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ABSTRACT

Dhaka is the capital city of Bangladesh. Among the most populated city in the
world, Dhaka is one of them. Traffic jam of this city is a big problem and some-
times it seems that this city is cursed with traffic jam. The traffic jam of Dhaka
is very complicated and it is a new complex challenge in the sector of automated
traffic detection. This problem can solve using Artificial Intelligence based tech-
nology. The detection of an object is associated with computer vision. Computer
vision works with digital images and videos to understand the contents or objects
presented in the images or videos. Rectangular or square bounding box is used
to detect and count vehicles from the images or videos according to vehicles cat-
egories by estimated distance from the video recording of closed-circuit television
(CCTV) camera. Here we need to mention that the “Counting Vehicles” part have
been included in the “Scope for Future Work” part.

Keywords: Traffic jam, Artificial Intelligence based technology, detect and count
vehicles
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Chapter 1

Introduction

Dhaka, the capital city of Bangladesh is one of the most populated city in Asia. The
populations of Bangladesh are increasing every day and mainly Dhaka is affected
by a huge amount of traffic jams. The traffic jam of Dhaka is very complicated
and it is a new complex challenge in the sector of automated traffic detection. This
problem can solve using Artificial Intelligence-based technology. The detection of
an object is associated with computer vision. It describes a system that can detect
the location of the desired object in an image. Computer vision works with digital
images and videos to understand the contents or objects presented in the images
or videos. The rectangular or square bounding box is used to detect and count
vehicles from the images or videos according to vehicle categories by estimated
distance from the video recording of closed-circuit television (CCTV) camera. This
application-based system is beneficial for maintaining many systems such as man-

aging traffic, controlling traffic and a better parking management system.

1.1 Problem Statement

The application-based system is used to maintain traffic in Bangladesh. The traffic
jam can reduce as well as the savings of time is increased. This is the main motto
of developing this system. The objectives of this project are: vehicle images an-
notation, create dataset using annotated image with XML file, train a model using
dataset, integrate the model in the android app and develop a fully functioning
Android app to detect the vehicle classes perfectly from video or images, easy to
use, the wastage of time will reduce as the traffic jam can control, provide good



service to the users, reduce the difficulty to manage traffic and beneficial for better

parking management system.

1.2 Aims and Objectives

The aims and objectives of this project are:

* Vehicle Images Annotation.

* Create dataset using annotated image with XML file.

* Train a model using dataset.

* Exporting our Model for Android App

* Develop a fully functioning Android App to detect the vehicle classes perfectly
from video or images.

* Easy to use.

* The wastage of time will reduce as the traffic jam can control.

* Provide good service to the users.

* Reduce the difficulty to manage traffic.

* Beneficial for better parking management system.

1.3 Motivation

Transport is an important part of our day-to-day life. Now a days, traffic jam is the
most unbearable problem in Bangladesh. People in our country face a lot of prob-
lems on the roads when they go out to go somewhere they need to and most of the
time they get frustrated because of this traffic jam as there are too many vehicles
out there in the road.

Dhaka Traffic Detection is an Android application, where the user is able to detect
vehicles using this app. By using Artificial Intelligence, the critical condition of the
traffic of Bangladesh can solve. It is beneficial for Bangladeshi people, as they want
a better solution for the traffic system. The traffic jam can control and the valuable

times of people can save.



Chapter 2

Literature Review

2.1 Object Detection

In computer vision field, object detection plays a vital role. Object detection means
locating or identifying objects in frame of video sequence. The main application
areas of object detection: Motion based recognition, automated surveillance, video
indexing, human-computer interaction, traffic monitoring, vehicle navigation and
etc. Most of the object detection mechanism used information from single frame
for detecting an object. But some of the object detection mechanism used temporal
information which is computed from sequence of frames. The first step of real time
object detection is to identify the region of interest of the video. Some of the ob-
ject detection methods are: Point Detector, Background Modelling, Segmentation,
Optical Flow and Supervised Classifier. Background modelling has two main ap-
proaches. One is Recursive algorithm and another one is Non-recursive algorithm.
Object Detection Algorithms: An accuracy of detecting object in background
subtraction-based object detection algorithms, an optical flow-based object detec-
tion algorithms and frame differencing based object detection algorithm. Back-
ground Subtraction Based Motion Detection and Agent Based Tracking: A Scene
feature based algorithm was proposed in for detecting counter flow in security re-
lated surveillance in airport. They addressed the two main problems: (i) Most of
the cameras deployed in security surveillance networks have poor resolution. It
will create negative effects on tracking algorithm. (ii) 24/7 basis operation of auto-
matic video analytics algorithm some time will provide higher false positive rate
in tracking. To avoid such problems, they used novel classifier to identify scene



feature in the image and KLT optical flow tracking algorithm. Background Sub-
traction Based Object Detection Using Canny Edge Operator: When the number
of discretely moving object increases, the understanding of video scene becomes
more difficult. Motion feature (viz location, scale, score (magnitude), direction
and velocity) filtering based event detection was proposed in to detect event in
crowded area. When the moving objects are relatively fast to frame rate, the de-
tection can be especially difficult. To overcome these problem, Manisha Chaple,
proposed background subtraction-based detection and optical flow algorithm for
tracking in. And also, they used centroid in frame to detect the distance and ve-
locity of the moving object. They established statistical based reliable background
model and used dynamic optimization threshold method to detect moving object.
In order to eliminate noise and eliminate the background disturbance problem,
they applied dilation and erosion processing. Due to occlusion, lightning changes
and other factor, abandoned object detection in complex video surveillance is too
difficult. Yingli Tian, modeled three Gaussian mixture-based Background subtrac-
tion. Among upper all of these, optical flow-based detection provides more accu-

racy than other techniques.[!]

