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DEVELOPMENT OF FPGA BASED SMART TRAFFIC LIGHT
CONTROLLER SYSTEM WITH IMAGE PROCESSING

ABSTRACT

As the population of the city, as well as the number of automobiles travel on the roads
are increasing day by day, traffic congestion at the junctions is becoming a huge
problem for many major cities nowadays. One of the reasons behind this traffic issue
is the inefficiency of the techniques and algorithms used in the existing traffic light
system which unable to adapt to the continuous changing traffic situation and
eventually lead to traffic congestion spreads and occurrence of road accidents increase.
Therefore, to prevent the situations further deteriorate, there is a pressing need for the
introduction of advanced system and technology that able to improve the current traffic

light control system to better accommodate this increasing demand.

In this project, an FPGA based Smart Traffic Light Control System (STLCS)
is proposed with the aid of Computer Vision techniques in traffic signal control. The
developed STLCS is comprised two development boards; Altera DE2 board and
Raspberry Pi 3B+. Altera DE2 board is mainly used to execute the automated traffic
light signalling system while the Raspberry Pi 3B+ is utilized to in-charge the
computer vision tasks, for instance, video acquisition, processing, segmentation,
object detection, etc. In this system, a wide view angle digital camera is fixed at the
intersection road for real-time monitoring on four intersecting roads. A specific traffic
lane will be captured when the Raspberry Pi received a request signal from the Altera
DE2 board. The captured image of a particular road is processed through a series of
image processing techniques for vehicle detection and count. After this, the detected

number of vehicles is further used to calculate the proper time duration for controlling



Vil
signal lights by using the dedicated timing algorithms. Next, the calculated time is sent
to the FPGA traffic light controller via UART serial communication, and the traffic
light controller will discharge the vehicles based on received time value. Once the
green light countdown timer reached the limit, the yellow light is turned ON and a

request signal is feed to the Raspberry Pi to calculate the green time for the next turn
of traffic light controller, these processes are repeated continuously.

The smart feature of the system is able to compute the flexible green light time
that dependent upon the detected traffic density on traffic lanes. Moreover, as a
precautionary measure, a maximum and minimum green light time limit are fixed
within the timing algorithm to prevent any vehicle detection error as well as over
waiting of vehicles in queue in other lanes. In this project, ModelSim and Quartus |1
software are used to program and simulate the traffic light controller system that
written in Verilog Hardware Description Language (HDL) and upload the program to
ALTERA DE2 CYCLONE Il 2C35 FPGA while the Syder IDE and OpenCV library
along with Python, high-level programming language (HLL) are used to implement

the computer vision program.

Keywords: Traffic Congestion, FPGA, Image Processing, Raspberry Pi 3B+, Altera
DE2 FPGA, Verilog, Python
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CHAPTER 1

INTRODUCTION

1.1 Background of Study

It is undeniable that traffic congestion is one of the main challenges in today’s society
and this issue is becoming serious day after day. Traffic congestion occurs when the
available street capacity is not able to accommodate the traffic demand and there are
several factors which cause traffic congestion, such as high rate of urban population
growth, rapid increase in the number of automobiles, ineffective road construction
strategies and management by government, and especially those non-adaptive traffic
light system which is becoming obsolete and unable to handle high traffic density

nowadays.

Traffic congestion has led to multiple negative impacts on our society and
environment, for instance, wasting the road users’ time and delays which reduces
productivity of employees, wasting the fuel and increasing the greenhouse gases
(especially CO.) emission which worsens the air quality and lead to global warming,
interferes or blocks the passage of emergency vehicles which are travelling to their
destination, etc. In order to overcome impacts from traffic congestion, the invention of
the Smart Traffic Light Controller System (STLCS) is vital to provide smooth motion
of vehicles in the transportation routes and also regulates the flow of vehicles through

the traffic intersections of many roads.
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In Malaysia or any developing country, the traffic lights that are widely seen
nowadays consist of three lights: Green is the go sign, Yellow is the wait sign and Red
is the stop sign, while in some urban areas, there are some traffic light control systems
with countdown timers, which are able to improve the safety in the traffic by allowing
drivers to make better and safer traffic decisions based on the remaining time of red or
green light. Even though there are plenty of features that were implemented to the
traditional traffic light system to improve the traffic flow efficiency, these traffic light
control systems are still hardwired at the time of installation which means most of them
are pre-programmed for a fixed duration for every change in the signals. These
conventional traffic light control systems react accordingly to the traffic density on the
roads and always keep constant during its operation, sooner or later, it will become
one of the major causes that leads to several traffic issues due to the limited abilities

to control the high traffic density in urbanized areas.

To avoid those limitations, a STLCS with the feature of adapt itself to the
continuous changes is important. Therefore, the STLCS that is proposed will be image
processing based adaptive signal controlling with FPGA traffic light control system
which can fit in continuously changing traffic scenarios.

1.1.1  Image processing with OpenCV

OpenCV is an open-source computer vision and machine learning library introduced
by Intel more than a decade ago. Since then, a lot of software programmers have
contributed to the most recent library, therefore this makes OpenCV containing more
than 2500 optimized computer vision algorithms in 2009 (Ivan Culjak, 2012).
Nowadays, the latest version of OpenCV is 4.1.0 (OpenCV 4), this version is the most
functional, fastest and stable OpenCV ever because it is supported by a variety of
programming languages such as C++, Python, etc. and supported on many operating
platforms including Linux, Android, and macOS. (Alexander et al, 2014)

Image processing is a digital signal processing method that utilizes the image

processing algorithms in the OpenCV library to manipulate every pixel from an image
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or video to obtain the required information. (Gholamreza Anbarjafari, 2014). Image
processing which treats input image or video frame as a 2D signals (x,y) and after this
apply signal processing operations to them and retrieve an output image that contains
the extracted characteristics associated with input image (Rose Mary, 2011). With the
rapid growth of technologies today, image processing becoming popular due to highly
applicable in various aspects of business, free and open source. Thus, it forms a core

research area within computer science and artificial intelligence.

Image processing includes the following steps:

« Import an image or video via acquisition tools which can either be software-
based source or hardware-based source.

« Manipulating and analysing the image using image processing algorithms.

o Output can be altered or extracted image.

In the proposed system, OpenCV installed Raspberry Pi 3B+ and digital
camera module are used to acquire the image, process, and estimate the number of

vehicles on each lane.

1.1.2 ALTERA Development and Education Board

Altera DE2 Development and Education board is an FPGA board that widely used for
the development of FPGA design and implementations. The purpose of the Altera DE2
is to provide users an ideal working station for design prototyping in multimedia,
networking, and storage. The state-of-the-art feature available within the DE2 board
offers a favourable practical environment for university and college courses, for
different levels of digital systems project design and development (Terasic
Technologies, 2012). In the Altera DE2 board FPGA board, it consists of Cyclone 11
2C35 FPGA chip which offers low costs, high densities (35000 logic element (Les) in
a 672- pin package) and more features with exceptional performance. Therefore, all

the dedicated components mounted on the board like communication ports, switches,
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display, I/O pins, etc. are connected to the pins of this chip so that the users can

manipulate all aspects of the board’s operation.

Altera DE2 with Cyclone I1 2C35 FPGA consists of abundance of features and
interfaces to accommodate various application needs. Altera board provides an
adequate number of LEDs, switches, and seven-segment displays that suitable for a
simple project or experiment. While for the advanced project, there are SDRM, SRAM,
as well as liquid crystal display can be used. Furthermore, for a project that requires
I/0O interfaces and processor, the user can easy to instantiate the Altera’s Nios
processor and communication ports such as RS-232, USB 2.0, and PS/2. Moreover,
Altera DE2 board also provides standard connectors for the line-in, microphone, line-
out audio decoder, video-in (TV) and VGA (10-bit DAC) for student or researcher to
conduct project related to analysis and processing of digital signal (Philipp, C. et al,
2019). Lastly, the DE2 board also offers USB 2.0 connectivity, 100/10 Mbps Ethernet

network, an infrared (IrDA) port, and an SD memory card connector.

50 Mhz / 27Mhz / Extin

USB 2.0 Host/Device < e < | 16-bit Audio CODEC

10/100 Ethernet P hy/MAC f«¢ - | VGA 10-bit Video DAC

SD Card - & <+ TV Decoder

IrDATT. iver . > CyCIone “ $| UserGreen LEDs (8)
FPGA -

Flash (1 Mbyte) < B 2C35 $| UserRed LEDs (18)

SDRAM (8 Mbytes) <t e $| 16x2 LCD Module

SRAM (512 Kbytes) <§ B 5 $| PS2 & RS-232Ports

7-Segment Display (8) |« > <% Toggle Switches (18)

Expansion Headers (2) |« ] % Pushbutton Switches(4)

(E:PCf$16 USB
il Blaster
Device

Figure 1.1 : Block Diagram of Altera DE2 board (Philipp, 2019)



use uss USB Ethernel
Blaster Device Host Mic Line Line Video VGAVideo 10V100M
Pot Pot Pot in in Ot In Port  RS-232 Port

e P TTHT T T

27z Qscilator

24-bt Audio Codec

Power ON'OFF Switch =P PS/2 KeyboardMouse Port

VGA 10:0¢ DAC
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. 104 strorh
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Figure 1.2 : Altera Development and Education Board (Terasic Technologies, 2012)

In the proposed system, the Altera DE2 FPGA Board is used to construct a
Traffic Light Controller (TLC). The design flow of the TLC using FPGA board is
shown in the figure below. In the circuit description process, Verilog HDL is used to
program the TLC software and then followed by the functional simulation and
synthesis. The design flow is followed until the time simulation and then the generated
file is downloaded into the Altera FPGA Board.

|
¥*

|  cmrcurr DEscrieTION |
v

| FuncTioNarsnuraTion |
|
=

| SYNTHESIS |
+

| Post-synTHEsIS svuLaTION |-
|
=

I IMPLEMENTATION |

¥

| TIMING SIMULATION I—

| DOWNLOAD TO DEVICE |

Figure 1.3 : FPGA Design Flow (Dilip, 2012)



1.1.3  Hardware Description Language (HDL)

Verilog is a Hardware Description languages (HDL) used to program the FPGA chips.
Verilog is relatively recent, and the programming concept is quite similar to the C
programming language, therefore, it allows the hardware design programmer to easily
familiarize and understand the programming styles that are used in Verilog. Moreover,
Verilog is a weakly typed programming language and it can be used to design digital
hardware at any level of abstraction. For example, Behavioural level, Register-transfer
level, and Gate level. In Behavioural level, the behaviour of a system is described with
a set of instructions or algorithms that are executed in sequence, for example, Verilog
uses always block, functions, and task to perform sequential instructions in
behavioural level design. Furthermore, in the Register Transfer Level, the
characteristic of a digital system is described using operations (i.e. always, assign, etc).
Operations in the register transfer level play around with the data transfer between the
registers, and it must be synchronized with the clock cycle. In Gate level, it refers to
the logic level design of a digital system that comprises a network of gates and registers
instanced from the technology library. It uses predefined logic primitives like NOT,
AND, NOR, and other gates in the design.

Nowadays, one of the two most commonly-used languages in digital hardware
design is Verilog HDL and the other is VHDL. In this project, Verilog HDL is used to
write the TLC and UART serial communication program into the Altera DE2 board.
The reason Verilog HDL is selected because Verilog programming is easy to
understand and write compare to VHDL since the programming concept is quite

similar to C programming.



1.1.4  Universal Asynchronous Receiver Transmitter (UART)

UART is a communication interface that widely used for budget, short distance, and
offers moderate data exchange speed between two computers or between computer
and peripheral devices. UART is designed for the asynchronous serial communication
by serializing a byte of parallel data (8-bits) at the transmitter with same extra overhead
bits using transmitter shift register (TSR) and vice versa at the receiver site (Neha R.
Laddha et al, 2013). UART transmit a byte of data sequentially one bit at a time from
the transmitter and receive the byte of data at the destination by decoding sequential
data with control bits. Since the entire transmission processes does not associate with

clock input from source, hence it is termed as asynchronous communication.

UART communication requires only two independent lines (RXD, TXD) for
full-duplex data communication. TXD is referred to transmit side, the transmission
line is at idle as not data to transmit. While the RXD is referred to receive site, which
is the input of the UART device. Since the type of data used for UART communication
is in binary form, therefore are only two states in the signal lines; HIGH (logic 1) and
LOW (logic 0).

UART Frame
>,

2 ™
L
o [L |2 |3 |4 |5 |6 |7 | B |
: —
e o -
=i Message Bits (1 character) | S S
U PR

Figure 1.4 : UART Frame Format (Neha, 2013)

From the UART frame format above, when the transmitter is idle, logic 1 state
will be transmitted continuously to the receiver site. When a byte data is given to the
UART for asynchronous transmission, a “START BIT” with logic 0 (LOW) will be
added to the beginning of the byte that is to be transmitted and function of this “START
BIT” is used to tell the receiver module that 8-bit data (1 byte) is ready to be received

and at the same time, the baud rate generator will synchronize the receiver’s clock with
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the clock in the transmitter. After the “START BIT” the Least Significant Bit (LSB)
of data bits are being sent first, an 8-bit “Message BIT” is sent bit by bit until the Most
Significant Bit (MSB). After the 8-bit binary data has been sent to receiver, a Parity
Bit may be added at the end of transmitted data that is used for error checking. After
this, a “STOP BIT” is sent by the transmitter to the receiver to inform the receiver that
the data was completely transferred. In the receiver, regardless of whether the data was
received correctly or not, the UART will just ignore the START BIT, PARITY BIT
and STOP BIT.

