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ABSTRACT
This project is on “Automated Traffic Detection with Image Processing using
Raspberry Pi”. Dhaka, the capital of Bangladesh is the most densely populated
city in the world and Traffic the ugliest side of Dhaka's development. The
country is full of uneducated and undisciplined drivers who have no respect for
the traffic rules and regulations. The tendency of breaking the law and
overtaking of the drivers makes controlling the traffic harder for the traffic
police. Sometimes this kind of tendency cause more traffic and sometimes it
takes our lives. In recent times, the government has taken a few actions such as
the enlargement of footpaths, building flyovers and footbridges, expanding the
roads but yet, there was no advancement in the traffic condition. Our project
will automatically detect the traffic rules breaker of that vehicle through live
streaming video. So, police can file a case or catch the rule breaker of that
vehicle instantly. Besides, it will also count the number of vehicles passing
through a specific area.
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CHAPTER 1
Introduction

1.1 Introduction
Dhaka has already been categorized as one of the most unlivable cities in the world and the
current situation of traffic management in the city shows why it got such a ranking. The
most common example is the actual use of roads by vehicles. Transportation is a basic need
for everyone in finding to most satisfactory daily transportation. But there is a huge
problem. The unlimited personal transport growth has become one of the significant
transportation problems. The transport growth has expanded high traffic density, especially
if not being controlled properly. Establishing our experimental work in traffic management
system we can easily get rid of this problem.

1.2 Motivation
The peoples who reside in the city are the daily sufferer of the traffic problem. A distance
of five to six kilometers can take about two hours to arrive. People fail to take in supreme
meetings, late arrive for work, children and aged people fall sick. Occasionally, we can see
a siren blaring ambulance stuck in the middle of a traffic jam trying severely to find a way.
People lose their valuable time on their way for nothing. Traffic jam is blocking trade and
commerce. All the megacities in the world experience hardship traffic jam at definite hours
of the day and night. But what we have in Dhaka city is not the traffic jam, it is total traffic
disorder and mismanagement. On the other side, there are big buses for highway travels
which also enter the city in the daytime and arising heavy traffic jam. Besides, the tendency
to break the traffic law and overtaking tendency of the drivers are also the main reason for
causing traffic. That's why we build this system so that we can easily detect the vehicle
who break the traffic law and create traffic in the road. Since we use live streaming so we
can detect the responsible vehicle instantly.
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1.3 Rationale of the study
The expanded number of transports is an alarming fact for our country. Each day Dhaka
city gets a lots number of new vehicles. For these reasons, neither did Bangladesh
government plan ahead, nor they are taking any important measures. So that day by day
more and more traffic jam is making the lives of normal people a living hell. Traffic
management system of Bangladesh is still the ones that were used to be in the 80s.
Therefore, the new techniques of traffic management are not being executed appropriately.
Besides, I also see that during traffic jam the traffic police just let one side go for a sudden
time like 5 minutes or more which increase the jam on the other side of the road. And I
also believe that the complication lies in our etiquette. Many of us smash the rules in full
concern of its existence and many don't even notice that they are doing something
extremely illegal. So that we build such a system that is working correctly near 97%. Since
it is live streaming and through this process, we can detect the exact vehicle. After detecting
the vehicle the process will store the video file in a database. Once we succeed to detect
the car then we can also count the car and by counting the car of a road we can tell that
which road is going to face the traffic jam. And this our future plan. We will also work for
detecting the number plate recognition and automatically filed a case against the vehicle
who breaks the traffic rule. And we believe that we will achieve our target by applying the
process in the various road.

1.4 Research Question
➢ What are the features of the project?
➢ What is cascade classifier?
➢ How color-to-grayscale algorithm work?
➢ What is the reason behind the traffic problem?
➢ What is the background knowledge necessary to fully understand traffic problem?
➢ What are the challenges to solving this problem?
➢ What are the approach to solve this problem?
➢ What are the solutions to this problem?
➢ Which technologies are used to solve this?
3
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➢ Which equipment do we need?
➢ Is this solution being appropriate?
➢ Is this expensive or not?
➢ Is this system stable?
➢ What is the limitation of this system?
➢ What is the future implementation of this project?
➢ Prove that this system is better.

