy and open to the outside in accordance with fire
safety regulations, making it difficult for several groups of
citizens to enter. Through this creation, we propose a change of
access area, including doors, by introducing a design of an
automatic door opening system for seniors and disabled
individuals.

III. BLOCK DIAGRAM

Fig 1. Block Diagram - Automatic Door Opening System

IV. BLOCK DIAGRAM EXPLANATION
ARDUINO UNO

Fig 2. Arduino UNO

Arduino UNO is one of the main controller component of the
project. The Arduino Uno is a microcontroller board based on
ATMEGA 168. It contains digital 14 input and output pins, 6
analog intakes, 16 MegaHertz ceramic resonator, a connection
of micro USB (Universal Serial Bus), In-Circuit Serial
Programming (ICSP) header, power jack and reset button. It has
everything one needs to get hands on with a microcontroller;
what has to be done is to just plug it into the computer with a
micro USB cable or give it an AC-to-DC (Alternating Current
to Direct Current) power by battery or adapter. It reads data
from the PIR sensor and uses that information to activate the
L298N motor driver. The Arduino is a very compact
microcontroller board which connects to the computer via a
micro USB port. It has several ports for external components of
electronics like motor, various sensors like light sensor, relay,
etc. These are connected to the computer via 9V battery or a
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micro USB connection. These are controlled and programmed
using a computer before being disconnected after that they are
left to operate on their own.
PIR SENSOR

Fig 3. PIR Sensor

A PIR sensor, or PIR motion detector sensor, measures the
infrared radiation emitted from objects and thereby identifies
them as moving or stationary objects. These sensors are called
PIR (Passive Infrared) sensors, although they are also called
‘pyroelectric’ and ‘Infra Red (IR) motion’ sensors. PIRs are
passive infrared sensors. These are essentially designed with
pyroelectric sensors that can detect different infrared radiation
levels. Whenever a hot object appears in range, the entire device
emits low-level radiation, as well as additional radiation. In the
circuit, the PIR sensor plays an important role in detecting
motion within 10m and sending the signal to the Arduino. The
PIR sensor is a thermal infrared sensor that detects the
movement of objects by reading these infrared radiation
variations in their surroundings. The sensor has two identical
slots made of pyroelectric material, which is very sensitive to
infrared. When the sensor is not activated, its two slots absorb
the same infrared radiation from an object, door or wall.When
a warm body falls under the PIR motion sensor, it passes
through two slots one after the other. The moment the first slot
of the PIR sensor is intercepted, a positive distinctive change
occurs among the given two components. Similarly, there is a
negative distinctive change among the given two slots when it
exits the detection area. These changes in the pulse indicate that
the sensor has some motion in its detection area.

Fig 4. MLX90614 Temperature Sensor

MLX90614 serves as an infrared contactless temperature sensor
which allows monitoring temperature of the object without
having to touch it.. Melexis has produced an excellent sensor
which uses the IR technology to measure the temperature as
well as to provide an output signal which is digital in nature
over an Inter-integrated Circuit(I2C) based connection. During
COVID-19, contactless temperature sensors made a significant
contribution to temperature monitoring. The MLX90614 is a
contactless infrared-based temperature sensor which can
measure the temperature of some particular thing or object in
the range of -70 C to 382.2 C and the ambient range of
temperature between -40 C and 125 C. Can be measured
regardless of physical contact with, which has an I2C interface
that allows temperature readings to be sent to the
microcontroller via the I2C bus. Additionally, it has an
Electrostatic Discharge (ESD) protection to prevent sensor
failure. Due to its strong Analog-to-digital Converter (ADC),
the miniaturized device is very precise and accurate. The
module has a 17-bit ADC output with values of 0.14 C
resolution.
LCD DISPLAY-16x2