1.1.5 Raspberry Pl 3B+

The Raspberry Pi (RPi) is the world’s most inexpensive, credit-card-sized single-board
computer that can be plugged into a computer monitor, and uses peripheral devices
like keyboard and mouse. RPi is one of the most popular microprocessors that is widely
used by the students in Universities to carry out their projects that are related to image
or video processing, 10T based application, robotics controller, server application, etc.
Raspberry Pi Foundation officially provides an optimized OS, Debian based Raspbian
for developer to interface with the hardware, but users can install several third-party
OS like Ubuntu, Windows 10 10T Core, RISC OS, etc (Umesh Lokhande, 2017). The
Raspberry Pi with installed Raspian OS have GUI that capable of doing everything
you would expect from a desktop, from document editing, internet browsing, and
playing games to simple graphic design. Although the performance of the RPi is
incomparable with a typical laptop or desktop, it gives the user flexibility to access
over the on-chip hardware, for example GPIOs can be used for developing an
application by connecting to the external components like analogue to digital converter
(ADC), LEDs, motor, etc.



Raspberry Pi 3B+ Specifications:

e Broadcom BCM2837 64-bit Quad-Core 1.4GHz

e 1GBRAM

e 2.4GHz and 5GHz Wireless LAN and Bluetooth 4.1
e 4 xUSB ports (USB 2.0)

o Composite video port and 4 pole Stereo output

o Full size HDMI port

e 15 pins CSI camera port

e Micro SD slot for storing operating system and data
e Supports 40 GPIO Pins

2.4GHz and 5GHz 40pin GPIO
Wireless LAN BCM2837B0

Bluetooth 4.2/BLE 64bit Soc@1.4GHz
with 1GB LPDDR2 SDRAM

PoE Header

MIPI DSI

display port N\_ . \aacchbhes oo . == 4 x USB 2.0 ports

and Faster Ethernet
over USB2.0 (300Mbps)

56mm

MIPI CSI camera port

I
5V/2.5A DC via 85mm
micro USB connector

4-pole stereo output

Full-size HDMI and composite video port

Figure 1.5 : Raspberry Pi 3 Model B+

1.1.6  Colour Model

Colour Model is a colour system that utilizes abstract mathematical model to create a
full range of colours from the three primary colours which are Green, Red, and Blue
colour (RGB). There are two categories of colour models, the additive and the
subtractive model. Each colour model serves different purposes because of slightly
different in creatable colour range which is shown in the figure below. In additive
colour model like RGB, the colours perceived are the result of transmitted light,

therefore, the additive model requires light to create colour, and usually used in digital
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display. While for subtractive colour models like CMYK, the colours perceived is the

result of reflected light, as a result, subtractive colour model is uses in printing inks.

CMYK

Red

Magneta

Green‘ Blue

Additive colors Subtractive colors

Figure 1.6 : Additive (RGB) and Subtractive (CMYK) Colour Model

HSV (hue, saturation, and value) is a subset of RGB colour model, but it is an
improved version of RGB colour model which is capable to describe the colours in
terms of hue, saturation, and value, therefore, this colour model is useful in image
processing tasks regarding to the colour-based segmentation. From Figure 1.7 below,
the cylindrical shape of the HSV colour model tells that the variation of the saturation
is determined by the percentage of white component adding into the colour space, high
saturation represents no white component (shows pure colour), while unsaturated
represent shades of grey. Moreover, hue represents the colour type and it ranges from
0 to 360° with red at 0, blue at 240° green at 120° and so on. While for value channels,

it describes the brightness or intensity of the colour.

SSANLHONE

Figure 1.7 : HSV Colour Model (Andrey, 2014)
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1.2 Problem Statements

As urbanization increases, the conventional traffic light control system becomes
insufficient and incapable to handle a huge amount of traffic due to the pre-
programmed traffic light algorithms and management system. As a consequence, road
users have to face the following drawbacks:

1. Heavy traffic jams.
-Heavy traffic congestion has substantially increased at certain lanes before and
after office hours, however, the conventional traffic light system still provides a
fixed duration of green signal to the lanes that having congestion and the lanes that

free of vehicles, as a result, it leads to heavy traffic jam.

2. Waiting for empty roads
-There are times where there is no cars on certain intersecting roads, but the traffic
light still give the green signal for that road. This is because the existing traffic light
system is pre-programmed and the road users need to wait until the light turns to
green and this is wasting the time of the road users.

3. Requires more manpower to control the traffic
-During certain festivals, there will be a higher traffic flow on roads. Owing to the
constant timer in the existing traffic light system, it will lead to serious traffic
congestion. As a result, a lot of manpower is required to control and maintain the

traffic order.

Thus, to minimize the mentioned drawbacks above, there is a need to develop
a real-time operating smart traffic light controller system (STLCS) that able to provide
a proper timing signal that depends on continuously changing of traffic density at the
traffic junction. Accurate to detect and count the vehicles and signal timing calculation
according to traffic density will be the evaluation points of the performance for the

proposed intelligence traffic light system.
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1.3 Aims and Objectives

This project aims to design and develop an adaptive Smart Traffic light Control System
(STLCS) to improve the efficiency of the existing automatic traffic light signalling
system by reducing the waiting time of each lane of the vehicles and maximize the
flow of vehicles across a traffic intersection given the dedicated timing algorithms to

calculate the green time.

The objectives in this project are:

. Design and develop a workable automatic Traffic Light Control System

using Altera DE2 board with Verilog programming.

ii. Familiar with the knowledge related to image processing and utilize the
techniques in the project using Raspberry Pi, OpenCV library and Python

programming.

ii. To implement a communication system on both Raspberry pi and Altera
DE2 board.

iv. Implement a workable Smart Traffic Light Controller System with

prototype model.
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14 Thesis Organization

Chapter 2 provides a brief review of the approaches as well as studies that have been
done by other researchers. Throughout this chapter, we are able to identify the
invaluable source of knowledge from other people who is working in the same field
and the gaps in current knowledge, so that we can avoid reinventing something that
has already been done. In Chapter 3, methods and approaches were described, and this
allows us to have more systematic and clearer implementation and design system to
accomplish the proposed project. In Chapter 4, the outcomes of this proposed
approaches were attached and discussed. Lastly, Chapter 5 gives a summary of this

project as well as discusses on some directions for future work.
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CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

In this chapter, few papers including a variety of approaches and techniques used to
implement a smart traffic light controller were researched and reviewed. Literature
reviews of these papers are classified into three parts which include recent techniques
used to develop a Smart Traffic Light Controller, FPGA based Traffic Light Controller
System and Image Processing based Traffic Light Controller System. In these papers,
different approaches that were used in the implementation of those traffic light systems
will be identified, and the advantages and disadvantages of the techniques that is used
in the papers will also be discussed. Furthermore, places where new contributions as
well as improvements of those limitations could be made was found to avoid those
limitations recurring in an endless cycle. Lastly, a brief summary of the literature

review is shown in Table 2.3 below.

2.2 Background of Study

2.2.1  Smart Traffic Light Controller System

Smart Traffic Light Controller System (STLCS) is always an active research topic due

to serious traffic problems that worsening the transportation system in urban cities.

The structure of STLCS is sophisticated because it integrates various systems, for
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instance, detecting system, adaptive control system, communications system, etc.
those systems are combined for the purpose of providing efficiency, safety, mobility
and comprehension on traffic control. There is a plethora of researchers from different
disciplines collaborating to find out feasible solutions to reduce traffic congestion. In
this chapter, proposed methodologies and techniques that are used to construct an
STLCS using microcontroller, manufactured devices, and sensors in the literature will

be discussed and analysed.

2.3 Research on Techniques applied in Traffic Light Controller System

The following are some journal researched which contain the different techniques are

applied to implement a STLCS.

2.3.1 Review of Journal: Intelligent Traffic Light and density control using IR

sensors and microcontroller by Sinhmar, P.

Based on the paper (Sinhmar, P., 2012), the researcher implemented an intelligent
traffic light system using 89V51RD2 (MCS-51 family) microcontroller with IR
transmitters and receivers as traffic density sensing device. In her proposed system,
assembly language was used to program the traffic light system into the
microcontroller and synchronized it with the external hardware - IR sensors. The IR
sensors were mounted on either side of roads respectively and this enables the
microcontroller to make a comprehensive timing decision based on the number of
vehicles detected by sensors at each intersecting road. During the operation, the IR
system will be triggered whenever any obstacle like vehicles passes on the road
between the IR transmitter and receiver. After this, the microcontroller will increase
the count number of vehicles and the number will be stored in microcontroller’s
memory. Based on the different vehicles count, the microcontroller will define

different ranges for each traffic light delays and kept update the delays accordingly.

In this research, the system will record the number of vehicles count in memory

at a predefined recording interval on real time basis. Therefore, this indicates the
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intelligent traffic light controller has a database system to store the number of vehicles
at a specific time interval. These recorded data can be downloaded from the
microcontroller to the PC through the serial communication method so that the user
can analyse the traffic condition at respective traffic lights connected to the system.
The administrator can perform some function to traffic light such as update the light
delays or algorithms parameters, erase the memory and download the data by using
the command system in the microcontroller. Figure 2.1 below illustrates the
architecture of the Intelligent Traffic Light Controller using IR sensors developed by

Sinhmar, P.

Intellegent

— Traffic Flght S.ystem
Light 1 Light 2

000
000

I IR RXI

Ooro0oA
Oor02

|IR RXI

[ RTx k—l x|

J Microcontroller |
| 8051 Famil I~
e fseened]
vB TTL<->RS232 Lco
[ 1] L
Stw convartor
/P N MEMORY

Regulated
Power Supply

Figure 2.1: Architecture of the Smart Traffic Light System (Sinhmar, 2012)

2.3.2  Review of Journal: Traffic Control System Using Inductive Loop Detector
by Rakesh, V.S. et al

Based on the journal (Rakesh, V.S. et al, 2007), researchers implemented a TLC
system using the inductive loop detector that is placed below the surface of the

roadway which as shown in Figure 2.2 below.
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Computer
Underground wire Systems

Figure 2.2 : Inductive Loop based Traffic Light Controller System (Tom, 2001)

In the proposed system, the inductive loop was supplied with an AC current,
this makes the inductive loop system act as a tuned electrical circuit and lead-in cable
are the inductive elements (V.S. Rakesh et al, 2007). When a vehicle enters the
inductive loop, the electromagnetic field produced by the AC current in the loop sensor
will induce a small current in the vehicles. According to Lenz’s law, the induced eddy
current in the vehicle will generate its own electromagnetic field that opposite direction
to the electromagnetic field from the sensor coil, this presence of eddy current will
reduce the inductance of inductive loop. As a result, the decrease in inductance tends
to reduce the impedance and trigger the oscillator circuit to send a pulse signal to the
data acquisition system to indicate the presence of a vehicle and then used as an input
for traffic light control unit. Figure 2.3 below shows the block diagram of the inductive

loop based TLC system.

Oscillator IDala

Circuit

Ac
System

Vehicle Presence
{Analog Waveform)

Traffic Control
Unit

Inductive Loop

Figure 2.3 : Block Diagram of Inductive Loop based Traffic Light System
(Rakesh, 2007)

Rakesh, V.S. et al pointed out that the change in amplitude of loop inductance
in an inductive loop will give the corresponding information such as type (car, bus, or
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bicycle), speed, count, and length of the vehicle to the traffic control unit. Thus,
researchers conducted studies to analyse three types of inductive loop structures which
as shown in Figure 2.4 below. From the Figure 2.4, the small loop designated as Loop
1 was used to detect small vehicles like bicycle, motorbike, etc., whereas the Loop 2
was used to detect the large size vehicles like cars, buses, trucks, etc. However, there
Is a limitation in both Loop 1 and Loop 2. For example, when bicycles or other small
size vehicles pass over the Loop 2 detector, there will be no changes in the loop
inductance or induced current, as a result, this may lead to missing detection and
eventually affect the outcome of traffic light controller. Hence, researchers developed
a new inductive Loop 3 to overcome the limitations by merging both inductive Loop
1 and 2. Since inductive Loop 3 comprised characteristics of both Loop 1 and 2
structures, therefore, Loop 3 can detect any vehicle regardless of the size of the vehicle

passing over.

Direction of Flow

U JCd )

Loopl Loop2 Loop3

Figure 2.4 : Types of Inductive Loop Detectors (Rakesh, 2007)

Table 2.1 below shows the result that was done by researchers to compare the
true and experimentally vehicle count using their new inductive Loop 3 in the traffic
light controller system. From the result, the proposed system is able to detect the

vehicle with around 97% accuracy.

Table 2.1 : Comparison between True Count and Experiment Count using
Inductive Loop Detector (V.S. Rakesh et al, 2007)

Vehicle type True count Experimental count
Bicycle 10 9

Car 10 10

Bus 10 10
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2.3.3  Review of Journal: Intelligent Real Time Traffic Controller Using Image
Processing by Nidhi D. Agrawal et al.

As for the research (Nidhi D. Agrawal. et al, 2013), the researchers applied image
processing techniques in traffic light management system by using digital cameras to
perform real-time monitoring on the traffic condition on intersecting roads. In this
research, there are several image processing operations used to extract the information

from the video frames to detect the vehicles.

1. Image Acquisition: Uses a web camera to monitor traffic status. When there are no
vehicles on the road, the image of the road is captured as a reference image for other
image processing algorithms, for example, background subtraction or frame
differencing. Next, the acquired image is converted into grayscale and to a binary

image.

2. Image Enhancement: Involves operation like brightening, sharpening, etc.

, to extract certain detail and features from an unfavorable image.

3. Image restoration: Remove or reduce the noise that degrades an image to improve

the outcome for further image operations.

4. Image segmentation: Partitioning an image into its constituent objects. The

segmented output data is used for analysis or served for representation.

5. Morphological processing: Involves two basic operations Erosion and Dilation.
Erosion operation uses to shrink the size of the foreground mask object while

dilation operation uses to expand the size foreground mask.

The proposed intelligent traffic light controller system by Nidhi D. Agrawal et
al combines both traffic surveillance and traffic control technologies. This research
emphasized the different types of edge detection techniques that are used to detect the
presence of the vehicles by identifying and locating the boundaries of the vehicles in
every frame (Nidhi D. Agrawal. et al, 2013). From Table 2.2 below, researchers

compared the performance of edge detection techniques such as Boolean, Marr-
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Hildreth, Sobel, Prewitt and Canny edge detection used in vehicle detection. From the
result, it is known that by using appropriate operations, the performance of vehicle

detection can be highly accurate.