1.5 Expected Output
Our system is specially designed for providing the best traffic monitoring system and
as well as comfort for both the police and people in their daily life. So our traffic
detecting system gives almost 97% accurate results and stored the data in the database.
The output of our project is given below.
➢ Detect the traffic as well as the vehicles and peoples.
➢ Provides live streaming for the traffic of the road.
➢ The user can access from anywhere by a web interface.
➢ When an object will come, then the system matches is it positive or negative
images, if the object is positive and matched with data set then the system will
detect that object or vehicle automatically.
➢ If an unknown vehicle will come, then the user can see in live streaming and
then the user can manually detect the vehicle from the web interface.
➢ Count the number of vehicles in real time.
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1.6 Report Layout
This report consisting with five parts, and this report layout section will gives the full
knowledge of each of the five sections. In our report
➢ Chapter one contains introduction, motivation, rationale of the study, research
questions and expected output.
➢ Chapter two contains introduction, research Background related work such as
related works, research summary, scope of the problem and challenges.
➢ Chapter three contains research methodology. It also contains introduction,
research subject and instrumentation, method, algorithm, data collection procedure,
statistical analysis and implementation requirements.
➢ Chapter four is for introduction, experimental results, discussion with descriptive
analysis and research summary.
➢ At last chapter five is for summary, conclusion, recommendation and implication
for future research.

5
©Daffodil International University

Chapter 2
Background
2.1 Introduction
Object detection based on digital image processing on vehicles is very essential for
initiating a monitoring system or a substitute method to gather statistic data to make
systematic traffic. A vehicle detecting program based on traffic video feed for the particular
type of vehicle using Haar Cascade Classifier was made as the output of this research paper.
Firstly, the color-to-grayscale algorithm was used to present optical shape of the vehicle,
and haar cascade classifier was also used to make a strong classifier by combining specific
classifier into a cascade filter to rapidly eliminate background regions of an image. At the
testing section, the output was tested over 8 realistic video data and achieved high accuracy.

2.2 Related Works
This is neither a unique nor another thought. There are many existing implementations like
this system. However, this is a new plan for designing a smart traffic detection system with
proper secure strengthen in low budget and real-time visualization. This research designs
a classification system to determine object as the specific type of vehicle. Haar Cascade
Classifier proposed by Paul Viola and Michael Jones is used to determine objects such as
the car and the number of passing vehicles on the specific road using traffic videos as input.

This paper [7] works with a total of 1000 vehicle images and 200 negative images where
they used OpenCV library as the training procedure. Where positive samples were obtained
by manually cropping and resizing to 30 x 30 pixels and the testing phase employed 8
videos as real data test of traffic surveillance video. Each video was taken using a 30 – 50
degree camera position facing down the road as illustrated.
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This paper [8] describes an end-to-end method for extracting moving targets from a realtime video stream, classifying them into predefined categories according to image-based
properties, and then robustly tracking them. Moving targets are detected using the pixelwise difference between consecutive image frames. A classification metric is applied
these targets with a temporal consistency constraint to classify them into three
categories: human, vehicle or background clutter Once classified, targets are tracked by
a combination of temporal differencing and template matching.

The resulting system robustly identify targets of interest, rejects background clutter; and
continually tracks over large distances and periods of time despite occlusions,
appearance changes and cessation of target motion.

The system has been implemented on a Pentium 200Mhz the system under Microsoft
Windows 95 with a Matrox Meteor digitizer. The system can detect, classify and track
targets at 14 frames/second over a 320 x 240-pixel image. The system has been applied
to large amounts of live video in unstructured environments in which human and
vehicular activity is present. Over six hundred instances of vehicles and humans
have been identified and target tracking has been performed over the lifespan of over
two hundred targets.