MLX 90614 TEMPERATURE SENSORS

Fig 5. 16x2 LCD Display

LCD states Liquid Crystal Display. It is an electronic display
module that is deeply operated in numerous circuits and devices
such as cell phones, calculators, computers, TV sets, etc. It has
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the reasonably recommended enclosure ratio for multi-section
light-emitting diodes and 7-segment displays. Pin 1 (Ground /
Source Pin): Used to connect the Ground (GND) PIN of the
display, the microcontroller unit or the GND terminal of the
power source.Pin 2 (VCC (Voltage Common Collector) /
source pin): This is the voltage supply pin of the display used
to connect the supply pin to the power source.Pin3 (V0 / VEE /
Control PIN): This pin controls the differential of the display,
which is used to connect variables that can supply from 0 to 5
V.PIN 4 (Register Select / Control PIN): The microcontroller
unit toggles this pin between the command or data register used
to connect the PIN and receives 0 or 1.Pin5 (read/write / control
pin): This pin toggles the display between reading or write
operation and is connected to the microcontroller unit pin to
achieve 0 or 1.Pin 6 (enable / control pin): This pin must be kept
elevated and connected to the microcontroller unit to maintain
the read/write process and be constantly high.Pin 7-14 (Data
PIN): These pins are used to send data to the display.Pin15 (Pin
of + V LED): This pin is + 5V. Connected.Pin 16 (Pin of LED):
This pin is connected to GND.

Fig 7. LED Pins (a) Red (b) Green

Motion detection is primarily performed with these Light
Emitting Diodes (LEDs), along with determining whether a
person is wearing a mask or whether his / her temperature is
over a threshold value. It has 2 legs - anode and cathode. Their
main task is to show that all conditions for opening the door are
not satisfactory.
RESISTORS (330Ω)
These are mainly used to prevent excess forward current in light
emitting diodes. They have 2 poles- anode and cathode.

JUMPER WIRES

SERVO MOTORS

Fig 8. Jumper Wires
Fig 6. Servo Motor

The servo is a portable device comprising a three-line DC
motor, a gear rail, a potentiometer, a connected circuit and an
output shaft bearing. One of the three cables appearing from the
motor cover is for power, the other for ground and lastly for the
control intake line. The beam of the servo is deposited at a
specific angular degree by moving the encoded signal. As long
as there is an encrypted signal on the input line, the servo retains
the angular position of the shaft. However, the angular position
of the shaft is also modified if the signal changes. The most
common use of servos is in radio-controlled models such as
buses, airplanes, robots and puppets. They are also used on
important heavy-duty route boats. Servos are rated for speed
and torque.
LEDS

To connect two places in a circuit, jumper wires are used.
The pin terminals on the male header posts and components
are connected to the female jumpers, allowing for femalefemale, male-male, as well as male-female jumper
combinations.
Arduino 1.8.1 IDE
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Serial Clock (SCL) and Serial Data (SDA) respectively to both
MLX and I2C modules respectively.
VI. ALGORITHM & FLOWCHARTS
DOOR OPENING SYSTEM

Fig 9. Arduino IDE

IDE (Integrated Development Environment) is a specialized
program that runs on your computer that lets you create
sketches for your Arduino board in the common language
created after the Processing language. Artists and other
beginners who aren't familiar with software development
can use it to learn how to program. It includes a code editor
with features such as syntax highlighting, automatic
indentation, and brace matching alongwith the ability to
compile programs with a single click and upload them to the
board. Programs or codes written for the Arduino are called
sketches. The Arduino software is written in C/C++. As part
of the Arduino IDE, a software library called wiring
simplifies the input / output of many simple projects. There
are at least two parts to the Arduino programming language.
It is rather simple in its structure.