Table 2.2 : Comparison the Performance of Edge Detection Techniques

(Nidhi, 2013)
Image Actual Boolean Marr- Sobel Prewitt Canny
sample no. Hildreth
1 4 2 6 2 2 4
2 3 0 4 1 1 2
3 4 2 3 2 3 4
4 5 2 3 2 3 6
5 5 2 3 3 3 5
6 7 3 5 3 2 6
7 4 1 5 1 1 4
8 5 2 5 3 2 5
9 3 0 3 0 1 2
10 6 4 3 2 3 6
Accuracy 39.13% | 84.78% | 41.30% | 45.65% | 93.47%

2.3.4  Comparison of the Techniques Used by Other Researchers

In this chapter, it can be concluded that traffic sensing devices are important to indicate
the presence of vehicles and feed the information to the smart traffic light controller
system for adaptive signal control. From the research above, the vehicle sensing
devices can be categorized into two types, intrusive and non-intrusive types (V.S.
Rakesh et al, 2007). Inductive loop detector proposed by V.S. Rakesh et al is one of
the intrusive sensors that are placed below the surface of the roadway, whereas infrared
(IR) sensors proposed by Sinhmar, P. and video image processor by Nidhi D. Agrawal
et al belong to non-intrusive type that are installed above the roadway. A comparison
among those sensors used in the smart traffic light controller system from all the paper
is in the Table 2.3 below.
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Table 2.3 : Comparison between Methods Applied by Other Researchers to

Implement a Smart Traffic Light Controller System

Author Type of sensor | Pros Cons
P. Sinhmar, | IR sensors -Easy to construct. - Sensors need to be
well protected or
(2012) -Detection system is secured in a safe
inexpensive. place.

- System is dynamic -Vehicle counting
since the proposed may not accurate
system has ability to due to: pedestrian
collect the data, and pass through, two
modified the algorithm | vehicles across in
parameters. parallel or vehicle

stop at between the
Sensors.
Rakesh, Inductive loop | -High accuracy in - Expensive and
detector vehicle detection. difficult to install.
V.S., and
Shaithya, V. - Detection will not be - Maintenance
(2007) affected by weather. process may obstruct
' the traffic flow.

-Able to count and
determine the types of
vehicle.

Nidhi, D. A. | Image -High accuracy. -lmage or video

and Amit, S. processing _ _ _ quall_t){ is depends
-Relatively inexpensive | on digital camera

(2015). and easy to implement. | used and affected by

-Can use for both
surveillance and traffic
control system at the
same time.

- Image quality and
performance of vehicle
detection can be
improve by utilize
suitable image
processing algorithms.

the weather.
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2.4 FPGA Based Traffic Light Controller System

2.4.1  Review of Journal: FPGA Implementation of an Advanced Traffic Light
Controller using Verilog HDL by Dilip, B. et al.

Based on the research (Dilip, B. et al, 2012), a low-cost advanced TLC was
implemented in the hardware using Spartan-3E FPGA with Verilog HDL
programming. In this research, a few design steps were conducted by researchers
during the implementation of the FPGA based TLC system. Firstly, a TLC flowchart
which is as shown in Figure 2.5 below was constructed. TLC flowchart is critical in
the TLC implementation process because it illustrates the predefined sequential order
of the light signals that are interchanged between the traffic lights and also provides a
general mapping for the programmer in the design regarding the flow of the program.
From the TLC flowchart below, the criteria that must be included in the TLC flowchart
are defining the action, for example which colour of the light should be turned ON or
OFF for certain traffic light, describing the sequence of the actions, for instance, which
traffic light should light up the green light first then follow by the next traffic light
(phase) and also the sequence of the three lights: red, yellow and green in each traffic
light. Lastly, arrow symbols were used to show the sequence and the relationship

between them.

( START )
S

¥

ALL RED SIGNALS
“ON"

) 4

GREEN SIGNAL "ON"
RIGHT,LEFT,STRAIGHT

h 4
YELLOW SIGNAL "ON"
(1)

¥
YELLOW SIGNAL "ON"

(Y2)
PEDESTRIAN "ON"

Figure 2.5 : Proposed TLC Flowchart (Dilip, 2012)
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After designing the general flow of TLC, the TLC state diagram was used to
illustrate the behaviours or actions of the system. From the state diagram below, the
proposed TLC system composed of a finite number of states that represent the different
actions in the system. For example at state cnt=00, dir=00, green light in the north
traffic light will be turned ON while red signal light in the other traffic lights will be
turned ON, while at state cnt 00, dir 01, the green light of the east traffic light will light
up whereas the other traffic lights will turn ON the red signals. The transition between
those states will occur when there are changes in input condition or triggered related

variable like timing out.

Y2N<=1 PDN<=1 RE<=1

RS<=1RiV<=1

Y1S<=1P0S<=1
AN<e] RE<m] RiV<=1

¥1S<mi BN<m1

RE<=1 AN<=1

GS<=1
AN<m] RE<m] RiN<m]

Figure 2.6 : Proposed TLC State Diagram (Dilip, 2012)

The final step is the hardware implementation. In this step, the designed state
machine of the TLC is described or coded using the Verilog Hardware Description
Language and is dumped into Spartan-3E FPGA trainer Kkit. The 1/0 pins from the

FPGA were connected to the external LEDs as shown in Figure 2.7 below.
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Figure 2.7 : Hardware Implementation of FPGA based TLC (Dilip, 2012)

2.4.2 Review of Journal: Field Programmable Gate Array Based Intelligent
Traffic Light System by Agho, O et al.

In this journal (Agho, O et al, 2015), researchers designed and implemented an FPGA
based intelligent traffic light controller system using Xilinx Spartan-6 LX16 FPGA
with the aid of infrared (IR) sensors. In the proposed system, the IR sensors play crucial
roles to detect the vehicles at each intersecting road and send the information to the
TLC system, the FPGA based Intelligent Traffic Light Controller System will then
respond accordingly to adjust and achieve the optimal traffic signal setting so that the
vehicles discharge rate is maximized. In this paper, each oncoming lane in the traffic
junction was installed with infrared transmitter and receiver sensors which is as shown

in figure below.

........

ooooooo

Figure 2.8 : Model of Traffic Junction (Agho, 2015)
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The proposed traffic light system operates depends on the vehicles detected by
the IR sensors. When there is no vehicle detected in each lane, all the red traffic signals
will be ON. While if there is a vehicle detected in one lane, the traffic light will turn
ON green light only for that lane, and at the same time, other traffic lights will remain
red. If vehicles are detected in every lane, the traffic will be allowed to move in a
sequence: North (highest priority), East, South and then the West direction. The
proposed traffic light controller consists of two major components: using state machine
to keep track on the current state and the next state of the traffic and using counter to
control the transition from one state to another. In the design process, finite state
machine design was used by the designers to define the behaviour of the system into
several states and then sequentialize together. From the table below, it shows a state

table of the proposed traffic light system by researchers based on specifications above.

Table 2.4 : State Table for the Intelligent Traffic Light Controller Proposed by
Researchers (Agho, O et al, 2015)

State | State Description | NORTH | EAST SOUTH | WEST
SO All red signals on | Red Red Red Red

S1 NORTH Green Red Red Red

S2 EAST Red Green Red Red

S3 SOUTH Red Red Green Red

S4 WEST Red Red Red Green
S5 NORTH Yellow Red Red Red

S6 EAST Red Yellow Red Red

S7 SOUTH Red Red Yellow Red

S8 WEST Red Red Red Yellow

After constructing the state table, the flow of each state was described using a

flowchart and state diagram as shown in the Figure 2.9 and Figure 2.10 below.
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Figure 2.9 : Proposed Intelligent Traffic Light System Flowchart (Agho, 2015)

Figure 2.10: Proposed Intelligent Traffic Light System State Diagram (Agho, 2015)
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2.4.3  Summary for FPGA based Traffic Light Controller System

From the papers above, most of the FPGA based TLC system was developed using a
finite state machine (FSM) design. This is because simplicity makes any system easy
to be designed or implemented and quick in execution. To summarize the research

above, there are a few processes involved in FSM design.

1) Separate the actions or outputs of the system into a finite number of states.

2) Draw a state table to organize all the current and next states.

3) Construct a general flowchart that illustrates how the system flow.

4) Build a state diagram that shows the order and transition between the action states.
5) Use hardware description language to program the system.

6) Simulate, test and optimize the program.

2.5 Image Processing Based Traffic Light Controller System

2.5.1 Review of Journal: Design of Real Time Smart Traffic Light Control System

by Almawagani, A.H.M.

Based on the journal (Almawagani, A.H.M., 2018), a STLCS using image processing
techniques to control the traffic signal was implemented with the aid of MATLAB
software and Arduino microcontroller. The use of MATLAB software in this system
is focused on the image processing part, while the Arduino microcontroller was used
as a TLC. The proposed STLCS consists of four web cameras that are connected to a
computer with installed MATLAB software. After this, series image processing
algorithms in MATLAB software was utilized to process the video frames from each
camera for vehicle detection and counting. The number of vehicles detected is used as
an input parameter of timing algorithm to calculate and allocate a proper green time
for particular lane to discharge the vehicle. If a certain road is high in traffic load, the
system will calculate and assign a longer time for this crowded road compared to the
other less congested roads. Figure 2.11 below shows the block diagram of the

developed system.
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Figure 2.11 : Block Diagram of the Proposed System (Almawagani, 2018)

Feature of the proposed system is able to adjust its timing algorithms with time
changes; daytime and night-time. In daytime, system will carry out daytime mode. In
the daytime mode, the system will apply background subtraction algorithms to obtain
a foreground mask between the background reference image and continuous moving
frames. After this, RGB to grayscale conversion will be used to convert 3 channel
foreground image (red, green and blue) into 1 channel image (black and white) to
reduce computation power for further image processing operation. Furthermore,
filtering techniques will be applied to remove the noises and lastly, bwboundaries
function is used to find the boundaries of the detected object and then count the number
of object. However, in the night-time, the researchers had proposed a solution to cope
with insufficient light condition issue and they called it night-time mode. In night-time
mode, it operates quite similar to daytime mode, the system will detect the front
headlights of vehicles rather than direct detect and count the vehicles. Since every car
has two headlights, the number of detected headlight divided by two will be the number
of the car. Figure 12 and Figure 13 shows the vehicle detection at daytime mode and

night-time mode
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Figure 2.12 : Vehicle Detection at Daytime Mode (Almawagani, 2018)

Figure 2.13 : Vehicle Detection at Night-time Mode (Almawagani, 2018)

Lastly, the proposed system will use the estimated number of vehicles inside
the lanes to calculate the total time to complete one cycle. After the cycle period was

calculated, the weight factor method was used to divide the cycle period into each lane
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according to the number of vehicles detected. Figure 2.14 below shows the prototype
of the proposed system.
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Figure 2.14 : Prototype Model of the Proposed Smart Traffic Light System
(Almawagani, 2018)

2.5.2  Review of Journal: Smart Control of Traffic Signal System using Image

Processing by Parthasarathi, V. et al.

As for the journal (Parthasarathi, V. et al, 2015), the researcher implemented a smart
traffic signal system using the image processing techniques. In the system, the web
camera was mounted at a certain height and provides real-time monitoring on each
intersecting lanes. After this, the real time frames of the traffics obtained from the
webcam are transfer to the PC with MATLAB installed for video processing. In video
processing, the traffic density estimation was done by calculating the number of
vehicles in each lane. In addition, throughout this research, Parthasarathi, V. et al
pointed out that the emergency vehicles get stuck in traffic congestion is a serious issue
nowadays, thus they added a feature in their system which able to detect the emergency
vehicles like ambulance. In this research, researchers come out with a solution with

regards to traffic density and the presence of emergency vehicles by setting a signal
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priority condition to the traffic light system from high priority to low priority as shown
below.

1. If multiple emergency vehicles are detected in a different lane, the lane with

emergency vehicle closest to the traffic signal will be given highest priority.

2. If an emergency vehicle is detected, the signal priority will be given to that lane.

3. If no emergency vehicle is present, the signal priority is given to the lane with the
highest traffic density.

4. If traffic density is the same in the different lanes, no signal priority is given to any

lane and the traffic signal will follow the pre-set timer.

With regards to the image processing techniques involved in this system, these
techniques includes the following steps. First, image acquisition in which live stream
frames of the road were acquired from the web camera and a background image with
no traffic load will be taken as a reference frame. The figures below shows the

background reference frame and the current frame obtained.

Figure 2.15: Background Reference Frame (left) and the Real Time Frame (right)
(Parthasarathi, 2015)
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Next, crop the region of interest from the frames, so that the system will focus
on the cropped region and eliminate the details in unwanted regions. In this system,
lanes of roads were cropped from the reference frame and real time frame and were
used as the region of interest. Figure 2.17 and Figure 2.18 below shows the region of

interest of the reference frame and real-time frame.

Figure 2.16: Cropped Reference Frame (left) and the Cropped Real Time Frame
(right) (Parthasarathi, 2015)

Furthermore, for emergency vehicle detection, the image segmentation
operation based on colour will be carried out to detect blue and red colour from the
siren of an ambulance. If there is a red and blue colour object detected, the distance
between red and blue objects is calculated. If the calculated distance is fall within the
predefined threshold distance, the system will be considered it as the presence of an
ambulance and gives signal priority to that lane. From the Figures below, it shows a
cropped frame from a certain lane and red colour and blue colour detected using image

segmentation technique.
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Figure 2.17: Cropped Frame at Certain Lane (left) and Red Colour Detected (right)
(Parthasarathi, 2015)

Figure 2.18 : Blue Colour Detected (Parthasarathi, 2015)

Next, for traffic density estimation, the reference frame and real time frame
were converted to grayscale image using RGB to grayscale conversion algorithm and
the background subtraction method was used to subtract grayscale real time frame with
a grayscale reference frame to obtain foreground masks which indicate the presence
of vehicles on the road. Furthermore, several morphological operations are applied to
remove the unwanted noises existing in the 8-bit grayscale image. After this, the
enhanced image is further converted to binary image and filtered by Gaussian filter

operation to acquire only vehicles on the road.