This paper [9] developed a feature-based tracking system for detecting vehicles under
these challenging conditions. Instead of tracking entire vehicles, vehicle features are
tracked to make the system robust to partial occlusion. The system is fully functional
under changing lighting conditions because the most salient features at the given
moment are tracked. After the features exit the tracking region, they are grouped into
discrete vehicles using a common motion constraint. The groups represent individual
vehicle trajectories which can be used to measure traditional traffic parameters as well
as new metrics suitable for improved automated surveillance. This paper
describes the issues associated with feature-based tracking, presents the real-time
implementation of a prototype system, and the performance of the system on a large
data set.
7
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This paper [10] presented a novel representation and recognition technique for identifying
actions. The approach is based on temporal templates and their dynamic matching in time.
Initial experiments in both measuring the sensitivity of the representation and in
constructing real-time recognition systems have shown the effectiveness of the method.

2.3 Comparative Studies
After completing our work, we find an ideal solution for traffic detection and management
system. All the paper shows different ways to eradicate or how to get rid of this traffic
problem. But we work mostly on detecting the vehicle accurately and count the vehicle on
a specific road. Because when you are detecting a vehicle successfully and more accurately
then it is easier to complete the other task more quickly like detect the number plate of the
vehicles. And with the help of this statistics, traffic problem can be easily solved.

Moreover, our system will work for the live streaming video so that, the police or authority
can detect the vehicles and get a data of counting vehicles at real time and can use it for
the betterment of the traffic problem.

2.4 Scope of the Problem
This section generally focuses on finding the best way to develop traffic detection and
management system to reduce overall expenditure related to traffic as well as better
execution.

2.4.1 Camera Detection on web Interface
In this automated traffic detection with raspberry pi, the user can see the current situation
of past activity from the database or server where the information is stored. As a result, the
user can use matching vehicle data to take further action to control the traffic system. For
this, our system needs real IP to communicated with Raspberry Pi through the internet.
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2.4.2 Matching image
In our project, we are using the Raspberry Pi camera module to live streaming and capture
image. Raspberry Pi camera module's captured image depends on light and resolution of
the camera for the best result to matching the image with the dataset and matching with the
existing dataset. For this reason, we are facing some problem to the trained dataset and
matching them with existing data.

2.5 Challenges
We face some problems or challenges while doing our project work which describes below.
2.5.1 Communication with Web Interface through internet
In our system internet is the most important part to communicate with the surveillance
camera and control the activity of the traffic automatically. Without the internet it is
impossible to authorize the vehicle. That’s why the internet connection is principally
needed in our system to be communicated.

2.5.2 Lack of light to detection
Proper light is essential to matching an object from live streaming. We use the Raspberry
Pi camera module which is 5.0 megapixel with resolution and quality is not perfect when
there is a lack of light. So that, we need to think the alternative way to supply more light to
the camera for better performance to surveillance and detection the vehicle accurately.

2.5.3 Catching Web Command to Raspberry PI
When the user command to start the system, then the web sends a request to the raspberry
pi to complete the action according to the command. Raspberry PI then catches the signal
and sends it to the GPIO pin to do the action.

9
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CHAPTER 3
Research Methodology
3.1 Introduction
Every project follows some rule to complete the work efficiently. For doing our project at
first, we collect lots of positive and negative photos. Then we use color-to-grayscale
algorithm and cascade classifier to achieve our target. We use raspberry pi and camera
module to do our work more efficiently and we distinguish a basic strategy that for the
most part works best for vehicle and people recognition.
3.2 Research Subject and instrumentation
To detect the vehicles and peoples on the road, we are using two methods. One is Colorto-Grayscale Algorithm and other one is Cascade Classifier. We are using important
instrument like raspberry pi and camera module to implement our project.
3.2.1 Method
Color-to-Grayscale Algorithm

Color images are generally built of different staked color channels and each representing
the value levels of that given channel. RGB images are produced of three independent
channels which is red, green and blue and these three colors are the primary color
components. Mostly three algorithms use for converting a color image to a grayscale
image.
The lightness method is used for averages the most prominent color and the least
prominent colors:
(max(R, G, B) + min(R, G, B)) / 2.
The average method is used for simply averages the values:
(R + G + B) / 3.
And the luminosity method is the more advanced version of the average method. Besides
averages the values it also forms a weighted average to account for human perception. We
10
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are more sensitive to green color than other colors, so green is weighted most heavily. The
formula for luminosity is:
0.21 R + 0.72 G + 0.07 B.
The lightness method has a tendency to reduce contrast. The average method produces the
average result. And the luminosity method overall works best. But sometimes these three
methods produce very similar results.