Intelligent vehicle detection and counting are very important in the field of high-
way management. Due to the different sizes of vehicles, the detection remains a
challenge that directly affects the accuracy of vehicle counting. Vision-based vehi-
cle object detection is divided into traditional machine vision methods and com-
plex deep learning methods. Traditional machine vision can distinguish the from
a predetermined background and this can be divided into three categories: back-
ground subtraction; continuous video frame; optical flow. CNNS has surprising
success in the field of vehicles objects detection due to its solid ability to learn im-
age features while simultaneously performing many related tasks. The detection
can be primarily divided into two categories: one stage and two stages. In the
One stage method the positioning problem the object bounding box is converted
into regression problem processing. The two-stage method makes a candidate box
of object thereby classifying the object by a convolutional neural network. The
single shot multibox Detection (5SD) and you only look once (YOLO) one among
the most important component of stage one method. For effective image detec-

tion traffic image dataset can be used according to how the image is collected,



it is divided in to three categories: car camera, by surveillance camera and non-
monitoring camera. To initiate the system they, at first, need video data of the
traffic scene, then find the road surface and divide it. ORB feature tracks multi-
ple objects and acquires vehicle traffic data. YOLOV3 is used to detect. Object in
highway traffic scene. the area of surveillance is great, and given that their goal
is vehicle detection, they use road surface segmentation to aid their agenda. The
most common segmentation method is Gaussian mixture model, which extracts
the background in first 500 frames, helping to extract vehicles from backgrounds
having multiple peak characteristics. In practice, of the entire dataset, 80 percent
is training set and 20 percent is test set; high rate of training set gives an accurate
model.[2]

2.2 Traffic Detection

We live in era of technology where we moving towards making a smart city. A
smart city with a smart Al based traffic monitoring system. The author of this pa-
per called “Automated AI Based Road Traffic Accident Alert” they are proposing
a more advance traffic monitoring system which can identify and detect moving
objects like cars, bikes etc. in live camera feeds. We make an advance Artificial
intelligence-based system can detect occurrence of accident and alert to nearby
hospitals/ambulance or Traffic policemen in real-time. Their system is based on
Neural Network and Deep Learning of object detection along computer vision
technology and several methods and algorithms. They detect, classify, track and
compute moving object velocity using convolution neural network (CNC). Acci-
dent detection system trained by using Regression base algorithm called Yolo al-
gorithm. In this system first they create their own dataset designing CNN. RCNN
is used to extract region by applying selective search. The method is named RCNN
because Regional proposals are combined with CNNs. Here two basic concepts are
combined and applied in the R-CNN. The first concept is to apply an efficient con-
volutional neural network from bottom to up region proposals to locate and the
second concept is to apply supervised training for field-specific tuning task when
insufficient training images in entered into the system, resulting in significant im-
provement of performance. They use CNN (Convolutional Neural Network) for
Feature extraction. Take an image as input extract region proposal using R-CNN.



After attribute calculation using CNN, they classify region using. Here Caffe Deep
Learning framework was used to carry out this training. YOLO (you only look
once) algorithm achieves its result by applying a neural network on an image.[3]



Chapter 3

Project Specification

3.1 Dataset Description

The capital city of Bangladesh, Dhaka, conveys merely 7 percent of traffic roads (in
comparison to 25 percent of urban standard) in presence of approximately 8 mil-
lion computers per day with 306 sq km of the total area. The scenario of capital’
traffic is unique in the sense of possessing new complex challenges in terms of au-
tomated traffic detection. As a solution, advances in Artificial Intelligence-based
technologies and ICT solutions are used for Dhaka’s automatic road acquisition
problems in visual images. This Al-Based Dhaka Traffic Detection is newer what
challenges to aim at accessing the capability of detecting and recognizing the ve-
hicles in Dhaka city. Modern cities met this solution and here in modern cities,
culture of differences is living and communicating with each other. And the users
watch languages, scripts in that way which prevents to use such a prior knowl-
edge. And at this same moment, the researches from those regions, experts in
Artificial Intelligence and has the interest to explore possibilities, can bring under
a community named “network community”. Here the method of objective is that,
this dataset is containing images of different categories of vehicles, and an image
may carry more than one categories of vehicles. Here in this dataset, the vehi-
cles are categorized into 21 different classes. This arrangement builts the dataset
smoothly useful for multiple vehicles detection as well as to recognize them and
what worth it much. Labellmg tool is a graphical image annotation tool which
is used to annotate images with a bounding box of this dataset. The extension of
the annotation files are in XML format. All images has been captured by using An-

droid Smartphone or iPhone. According to the project the considered classes of ve-
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hicles are: ambulance, army vehicle, auto rickshaw, bicycle, bus, car, garbagevan,
human hauler, minibus, minivan, motorbike, pickup, policecar, rickshaw, scooter,
suv, taxi, three wheelers (CNG), truck, van and wheelbarrow. The image of the
classes of vehicles is given below:

Figure 3.1: Classes of Vehicles

3.2 Deep Learning Approach

In this era, real time object detection technique is becoming very much popular in
detecting objects from videos or images. There are many frameworks and YOLO
(You Only Look Once) is one of them. It is now the first choice in machine learning
engineering and data scientists are very much fond of it. There are total five ver-
sions of YOLO including YOLO, YOLOv2, YOLOv3, YOLOv4 and YOLOV5. For
this project, the model is trained by using YOLOV5s, subsector of YOLOVS. It is
the latest version of YOLO.

As YOLO is real time object detection framework, it is very much capable of de-
tecting vehicle correctly. It is a single stage object detector. That means it doesn’t
undergo the region purpose step and only predict over a limited number of bound-

ing boxes.

YOLO algorithms divide the input images into the SxS grid cells and this grid
is responsible for object detection. This grid system predict the bounding boxes
for the detected object.



The number of epochs is a hyper parameter that defines the number times that
the learning algorithm will work through the entire dataset. The batch size is a
number of samples processed before the model is updated.[4] In this project, at the
time of training the model, the batch size was 16.

By following the below steps, YOLOvV5 implemented in this project.

(i) Clone the YOLOV5 repository from GitHub to “Kaggle Notebook”.

(i) Install the dependencies using the pip command.

(iii) Import torch module and display to display our output image inside the note-
book.

(iv) 100 epochs passes through the training dataset.

(v) The trained image size was 640*640.

(vi) Using a command, detect.py runs inference on a variety of sources and it au-

tomatically downloaded the latest model.

3.3 Application Specification

The application is an Android-Based application. It can detect different categories
of vehicles from videos or images. In the application, there are four different types
of operations. Among them, one operation is to detect the vehicles from three
built in test images. Another operation is to choose images from android phone’s
gallery and detect vehicles from them and the last operation is to detect vehicles
from live video or live image. Mobile camera is used to perform this operation. In
live video, the system can detect vehicles by its own but to detect the vehicles from
images, the “Detect Vehicle” operation is used.



3.4 Specific Requirements

3.4.1 Software Requirements(for user)

(i) Anaconda Prompt

(ii) Python v3.8.3

(iii) Android Studio v4.1.2
(iv) Git Bash

(v) Kaggle Notebook

(vi) Adobe XD

3.4.2 Hardware Requirements(for user)

(i) Acer/Dell/HP Laptop (GPU Included)
(ii) Android Smartphone with Minimum Android 11.0 Supported
(iii) Closed-Circuit Television(CCTV) Camera

3.4.3 System Attributes

(i) Test Image: These images are built in images. There are three built in images in
the system.

(ii) Select Image: This operation can choose images from mobile’s gallery.

(iii) Go Live: Using the mobile camera, this operation can detect vehicles from

a live video or image.

(iv) Detect Vehicles: To detect the vehicles from images, this operation is used.
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Chapter 4

System Design

4.1 Empirical Data Analysis

In our dataset, there are 4507 images for training. And we have trained all of these
images in Kaggle notebook. There are 21 classes in our datasets. The name of the
classes are: ambulance, army vehicle, auto rickshaw, bicycle, bus, car, garbagevan,
human hauler, minibus, minivan, motorbike, pickup, policecar, rickshaw, scooter,

suv, taxi, three wheelers (CNG), truck, van and wheelbarrow.

Challenges:

1. Mislabeled Images

2. Class imbalance

3. Insufficient samples for some classes
4. Different camera angle

5. Highly congested vehicles

6. Variance in aspect ratio between train and test images

Mislabeled images: As we have 4507 images, but on some images, we have found
that they were not labeled perfectly. Some vehicles would remain unlabeled. It
was our challenge to find those images and make them label perfectly so that at
the time of our model train, it may train as perfectly as possible. And here we used
roboflow.ai to find out the images.

Class imbalance: There are 21 classes in our dataset. But there was an extreme

class imbalance in our dataset. It means we had found some overrated vehicles
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category as well as some underrated vehicles in our dataset. So we collected more
images of those underrated vehicles. But capturing images might conflict with
some privacy issues. That is why sometimes we took videos and extract images
from those videos. That is how we tried to enrich our dataset and made the imbal-
ance classes balanced.

Insufficient samples: For some classes, there were very few samples in our dataset.

And this problem was also solved by collecting more images of those vehicles.

Different camera angle: The most challenging part for creating our dataset was
different camera angle. It was solved by using augmentation named “Mosaic Aug-

mentation” and “Multi-scale Training”.

- Mosaic Augmentation: The mosaic data augmentation, which combines four
images into four tiles of random ratio. We use data augmentation to reduce over-
titting. It was very much helpful using mosaic augmentation because Mosaic aug-
mentation helps the model learn to address the well-known “small object prob-
lem” - where small objects are not as accurately detected as larger objects. That
means it can detect very much smaller objects correctly.