34

Figure 2.19 : Grayscale Image after Background Subtraction (left) and the Enhanced
Binary Image (right) (Parthasarathi, 2015)

Lastly, a specific image operation was used to draw the boundaries of white
regions in a binary image. The number of boundaries found will be used to indicate
the number of vehicles. From Figure 2.24 below, it shows the boundaries of the white

region was connected.

Figure 2.20 : Boundaries of the Objects (Parthasarathi, 2015)
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CHAPTER 3

METHODOLOGY

3.1 Proposed Project Architecture

Camera
module :> Red
@ LEDs (4)
) USB to
3I)?L:l:sl-pberry Pi :'|> RS232 :'|> |:> Yellow
Serial cable ALTERA LEDs (4)
lL ﬁ Cyclone 11-
DE2 Board |:> Green
. Mouse and
Monitor
keyboard LEDs (8)

Figure 3.1 : Block Diagram of the Proposed System Architecture

Hardware Modules: Software Modules:
e Raspberry Pi 3B+ e Spyder IDE

e Traffic lights circuit e ModelSim

e Serial cable e Quartus Il

e Monitor

e Camera module
e Altera DE2 Board
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3.2 System Working Principle
3.2.1  General flow of the system

Image Vehicle
Acquisition detection

and and
Processing counting

Timing
Calculation

Send signal back

to Raspberry Pl Altera DE2 turn Send calculated
for next turn of ON green LED time from

detection and based on the Raspberry Pl to
timing calculation received value Altera DE2

Figure 3.2 : General Flow of the System

The Figure 3.2 above shows the general flow of the developed Smart Traffic Light
Controller System (STLCS) with image processing. In the first step, a wide-angle
camera module is used to monitor and capture the traffic lanes at the junction. Next,
image processing techniques such as image enhancement, restoration, morphological
process, segmentation are applied to the captured image for queuing vehicle detection
and count on particular traffic lane. Moreover, the number of vehicles counted on a
particular lane is further used in the dedicated timing algorithm to calculate the proper
green time to maximize the traffic flow across the junction. After timing calculation,
the calculated time is sent via UART serial communication to Altera DE2 which
function as TLC, the TLC will display the green light according to the received time
value. After the green light, the yellow light will be turned ON and the Altera DE2
Board will send a request signal to Raspberry Pi to perform timing calculation for the
next turn of green light and return the calculated value to Altera DE2 to display it.

These processes are repeated to provide optimal traffic flow at the junction.



3.2.2  Flowchart of Proposed Syste

Raspberry P1 3B+
(Vehicle Detection System)

Capture a first frame
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Altera DE2 board
(Traffic Light Controller System)
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!
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Turn ON the yellow
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send a request signal to
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control

Turn ON the red light and /

Figure 3.3 : Flowchart of the Proposed STLC System.
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3.3 Project management

The schedule of the project is shown in the Gantt chart below.

Table 3.1 : Gantt chart for FYP 1

Activity/ 1 /2 (3 |4 |5 |6 (7 (8 |9 |10 (11|12 |13 |14
week

Project
Proposal

Implement
project idea

Literature
Review

Methodology

Oral
presentation

Table 3.2 : Gantt chart for FYP 2

Activity/ week

Project work
(continue)

Results and
Discussions

Conclusion and
recommendations

Report Checking

Final Report
Submission

Oral Presentation




34 Image Processing Operations

3.4.1 Flowchart of Image Processing Operations

START

[ Image Acquisition ]

[Create ROIs ]

[ Capture frames ]

Histogram Equalization

v

Color-Based Segmentation

v
7
Morphological Transformation }

Opening, Erosion and Closing

v

[ Vehicle detection and counting ]

Video done?

Figure 3.4 : Image Processing Flowchart
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3.4.2  Image Acquisition

Image acquisition is an action to retrieve an image from the external source. In the
proposed system, image acquisition is performed by the hardware-based source which
means the Pi camera module as shown in Figure 3.5 is used to capture the real-time
image of intersecting roads. Image acquisition plays an important role and a few
precautions need to be taken before proceeding to coming image processing steps. First,
the camera module must be placed at a position to ensure that the camera’s field of
view covers the junction roads which is as shown in Figure 3.6 below. Next, owing to
the limited focal length, the lack of autofocus abilities, and the relatively low resolution
of the Pi Camera, the distance between the camera module and traffic prototype model
becomes critical which may affect the image clarity and give rise to some image noise
that cannot be removed through image processing techniques. Therefore, the position
of the camera is vital and required gradual trial and error attempts during the

installation process for the better detection process.

Figure 3.5 : Pi Camera Module

Figure 3.6 : Camera’s Field of View
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3.4.3 Region of interest (ROI)

Region of interest (ROI) is referred to a portion or region of an image that consists of
useful or meaningful information and may be extracted out with the need image
operations. Region of interest (ROI) is a useful function in this smart traffic light
project because it is used to provide the boundaries for vehicle detection and ignore
the interferences or noises appearing outside the boundaries. In this project, ROls are
created on each of four intersecting roads at the junction which is as shown in Figure
3.7 below. Vehicles that are present within the ROIs created will be detected using

segmentation operation.

Figure 3.7 : Region of interests (ROIs) selection

3.4.4 Image Enhancement (Histogram Equalization)

Histogram Equalization is an image enhancement technique that modifies or adjusts
the image intensities to have a better contrast image. The working concept of histogram
equalization is basically “equalizing” the original intensity histogram, so that the
output image contains a uniform distribution of intensities. From Figure 3.8 below,
before applying the histogram equalization, the colour intensity of a colour image is
low in dynamic range which means a certain range of intensity levels are held by many
pixels than other intensity levels. As a result, the image shows fewer details. However,
when the histogram equalization is applied, it will alter the image by adjusting the
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probability density function (PDF) of the original histogram so that all the range of
intensity levels are spread to each pixel almost equally, as a result, the image will have
more uniform distribution of intensities, improved image quality, enhanced brightness

and at the same time more details in low illumination image.

Figure 3.8: Image before and after Histogram Equalization

3.4.5 Colour-Based Segmentation

Colour-based segmentation is a segmentation technique that partition an image into
different regions such that each region shares homogeneous colours correspond to
useful information for the objects in the image. In other words, each region defines a
class of pixels that has similar colour properties. In this project, colour segmentation
is conducted using HSV (Hue, Saturation, and Value) colour model, because HSV is
able to separate colour from different intensity which is robust to remove the shaded
region and adapt to different illumination, thus, it is able to improve the accuracy and

effectiveness in the detection process.

In Table 3.3 below, it shows an RGB image that is converted to the HSV colour
model. After this, different range of hue, saturation and, value are adjusted to create
multiple masks for each RGB, white and black colour. The output HSV colour

segmentation will be a binary image which HIGH or 1 represent the pixels within the
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threshold while the remaining pixels which are not within the threshold will be set to
0 or LOW.

Table 3.3 : Colour Models and Masks

RGB colour image HSV colour image

ROWNO 20 20 2220 2426 26 2720 20 03 R 3 M B B 1 2 3 4 5 6 7 0 90 #2131 15 67 WA
o

o

Red Mask Green Mask

Blue Mask White Mask

ROWNO 20 20 220 02526 272820 303 230 3435 35 1 2 3 4 5 6 7 8 0101 2131415167 819
[

Black Mask

B2 NN NN NS
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3.4.6  Morphological Operations

After segmentation, the images may be highly distorted due to amplified noises.
Therefore, morphological operation are required to remove all of these noises that will
affect the extracted shape and texture of the images. The morphological operation
requires two inputs, one is the binary images while the other is the kernel which
decides the nature of the operation. In this part, morphological opening with 3x3 kernel
is applied first on the filtered binary image to remove the amplified noises outside the

segmented object which is as shown in Figure 3.9 below.

Figure 3.9: The Binary Image before and after Morphological Opening Operation

After removing the outer noises, erosion function with 4x4 kernel is used to
erode the boundaries of the foreground object to separate the clustering vehicles region
into two separate objects for better vehicle number estimation. From Figure 3.10 below,

it shows the images before and after the morphological erosion operation.

V2 AW R/

Figure 3.10: Binary image before and after Morphological Erosion Operation
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Furthermore, morphological closing function with the closing kernel of 4x4 is
further applied to join or close the small holes inside the foreground objects and at the
same time minimize two foreground objects touching to each other. The figure below

shows the before and after morphological closing is being applied.

Figure 3.11: The Binary Image before and after Morphological Closing Operation

3.4.7  Vehicle Detection and Counting

After a series of image processing processes, the moving foreground objects
representing the moving vehicles can be distinguished and detected easily in the binary
image. The centroid for each of detected foreground object is calculated as shown in
Figure 3.12 below. The system will estimate the number of vehicles according to the
number of centroids detected.

Figure 3.12 : Centroid for Detected Vehicles
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35 UART- Serial communication

3.5.1 Serial Communication on Altera DE2 board

The implementation of UART serial communication in the Altera DE2 board is
divided into three sub-modules which are the receiver module, transmitter module, and
baud rate generator which is clearly shown in Figure 3.13 below. The implementation
of the UART communication module is the realization of the three sub-modules.
Firstly, the baud rate generator is used to produce a local clock signal which is much
higher than the baud rate to synchronize the UART reception and transmission.
Secondly, the receiver module is used to receive the serial data at RXD and convert
them into parallel data. Lastly, the transmit module is used to converts the bytes into

serial bits according to the basic frame format and transmits those bits through TXD.

PIRPRORNRIS . W—
PDnraIch ﬂ UART Receiver -— Serial Data in
ata out i : (RX)
: clock_RX '
clock_éin
——a Baud Generator
clock_TX
Parallel 5 ) ; e
Data in ‘ UART Transmitter T Serial Data out
£ : ! (TX)

_________________________________________________

Figure 3.13 : UART Module (Mitu. R, 2017)

3.5.1.1 Baud Rate Generator Module

Baud rate refers to the time taken for bytes of data transmitted in a serial line. Baud
rate is expressed in the unit of bits per second (bps). Thus, in the context of serial port,
115200 baud indicates that the serial port is capable to transferring maximum of
115200 bps and this indicates the higher the baud rate, the more data can be transferred
in a short time. Since the baud rate is associated with the speed of data transmission,

therefore it is important to have an equal baud rate between transmitter and receiver.
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In this part, to implement a baud rate generator in the Altera DE2 board, the
clock cycle per bit is calculated by using system clock frequency and the baud rate. In
the Altera DE2 board, there are two build-in oscillators with a clock frequency of
27MHz and 50MHz respectively can be used. However, in this project, an oscillator
with 50MHz clock frequency and baud rate of 115200 bps will be used to implement
a baud rate generator because high data transmission speed is required.

To calculate the clock cycle per bit, equation below is used

System clock frequency (Hz)

Clock cycle per bit = Baud rate (bps) (3.1)
5 .
- OMHz 434 cycle per bit
115200 bps

From the calculation above, when the clock frequency is 50MHz with the baud
rate of 115200 bps, 1 bit of binary data will consist around 434 clock cycles. This
calculated value is used by the receiver module to determine the middle point of each
serial data bit to sample the received data information, and for the transmitter to

transmit 1 bit of data based on the calculated cycle per bit.

3.5.1.2 Receiver Module

As mentioned before, the receiver is basically used to receive the serial data from
transmitter and then convert it into 8-bit parallel data. During the UART reception, it
is critical to correctly define the start-bit from a frame of serial data since the receiving
clock are asynchronous with the transmitting clock. The receiver module will receive
serial data from receiving pin (RXD) and if the state of received data transits from
logic 1 to logic 0, it can be regarded as the beginning of a data frame (start-bit). When
the UART receiver module is idle, it has been waiting for RXD logic state to transit.
In the receiver module, after the start-bit has been identified, the receiver will sample
the logic state at the middle of each bit serial data by using half of the clock cycle per
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bit value that is calculated in the baud rate generator module. Each sampled value of
the data state is then deposited in the 8-bit register by order. When the count equals to
10 bit (start-bit + 8 bit data + stop-bit), and verified, received serial data are converted
into a byte of parallel data and stored. In this project, the UART receiver module is

implemented by using the finite state machine.

3.5.1.3 Serial Receive FSM

From Figure 3.14 below, the finite state machine for receiver module consists of five
states: IDLE (waiting for start bit), Start (find and check whether the midpoint of start
bit is logic 0), Data (sampling the serial data), Stop (waiting and receiving stop bit)
and Cleanup (reset some variable).

Rx_serdata

Rx_serdata

Rx_Byte =0
Rx_Byte=0 Rx_DV =0

Rx_DV =0

Rx DV=0 [RX_serdata =0

Bit_index =7

>Bit_index <7

Rx_Byte =0 Rx_Byte [bit_index] = Rx_serdata
Rx_ DV =1 Rx_DV =0

Figure 3.14 : Receiver Module FSM
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3.5.1.4 Transmitter Module

The transmitter module serialize the 8-bit parallel binary data and adds a start-bit at
the beginning of the data as well as a stop-bit at the end of the data. When the UART
transmitter module is enable in IDLE state, the transmitter module will jump to Start
state and send a logic O to the receiver to inform data is ready to be sent. After this, 8
bit parallel data is read in the 8-bit register and sends it out bit by bit via the TXD line.
The data is sent following the order 1 start-bit, 8 data-bits, and 1 stop-bit. In this project,
the UART transmitter module is also implemented using the finite state machine.

3.5.1.5 Serial Transmit FSM

From Figure 3.15 below, the finite state machine for transmitter module consists of
five states: IDLE (waiting for enable signal), Start (send start bit), Data (transmit 8 bit

serial data), Stop (send stop bit) and Cleanup (reset some variable).