Here is an example (Fig. 3.2.1.1) of a full RGB color image converting to a grayscale
image. The right column shows the isolated color channels in natural colors, while at left
column there are their grayscale equivalences.

Figure 3.2.1.1: Converting color to grayscale algorithm [1]

Traffic Detection using Cascading classifiers
Cascade classifier is a method using for detecting objects. In this part, we work for
detecting the traffic. For doing this, the cascade classifier needs a lot of positive images
and negative images to train the classifier. For positive photos, we collect the image of
different types of vehicle like Car, Bus, Truck, CNG, Motorcycle, Rickshaw and the
11
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images of people which is positive photos. Our target is to detect the positive photos. And
for negative photos, we collect lots of roadside photos that do not include the positive
photos. A list of positive photos (Fig. 3.2.1.2) and negative photos (Fig. 3.2.1.3) are given
below:

Figure 3.2.1.2: List of Positive Photos

In the above picture (Fig. 3.2.1.2) we can see different types of vehicle including people
too. These types of pictures are considered to be the positive photos. And when the video
will continue then our project will detect the vehicles and peoples and identify where the
traffic happens and if any car violates the traffic rules it will identify them. The data will
save in the database and will be accessible in further use.

12
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Figure 3.2.1.3: List of Negative Photos

In the above picture (Fig. 3.2.1.3) we can see the photos of road side which is negative
photos for our project. And the project will avoid identifying these negative photos during
detect the traffic. We select the features with the minimum error rate, which implies they
are the features that best classifies the face and non-face images.

Traffic Detecting Process
In this section, we will discuss the total vehicle detecting process of our project. In the
below flowchart (Fig. 3.2.1.4) at first, the process will start. Then we have to input the
video and the video will convert into grayscale. Then it will go to the haar cascade classifier
where it will check is it the positive or negative region of interest.

13
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Figure 3.2.1.4: Traffic Detecting Flowchart
If the input video is not containing the frame of vehicles and peoples then it will not detect
but if the video file contains the frame of vehicles and peoples then it will find the region
of interest and detect the vehicles and peoples from the input video.

3.2.2 Instrument
Raspberry Pi 3
The Raspberry Pi is a series of small single-board computers developed in the United
Kingdom by the Raspberry Pi Foundation to promote the teaching of basic computer
science in schools and in developing countries. The original model became far more
popular than anticipated, selling outside its target market for uses such as robotics and
dalmatics. Peripherals (such as keyboards, mice and cases) are not included with the
14
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raspberry pi [3]. It is also called the mini computer.

Figure 3.2.2.1: Raspberry Pi 3 [2]

Raspberry Pi camera module
The Raspberry Pi camera module can be used to take high-definition video, as well as stills
photographs. It’s easy to use for beginners, but has plenty to offer advanced users if you’re
looking to expand your knowledge. Pi Camera Are Fixed focus lens on-board,8-megapixel
native resolution sensor-capable of 3280 x 2464-pixel static images, supports 1080p30,
720p60 and 640x480p90 video, Size 25mm x 23mm x 9mm, Weight just over 3g, connects
to the Raspberry Pi board via a short ribbon cable (supplied), Camera v2 is supported in
the latest version of Raspbian, Raspberry Pi's preferred operating system [5].

15
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Figure 3.2.2.2: Raspberry Pi Camera Module V2 [4]

GPIO Pin
A powerful feature of the Raspberry Pi is the row of GPIO (general-purpose input/output)
pins along the top edge of the board. A 40-pin GPIO header is found on all current
Raspberry Pi boards (unpopulated on Pi Zero and Pi Zero W). Prior to the Pi 1 Model B+
(2014), boards comprised a shorter 26-pin header. Any of the GPIO pins can be designated
(in software) as an input or output pin and used for a wide range of purposes [6].

