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7.1 INTRODUCTION

There are two types of junctions at the highways. One of the designs is two
main roads are grade-separated and is called an interchange. All designs
are to ensure continuous traffic flow. Examples of the two most common
types of highway interchanges are shown in Figure 7.1.
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Figure 7.1: Two type of cross-junction

An at-grade junction is called an intersection. Cross intersections
with traffic light control are found everywhere within an urban area
where vehicles are abundant. It's can also be found at the exit of a
highway, where it connects to a local road. The cross intersection
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commonly being constructed below or above a highway depending on the
type of land or terrain. The most common type of such cross intersection
in Malaysia are illustrated in Figure 7.2.

2022

Figure 7.2: The graphical and actual picture of cross intersection in
Malaysia

The growth of modern technology in Malaysia causes an increase in the
number of vehicles, and a lack of effective traffic management would lead
to huge economic losses such as energy consumption, greenhouse gas
emissions, and time waste. Traffic congestion has become one of the most
significant impediments to city economic development. It can be resulting
in high fuel consumption, increased commute costs, and pollution of the
environment especially in the city [1]. As a result, we require an efficient
traffic light system to meet rising demand, reduce vehicle user time spent
at traffic lights, and reduce carbon emissions from vehicles that must stop
and then resume their journey. There are 3 main traffic light control
system methods:

(a) Timer - where the light cycles are pre-programmed and always
loop with the same pre-set time.

(b) Inductor loop sensor - where metal (vehicles) sensors are being
installed under the tar road to detect the presence of
cars/motorcycles on top. More loops can be installed some
distance apart with each other on the same road to determine the
queue length, and microcontrollers can decide an optimum traffic
light wait time based on the sensor data.

(c) Machine vision - cameras are installed on the cross intersection
to detect the number of vehicles in queue using object detection
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algorithms. With these precise constant data feedback, the traffic
light system can operate more efficiently under some pre-set
parameters.

7.2 RELATED WORKS
A shortreview of the challenges and the state of the art for Cross-Junction
Traffic Control System via Sensor Feedback can be found in section 7.2.1.

7.2.1 Related Works

Traffic control and monitoring have become an attention today
due to various purposes that can be used and one of them is by using video
sensors and also lead to significant advances in computer vision fields.
Video processing has been used in commercial and research systems. An
example of the system is Reading People Tracker (RPT) that can use
multiple cameras that were later used in the development of the system
called AVITRACK that can monitor airplane servicing operations. Another
project is FP5 INTERVUSE which is an artificial vision network-based
system that can monitor the ground traffic at airports. The system uses
the Autoscope® Solo Wide Area Video Vehicle Detection System which
has been successfully deployed worldwide for monitoring and controlling
road traffic [2].

Wireless Sensor Networks has met this proposal interest where it
has been proved to solve issues of traffic due to its flexibility and work
well for application domains that require low power, cost, and
maintenance. By using sensors, traffic jams can be solved in the junction
which also can reduce accidents among residents focused in city areas [3].

[oT has been used with the system as needed as today's
technologies [4][5]. Deployment of wireless sensor networks on the road,
on traffic lights, and in specific places, for example, hospitals to monitor
the traffic to avoid traffic jams by providing the shortest route to the
users. There is also a system that can measure the density of the road
congestion created at road crossings. Which gives a priority on a road that
consists of more cars than other roads that have fewer. Next, there is the
system that detects vehicles using the RSSI signal that is installed along
the road that will receive the radio frequency emitted by Bluetooth
beacons on the other side of the road that can detect the type of vehicles
on the road, such as trucks or cars [4].

In a congested intersection, traffic signals are the most practical
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form of traffic control. If one lane has more traffic than the others, current
traffic signals are ineffective at controlling traffic. Intelligent or "Smart
Traffic Control” is a system that can measure the vehicle density in a lane
ata4-way intersection and then determine the priority using the software
[6]- As a result, traffic issues have become more prevalent in recent years,
and current traffic light supervisors have drawbacks because they depend
on predefined systems that do not allow for real-time adjustment. The
delay is longer due to the constant periods of green, orange, and red
signals. A proposed technology known as the "Smart Traffic Control
System" has been developed to bring traffic light control more effective
[7]- The red and green light timings will be intelligently determined based
on traffic on nearby roads.