- Multi-scale training: In order to train the model to be robust to input images

of different sizes, a new size of input dimension is randomly sampled every 10
batches.
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Highly congested vehicles: There are some images where the vehicles are highly
overlapping and for the model it was difficult to detect the vehicles individually.

Figure 4.1: Highly congested vehicles

Aspect ratio variance: A noticeable variance in aspect ratio was resolved by using
the “Multi-scale Training”.

YOLOVS5 was released by ultralytics in which they said that YOLOv5 model per-
forms faster than EfficientDet Model like D0,D1,D2,D3 or D4 and it required lesser
GPU memory so we used YOLOv5s model for training our model.

Better. YOLOV5x
50

YOLOVSI
45 -

<

OLOv5m

YOLOv5s =7 YOLOv3s
35 4 —e— YOLOV5m
—e— YOLOVSI
—e— YOLOv5x

30 *— EfficientDet

0

COCO AP val
I
o

5 10 15 20 25 30
Faster <@ GPU Speed (ms/img)

Figure 4.2: Comparison between YOLOvVS5 and EfficientDet
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The sample statistic of 4507 images is shown in Figure 4.3. There are some privacy
issues while capturing pictures of army vehicles from roads and also, we didn’t
saw that amount of army vehicles, policecar, garbagevan, taxi on the road. In the
case of army vehicles, if we wanted to capture more pictures of it, we needed to
go to the cantonment area and also needed to take permission from the officers. In

1000
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Figure 4.3: Class Balance

this way we can enrich this category in our dataset.
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4.2 Use Case Diagram
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Dhaka Traffic Detection App

Test Image

Select Image ]

Detect Vehicles

<< include> >

<< include> >
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<< include> =

oL
<<include> >

- Mobile Camera

This is the Use Case Diagram. When the user enters the Dhaka Traffic Detection
App, he can find four types of base use cases. The base use cases are Test image, Se-
lect Image, Go Live and Detect Vehicles. Database and mobile camera are included
use case. Base use case is always executed when included use case is executed. Test
Image, Select Image and Detect Vehicles are executed while database is executed.
Go Live is executed when the mobile camera is executed. After executing all of
this, user can access to the photo gallery and then train model run on the image to

detect vehicles.

Figure 4.4: Use Case Diagram
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4.3 Data Flow Diagram (DFD)

Mobile

Install A Drhaka Traffic Detect Vehicles with Class Name
Vehicles Detector
Android App

Camers

L‘Ehr_\w the vehicles detected with class name by bounding boxes—
Figure 4.5: Context Level Data Flow Diagram

This is the Context Level Data Flow Diagram as the final outcome is an android-
based application, the user have to install the app then from the mobile camera the
vehicles will be detected in real time with class name and probability value and
store in the app and then from the app the total number of vehicles detected with
class name by bounding boxes will be shown to the user.

Detect Vehideswith Class Name from
some of the build-in imagesan the spp

——Operation 1%@

Detect Vehicles with Class N
g 5=/~ Imazes &t i Photo
from Gallery = e

Show the vehicles datected
i with dassname by bounding boxes

Detact Vehicles with
Clzzs Mame

. Detect Vehiceswith
O 7 4
Cperation 4 bed Class Name

Figure 4.6: Level 1 Data Flow Diagram

Vehicles detected with bounding boxas

This is the Level 1 Data Flow Diagram. In this diagram at first user will install the
application. After installing the application user will enter in this application, they
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will find four operations. In first operation there will be some test images. In this
operation they will detect vehicles with class name some of the build in images on
the app. Then user will be shown the vehicles detected with class name by bound-
ing box. The second operation of this application is to select images from gallery.
In this operation user will be entered in their mobile gallery and selected image.
The selected image will be processed and will give a result inside the bounding
box which will be shown to the users. The third operation is capturing image.
User can capture photo by using his/her mobile camera and it will detect vehi-
cles with class name and shown the result by bounding boxes to the user. Live is
fourth operation of this application. User can do live by his/her mobile camera
and this will detect vehicles with class name and user can see them by bounding
boxes from the real-time video.

4.4 Sequence Diagram

User Android Phote Gallery and YOLOwvS
App Mobile Cam era Model

install appr
start photo gallery or amera La
- nezds camera and photo gallery access from peer

sives camerz and phob zallery access La

train model run error

= —show no detected vehicles with dass names

Figure 4.7: Sequence Diagram

This is the Sequence Diagram. Here, Actor is an user and the classes are arranged
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in an order - Android App, Photo Gallery and Mobile Camera And lastly YOLOv5
model. First, the user will install the application and then will send a message
to Android App class. Android App class will then handover a message to Photo
Gallery or Camera. Photo Gallery will finally send a message to the user to confirm
the access to open the Photo Gallery or camera. If the access is granted by user, then
the user can select images from Photo Gallery or go to live by camera and start real-
time video. The trained model is then run on the images to detect vehicles from: it.
Here, the trained model is YOLOv5 Model. After train model run on images, the
vehicles are detected with class name and show it to the user. If the access is not
granted by user, then the user cannot select images from Photo Gallery or cannot
go to live by camera and start real-time video. The trained model will not run as

well as the vehicles will not be detected and user will see nothing.
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Chapter 5
Methodology

5.1 Overview

The steps for machine learning pipeline have been discussed.