Tx_Serial =1
Tx_Active =0
Tx_Done =0

Tx_Serial =0
Tx_Active =1
Tx_Done=0

Tx_Serial =
Tx_Active =0
Tx_Done=1

Bit_index =7 Bit_index <7

Tx_Serial =1
Tx_Active =0
Tx_Done=1

-
<

>

Tx_Serial = tx_data [bit_index]
Tx_Active =1
Figure 3.15 : Transmitter Module FSM
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3.5.2  Serial Communication on Raspberry Pi 3B+
3.5.2.1 Install PySerial Package
The command “pip install pyserial” was ran in the terminal to download and install

python serial communication package to enable the serial communication function in

Raspberry Pi.

Figure 3.16 : Install Python Serial Package

3.5.2.2 Disable Unused Serial Ports

The configuration command “sudo rasp-config” was ran and the instructions as shown
in Figures below were followed to prohibit other serial ports in order to optimize the
Raspberry Pi performance by freeing up some resources. After that, the system was

rebooted for the configuration to take effect.

- O X & piraspvenypi: ~ = O X

1 Change User Password Change password for the current u ?1 Camera Ensble/Disable connection to the
2 Network Options Configure network settings P2 SSH Enable/Disable remote command lin
i Configure options for start-up P3 VNC Enable/Disable graphical remote a

Set up language and regional sett P4 SPI Enable/Disable automatic loading

5 Inf Configure connections to peripher] BS I2C Enable/Disable automatic loading
6 Overclock Configure overclocking for your P 6 Serial Enab rnel o
7 Bdvanced Options Configure advanced settings P] 1-Wire Enable/Disable one-wire interface
8 Update Update this tool to the latest ve P8 Remote GPIO Enable/Disable remote access to G
9 About raspi-config Information about this configurat

<Select> <Finish> <Select> <Back>

Figure 3.17 : Select Interfacing Options. Figure 3.18 : Choose P6 Serial.



§ pi@raspberrypi: ~ = ] X

Would you like a login shell to be accessible over Would you like the serial port hardware to be enabled?

serial?

Figure 3.19 : Disable the Login Shell to Figure 3.20 : Disable the Serial Port

Accessible Over Serial. Hardware.

;.? pi@raspberrypi: ~ = u] X

The serial login shell is disabled
The serial interface is disabled

Would you like to reboot now?

Figure 3.21 : Confirm the Configurations.  Figure 3.22 : Reboot the System.

3.5.2.3 Check ttyUSB port list appearance from the list and ready to function

After the configurations, “ dmesg | grep tty” command is used to search the related
configuration files with the term “tty” and display the messages regarding to the status
of configuration. From the Figure 3.23 below, it shows that ttyUSBO port is enabled

and ready to be used.
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Figure 3.23 : Verify the ttyUSBO

3.5.3 UART- Serial Communication Connection

Figure 3.24 below shows the connections of serial communication for the Raspberry
Pi 3B+ and Altera DE2 FPGA. From the figure, USB to serial RS232 converter cable
Is used to provide connectivity between USB port (Raspberry Pi 3B+) and RS232
serial port (Altera DE2 FPGA). Within the USB to RS232 converter cable, it consists
of ch340 chip which function to equalize the voltage level for serial communication
between USB and RS232 port, and at the same time interconnect the receiver terminal

to transmitter terminal so that duplex communication can be made.

Raspberry Pl |l usBtoserialRs232 || [ Alter DE2
3B+ converter cable 2l |Frca (RS-232
(USB port) ) port)

Figure 3.24 : UART Connections
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3.6 Traffic light Controller System on Altera DE2 Board

3.6.1  Structure of Traffic Junction

NORTH

WEST

SOUTH

Figure 3.25 : Model of the Traffic Junction

From the Figure 3.25 above, it depicts a general structure of traffic junction which
consists of North, East, and West and South directions. Four traffic lights with a set of
four lights: two green, yellow and red light are used to control the traffic flow or
discharge the vehicles from each direction of the lane. From the model of the traffic
junction above, vehicles are free to move from West to North, South to West, East to
South, and North to East directions. However, for the vehicles that need to move in
straight or right direction, drivers are required to obey the traffic signals with pre-

defined sequences or phases.
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To design a traffic light controller, traffic phase design is one of the important
steps to separate the conflict of vehicle movements in an intersection into various
phases. In the proposed system, four-phase signals are used in the implementation of
the TLC and the movement of vehicles across the traffic intersection in different phases

are shown in the figures below.

3.6.2 4 Phase Traffic Light Signals

Ve

Figure 3.26 : Phase 1 Traffic Signal Figure 3.27 : Phase 2 Traffic Signal

Figure 3.28 : Phase 3 Traffic Signal Figure 3.29 : Phase 4 Traffic Signal



3.6.3

State table of the Traffic Light Controller

Table 3.4 : State Table of the Traffic Light Controller System
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States

Direction of lanes

Output

Current
State

Stored
State

Next State

clr=0 | clr=1

North

East

South

West

S_light ,
W_light,
N_Tight,
E_light

Idle
(D)

| Idle

Red

Yellow

Red

Red

0001
0001
0001
0010

B Idle

Green

Red

Red

Red

1100
0001
0001
0001

| Idle

Yellow

Red

Red

Red

0010
0001
0001
0001

D Idle

Red

Green

Red

Red

0001
1100
0001
0001

| Idle

Red

Yellow

Red

Red

0001
0010
0001
0001

F Idle

Red

Red

Green

Red

0001
0001
1100
0001

| Idle

Red

Red

Yellow

Red

0001
0001
0010
0001

H Idle

Red

Red

Red

Green

0001
0001
0001
1100

| Idle

Red

Red

Red

Yellow

0001
0001
0001
0010

Stored
State

Idle

Red

Red

Red

Red

0001
0001
0001
0001
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3.6.4  Traffic Light Controller Flowchart

Send request signal
to Raspberry Pi

%

Receive data from
Raspberry Pi

Data received

. [ Use default time ]
properly?

All red signals ]g

GGON”
v

Green signal
“ON”

No

Yes

Yellow signal
“ ON”

Figure 3.30 : Flowchart of the Traffic Light Controller

Figure 3.30 above illustrates the flowchart of the implemented TLC. At first, the traffic
light controller will send a request signal and receive the green time value calculated
by the Raspberry Pi. If the data is not received correctly due to connection problem or
received value is not within the range, the traffic light controller system will use the

default green light time for traffic control. Otherwise, the traffic light will display the
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green light according to the received green time value from the Raspberry Pi, the
system will always compare the received data with counter value to limit the green
time period, if the green light period has reached, green light will be turned OFF and
yellow light will be turned ON, the system will send a signal to retrieve the green time

value for the next phase of traffic signal. This process is repeated continuously.

3.6.5  State Diagram of Traffic Light Controller System

Next State =A

Next State =B
Stored Next State = C Next State = |

» B time < 3sec

Next State = Stored Next Stat

time < 3sec

Next state = Stored Next State
Next State = |

time < 33ec<
time < 3sec

Next State =D
Stored Next State =
Next State =H
Stored Next State = A

Next State = Stored Next State Next State = |

> time < 3sec time < 3sec<

Next State = |

C ‘ time < 3sec
c

time < 3se N . N
Next State =F Stz)t(; tate = Store ext
Stored Next State = G

Figure 3.31 : State Diagram of the Traffic Light Controller
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3.6.6  Hardware Implementation of Traffic Light Controller

Figure 3.32 below shows the TLC circuit is simulated using the build-in general-
purpose input output (GP1O) pins on the Altera DE2 board. From the circuit model,
one traffic light circuit consists of 4 resistors, 2 green LEDs, 1 yellow LED, and 1 red
LED. Thus, a total of 16 LEDs (4 red LEDs, 4 yellow LEDs, and 8 green LEDs) and

resistors are required for all directions of the traffic light circuit.

RED_LEDNELLOW| LEDIGREEN_LED1 GREEN, LEDS
b & b SN &, !k\":

2 R13 R6
1500 1500 1500

“GPIO pins

i $
5]

ALTERA DE2
FPGA BOARD

o | RED_LED2:

RED_LED4

H y

4 VELLOW_LED2 R16

1500

N_LED2
] L 2

GREE]

. N 3 0l P .1 P
L 2 3

_LED4

223 i o B

&

a

R9 R10:: 2 Rad R12
1500

500 1500 1500

Lo T AR A
ED(}REE _LEGREEN_LED6

RED_LED3

YELLOW_

Figure 3.32 : Schematic of the Traffic Light Controller

The precaution needs to be considered during the implementation of the TLC
circuit is the maximum current rating for LEDs. In the traffic light circuit, each LED
must have a resistor that is connected in series connection in order to prevent the
overflow of the current flow through the LED, otherwise the LED will burn out
instantly. In this project, 5Smm LEDs with a maximum current rating is about 20mA.
Therefore, to ensure the reliability of the circuit, current flow with less than 10mA is
required. To obtain this current value, Ohm’s Law equation as shown in the equation

below is used to calculate the minimum required resistor value.
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Vs - Vf
R= SI (3.2)
R Vs -V 33V -1av
T 1 7 1omA
R=150Q

Where,

Vs is voltage supply by GPIO output pin, maximum voltage is 3.3V.
VTt is forward voltage of LED, typical value is 1.8V.

I is current value, assume is 10mA.

R is resistance value in unit ohms, Q

Based on the calculation above, a simple traffic light circuit consists of four
150 Q resistors and 4 LEDs which is as shown in the PCB design. From the traffic
light PCB circuit below, the circuit consists of 6 connectors, 4 connectors were used
for each LED making the connection to the Altera DE2 board through the 150 Q
resistor. Another one connector is the ground terminal of the LEDs.

Figure 3.33 : PCB Design of the Traffic Light Circuit
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3.7 Timing Algorithms for Traffic Light Signal

In order to make the system more comprehensive, the proposed STLCS comes with a
timing algorithm that aims to minimize the queuing time at each intersecting road and

make the system more effective in discharging the traffic load.

The timing algorithm is implemented based on Figure 3.34 below. From the
figure, the time needed for a vehicle to pass through the junction is referred to as
headway. Theoretically, the first headway will be relatively greater than the remaining
headway because it includes longer start-up loss time, en (driver’s reaction time +
vehicle acceleration time). The second headway is comparatively shorter because the
start-up loss time may partially overlap with the first driver and continuously decline
for the remaining headway. After a few vehicles, the headway tends to be more
saturated or stable at a constant value which means that the vehicles queuing behind
have more time to accelerate to high velocity, and eventually, it achieved stable
movement of vehicles across the junction. In real life the average saturation headway,
h is around 2.4 s/vehicles, however, to shorten the waiting time during the
demonstration, saturation headway, h is assumed to be half of the actual value which

is at 1.2 s /vehicle.

e

> Headway — »

-~

B

Vehicles in queue ———»

Figure 3.34 : Headways Departing Trend

To make the algorithm more reliable and practical, the total start-up loss time,

Sioss Mmust be added to the algorithms. Since the start-up loss time, e, is shown in a
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negative inverse trend, therefore, the total start-up loss time, Siess can be calculated by
using equation,
Sioss =3 sloss[(fi™1)] (3.3)

Where,

Sioss IS total start-up loss time.

sloss is standard start-up loss time (assume 2.5s).
f is decrease factor (assume 0.75).

n is number of detected vehicles.

Furthermore, the green time required to clear N vehicles can be estimated as

T= Sloss + h*N (34)

Where,

T is required green time.

Sioss IS total start-up loss time

N is number of detected vehicles

h is saturation headway. (assume 1.2s / vehicle)

Lastly, though the system will calculate and adjust the green time depending
upon the traffic load, but it still provides a minimum and maximum time limit which
are fixed to 5 seconds and 25 seconds respectively, and this is considered as a

precautionary measure for vehicle detection error.

Green time against number of vehicles

=N N W
v ©o u»u1 O

Green Time, second
=
(9] o

o

01 2 3 4 5 6 7 8 10 11 12 13 14 15 16 17 18
Number of queuing vehicles

Figure 3.35 : Maximum and Minimum Green Light Period



3.8

Cost Analysis of the Project.
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The total expenditure done in favour of the project right from its initiation up to its

completion has been tabulated in the Table 3.5 below.

Table 3.5 : Equipment and Components List with Price

No. | Components Quantity | Remarks Price
(RM)
1. | Altera DE2 board 1 Acquired from Lab -
(2C35)
2. | Raspberry Pi 3B+ 1 Acquired from Lab -
3. | OV5647 camera Module | 1 Website : Shopee.com | RM49.67
- 175 ° view angle
Female to Female 1 Website : Lelong.com RM 5.80
4 jumper wires (40p)
5. | RS232 to USB serial 1 Website : Shopee.com | RM10.10
cable
6. | LEDs (Red) 4 Acquired from Lab -
7. | LEDs ( Yellow) 4 Acquired from Lab -
8. | LEDs ( Green) 8 Acquired from Lab -
9. | Polystyrene -12x1 6 Website : Shopee.com | RM14.40
inches
10. | Polystyrene -10x1 5 Website : Shopee.com | RM10.00
inches
11. | Toy Cars 1 Giant Kampar RM 9.91
Total Cost : RM 99.88




63

CHAPTER 4

RESULTS AND DISCUSSIONS

4.1 Software Testing

The software testing process involves the utilization of simulation software to test and
check the behaviour and functionality of the implemented software and to determine
whether the program is able to generate the required outcomes when different inputs

or conditions were applied.

4.1.1  Traffic Light Controller Program Simulation

In this project, the traffic light controller program was written in Verilog HDL using
the ModelSim 10.1b simulator software. After implementation, a simple test-bench as
shown in Figure 4.1 was loaded to simulate the functionality of the FPGA based traffic
light controller program. The simulated output waveforms of the TLC are shown in

Figure 4.2 and 4.3 below, and the description for related output is shown in Table 4.1.