7.3 METHODOLOGY

7.3.1 System Architecture

Blynk senver Input Push Button
(SCJ&D A) Arduino (PLC) (Metal
Detector)

Crutput

LEDs (Traffic
Light)

Figure 7.3: The flow of the system architecture

A system architecture is a conceptual model that defines the structure,
behaviors, and more views of a system. An architecture description is a
formal description and representation of a system, organized in a way
that supports reasoning about the structures and behaviors of the
system[8][9]. For this project, our system architecture is shown in Figure
7.3.

For the input of the system, the push button was used as a metal
detector. The metal detector is a sensor that detects the presence of a car
on that particular road. Then, the signal was sent to the Arduino to
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identify the number of car/s is that are detected by sensor 1 only or
detected by sensor 1 and sensor 2. After that, the LED (traffic light) will
react to the signal as an output of the system. In the meantime, we can
monitor and control the traffic light using Blynk (SCADA)[5][10].

7.3.2 System Architecture

[llustration is a tool of communication that helps to simplify complex
ideas into clear messages; links concepts, captures feelings, and shapes
the narrative in order to deliver effective messages.

ESE |tefficLight

Figure 7.4: The system illustration for the cross-junction traffic light

The system architecture for the cross-junction traffic light that has two
sensors of each junction as shown in Figure 7.4. In a real scenario, traffic
police officers need to be at traffic lights to ensure smooth traffic during
peak hours. In this case, traffic police officers have to precede routes that
have a lot of cars. This is the same function as using sensors at each
intersection to give a long time for the green traffic light on a congested
road.

7.3.3 PLCusing Arduino Uno

Hardware used for this project consists of 8 inputs which are
switches that act like a sensor on each junction of a traffic light junction
are illustrated in Figure 7.5. There are 8 outputs of LEDs consist of 4 green
and 4 red lights following traffic light color. 4 resistors of 220(1 for LEDs
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and 3301} for switches to control enough current through the devices to
avoid overcurrent.

2022

8 Inputs (Switches)
8 Cutputs (LEDs)

Figure 7.5: The hardware arrangement/schematic

The representation of PLC part of this project is an Arduino Uno
used to compile a sequence of coding write up using Arduino IDE
software. Lastly, a jumper wire and a breadboard are used to connect all
the elements. Based on the traffic light system using an Arduino code in
Appendix D until Appendix G, the traffic light's first initial condition is set
to all junctions so that the red light will be started when there is no car at
the junction. It gives initial high output at the pin assigned to red LEDs.
After detecting the first car in the junction, the first push-button is
activated and the coding reacts by changing the LED from red light to
green light for 0.5s to let the car move. If both sensors detect a car means
there will be more than one car in the junction. Here the coding will react
and change the red light to green light but this time will be longer than
0.5s.

7.3.4 SCADA using Blynk

The Scada part of this project is using a Blynk app to control an
Arduino used to control the traffic light. Based on the Figure 7.6, the
digital pin is used the same as in the Arduino output pin to control the LED
light only using the apps. Real-time graphs are also implemented to
monitor the traffic light. It will be used to collect data on the time taken
for a traffic jam to be settled.
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Figure 7.5: The view of the apps SCADA using Blynk

Terminal

Real-time
Graph

Control .
Buttons
(LEDs)

Figure 7.6: The view of the Blynk apps used in the project

Referring to Appendix A, Appendix B, and Appendix C, the coding
used to connect the Blynk application to Arduino is described. It starts by
defining the Blynk to the code and putting the correct Authentication
Token from the apps that act as an address to differentiate this project
from another[5]. Continuing with pin coding from the application, output
feedback is implemented to make sure the connection is correct and
accurate. The “Marco” input with a response “Polo” with the same words
output is proof that the connection is working.
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7.4 RESULTS AND DISCUSSION

The result in Figure 7.7 shows that the output LED works exactly with the
execution code in Arduino, all green lights will light after the 1st button is
pushed and will light longer after both buttons are pushed.

Figure 7.7: Green light after pushing a push button or sensors detect a
car (a) 1stJunction (b) 2nd Junction (c) 3rd Junction (d) 4th
Junction.

(b)
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(d)
Figure 7.8: Green light after pushing a assign pin in the Blynk apps or

controlling the traffic light using Blynk apps (a) 1st Junction
(b) 2nd Junction (c) 3rd Junction (d) 4th Junction

While the result in Figure 7.8 shows that the assigned pin in the Blynk
application is correct and can control the LEDs light only using the apps
and can also be controlled at such a distance for about multiple meters
without any obstacle that blocks the wave (Figure 7.9-Figure 7.10).