Organize Dataset

Sourcg: Model: yolov5
Image Files

|

Preprocessing: Clean, Label N 5o Deploy best;%rggff?lr;pt-pt

Image Data

Result/Output
Performance
Visualization Score + Optimize,
visualization
Android App

Figure 5.1: Machine Learning Pipeline
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In the machine learning pipeline, our source is image files. The image data is then
preprocessed by cleaning and labelling and we can visualize the statistics. From
preprocessing we generate the organize datasets. After preprocessing the model
is trained with organized dataset by using yolov5. The performance score can be
visualized during model train and optimized it. Then the train model is deployed
with exported torchscript.pt model file. After inserting the model file in the an-
droid app, the model runs on the images to detect vehicles with bounding boxes.
Then the output is visualized by using the android app. In the android app, there
are some of the inbuild images which can detect vehicles after running the model
on it and the user can capture an image and upload it or go to live camera for real
time video and then the result will be shown to the user.

YOLO (“You Only Look Once”) is an effective real-time object recognition algo-
rithm. [5] There are total five versions of it including YOLO, YOLOv2, YOLOV3,
YOLOv4 and YOLOV5. For our model train, we used YOLOvV5. It is the latest
version of YOLO.

5.2 Deep Learning Architecture

Architecture of YOLOV5

As yolo is real time object detection framework, it is very much capable of de-
tecting vehicle correctly. It is a single stage object detector. That means it doesn’t
undergo the region purpose step and only predict over a limited number of bound-
ing boxes. Whereas RCNN, R-FCN these algorithms cannot do this. There are three
major part of YOLOVS.

Model backbone: It extract important features from the given input image. It
is a convolution neural network that aggregates and forms image features at dif-
ferent granularities.[6] The work of backbone is to extract the important features
from the images. There are many kinds of backbones such as darknet, CSPNet etc.

Model Neck: It generates features pyramids that helps to identify the same ob-

ject with different sizes and scales. A series of layers to mix and combine image
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features to pass them forward to prediction.[6] The work of neck is to generate
features pyramid. Which can deal with multiscale correctly. For feature pyramid,
there are many modules are suggested. We can add here Path Aggregation Net-

work as an example.

Model Head: Consumes features from the neck and takes box and class predic-
tion steps.[6] Applies anchor boxes on features and generates final output vectors
with class probabilities, object ness scores and bounding boxes. Well Anchor boxes
is one of the most important parameters we can tune for improved performance
on our dataset. In fact, if anchor boxes are not tuned correctly, our neural network
will never even know that certain small, large or irregular objects exist and will

never have a chance to detect them.

The post processing task similar to yolov3. The diagram of Object Detection Pro-
cess is given below: [7]

Tnput

7

Figure 5.2: Object Detection Process
Other Aspects of YOLOV5

Augmentation used:
First of all, we need to know what data augmentation is. Data augmentation makes
transformations to the base training data to expose the model to a wider range of

semantic variation than the training set in isolation.[5]

Here we used mosaic augmentation. It was very much helpful using mosaic aug-

mentation because Mosaic augmentation helps the model learn to address the well
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know “small object problem” - where small objects are not as accurately detected

as larger objects. That means it can detect very much smaller object correctly.

Bounding boxes anchor:

It learned from dataset automatically with K-means and genetic learning algo-
rithm. Well in yolov3 and yolov4, the bounding boxes were calculated manually,
but here in yolov5, bounding boxes are calculated automatically.

5.3 Software Development Process

The V-Model denotes verification and validation model where each phase has a
testing step associated with developing stages. There are four design phases in the
V-Model. They are: Requirement Analysis, System Design, Architectural Design
and Module Design. There are four testing activities proposed in the V-Model.
They are: Unit Testing, Integration Testing, System Testing and User Acceptance
Testing.

Requirement Analysis consists of a detailed communication with the customer to
understand their needs and expectations. System Design contains system con-
figuration as well as complete hardware configuration and product development
enhancement. Architectural Design is divided into advanced modules that take
different functions. Data transfer and communication between internal and ex-
ternal modules is well understood. In Module Design, the program enters small
modules. The detailed design of the modules is specified, also known as Low-

Level Design.

Unit testing plans are developed during module phase. It is executed to eliminate
bugs at code. Integration Testing comes after completing unit testing which is in-
tegrated and the system is tested. System Testing test the complete application
with its functionally, inter dependency and communication. It tests the functional
and non-functional requirements of the developed application. User Acceptance
Testing is performed in a user environment that resembles the production environ-

ment.
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The V-Model is used for the development of this project. For this project, the Unit
Testing activities that the team should write a segment of code to test a specific
function in application. They could also separate the function to test it more thor-
oughly and try to remove the bugs from code. The Integration Testing activities
that the team should test the whole system. It tests all of the modules when they
work together. To run the system, all of the modules need to work together. The
purpose of integration testing is that if all these modules can communicate or in-
teract with each other properly so that the system can run. The System Testing
activities that the team should check and test the complete application, verifies
functional and non-functional requirements of the application. Their goal is to
detect the defects and bugs both within the interfaces and the software. System
testing ensures the complete feasibility of the ride sharing system. They should
focus on the design of the software, performance and the believed expectations of
the customer. System testing means that if the whole program is working when all
of the modules are functioning. The SDLC V-Model figure is given below: [5]