16
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Figure 3.2.2.3: Raspberry Pi 3 System GPIO Pin [6]

Web Interface
We create web interface page using Python, HTML, CSS and JavaScript. JavaScript allows
user-friendly interaction with equipment to HTML. Interaction with the database of the
traffic system is handled by page scripts which are embedded in or included with HTML
pages. The user can access the web interface by common browsers and operating system.

17
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3.3 Data Collection Procedure

Figure 3.3.1: Data Collection Procedure
18
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To do a project at first, we have to collect lots of data. We collect different sort of images
of vehicles, peoples and roadside from many roads with different light and different
conditions. To Collect the data, we flow some step. On the software part, Raspbian OS is
used as the operating systems for Raspberry Pi. Next, the Python and OpenCV library has
installed for the algorithm implementation. To train the vehicles and peoples which is the
positive image for our project and the roadside image which is negative images into the
library we use haar cascade classifier. This classifier creates two different data set. One is
for the positive dataset and another one is for the negative dataset.

Figure 3.3.2: Positive Dataset

After classifying the dataset, it will train both the dataset. It takes a few moments to train
the dataset. When it finished to train the dataset then we will get our target file which
displays in the .xml file. Then it will store the trained dataset into the database.
19
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Figure 3.3.3: Negative Dataset
Finally, ports are initialized using the terminal in root mode to access the GPIO pins. When
running the code, the terminal window on the Raspberry Pi is opened and the python code
is executed. Then the code runs on the system and it will ready to execute vehicle and
people detection.

3.4 Statistical Analysis
After analyzing the data, the calculation of the accuracy of the system is achieved by 97%. To
calculate the data more accurately, we use some attributes which extracted with the help of
the confusion matrix. For example, the confusion matrix of Matching vehicles and peoples
which is given below (Table 3.4.1).

20
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Table 3.4.1: Confusion Matrix for Matching Vehicles and Peoples

Positive

Negative

True

97

80

False

10

70

For measuring the performance of the system, we need to define TP, TN, FP and FN.
True Positive (TP) = True Positive is the number of cases correctly identified actual class.
False Positive (FP) = False Positive is the number of cases incorrectly identified actual class.
False negative (FN) = False Negative is the number of cases incorrectly identified negative
classes.
True negative (TN) = True Negative is the number of cases correctly identified negative
classes.
Table 3.4.2: Confusion Matrix for Detecting Vehicles and Peoples

Match

Unknown

True

Detect

Not Detect

False

Not Detect

Detect
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3.5 Implementation requirements
For implementing the system, we have to install:
➢ Platform: Raspberry Pi, Web.
➢ Language: Programming Language Python, Markup Language HTML, Style Sheet
Language CSS and Scripting language JavaScript.
➢ Tools: Python IDLE, Notepad, Open-CV, Raspberry Pi Camera Module.

22
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Chapter 4
Experimental Result and Discussion
4.1 Introduction
To get the best output, first, we have to collect the raw image by Raspberry Pi camera
module. We collect almost 5000 positive and negative images of the vehicles, peoples and
roadside scenery to make our system more efficient. We take the maximum picture of the
object so that the object will look clearer and more intelligible to our program. Since we
are working with live video so that we need the clear position of that object. We know live
streaming is the moving object so that after taking the images of objects we need to train
all image. After train the images, all the data our system will recognize the objects which
are in the data set.

4.2 Experimental Results
For experimenting our collecting data firstly, we have to separate the object into four parts
which are the Top part, Bottom part, Left side and Right side. Then we need to find
matching between object and data set. We use Color to the Grayscale algorithm to convert
the color image. This converting process is shown in Fig. 1. After converting in grayscale,
the dataset looks like the below format (Fig. 4.2.1). In the below image we see both positive
dataset and negative dataset are present. And our ultimate target is to detect only the
positive dataset which we already trained and it is stored in our database.