Table 4.1 : Description for the Simulated Traffic Light Output

Simulated output Description

0001 Red light turn ON

0010 Yellow light turn ON
1100 Two green lights turn ON
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module Traffic_Light_tb()j

wire[3:0] a_light,b_light,c_light,d_light;
reg clr;

reg clk;

Traffic_Light Al(clk,clr,a light,b_light,c_light,d light);

initial
begin
clk=1;
clr=i;
end
initial
begin
# clr=0;
# clr=i;
end
always #! clk=~clk;
endmodule

Figure 4.1 : Test-bench for the Traffic Light Controller

i

“

Figure 4.3 : Simulated Output Waveform of the TLC



4.1.2 UART-Serial Communication Simulation
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UART serial communication consists of three modules, which are baud rate generator,

transmitter, and a receiver module. These modules were simulated and tested using the

test-bench as shown in Figure 4.4 below. The output waveforms for each transmitter

and receiver module are shown in Figure 4.5, 4.6, 4.7 and 4.8 below.

module UART () ;
parameter c_CLOCK_PERIOD_NS
parameter c_CLKS_PER_BIT
parameter ¢ BIT PERIOD
reg [24:0] temp =
reg r_Tx_|
reg r_C
wire w_
reg [/
reg r_Rx_Serial = 1;
wire [7:0] w_Rx Byte;
reg [7: n;

]

"

<
-]
<

2

rial(r_Rx_Serial),.o_Rx_DV(),.o_Rx_ Byte(w_Rx_Byte));

uart_ SR_BIT (c_CLKS_PER_BIT)
TL (L _Clock) ,.i_Tx_D Tx_DV),.i_Tx_Byte(r_Tx_Byte),.o_Tx_Active(),.o_Tx_Serial(w_tx_Serial),.o
always
# (c_CLOCK_PERIOD_NS/2) r_Clock <= ~r_Clock;
initial
begin
for (test_in = 0; test_in <= ; test_in =test_in +1)
begin
r_Tx_DV <= ; //send signal to active transfer module to start sending data

r_Tx_Byte <= test_in;
r_Tx_DV <= i

#

@ (posedge r_Clock) ;
Clock) ;

<= w_tx_Serial;

@ (posedge r_Clock) ;

r_Tx_Byte)

if (test_in == )
Sstop;
end
end
endmodule

Figure 4.4 : Test-bench for UART Serial Communication

* \URTh T one
Figure 4.5 : Output Waveform of the Transmitter (0000000 to 0010000)

Tx_Done()) ;




Figure 4.6 : Output Waveform of the Transmitter (11101111 to 11111111)

From Figure 4.5 and 4.6 above, each increment value in variable test_in was
assigned into the variable r_Tx_byte in the transmitter module. When w_tx_Serial
drops from 1 to 0, the transmitter module serialized and transmitted the value stored

in the variable r_Tx_byte to the receiver module.

Figure 4.7 : Output Waveform of the Receiver (0000000 to 0010000)

Figure 4.8 : Output Waveform of the Receiver (11101111 to 11111111)
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From Figure 4.7 and 4.8 above, each serialized data from the w_tx_Serial was
assigned into serial input of receiver module r_Rx_Serial. The receiver module
parallelized the received value and stored it in the variable w_Rx_Byte. The binary
data stored in w_Rx_Byte is then compared with the binary data in r_Tx_byte, if the
data is equal, the binary data in test_in is increasing continuously until it reached
11111111,

4.2 Hardware Testing

During the development process, hardware testing has been done in several phases to

ensure the proper operation of the circuit designed as well as hardware device involved.

4.2.1 Basic Circuit Testing

The phase of hardware testing was conducted based on the following tests and

evaluations:

i.  Short circuit testing between Vcc (3.3V) and ground.
ii.  Testing the functionality of Altera DE2 GPIO ports.
iii.  Checking the functionality of LEDs and resistors.
iv.  Connectivity testing.

v.  Testing the data transfer of RS232 to USB converter cable.
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4.2.2  Testing the Traffic Light Circuit

The traffic light circuit was tested by connecting the female connector that is connected
to the anode of LEDs (traffic signs) via 150Q resistors to the build-in 3.3V GPIO port
on Altera DE2 and connector connected to the cathode of LED to the ground. The
circuit was checked whether the certain LEDs were illuminated as required. If the LED
was not turned ON, it might be caused by either the short circuit connection, faulty of

LED and resistors, or improper connection of components in the circuit.

Figure 4.10 : Yellow Light LEDs Testing
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4.2.3  Testing the UART- Serial Communication Interface

Figure 4.12 : Setup for the UART Interface

From the Figure 4.1 above, the Raspberry Pi 3B+ and Altera DE2 board were
connected using RS232 to USB converter cable. The UART serial communication was
programmed into both devices and tested. The data that is transferred from the
Raspberry Pi to Altera DE2 board and Altera DE2 board to Raspberry Pi was checked
and observed whether the data reached properly, and recorded which is shown in Table
4.1 below.

Table 4.2 : Data Transferred between Raspberry Pi and Altera DE2

Raspberry Pi Command Prompt Altera DE2 Board

RPI: Received data is 1 and transmitted data is 255. (decimal)

Altera DE2: Transmitted data is 1 and received data is FF. (hexadecimal)
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RPI: Received data is 2 and transmitted data is 110. (decimal)

Altera DE2: Transmitted data is 2 and received data is 6E. (hexadecimal)

§
2 x4 HEX HEx2 HEXL HEXO
HEX7 :
[DRW L(OR? RS LEORT  LEDR®  LCD
LEBRIT 4 LE V 13 LH DR] Leoms U o
b 3 5 AR EEN
" Al %.1, Jﬁw' ?1 51-31 '1 a‘ ﬂy'ﬁy
’ : o i { # |
|

RS | | == L

) == |

W oom W W@

RPI: Received data is 3 and transmitted data is 10. (decimal)

Altera DE2: Transmitted data is 3 and received data is A. (hexadecimal)

RPI: Received data is 4 and transmitted data is 119. (decimal)
Altera DE2: Transmitted data is 4 and received data is 77. (hexadecimal).
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4.3 Prototype Model of Developed Smart Traffic Light Controller

After successfully passing the software and hardware testing phases, a traffic junction
model was built using polystyrene and the toy cars were used to imitate the traffic light
junction in the real world. Next, every module implemented in the software and
hardware, and model were integrated for further functional testing. Figures below
show the prototype model of the developed STLCS in different views.

u .

Figure 4.15 : Prototype Model (View 3)
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4.4 User Interface of the Developed Smart Traffic Light Controller System

Figure 4.16 below depicts a simple user interface (Ul) of the developed system. In the
beginning, the Ul will display the real-time video captured by the camera and the user
needs to draw the ROIs (red, green, blue, pink colour of four-sided polygons) which
refer to the boundaries for vehicle detection. After that, some information for instance,
number of vehicles detected for four different lanes (near the top left corner) and the
calculated green time corresponds to the number of detected vehicle (near the top right

corner) will appear automatically after the user input to indicate the system is operating.

ﬂ‘f_A_ bunt :
Traoff “B_ClRunt :
TraffAC_CRunt :
;I(off’;D g\t :

\

DI-&

s: RW | End-ofdines: CRLF  [Encoding: UTF-8

Figure 4.16 : User Interface of the System

4.5 Result from the Developed Smart Traffic Light Controller System

In this phase, few experiments were conducted to validate the effectiveness of the
developed system in terms of the principle of work and expected results. From the
tables below, different combinations and arrangements of the colour and number of
vehicles were assigned into four traffic lanes in the intersection. The actual vehicle
number represents the number of actual vehicles in real life, detected vehicles indicate
the number of vehicles detected and counted by the computer vision and accuracy
represent the percentage error between the actual and measured number of vehicles.
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Table 4.3 : The Results Obtained in Test 1

Actual vehicle number

Lane 1: 1

Lane 2: 1

Tununnne : Lane 3:1
y Eurw BN 7/ 3

' k Lane 4: 1

I |
| |
| |
| |

Detected vehicles | Accuracy(%bo)

Lanel:1 100%
Green time: 5 sec

Lane 2: 1 100%

Green time : 5 sec

Lane 3: 1 100%
Green time : 5 sec

Lane 4: 1 100%
Green time : 5 sec




Table 4.4 : The Results Obtained in Test 2
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Actual vehicle number

Lane 1: 2
Lane 2: 4
Lane 3: 2
Lane 4: 2

Detected vehicles

Accuracy(%)

Lane 1: 2
Green time: 6 sec

100 %

Lane 2: 5

Green time: 13 sec

75 %

Lane 3: 2
Green time: 6 sec

100 %

Lane 4: 2

Green time: 6 sec

100 %




Table 4.5 : The Results Obtained in Test 3

75

Actual vehicle number
|+ §2 = Lane 1: 3
CLLLLTE L TTTTTT S Ny =
= Lane 2: 3
__=_; Lane 3: 3
e )
—?‘;— | \ /‘ ) Lane 4: 3
T \ | 4t
¢ R, T
| |
Detected vehicles | Accuracy(%o)
Lane 1: 3 100%
Green time: 9 sec
Lane 2: 2 66.67%
Green time: 6 sec
Lane 3: 3 100%
Green time: 9 sec
Lane 4: 3 100%
Green time: 9 sec




Table 4.6 : The Results Obtained in Test 4
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I I

I |
| |
| 1

j B

—

P

Actual vehicle number

Lane 1: 4
Lane 2: 4
Lane 3: 4
Lane 4: 0

Detected vehicles | Accuracy(%o)
Lane 1: 3 75%
Green time: 9 sec

Lane 2: 5 75%
Green time: 13 sec

Lane 3: 4 100%
Green time: 11 sec

Lane 4: 0 100%

Green time: 5 sec




Table 4.7 : The Results Obtained in Test 5

77

Actual vehicle number

L \»\»'
D o

;__ipu'milﬁl"lﬁ‘_;_ —w== | | anel:5
Lane 2: 3
Lane 3: 0
Lane 4: 4

Detected vehicles | Accuracy(%bo)

Green time: 11 sec

Lane 1: 5 100%
Green time: 13 sec

Lane 2: 3 100%
Green time: 9 sec

Lane 3: 0 100%
Green time: 5 sec

Lane 4: 4 100%




Table 4.8 : The Results Obtained in Test 6
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Actual vehicle number

Lane 1: 6
Lane 2: 5
Lane 3: 0
Lane 4: 0

Green time: 5 sec

Detected vehicles | Accuracy(%o)
Lane 1: 5 83.33%
Green time: 13 sec

Lane 2: 4 80%
Green time: 11 sec

Lane 3: 0 100%
Green time: 5 sec

Lane 4: 0 100%
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Table 4.9 : The Results Obtained in Test 7

Actual vehicle number

Lane 1: 0

Lane 2: 6

Lane 3: 5

Lane 4: 0

<
S ©

o () o
) N & N X
c o © o o
— o : o o
S — © — —
o [{e)
o
<
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m Lo — — L0
> @ @ o =
- o £ < £ n £ o £
S D= N = @ = D=
[F] [«B] (<5} D (<5} [¢B] (<5} [«B] <5
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[<5] o] — o] — I — < —
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Table 4.10 : The Results Obtained in Test 8
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1
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Actual vehicle number

LLTEEE T ITTTT | S .
. —

Lane 1: 0
Lane 2: 0
Lane 3: 6
Lane 4: 5

Detected vehicles | Accuracy(%o)
Lane 1: 0 100%
Green time: 5 sec

Lane 2: 0 100%
Green time: 5 sec

Lane 3: 5 83.33%
Green time: 13 sec

Lane 4: 5 100%

Green time: 13 sec




Table 4.11 : The Results Obtained in Test 9
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Actual vehicle number

Lane 1: 2
Lane 2: 2
Lane 3: 2
Lane 4: 6

Detected vehicles | Accuracy(%b)

Green time: 15 sec

Lane 1: 2 100%
Green time: 6 sec
Lane 2: 2 100%
Green time: 6 sec
Lane 3: 2 100%
Green time: 6 sec
Lane 4: 6 100%




Table 4.12 : Summary of the Results Obtained
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Test | Lanes | Actual number of | Detected number | Accuracy | Calculated
vehicles of vehicles (%) green time, s
1 1 1 1 100 5
2 1 1 100 5
3 1 1 100 5)
4 1 1 100 5
1 2 2 6
2 4 5
3 2 2

100 13
100 9
100 5
100 11

O| O O OfFelNelNGINO] | O W| ORISR W) W W[ W B

100 5
66.67 11
100 13
100 5
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1 0 0
2 0 0
3 6 5
4 S) 3)

9 1 2 2 100 6
2 2 2 100 6
3 2 2 100 6
4 6 6 100 15

Total 95 90 94.74

Based on the results obtained in the summary table above, the frequency of the
miscounting is high in lane 1 and lane 2, this issue is most likely caused by the
morphological operations and the segmentation algorithms used in the vehicle
detection process. In the testing process, if the vehicles with common color properties
are placed compactly together, morphological closing tends to join the binary objects
together and may cause the segmentation algorithms over-segment the objects and this
eventually leads the system counting the vehicles more than the actual number.
Moreover, if two vehicles that have different color properties but queuing in series, are
close enough together and are far away from the camera, some portion of the detection
area for the vehicle queuing behind is blocked by vehicle in front, if the detection area
is small, the system will consider it as a noise and ignore it in the counting process. In
general, the developed system is able to generate acceptable results in a few tests, the
overall vehicle detection accuracy is more than 90% which proved the effectiveness
of the methodology used in the system.
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4.6 Limitations of the Developed System

Despite the fact that some of the problems found in the existing traffic light controller
system has been solved successfully in this project; some limitations still exists in the

developed STLCS. The limitations of this system are as follows:

I. When the vehicles are too close to each other, the system tends to miscount the
vehicles, this will affect the accuracy of the result and calculate an undesirable

green time to discharge the vehicles.

ii. In this system, although the image enhancement technique is applied to
enhance the brightness and recover some details in low illumination image, but
this approach is just able to improve the image to some extent, this caused the
system to not respond well under unfavourable lighting conditions for instance

during night time, rainy days, or in poorly illuminated environment.

iii. In this project, the high-resolution video (1280 x 800) is used to obtain decent
detection accuracy. But at the same time, high-resolution video processing
requires more computational resources and caused the Raspberry Pi tends to be
fully loaded easily. As a consequence, the frame rate obtained is relatively low

(around 5 fps).

iv. Since the detection algorithms used are not vigorous enough to perfectly count
the vehicle in day time and night time. Therefore, the implemented STLCS is

still unable to skip the lane for now just in case of detection error.
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CHAPTER 5

CONCLUSION AND RECOMMENDATIONS

5.1 Conclusion

The project “Development of FPGA based Smart Traffic Light Controller System with
Image Processing” which aims to improve the efficiency of existing automatic traffic
light signalling system by reducing the queuing time of each lane of the vehicles and
maximize the discharge of vehicles across an intersection was successfully designed
and developed.