CENOI = Acceptance Test Design gl WRESTEN oY
Analysis Testing

System Test Design System
- Testing

System Design g

Architecture “NRIIGHEN(NREEMY Iniegration
Design h Design - Testing

Unit Test
Design

Module Design Unit Testing

Figure 5.3: SDLC V-Model
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5.4 Design Pattern

5.4.1 Model-view-controller

Model-View-Controller is an architectural pattern that divides the system into three
logical elements: model, view, and controller. Each of these features is designed to
handle specific aspects of the app’s development.

The model stores the application data. It has no information about the interface.
The model communicates with the database and layers of the network. The view
is the User Interface layer that handles visual elements on the screen. In addition,
it provides visibility of the data stored in the Model and provides connectivity to
the user. The controller create a relationship between View and Model. It has the
original concept of the app and is informed of the user’s behavior and updates the
Model according to each need. The Model-View-Controller pattern of this project
is shown below:

Response
Detected Vehicles

Request with Class Name

Vehicles Detection
fromImage

h 4

Controller

demand

Model
Database, YOLOWS

View

App User Interface

Model

Figure 5.4: The MVC Pattern
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This is the MVC Pattern. Here the user send requests to the controller for vehicles
detection from image and the controller create a relationship with the View and
the Model. The controller demand the data from the Model which communicated
with the database. From the model, the data go to the controller and the vehicles
is detected from YOLOVS trained model and show it to the View which is User
Interface. At last, the user get response of detected vehicles with class name and

see it from View.

5.5 Technology Used

Java Programming Language has been used for developing this Android appli-
cation of this project. Java is the default development programming language to
write Android application. This programming language was first introduced back
in 1995.
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Chapter 6

Project Contribution

6.1 Overview

The project is all about making an android application by which an automatic traf-
fic detection system can be maintained. The traffic jam of Dhaka is very compli-
cated and it is a new complex challenge in terms of automated traffic detection.
This problem can be solved using Artificial Intelligence based technology. The de-
tection of an object is associated with computer vision. It describes a system that

can detect the location of a desired object in an image.

6.2 Proposed System

The project is an automatic traffic detection system and it can use in various sector
in traffic system. This system can detect the specific vehicle from images or videos
or live camera. The system only can detects the vehicles perfectly because of the
strong dataset. Besides, the dataset collection is remained continued. On the upper
part of this paper, it is mentioned that this application-based system is beneficial
for maintaining many systems such as managing traffic, controlling traffic and a

better parking management system.
As the system can detect specific vehicles from live video, it can use to find the

maximum number of specific vehicles on a particular road and a restriction can

make on those specific vehicles so that the traffic jam can reduce.
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6.3 User Interface

4:10 PM

DhakaTrafficVehiclesDetection

Test Image 1/3

Select Image

Detect Vehicles

Figure 6.1: Android App User Interface
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4:32 PM

DhakaTrafficVehiclesDetection

Text Image 3/3

Select Image

Runninj the model...

[ ] @ |

Figure 6.2: Android App User Interface during Model Run
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4:14PM all & 4:10 PM aill = 4:32 PM

DhakaTrafficVehiclesDetection DhakaTrafficVehiclesDetection DhakaTrafficVehiclesDetection

car 0.50

Test Image 1/3 Text Image 2/3 Text Image 3/3

Select Image Go Live Select Image Go Live Select Image Go Live

Detect Vehicles Detect Vehicles Detect Vehicles

Figure 6.3: Android App User Interface after Model Run on Three Test Image
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6.4 Results

6.4.1 Deep Learning Model Results

1.0 g
L = gl classes 0.357 mAP@0.5
-
0.8
0.6 - \ \{\\\
c
.o
o |
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=
0.4 4
L
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o
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0.0 0.2 0.4 0.6 0.8 1.0

Figure 6.4: Recall vs Precision graph (Best Possible Recall (BPR) = 0.9977)

Recall is proportion of correct positive classifications (True Positive) from cases
that are actually positive. Precision is proportion of correct positive classifications

(True Positive) from cases that are predicted as positive.

We can calculate the value of these two by applying the methods which are given
bellow:

Recall = TP/ (TP+FN)

Precision = TP/ (TP+FP)

Here TP means True Positives, FN means False Negative and FP> means False Posi-

tive. With the help of Precision-Recall graph, we can see the balance of the classes.
Result shown in Figure 6.4
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Figure 6.5: Training and Validation Results

In Figure 6.5, The first graph shows the box loss, the second graph shows the ob-
jectness loss, the third graph shows the classification loss. In our training the losses
continue to decreasing and the precision and recall continues to increasing for the
training set. The validation box and validation classification describe the losses
on validation set and validation objectness describes the gaining on validation set
and mean average precision on 0.5 confidence continues to increasing and mean

average precision on 0.5 to 0.95 continues to increasing.

Intersection Over Union(IoU) is set to 0.5, the Average Precision of all pictures
of each category is calculated, and then all categories are averaged, namely mAP

(Mean Average Precision).