Figure 7.9: All light is light up to show the apps can control every
single LEDs
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Figure 7.10: Live data streams can be seen to be used to collect data for
documentation purposes

Last but not least, all coding and hardware successfully perform together
to get the result. In reality, a traffic light consists of 3 colors which are red,
yellow, and green, but for this project due to less amount of pins that can
be assigned to be output from the Arduino, the yellow light needs to be
left out, and priority given to only red and green light. The limited budget
also affects the project, for example, the Blynk apps can only use for data
streams only up to 4 pins which is in this case only considering green light
output, many features can be added for the future works. The project
works successfully and can be implemented in real life with a more
powerful PLC and Scada to be used that will benefit the consumer, can
reduce traffic jams, reduce emissions of carbon and help to maintain the
sustainability of the earth.

7.5 CONCLUSION

This chapter presents the cross-junction traffic control system with
sensor feedback for the traffic control with surveillance device and
monitoring. Overall, the results of the study show that this technology
gives users a more comfortable experience and satisfaction while at traffic
lights. The system can minimize the amount of time spent at traffic lights
while also reducing carbon emissions.
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APPENDICES

Change push buttons pins here

/ PushButtons
10;
11;
1z;
Rl:
AZ:
A3;
R4;
AS5;

nt al
1t a2
1t bl
1t b2
1t el
1t c2
1t dl
1t d2

1t button_aZ
1t button_bl
1T button b2
1t button_cl
1T button_c2

nt button_al

o0 o0oooo0o0

1t button_dl
1t button_d2

[ Al
, 2 o822

/ BX, TX

#include <BlynkSimpleStream.h>

/ You should get Auth Token in tl

// Go to the Project Settings (nut ).
char auth[] = "BtktOKPAXtHOOSknblEgSCgErPchRIFQ":

Appendix A: The first part of coding consists of assigning input of push
button, initializing input button and integer a,b,c,d equal to zero.
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terminal to Virtual Pin V1
WidgetTerminal terminal (V1):

ff You can se

commands from Terminal to yo hardware. Just use

1 Pin as your Terminal Widget

a2 type "Marco"™ into Terminal Widget - 1t will respond: "Polo:™

"Marco™) == param.asStr()) {

terminal. ("You said: "Marco'"™)

terminal.

n("I said: 'Polo'") :
} else {

/ Send it back
terminal.

1t ("You said:"):
terminal.

(param.getBuffer (), param.getLengthi()):
terminal.

/ Ensure

terminal.fl

void setup()
{

SwSerial.be

write this serial manually in your sketch
Serial.

Blynk.begin(Serial, auth):;

/ Clear th

terminal content

2z ()

terminal.cl

Appendix B: This part consists of controlling Arduino over USB using

Blynk apps.

/ This will print Blynk Scoftware wversion to the Terminal Widget when

Wware gets connected to Blynk Serwver

In(F("Blynk v" BLYNK VERSION ": Device started")):
terminal. In(F{"--——————————- "))

terminal. n({F{"Type '"Marco' and get a reply, or type")}:
terminal .px

ntln({F("anything else and get it printed back.")):;
terminal.flush();

Appendix C: This code to print a connected Arduino with Blynk

statement and to test if the Blynk really connects with the Arduino.
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/ PushButtons
(al, T
(az,

= (b1,
(b2,
(el,
(c2,

= (dl, T

= (d2,

0000 00O0

digitalWrite
digitall

digitalWrite

Appendix D: This code consists of the traffic light system part by
assigning the pin from the Arduino to be input or output

void loop() {
Blynk.run();

button_al
button_al
button_bl
button_kb2
button_cl =
button_c2 =
button_dl
button_dz2
mode = digital

Appendix E: This code consists of reading input of the assigned
push button
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if (mode == Q)
{
if (button_al == 0}
{
if (buccon_a2 == 0)

digitalWrite

if (button bl == 0)
{
if (button_b2 == 0)
{
digitalWrite (7, LO
e (6, H

e (7, H

= (8, L

e (7, L

e (6, H

e (7, HII

digitalWrite (&, L

Appendix F: This code consists of the first two junctions that will give
output if the sensors detect the car in the junction.
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if (button_cl == 0)
{
if (button_c2 == 0)
{
digitalWrite

} else {

digitalWrite

}
}
if (button_dl == 0)
{
if (button_d2 == 0)
{
= (3, LO
e (2, H

(2000) ;
yrite (3, H
digitalWrite (2,

} else {
digitalWrite (3, L

e (2, H

e (3, H
digitalWrite (2,

Appendix G: This code consists of the last two junctions that react the
same with the previous junction.
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