23
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Figure 4.2.1: Experimental Dataset

After matching the positive dataset with the dataset which is in a .xml file then our next
task is to send a General-Purpose Input/output (GPIO) signal to the raspberry pi. After
getting the signal from GPIO, Raspberry Pi check if the image matched with the dataset or
not. If it finds the matching positive dataset then it will detect the vehicle and people.
Otherwise, it will not detect the other object. The matching part is showing below
(Fig. 4.2.1).
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Figure 4.2.2: Output Result
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Figure 4.2.3: Output Result

4.3 Descriptive Analysis
The system we create gives the final output which is almost satisfying to our expected
output. We find analyzing our image matching Accuracy, Sensitivity, Specificity, Precision
from below the table.
Table 4.3.1: Confusion Matrix for performance analysis.

Positive

Negative

True

TP

TN

False

FP

FN
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1. Accuracy: We find the accuracy of this system is 69%. To determine the accuracy, we
need the actual class and negative classes correctly. To find the final accuracy
mathematically, this can be stated as:
Accuracy = 𝑇𝑃+𝑇𝑁 / 𝑇𝑃+𝑇𝑁+𝐹𝑃+𝐹𝑁×100%
2. Sensitivity: We find the sensitivity of this system is 58%. To determine the sensitivity
correctly we need actual classes correctly. To find the final sensitivity mathematically, this
can be stated as:
Sensitivity = 𝑇𝑃/ 𝑇𝑃+𝐹𝑁×100%
3. Specificity: We find the specificity of this system is 89%. To determine the specificity of
this system we need to determine the negative cases correctly. To find the final specificity
mathematically, this can be stated as:
Specificity = 𝑇𝑁 / 𝐹𝑃+𝑇𝑁×100%
4. Precision: We find the precision of this system is 91%. To determine the precision, we
need the number of relevant classes among all the positive cases. To find the final precision
mathematically, this can be stated as:
Precision = TP / TP +𝐹𝑃×100%

4.4 Summary
Increase in the number of vehicles and poor traffic management system is the reason behind
the huge traffic problem in our country. But when we establish an automatic traffic
detecting system then we can easily handle the traffic. So, considering the necessities of
this system we design our project. Because of our experimental result almost 95%
satisfying to our expected result. Our traffic detection technique is more viable than others.
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Chapter 5
Summary, Conclusion, Recommendation and Implication
for Future Research
5.1 Summary of the Study
Everyone wants the best traffic system. Because no one wants to stick and sit in the traffic.
For this purpose, if our experimental work is used in managing the traffic detecting system
then it will more helpful to detect where the traffic is happening. Because our work gives
the best vehicle detecting system. And accessing through our database it will be easy to
find which vehicle break the traffic rules and accountable for the traffic.
5.2 Conclusions
In our project, we describe in details about our experimental work. It is a web-based system.
Since it works for the live streaming video so that it can detect instantly where the traffic
is happening right now. And the live streaming feature which shows in a web interface and
the performance is so well. The streaming video will count the vehicles for a specific road.
5.3 Implication for Future Study
In the future, giving an accurate and strong vehicle detection system will still be a
challenging task in the field of intelligent transportation surveillance systems. We will
conduct further research for comparing background subtraction and Haar Cascade
Classifier method or combining background subtraction and Haar Cascade Classifier to
detect more specific vehicle types. To make our life more comfortable we need to research
more on the traffic system. Our future features are to work with
➢ Automatic number plate detection.
➢ Traffic violation fines with automatic process.
➢ Sending traffic violation alert against the vehicles.
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Appendix

Appendix A: Research Reflection
The reason for this Appendix is to give a prologue to research refection. Having all the
necessary or appropriate data for our project we faced so many problems, the first one
was to determine the methodological approach for our project. Actually, it was not the
regular work, it was a research-based project. And we could not get much help from
anywhere. The main problem was collecting huge data and it was a big challenge for us.
There was no available source where we could get the data, that’s why we collected the
data manually. After a long time with hard work, we could receive our target.

Appendix B: Related Issues
When doing our project, we face a few challenges during our project implement. Due to
the low processing power of raspberry pi, we face few problems. Because there was some
process which is performing simultaneously. And the camera needs much light for better
performance so that we collected the data on a sunny day. But we enjoy while doing
work on under pressure. Because the work is very attractive and interesting for us. We
learn many new things while doing our experimental work and we believe that it will
help us in our future life.
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