6.5 Application Outputs

Our Application is an Android-Based Application which can detect different cat-
egories of vehicles and recognize it from the videos or images. It is beneficial for
maintaining the traffic jam of Bangladesh in future, so there needs of less traffic

police for controlling the traffic system in Bangladesh.
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Chapter 7

Result and Analysis

7.1 Deep Learning Model Performance Analysis

Deep learning model performance analysis is a sector where the comparison be-
tween two versions of YOLO algorithm has discussed. The comparisons are given

below:

Comparing between YOLOv4 and YOLOV5 Training Configurations

YOLOv4 and YOLOVS5 both specify training configuration files, .cfg and .yaml, re-
spectively. Both of these training files require us to specify num-classes for your
custom dataset, as the networks architectures are rewritten. In the Darknet config,
we specify more about the training job including batch-size, subdivisions, max-
batches and steps. Here’s a peek at YOLO layers in each of the configuration files
[9] in Figure 7.1:

module arguments

[64, 64, 1]
[64, 128, 3, 2]
[128, 128, 3]
[128, 256, 3,
[256, 256, 2]
[256, 512, 3, 2]
[512, 512, [5, 9, 13]]
[512, 512, 1, False]

2]

False]
3, 16, 3@, 33, 23], [3e, 61, 62, 45, 5

[s12, 512,
[21, [[10,
9, 119], [116, 90, 156,

3 laye

Figure 7.1: YOLO Layer in Ultralytics.yaml
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Comparing between YOLOvV4 and YOLOVS5 Training Time

In YOLOv4 Darknet, training length was set based on number of iterations max-
batches (not epochs).[9] It takes 16 hours in training the custom dataset. Maximum
validation evaluation was at 2500 iteration. It took 3.5 hours to reach at maximum

validation evaluation.

In the YOLOVbs, first 100 epochs was completed in 1.475 hours and second 100
epochs was completed in 0.944 hours. The training time comparison of YOLOv4
and YOLOVS5 is shown below:

Training Time (minute} YOLOv4 YOLOv3s 7 -
o 5 o YOLOv4
t2=50 50 50
t3=100 100 100
4=150 150 145.14
t5=200 200
16= 250 210

YOLOv5S

]

5

g

g

@
5
Z
g
=1
-
=}
i)
Z
g
Z
=}

Figure 7.2: Training Time Comparison of YOLOv4 and YOLOv5

7.2 Security Analysis

7.2.1 Privacy

Data privacy/confidentiality means protection of data from unauthorized disclo-
sure. For our project, we have collected our data, made a dataset, annotated them
and trained them into “Kaggle Notebook” by uploading. But at the time of training
our dataset, we made our dataset private, so that we could maintain the confiden-
tiality of our dataset. So there is no breaking of privacy of our data. We have
successfully maintained the privacy of our dataset.
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7.2.2 Integrity

It assurance that data received is as sent by an authorized entity. When the in-
tegrity of data is secure, the information stored in a database will remain complete,
accurate, and reliable no matter how long it’s stored or how often it’s accessed.

Data integrity also ensures that the data is safe from any outside forces.

There are many ways to reduce data integrity risk. Among them one of the way is
to “Follow a Software Development Lifecycle” where few kinds of software pro-
cess model are remained such as:

* Linear Sequential Model / Waterfall Model

* V-Model

e Spiral Model

* Jterative Model

We have used “V-Model” for our project. In V-Model, which is also known as
verification and validation model, there are different types of testing phase. Cod-
ing is the construction phase. Though it is known as verification and validation
model, but the meaning of verification and validation is different. For verification,
we need the development team, the team leader, the testers, the coders. But the

validation is done by the client or the users.

7.2.3 Security

Security is about protection of assets. As our final outcome of our project is an an-
droid app, we can mention about “Mobile Security and Smartphone Vulnerability

Threats” here.

First of all we need to know that whether the mobile apps are designed for the
purpose of productivity and convenience? Or whether only for security and risk
minimization? The answer is basically productivity and convenience. But among
all these issues, we need to try our best so that there remains low risk of security

breaches.
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Software security is the application of techniques that assess, mitigate, and pro-
tect software systems from vulnerabilities. These techniques ensure that software

continues to function and are safe from attacks.

For our project we have used Static Application Security Testing (SAST) and Dy-
namic Application Security Testing (DAST) tools. SAST basically analyzed the
source code of our application before it compiles. DAST tools communicate with
the running application to identify security vulnerabilities. By using these tools,

we have tried to control the security breaches.

Figure 7.3: Security Goals

7.3 Evaluation

7.3.1 Interference Time

In YOLOV5 model, it takes 0.27 seconds to 0.32 seconds to detect vehicles from
dataset images.

7.3.2 Application Performance (Time Complexity)

The android app takes 2.8 seconds to open in an Android 11.0 Supported Smart-
phone. From the application it takes 1.7 seconds to 2.4 seconds to detect vehicles

from test images.
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7.4 Cost Analysis

About 60 percent of the cost of software is development costs and 40 percent is
testing costs. In custom software, the cost of inventory often exceeds the cost of

development.