The development of STLCS is divided into three major parts which are the
automatic traffic light control system, vehicle detection system and the UART
communication system. The implementation of the vehicle detection system was done
by using the Raspberry Pi 3B+ and written in Python programming language, the
vehicle detection approach emphasizes on the segmentation that is based on colour
properties of the object and the overall accuracy of this approach is 94.74%.
Furthermore, a full-duplex UART communication system was constructed on both the
Altera FPGA board and the Raspberry Pi to allow the communication of multiple
designed systems. Moreover, an automatic traffic light control system based on FPGA
was constructed successfully on the Altera FPGA board using the Mealy finite-state
machine design, the system can communicate with the vehicle detection system to

enhance the flexibility in traffic signal control.

Although the developed system has not been tested in the actual field, the

performance of the system was evaluated and satisfactory results were obtained. As
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mentioned above, some limitations still exist in the system and those limitations need

to be addressed and a few other modifications as well as enhancements can be made

in the future so that the system can be applied in the actual field.

5.2

Recommendations

There are several enhancements that can be made in future to address the limitations

as mentioned previously and improve the robustness of the STLCS to cope with

unpredictable environment. The recommendations for the enhancements are as follows:

A powerful single board computer could be used so that the machine learning
techniques such as K-means clustering, Deep Neural Network (DNNSs),
Convolutional Neural Network (CNN), etc. can be used for more robust vehicle

detection.

Using a more advanced image processing algorithms and libraries so that the
system is able to operate properly regardless of the unfavourable weather and

illuminating conditions.

Use multi-camera to monitor each lane in the junction instead of single camera
monitor on all traffic lanes. This approach will solve the detection error due to
the blockage of the rear vehicle by the front vehicle and improve the

performance of vehicle detection and counting.

Utilize the deep learning method to train a highly complex and advanced traffic
management model that is able to control the traffic flow in the traffic junction

in a more efficient and effective manner.
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APPENDICES

Appendix A: Source code of Traffic Light Controller
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Jmodule Traffic Light( input clk,

input clr,

input switch_mode,

input Rx_Serial,// serial rx pin

output wire Tx Done, //show tx done pin
output wire tx Serial,// serial tx pin

output wire [35:0] gpio_light,
output wire [3:0] light_A,light_B,light_C,light_D,
output wire [55:0] SegmentOut) ;

Tx_Byte;

out_tx byte; //output wire out_tx byte,// show tx data
Rx Byte ; //output wire [7:0] Rx Byte,//show rx data
tx DV = C
Count = C
YELLOW Count = 3;

RED Count = 3;

INPUT time = 0O; // display time
temp = O
default_time 2
next_state;
present_state = STATE I; //start from I

;
;

store next state = STATE A;//store next state
reg CHECK CTRL =
parameter [3:0] STATE A = <'
parameter [ ] STATE B =
parameter [ ] STATE C =
parameter [ ] STATE D =
parameter [ ] STATE E =
parameter [ ] STATE F =
parameter [ ] STATE G =
parameter [ ] STATE H =
parameter [3:0] STATE I
always @ (posedge clk ,
|begin
Jif (~clr) begin
temp = 07
Count <= 4'b0000C;
store_next_state = STATE A;
present_state = STATE_I;
tx DV <=
INPUT _time = O;
CHECK CTRL = 1'b0;
Tx Byte <= ©;
//tx DV <= 1'b0;
end
else if (CHECK CTRL = 1'bl)
1 begin
if (temp >=27000000)// change to 27MHZz
1 begin
temp <=0;
Count = Count+.;
end

] else begin




90

temp <= temp +.;
tx DV <= 1'b0;
end

case (present_state)
STATE_A: begin
next state <= STATE F: //green for A
store_next_state <= STATE B;
if ( Count > INPUT time )//green light receive time, to yellow light
begin///////////
Count <= 0O;
present_state = next_state; //go to yellow
end
end
STATE_B: begin
next state <= STATE G: //green for B
store_next_state <= STATE C;
if (Count > INPUT time )//green light receive time, to yellow light
begin///////////
Count <= 0O;
present_state = next_state; //go to yellow
end
end
STATE_C: begin
next state <= STATE H: //green for C
store_next_state <= STATE D;
if (Count > INPUT time )//green light receive time, to yellow light
begin///////////
Count <= 0O;
present_state = next_state; //go to yellow
end
end
STATE_D: begin
next state <= STATE I: //green for D
store_next_state <= STATE A;
if (Count > INPUT time )//green light receive time, to yellow light

begin///////////
Count <= 0O;
present_state = next_state; //go to yellow
end
end
STATE E: begin ///Rll red
tx DV <= 1'b0;

next_state <= sStore_next_state;
INPUT_time <= Rx Byte;
if (Count > RED Count)
begin
Count <= 0O;
present_state = next_state;
if (switch_mode)
INPUT_time <= default_time; //normal mode
else
begin
if ( INPUT_time <=5 ) //less than 5 sec
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INPUT_time <= 5;
else if (INPUT_time >=2%)
INPUT_time <= 25;
end
end
i end
|STATE F: begin //YELLOW for Z
next_state <= STATE E;
if (Count > YELLOW_Count)//green light receive time, to yellow light
| begin///////////
tx DV <= 1'bl;
Count <= 0;
Tx Byte <= 2;
present state = next state; //go to yellod
end
i end
|STATE G: begin //YELLOW for B
next_state <= STATE E;
if (Count >= YELLOW_Count)//green light receive time, to yellow light
| begin
tx DV <= 1'bl;
Tx Byte <= 3;
Count <= 0;
present_state = next_state; //go to yellow
end
i end
|STATE H: begin //YELLOW for C
next_state <= STATE E;
if (Count > YELLOW_Count)//green light receive time, to yellow light
| begin
tx DV <= 1'bl;
Tx Byte <= 4;
Count <= 0;
present_state = next_state; //go to yellow

end
end

|STATE I: begin //YELLOW for D
next_state <= STATE E;
if (Count > YELLOW_Count)//green light receive time, to yellow light
| begin///////////
tx DV <= 1'bl;
Tx Byte <= 1;
Count <= 0;
present_state = next_state; //go to yellow
end
end

default: next_state <= STATE E;
‘endcase

‘end

else if (CHECK CTRL == 1'b0)

| begin
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begin
tx DV = 07
INPUT_time <= Rx Byte;
if (INPUT_time == 1)
CHECK CIRL = 1'b1;
end

end
Display Function A Al(light A,light_B,light_C,light D,
gpio_light,present_state):

UART Ul(clk, Rx Serial, Tx Byte, tx DV, Rx Byte, Tx Done,
tx Serial, out_tx byte):

bin2segmentl B251( Count [7:0], SegmentOut[s :0] ,
SegmentOut[12 :7] ):

bin2segment B253( out_tx byte [3:0], SegmentOut[20:14
bin2segment B254( out_tx byte [7:4], SegmentOut[27:2

bin2segment B255( Rx_Byte [3:0], SegmentOut[3 8
bin2segment B256( Rx_Byte [7:4], SegmentOut[41:35]1);
bin2segmentl B257( INPUT_time [7:0], SegmentOut[<Z:42],
SegmentOut [55:49]) ;

endmodule
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module UART (input r_ Clock,
input r Rx Serial,

input [7:0] r_Tx Byte,

input r Tx DV,

output wire [7:0] w_Rx_ Byte,
output reg w_Tx_Done,

output w_tx Serial,
tx_byte) ;

output reg[7:0]
parameter c_CLOCK PERIOD NS =
parameter c_CLKS PER BIT
parameter c_BIT_ PERIOCD
reg [24:0] temp = O;
always
tx_byte <= r_Tx_ Byte;
always @ ( posedge r_Clock)
begin
if (temp >=2Z7000000)
begin
temp <=0;
w_Tx_Done <= 1'k0;

end
else
begin

w_Tx_Done <= 1'bl;

temp <= temp +.;
//x_Tx DV <=
end
end

1'b0;

uart_rx #(.CLKS_PER BIT(c_CLKS_PER BIT)) R1(.i_Clock(r_Clock),

.1 Rx Serial(r_Rx Serial),

.0_Rx DV(),.o_Rx Byte(w_Rx Byte)):

uart_tx #(.CLKS_PER BIT(c_CLKS PER BIT)) T1l(.i_Clock(r_Clock),
.i Tx DV(r_Tx_DV),.i Tx Byte(r_Tx_Byte),.o_Tx Active(),
.0_Tx Serial(w_tx Serial),.o_Tx Done()):

endmodule

module uart_rx #(parameter CLKS_ PER BIT) (input i Clock, i Rx Serial,

output o_Rx DV, output [7:0]
parameter s_IDLE =
parameter s_RX START BIT
parameter s_RX DATA BITS
parameter s_RX STOP_BIT
parameter s_CLERNUP = =

r Rx_Data R =

reg

reg r_ Rx_Data = 1
reg [2:0] r Clock Count =
reg [2:0] r Bit_ Index =
reg [7:0] r_ Rx_Byte =
reg r Rx DV =
reg [2:0] r_SM Main =

always (@ (posedge i_Clock)
begin
r Rx Data R <= i Rx Serial;

o_Rx Byte);

//signal
//signal

//variable

//variable

to receive data
to receive data

to receive 8 bits data

for FSM
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r Rx Data = r Rx Data_R;
end
always @ (posedge i_Clock)
begin

case (r_SM Main)

s_IDLE : begin
r Rx DV <= 1'k0;
r Clock Count <= O;
r Bit Index <= 0;

if (xr_Rx Data == 1'k0)
r SM Main <= s RX START BIT:
else
r SM Main <= s _IDLE;
end

// Check middle of start bit to make sure it's still low
s_RX START BIT : begin

if (r_Clock Count == (CLKS_PER BIT-1)/2)
begin
if (r_Rx Data = 1'k0)
begin
r Clock Count <= CO;
r SM Main <= s_RX DATA BITS:
end
else
r SM Main <= s_IDLE;
end
else
begin
r Clock Count <= r Clock Count + 1;
r SM Main <= s_RX START BIT:
end

end // case: s RX START BIT
s_RX DATA BITS : begin
if (I_Clock_Count < CLKS_PER_BIT—,)

begin
r Clock Count <= r Clock Count + 1;
r SM Main <= s_RX DATA BITS:;
end
else
begin
r Clock Count <= 07

r Rx Byte[r_Bit Index] <= r Rx Data;

if (r_Bit Index < 7)
begin
r Bit Index <= r Bit Index + 1;
r SM Main <= s_RX DATA BITS:;
end
else
begin
r Bit Index <= 0O;
r SM Main <= s_RX STOP_BIT:
end
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end
end // case: s RX DATA BITS
s_RX STOP_BIT : begin
// Wait CLKS_PER BIT-1 clock cycles for Stop bit to finish
if (r_Clock Count < CLKS PER BIT-1) //8éus

begin
r Clock Count <= r Clock Count + 1:
r_SM Main <= s_RX STOP_BIT:

end

else

begin
r Rx DV <= 1'bl; // send stop bit
r Clock Count <= 0;
r_SM Main <= s_CLERNUP;

end

end // case: s_RX STOP BIT
s_CLEANUP : begin
r_SM Main <= s_IDLE; //back to inital state

r Rx DV <= 1'k0; // back to idle data
end
default : r SM Main <= s_IDLE:
endcase
end
assign o Rx DV = r Rx DV;

assign o_Rx Byte = r Rx Byte;
endmodule // uart_rx

module uart_tx# (parameter CLKS_PER BIT) (input i Clock, i Tx DV,

input [7:0] i_Tx Byte, output o_Tx Active,o_Tx_Done,

output reg o_Tx_Serial):
parameter s_IDLE =
parameter s_TX START BIT =
parameter s_TX DATA BITS =
parameter s_TX STOP_BIT =
parameter s_CLERNUP 3'b10G
reg [2:0] r_SM Main = 07

reg [2:0] r Clock Count = O;
reg [2:0] r_Bit Index = 0;
reg [7:0] r_Tx Data = 0;
reg r_Tx_Done = 0z
reg r Tx Active = 0;

always @ (posedge i_Clock) begin
case (r_SM Main)
s_IDLE : begin
o_Tx_Serial <= 1'bl; // HIGH for Idle indicate no bit to
r_Tx_Done <= 1'k0; // 0 indicate no done signal
r Clock Count <= 0;
r Bit_ Index <= 07

if (i_Tx DV = 1'bl) //receive signal to send data
begin
r Tx Active <= 1'bl; //active to send data

r Tx Data <= i_Tx Byte; //store received data
r SM Main <= s _TX START BIT:
i o, =

transfezx
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end
else
r_SM Main <= s_IDLE;
end // case: s _IDLE
s_TX START_BIT : begin

o _Tx Serial <= 1'b0O; // 0 indicate transferring data

if (r_Clock Count < CLKS_PER BIT-1)

begin
r Clock Count <= r_Clock Count + 1;
r SM Main <= s_TX START_BIT:
end

else begin
r Clock Count <= 0}
r SM Main <= s_TX DATA BITS;
end
end // case: s TX START BIT
s_TX DATA BITS : begin
o Tx Serial <= r Tx Data[r Bit_ Index]:
if (r Clock Count < CLKS_PER BIT-1)//