Fig 10. Flowchart of the Door Opening System

FACE MASK DETECTION

V. WORKING
The above mentioned components have been used for the
working of the hardware and implemented their connections on
the breadboard. For sensing the person, PIR sensor has been
used and its connection was made such that out of the 3
terminals one was grounded and one was connected to the VCC
and the remaining one was connected to the 4 port of the
arduino to provide analog input to the arduino after sensing the
person. Here MLX connections are performed as in the 4 pins
are connected to the I2C module (VCC,GND,SDA,SCL)
(These being the inputs for Arduino). For indication and
alarming purposes, the LEDS are connected in parallel. These
are indicating the human movements while they have
temperature outside the threshold range and those are connected
with resistors of 330 ohms in series so as to curb the excess
forward current flow in the diode and one of the terminals of
resistors are then grounded. The LEDs are then connected to
port 13 of the Arduino. For the door movement (door motor
rotation), the connections of the servo motors were done.
Initially the connections of the respective parts were done to the
ground and VCC and the output ports of the motors were
connected to the breadboard, rest wires were connected with the

Fig 11. Flowchart for Face Mask Detection

VII. RESULTS & DISCUSSIONS
With the following recording findings, the results of this
prototype test show that the function level of this prototype can
work at 100%. The following table shows the Prototype
Recording Results.
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temperature detection and face mask recognition algorithm into
our model that will conjointly first sense the movement of a
person near the gate through the PIR sensor and then detect the
temperature and verify whether the person is with mask or no
mask. With these conditions properly satisfied the person will
be allowed to enter the premises with full safety. Furthermore
Internet Of Things (IOT) applications such as count of visitors
in the room will be taken into consideration for the further
enhancement of the project.
Table 1. Test cases for Face Mask Detection

VIII: FACE-MASK SIMULATION:
Without Mask

IX. FUTURE ENHANCEMENTS
The proposed system has a wide spread scope in future. A
compact module of this system can be used in real-world
applications like railway entrances, office entrances, and so on.
This could be accomplished by creating a module with an
acceptable design and structure. Incorporating an automatic
hand sanitizer into the suggested system will allow for better
precautions to be taken during pandemic conditions. Using an
IOT application a count of people entering into premises can be
taken into account and restrict people over a certain threshold
value set to ensure overcrowding does not take place and Covid
protocols are strictly followed.
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Now in the above image, it can be seen that the webcam is
accessed successfully and it has detected the face indicating that
the person is wearing a mask which is clearly shown by the
green frame.
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VIII. CONCLUSION
With this, a basic working model of automatic door opening
system was presented, in which the PIR SENSOR is sensing the
person and arduino is used to give the input to the LEDs and
DC motor to glow and rotate respectively as soon as human
motion is detected. Along with this, we tried to add-on a
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uplifts our mood by invoking nostalgia or a catharsis. Classical
Abstract— This objective of this paper is to present a system for
instrumental music generation using deep learning with
sentiment-based customization as discerned from facial
expressions. Neural Networks can be leveraged to understand the
underlying mathematical nature of melodious as well as
dissonant music, and thereby predict the next note of each
sequence, generating music. This music is original yet inspired by
the style and tone of the music comprising the datasets it has been
trained on.
The LeNet Convolutional Neural Network is to be trained for
facial expression recognition through Tensor Flow and Keras.
The OpenCV implementation of the Haar Cascade Algorithm is
used for face detection. The Long Short-Term Memory (LSTM)
Recurrent neural network is to be trained on a dataset comprised
by piano music pieces through reinforced learning. The Music 21
Python library will be used to handle the MIDI format musical
pieces. The RMSprop optimizer will be used to improve
backpropagation. The training dataset will be unique to each
sentiment, thereby predisposing the generated music to a
particular emotion. This is further improved by adjusting certain
parameters of each note. An online engine and an app are to be
developed, which contain the pre-trained neural networks,
facilitating easy and prompt generation of music.
Keywords— Long Short-Term Memory (LSTM) Recurrent neural
network, Music 21, LeNet Convolutional Neural Network, Haar
Cascade Algorithm, Deep Learning, Music Generation, Facial
Expression Recognition, Emotion-based customization, OpenCV,
Tensor Flow, Keras, Python, Psychology of Music