Tangible Costs are those that can be accurately projected by the systems analysts
and the business accounting personnel.[10] Intangible costs are those that are dif-
ticult to estimate.[10] For this project, there is no difficulty for the estimation so

there is no intangible costs.

Table 7.1 show the cost analysis of this project:

Table 7.1: Cost Analysis

Types of Cost Amount
1. Hardware Cost

(i) Acer/Dell/HP Laptop (GPU Included) 2,00,000 BDT
(ii) Android Smartphone with Minimum Android 11.0 Supported 17,000 BDT
(iii) Closed-Circuit Television(CCTV) Camera 1,00,000 BDT
2. Software Cost

(i) Anaconda Prompt Free
(ii) Python Free
(iii) Android Studio Free
(iv) Git Bash Free
(v) Kaggle Notebook Free
(vi) Adobe XD Free
3. Tangible Costs

(i) Cost of Resources Free
(i) Cost of a Single Programmer 2,00,000 BDT
4. Intangible Costs 0BDT
Total Amount 5,17,000 BDT
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7.5 Social, Legal and Ethical Issues

Social Issues: This section can determine the social issues we have faced. For our
dataset, while capturing pictures of vehicles from different places and roadside,
we faced some problems such as privacy breaking of general people. And taking
pictures without one’s consent will be punishable.[11] The general people had no
idea that the pictures were captured for project purpose only. And the pictures
were only of the vehicles, not the human. So sometimes it was difficult to capture
pictures because of this social issue and while using the app, the same problem
was being faced. But this case was not very much concerned for us as it was for

project purpose only. The student ID help a lot.

Legal Issues: The legal issue was very much higher for us. In our dataset, there
is a class called “Army Vehicle”. And to capture the pictures of army vehicle, we
needed to take permission. Without notifying, taking pictures of these kind of ve-
hicles are totally illegal. It would be a huge problem for us if we did not notify
them as well as take permission from them. We also took videos from roadside in
different angles to avoid this issue. As we took permission and also made videos

to avoid this issue, there remained no illegal issues for us.

Ethical Issues: To maintain ethical issues, ACM code of ethics were being fol-
lowed. In ACM code of ethics, there is a principle which is under section 01 and
known as “PUBLIC”. Where we can find many sub-sections. Among those, some
sub-sections are:

“1.01: Accept full responsibility for their own work.” [12]

“1.03: Approve software only if they have a well-founded belief that it is safe, meets specifi-
cations, passes appropriate tests, and does not diminish quality of life, diminish privacy or
harm the environment. The ultimate effect of the work should be to the public good.” [12]
Another principle which is under section 03 and known as “PRODUCT” and some
of its sub-sections are:

“3.01: Strive for high quality, acceptable cost and a reasonable schedule, ensuring signifi-
cant tradeoffs are clear to and accepted by the employer and the client, and are available for
consideration by the user and the public.” [12]

“3.02: Ensure proper and achievable goals and objectives for any project on which they
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work or propose.” [12]

These codes of ethics were strictly followed in our project. So, no ethical issues

will occur in our project.
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Chapter 8

Conclusion and Future Works

8.1 Scope for Future Work

We have built an android app for our project. In this app we have done the work
to detect the different categories of vehicles. And we have some plans for our
future development such as, count the numbers of a specific vehicles, shows the
exact location of a “Traffic Image” which is selected or captured through the phone,
automatically uploading system of the detected image into the cloud server. Until

now, we have planned for these future implementations.

8.2 Conclusion

One of the biggest issues of Dhaka city is traffic jam. This problem can solve in
many ways and among those ways, one of the ways is to detect vehicles. As the
system can detect specific vehicles from images or live video, it can use to find the
maximum number of specific vehicles on a particular road and a restriction can
make on those specific vehicles so that the traffic jam can reduce. Though it won’t
reduce much, but an amount of reduce traffic jam can save our time. That is the

main concern of this project.
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8.3 Gantt Chart

Table 8.1 show the tasks schedule of this project:

Table 8.1: Gantt Chart Tasks Schedule

Tasks Start Date End Date Duration(Days)
1. Planning

1.1. Project Proposal 7-Nov 9-Nov 2
1.2. Project Summary 10-Nov 12-Nov 2
1.3. Collect Picture for Annotation 13-Nov 28-Nov 15
2. Research

2.1. Labellmg 29-Nov 30-Nov 1
2.2. Yolov5 1-Dec 3-Dec 2
2.3. Dataset 4-Dec 9-Dec 5
3. Implementation (Part - I)

3.1. Model Train 10-Dec 9-Jan 30
4. Design

4.1. Android Application Design 10-Jan 17-Jan 7
5. Planning for Adding More Images

5.1. Collect Picture for Annotation 28-Jan 10-Feb 13
6. Implementation (Part - II)

6.1. Model Export for Android App 11-Feb 24-Feb 13
6.2. Android App Development 25-Feb 16-Apr 50
7. Testing Phase

7.1. Android Application Testing 17-Apr 24-Apr 7
8. Follow-up

8.1. Final Report Writing 25-Apr 7-Jun 43
8.2. Presentation and Final Defense 8-Jun 12-Jun 4
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Gantt Chart
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Figure 8.1: Gantt Chart
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