begin
r Clock Count <= r_Clock Count + 1;
r SM Main <= s_TX DATA BITS;
end

else begin

//o_Tx Serial <= r_Tx Data[r_Bit_ Index]:

r Clock Count <= .7
// Check if we have sent out all bits
if (r_Bit_Index < 7)
begin
r Bit_Index <= r Bit Index + 1;
r SM Main <= s_TX DATA BITS;
end
else begin
r Bit_Index <= O;
r SM Main <= s_TX STOP BIT:
end
end
end // case: s _TX DATA BITS
s_TX STOP_BIT : begin

o _Tx Serial <= 1'bl; //back to 1 for idle
iE (I_Clock_Count < CLKS_PER_BIT—_)
begin
r Clock Count <= r_Clock Count + 1;
r SM Main <= s_TX STOP_BIT:
end
else
begin
r Tx_Done <= 1'bl;
r Clock Count <= 0}
r SM Main <= s_CLEANUP;
r Tx_Active <= 1'b0;
end

end // case: s Tx STOP BIT
// Stay here 1 clock - -
s_CLEANUP : begin
r Tx Done <= 1'bl;
r SM Main <= s_IDLE:
end

default : r SM Main <= s _IDLE:
endcase
end

assign o_Tx Active r Tx Active;
assign o_Tx Done = r_Tx_Done;

endmodule




Appendix C : Source code of Image Processing Software

97

import cv2

import fypclass_heqg as fyp
import UART as uart

import time

import numpy as np

import os

winname = 'FYP2-IMG PROC’'
cv2.namedWindow (winname)
cap = cv2.VideoCapture (0)#%#¥0 is use main cam
cap.set(cv2.CAP_PROP_FRAME WIDTH,1280)
cap.set (cv2.CAP_PROP_FRAME HEIGHT,Z200)
font = cvZ.FONT_HERSHEY SIMPLEX
_ sframel = cap.read()
cv2.imshow (winname , framel)
Mat _ctrl = []
count_point = 0
count_lane = 0
def Draw_ Roi(event,x,y,flags,param):
global framel, Mat_ctrl
global count_point, count_lane
global Traff L A, Traff L B, Traff L C, Traff L D, Intersect
if event == cv2.EVENT LBUTTONDOWN
cv2.circle(framel, (x,v),2,(0,0,255),-1)
Mat_ctrl.append([x,v])
elif event == cv2.EVENT_LBUTTONUP:
count_point 4= 1
Mat_ctrl.append([x,v])
if count_point == 4:
count_point = 0
count_lane += 1
if count lane == 1:
Traff L A = fyp.lanes(framel).cropping(Mat_ctrl)

cv2.polylines(framel , [Traff L A[0]] , True , (255,0,0),

if count_lane == 2:
Traff L B = fyp.lanes(framel).cropping (Mat_ctrl)

cvZ.polylines(framel , [Traff L B[O]] , True , (0,255,0),

if count_lane == 3:
Traff L C = fyp.lanes(framel).cropping (Mat_ctrl)

cv2.polylines(framel , [Traff L C[O]] , True , (0,0,2535),

if count_lane == 4:
Traff L D = fyp.lanes(framel).cropping (Mat_ctrl)

cvZ.polylines(framel , [Trxaff L D[O]] , True , (255,0,255)43)

if count_lane == 5:
Intersect = fyp.lanes(framel).cropping (Mat_ctrl)

cv2.polylines(framel , [Intersect[0O]] , True , (0,0,0),

Mat_ctrl = []
def default():
pass
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def

def

def

formula (car_num) :

reaction_time = 2.5
saturation flow = 1.
Start_up loss = 0O

r

x =0
if car num != 0
while x != car_ num:
X +=1
Start_up_loss = (reaction time) * (pow(0.75, (x-1)))+Start_up loss
g_time = Start_up loss + saturation flow¥car num
else

g time = 0

return int (g_time)

enhance (hsv_in):

copyImage = hsv_in.copy()

h, w hsv_in.shape[:2]

mask = np.zeros([h+2, w+2], np.uints)
cv2.floodFill (hsv_in, mask, (0,0),2553)
hsv_in inv = cv2.bitwise_not (hsv_in)
hsv_in = copyImage | hsv_in inv
return hsv_in
Auto_Adjust(bitwise_mask, max area,Xx):
pid = 0

ssid=0
vehicles= []
min area = int(max_area/;?)

avg_area = int(max_area/x)

if np.any(bitwise_mask != 0):
check = True
else
check = False
while check == True:
contourso, = cv2.findContours(bitwise_mask, cv2.RETR EXTERNAL,

cv2.CHAIN APPROX SIMPLE)
for cnt in contoursoO:
area = cv2.contourlfrea(cnt)
if area > min area and area < max_area:
M = cv2.moments (cnt)
cx = int (M['m10']/M['m00"])
cy = int (M['m01']/M['m00"'])
X,¥v,w,h = cv2.boundingRect (cnt)
if area >= avg_area
rect = cv2.minfAireaRect (cnt)
box = cv2.boxPoints(rect)
box = np.int0 (box)
horiz = fyp.lanes.trigonometric( box([0C][1] , box[3][1] .,
box[0] [C] , box[3][0C] )
vert = fyp.lanes.trigonometric ( kox[1][0] , box[O][C] .,
box[0][1] , box[1][1] )
if horiz > vert
MID pts = fyp.lanes.middle_pointl (box)
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def

def

elif horiz < vert:

MID_pts = fyp.lanes.middle point2 (box)
bitwise_mask = cv2.line(bitwise_mask, (MID pts[0],MID pts[l]),
(MID pts[2],MID pts[3]) , (¢,0,0) , 12

elif area > min area and area <= avg_area:

try: vehicles.index([cx,cy])

except ValueError:
vehicles.append([cx,cy])

else:
check = False
break

pid = len(vehicles)

elif area < min area:
ssid +=1
if ssid == 100:
check = False
return pid

egqualize hist (image):

blue = image [:,:,0]

blue = cv2.equalizeHist (blue)

green = image [:,:,1]

green = cv2.equalizeHist (green)

red = image [:,:,2]

red = cv2.equalizeHist (red)

merge= cv2.merge((blue, green, red))
return merge

Segmentation (mask,max_&,n):

red mask = cv2.inRange (mask, fyp.rlower_hsv, fyp.rhigher hsv )
red mask fyp.lanes.img proc(red_mask)

red mask = enhance (red mask)

cv2.imshow ("mask",red_mask)

R _id = Auto_Adjust (red_mask,max A,n)

yellow mask = cv2.inRange(mask, fyp.ylower hsv, fyp.yhigher hsv )
yvellow mask = fyp.lanes.img proc(yellow mask)

yvellow mask = enhance ( yellow_mask)
cv2.imshow("maskZ",yellow_mask)

Y _id = Auto_Adjust(yellow mask,max A,n)

green mask = cv2.inRange (mask, fyp.glower hsv, fyp.ghigher hsv )
green mask = fyp.lanes.img proc(green mask)
cv2.imshow("mask3",green_mask)

green mask = enhance ( green_mask)

G_id = BAuto Adjust(green mask,max A,n)
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def

def

def

def

G_id = Auto_Adjust(green mask,max A,n)

black _mask = cv2.inRange (mask, fyp.bllower hsv, fyp.blhigher_ hsv)
black_mask fyp.lanes.img proc_klack(klack mask)

black mask = enhance (black mask)
cv2.imshow("mask4",black mask)

BL_id = Auto_Adjust(black_mask,max_A,n)

return R _id+Y id+G_id+BL_id#+WH_id+B_id

Traf 1():

global T &, T B, T C, T D , wart r,G T

ROI_trA = equalize hist(main frame)

ROI_trA = cv2.warpPerspective( ROI_trA , Viewl , (round(Traff L A[4]),
round(Traff L A[3]) ) )

in hsv_frame = cv2.cvtColor(ROI_trA, cv2.COLOR BGR2HSV)
T_A = Segmentation (in_hsv_frame ,Traff L A[5],€)

G T formula(T_& )

ITB="-"'

TC="-"'

I D= "'-"

uvart_ r = 0

uart.transmitc (G_T)

return uart_xr

Traf 2():

global T &, T B, T C, T D , uwart r,G T

ROI_trB equalize_hist(main_frame)

ROI_trB cvZ.warpPerspective( ROI_trB , View2 , (round(Traff L B[4]),
round(Traff L B([3]) ) )

in hsv_frame = cv2.cvtColor(RCI_trB, cv2.COLCR BGR2HSV)
T_B = Segmentation (in hsv_frame,Traff L B[5],¢6)

G T formula(T_B )

T A= T=

T C
I.D="-"

uart r = 0

uart.transmitc (G_T)

return uvart_r

Trxaf 3():

global T &, T B, T C, T _D , uwart r,G T

ROI_trC = equalize_hist(main frame)

ROI_txC = cv2.warpPerspective( RCI_txC , View3 , (round(Traff L C[4]),
round(Traff L C[3]) ) )

in hsv_frame = cv2.cvtColor(ROCI_txC , cv2.COLCR BGR2HSV)
T_C = Segmentation (in hsv_frame,Traff L C[5],7.5)

G T formula(T_C )

T A V-t

B e

I D="-"'

uart r = 0

uart.transmitc (G_T)

return uart_r

Txaf 4():

global T &2, T B, T C, T D , uwart r,G T
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def

def

def

cvz
def

Trxaf_4():
global T A, T B, T C, T D , uwart_xr,G T
ROI_trD = equalize_hist(main frame)

ROI_txD = cv2.warpPerspective( ROI_txD , View4 , (round(Traff L D[4]),

round(Traff L D[3]) ) )
in hsv_frame = cv2.cvtColor(ROI_trD, cv2.COLOR BGR2HSV)

T D = Segmentation (in_hsv_frame,Traff L D[3],7)
G T = formula(T_D )

TaA="-"'

T Bz it

T ==

vart_r = 0

uart.transmit (G_T)

return uart_r

Reset () :

global TA , TB , T C, T D,uart_r

TA="-"

B

T C -1

T Dy=zt="

k=27

uart.transmit (0)

uwart_ r =0

return k

Main Control(uart_r):

switch={1:Traf 1, #send time
2:Traf 2, #send time
3:Traf_3, #send time
4:Traf 4, #send time

O:Reset,

}

return switch.get (uart_r,default) ()

o

(=N o]

.setMouseCallback(winname, Draw_ Roi)

main():
global T 4, T B, T C, T_D
T B=at=1
T B -1
T C
T D ==t
G T=0
CaptureMod = True
ref rate = 2
global framel,main frame
global Viewl , View2 , View3 , View4, View5
global uart_x
uart_r = 0
while cap.isOpened:
if CaptureMod == True:
$ret,framel = cap.read()
cv2.imshow (winname, framel)
cv2.moveWindow ('FYP2-IMG PROC', 0, 0)
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fyp.lanes.ROI_show(framel,count_lane)

elif CaptureMod == False:
ret,framel = cap.read()## display frame
_ » Mmain frame = cap.read()
cv2.polylines( framel , [Traff L A[0]] , True , (255,0,0)
cv2.polylines( framel , [Traff L B[O]] , True , (0,255,0)
cv2.polylines( framel , [Traff L C[0]] , True , (0,0,253)
cv2.polylines( framel , [Traff L D[O]] , True , (255,0,25
wart_r = uart.receive()
n = Main Control (uart_r)

cv2.putText (framel, 'Traff A Count :'+str(T_A) , (10,40),
cv2.FONT HERSHEY SIMPLEX,1,(255,0,0),2,cv2.LINE ARD)
cv2.putText (framel, 'Traff B Count :'+str(T_B) , (10,30),
cv2.FONT HERSHEY SIMPLEX,1,(0,255,0),2,cv2.LINE AR)
cv2.putText (framel, 'Traff C Count :'+str(T_C) , (10,120),
cv2.FONT HERSHEY SIMPLEX,1,(0,0,255),2,cv2.LINE AR)
cv2.putText (framel, 'Traff D Count :'+str(T_D) , (10,160),

cv2.FONT_HERSHEY SIMPLEX,1, (255,0,255),2,cv2.LINE AR)
cv2.putText (framel, 'Green Time = '"+str(G_T), (1100,40),
cv2.FONT HERSHEY SIMPLEX, 0.8, (255,200,0),2,cv2.LINE AR)
cv2.imshow('FYF-MAIN', cv2.resize(framel, (12380, 800)))
cv2.moveWindow (' FYP-MAIN', O, 0)

k = cv2.waitKey(ref_rate)

if k == 27 or n==27:
cap.release()
cv2.destroyAllWindows ()
uart.main(False)
break

elif count_ lane == 4 and CaptureMod == True: #enter cam mode
CaptureMod = False
cv2.destroyWindow ('FYPZ-IMG PROC')
vart.main(True)

Viewl = cv2.getPerspectiveTransform( Traff L A[l] , Traff L A[2] )
View2 = cv2.getPerspectiveTransform( Traff L B[1] , Traff L B[2] )
View3 = cv2.getPerspectiveTransform( Traff L C[1] , Traff L C[2] )
View4 = cv2.getPerspectiveTransform( Traff L D[1] , Traff L D[2] )

uart.transmit (1)
ref rate=&0
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Appendix D: Source code of UART Communication on Raspberry Pi 3B+

import serial

ser = serial.Serial (port='/d
baudrate = 115200,

parity=serial.PARITY NONE,
stopbits=serial.STOPBITS_ONE,

bytesize=serial .EIGHTBITS,

timeout= 0) ftest use 1 second, final use None

def main (activation):

if activation == True:
ser.isOpen()
elif activation == False:

ser.close()

def transmit (out_data):
out_data=(out_data) .to_bytes(l,byteorder="big") #£from integer to byte
ser.write (out_data)

3 ser.close()

def receive ():
ser.isOpen()
x=ser.read(l) freceive or read 1 byte from altera
x=int.from bytes(x,byteorder='big') #from byte to integer
$ ser.close ()
return x