I. SCOPE OF THE PROJECT
Throughout human evolution, from the Neanderthals to the
early Homo sapiens, the immense relics of musical instruments
is indicative of the central role that music has as a part of human
culture. The universal appeal of music has persisted across the
rise and fall of civilizations and much of it has to do with the
emotions that it invokes. It has been well established that
different styles of music produce varying emotions in us, to the
extent that not much thought is given before personifying
music as ‘happy’, ‘sad’, ‘powerful’ or ‘suspenseful’. With time,
due to neuroplasticity, this association of music with emotions
assumes an overwhelming influence on us. Listening to
‘happy’ music releases dopamine and serotonin uplifting our
mood. Ironically at times, listening to ‘sad’ music also that aa

improves concentration and productivity while ‘energetic’ or
‘angry’ music improves physical performance, and the resultant
adrenaline reduces pain and fatigue. However, this effect has a
diminishing effect with repetition of the same collection of
favourite musical pieces producing a need for AI generated
music. Humans have very strong tastes for a particular song or
piece. Artists tend to have unique musical styles that make their
music easily identifiable, which is what produces such a demand
for particular artists. This causes a problem for most since
producing similar music is beyond amateurs. Deep learning can
be leveraged here to produce novel music based on a particular
favourite artist, genre, album or playlist. Moreover, since
different mixes of the same song vary in tempo and other
parameters and produce different emotions, the emotion-based
customizations can generate songs of a particular musical style
that invoke a particular emotion. Based on the expression of the
people in the images, it can be used to automatically generate
highly relevant background music for a montage of images such
as those of weddings or funerals. This makes the video more
interesting to view and eliminates the need to manually select a
particular song which in turn is most likely to be copyrighted.
This can be extrapolated to build an integrated tool for
background music generation for social media posts and reels.
Apps and games which have background music of a limited
duration can eliminate monotony caused by listening to the same
songs using AI generated music. The paramount reason for
companies not being able to use human generated music is
copyright protection which would require them to pay a royalty
fee to the musicians or even greater expense if they wished to
hire their own composer. Using AI, they can extend their
background score by a huge factor and thereby ensure that each
user experiences a new and original score every time they use
that service. They could also customize it according to the user’s
mood through expression recognition or asking for the user input.
Music which matches the mood produces empathy which
promotes relaxation and makes the brain more trustworthy,
thereby increasing user satisfaction or even user expenditure.
Watching critical moments in a movie with new background
music often seems like a new and more interesting experience.
Such a system can thus be used by OTT platforms to promote rewatching of previously viewed movies and TV shows by
automatically generating alternative background music based on
the expressions of the characters.
By improving the pipeline and reducing latency, it can be used to
provide music for improvised classical dancing based on the
expressions of the dancer or the viewer since expressive dance
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forms often involve different dance moves based on the type of
music.
Music students often require accompanying instruments while
practicing for an orchestra, band or an acapella group. This
causes severe limitations when they are practicing on their own,
specifically with respect to timing, coordination and
impromptu improvisations. Using deep learning, musicians can
play an accompanying piece to AI generated music which will
be a highly challenging experience since the music will be truly
original.

II. RESEARCH METHODOLOGY
The objective of the system is to be able to first recognize the
user’s facial expression, secondly generate instrumental music
and thirdly to customize the music based on the facial
expressions.

LeNet network implemented will have 2 consecutive sets of
layers, each set composed of a convolution layer for feature
extraction, an activation layer for backpropagation during the
training process and a pooling layer for reducing complexity by
only passing essential features onto the next layer. Two such sets
will be used to enhance the extraction of the more composite
patterns of facial features. This will be followed by a dense layer
for the preliminary classification of expressions, an activation
layer, and another dense layer for final classification.
A dataset of faces having expressions belonging to each of the
sentiments and one having no classifiable expression will be
used. The images will be cropped to include only the region of
interest, that is, the faces to reduce noise due to the image
background. The images will be converted to grayscale to reduce
complexity. The LeNet network will be trained to classify each
of the images into a category. It does this by assigning each of
the possible categories a probability and the image is classified
into the most probable category. The difference between the most
probable category and the actual desired category is used to
iteratively adjust the layer weights through backpropagation until
the maximum possible accuracy is attained. Once trained, neural
network will be ready to use.
On running the trained network, images will be extracted from
the camera or video feed in real-time. [2] To eliminate the noise
of the image background, the image will have to be cropped to
focus on the user’s face. This will be implemented using the Haar
Cascade Algorithm since it is uniquely capable of detecting
objects in images, irrespective of their coordinates and size. This
image will be fed to the neural network which will recognize the
facial expression and label the emotion.
Subsequently, this will be used to generate music using an
additional neural network. Piano music will be used due to its
finite number of keys which still produce a very rich musical
experience due to the sheer combinations of notes possible. The
piano has 88 keys, each of which has a fundamental frequency
referred to as a note. A combination of 3 or more notes played
simultaneously, called a chord also produces an extremely
appealing sound.
The musical quality of each note is influenced by the other notes
in its vicinity and so a recurrent neural network will be trained
since it is capable of identifying patterns and producing decisions
based on recent previous inputs and outputs. [3] Moreover, since
music is also greatly dependent on long term patterns and trends,
an adapted recurrent network called a Long Short-Term Memory
(LSTM) network will be implemented to process patterns over a
wider interval.

Fig 1. System Architecture

Certain facial expressions
areArchitecture
found to convey the same
Fig.1 System
emotions universally across the human race. See Appendix 1[.
The LeNet Convolutional Neural Network will be used for
facial expression recognition due to its unreasonable
effectiveness in recognizing patterns in new images.[1] The
• Proceedings for DJ SPARK 2022

Music produced by most electronic instruments is in the MIDI
file format. This format also includes information about the
identity of each note in the musical piece such as the following:
Its pitch [frequency].
Its octave which yields more information about the other notes
it resonates with.
Its offset which is the difference between the instants at which
each subsequent note is played at.
The identity of its component notes is also included if a chord is
played. Consequently, a dataset of musical pieces in the
widespread MIDI format will be used. For the baseline system,
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in order to minimize complexity, a dataset with notes of a
uniform interval, uniform amplitude and of a single instrument
will be used. The mean of the offset of all the notes will be
used.
Each chord and its constituents and each note from the musical
pieces will be added to an array along with their properties.
During the training process, the neural network will be fed this
array in sequences of a fixed length and the pattern arising from
the arrangement of these notes and chords will be recognized.
A probability will be assigned to each note and the most
probable note or chord will be outputted. The difference in
probability between the note actually present in the music and
the one outputted for each sequence will be used to optimize
the weights of the network. Once trained, the network will be
used to produce music on the basis of a small sequence present
in its dataset.
This music can be customized on the basis of emotions due to
environmental and cultural factors that cause us to associate
certain types of music with certain emotions. There are also
evolutionary factors such as the sounds of predatory animals,
the properties of the notes comprising the human voice and so
on that give rise to the same emotions irrespective of
environmental differences.
This will be greatly enhanced by training the network on
separate datasets for each emotion. Having saved the final
configuration for each trained network, they will each produce
music invoking a markedly different sentiment.
Approaches to improve the system will involve considerable
research in building the most efficient dataset, using more
efficient neural layers or even alternative neural networks,
more efficient optimization and training algorithms and
additional classes to produce better facial expression and
musical pattern recognition, and prediction. Research will have
to be conducted on the psychology of music to better

understand the parameters invoking emotions. The different
parameters must also be adjusted through iterative
experimentation to produce richer music which retains its
musical quality for longer durations before reducing in quality.
This occurs due to dissonance produced by predictions which are
made based on input sequences of music that have been
previously predicted by the system itself since these are
inevitably of lesser quality. Further steps will have to be taken to
produce music with varying tempo, amplitude, note duration,
offset sizes and also use their derivatives with respect to time.
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