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1. Introduction

Hanaa S. Basheer

Abstract

In Urban cities, services are supported by intelligent applications and
are connected to each other through ad hoc networks. Any service can be
operated using a compatible of an Internet of Things (IoT) technology.
This study focuses on the transportation service and finding a non-cost
solution to solve the crossroads congestion that affected people time and
money. The Wireless Sensor Networks (WSNs) that are planted on the
roads can help in monitoring the roads situation by collecting their data
and send them through wireless communication to a traffic management
center. In this work two phases of time are considered for a crowded area.
Low-cost components are suggested to solve the congestion at the cross
roads without the need for reconstruct the roads. IoT device such as smart
phone can be wirelessly connected to the Traffic Management Center
(TMC), which can analyze the incoming data from WSN and send back
the calculated time to the police officer to control the green light long and
overcome the standard time installed for all directions. The main idea is to
solve the congestion problem in real time by extending the time long of
the green traffic light for the road direction with the highest vehicle density.
The suggested algorithm was operated on a dataset of 6 days and for the
time phase from 7:00-10:00am.
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devices to exchange data between then and between

Internet of Things (IoT) can be defined as
connected devices supported by several established
technologies to be suitable for wireless communication
network. IoT technology is “everything talks with
others in an intelligent & automated manner to gain
human beneficiary”. The IoT consisted of different

the cloud, so that the websites can dynamically adjust
content based on data collected from IoT devices. The
IoT can process different applications to analyze a
collection of information, make a decision, and send
back a solution [1]. IoT is one such technology that
enhanced the ITS domain by enabling the seamless
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communication of devices and applications in real-
time. IoT has the ability to determine the behavior of
IoT devices and evaluate them to give the right
solutions for the world [2].

The trend these days is to support the devices that
are connected through ad hoc network by different
types of WSNs to gain (energy-efficient) which known
as ‘green communication’ that helps in making
intelligent decisions. These devices are referred to as
Green IoT devices. The main goal of the government
is to improve the performance of the IoT technologies
and ad hoc networks to develop and auto control
users’ services in the smart cities. One of the important
services is the Intelligent Transportation (IT) that aims
to improve road safety and allows comfortable travels
[3].

IoT traffic management system with the WSN can
help in monitoring the roads flow although watching
roads 24 hour a day is a hug matter. This leads to
thinking of dividing the day time into two phases. The
first phase is the rush hours’ time when the roads are
highly congested and another phase is when the roads
flow is normal. IoT technologies and ad hoc network
can support a solution immediately for vehicles traffic
congestion in large cities.

The smart transportation service is one of several
IoT applications that consist of many connecting
things such as sensors, cameras, and onboard vehicles’
appliances. As mentioned in [4], the intetlaced role of
technologies and goals needs both smart and digital
projects and actions to realize a better city for people.
Smart transport and Mobility consist of many
components such as; bike schemes, real time bus,
timetable information, and electric vehicle cat.

WSN along area segments are used to control the
traffic flow in roads, obtaining information such as
vehicle density, speed, etc. Sensor nodes at road
intersections are helpful in making decisions on how
to control traffic based on the information provided
by the sensor nodes along the road. Sensors are placed
before the traffic lights, possibly one per lane, to find
out the number of arrivals at the intersection from
each road direction. Although sensor nodes can also
be placed after the traffic lights and made a
comparison with the number of departures [5].

Many techniques were introduced in a
comprehensive review [6]. These techniques used
image processing and computer vision, video camera
for traffic monitoring applications. The applications
provide necessary traffic flow information efficiently.
The video camera is supplemented by modern
technologies including computer graphics, state-of-
the-art cameras, high-end computer functions, and
automated video analysis for traffic monitoring.
Drones’ applications were involved for solving
transportation engineering problems [7]

A literature focused on finding the best location of
the sensors used in vehicular traffic networks. Some of
the proposals they mentioned were based on the use
of Evolutionary Algorithms (EA) to obtain the optimal
sensor locations. The study showed the use of Particle
Swarm Optimization (PSO) in WSN to optimize and
locate the sensors in specific places to cover, connect
and save energy efficiently. This optimization
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technique is common because of its simplicity, high
quality of solutions, fast convergence, and insignificant
computational burden. On the other hand, using PSO
requires large amounts of memory and that they might
not be suitable for real-time applications [8].

Many other works were introduced for the same
interest although they either not taking the police
officer safety into consideration or they used expensive
devices that have to be installed on the area. The
authors in [9] thought about using graph coloring
based technique to model and control intersection.
The green light of the traffic only enabled a lane within
a phase in Cross intersection while other lanes were
disabled with red lights. Also, whenever a lane is
enabled, other lanes can move free on red.

A method was proposed to reduce traffic
congestion using roadside units (RSU) and basic safety
messages and probe vehicle data to accurately monitor
vehicle presence and status. The study aimed to
enhance traffic flow and safety within the autonomous
driving era [10].

The authors in [11] mentioned in their article that
the future of intelligent transportations will depend on
the new technologies such as artificial intelligence,
machine learning, Internet of Things, and 5 G
connectivity. The advantage of these technologies is
facilitated the real-time data collection, analysis, and
decision-making for maintenance of transportation
infrastructure. Moreover, the data generated by IoT
sensors, and other 10T devices and applications will
affect the behavior, and infrastructure performance.
Safety remains the goal, so exchanging real time
information of the roads’ situation can be with benefit
to future IT safety.

One of the new ideas is to use the artificial
intelligent AI with the digital maps of an area to
optimize traffic signal durations. For this goal, a
proposed work used penalty-based traffic signal
management algorithm combining jam factor data
from HERE maps with a time allocation algorithm.
This work claimed that in this way it can decrease the
CO2 emissions, journey durations, fuel consumptions
intersection queue length, and vehicle waiting times.
These improvements enhance the environmental
sustainability of urban centers [12]. A measurement
for travel performance was studied to show how
congestion affect the moderate and linear impact on
travel delay. The study in [13] discussed the charging
rule for wusing specific roads where in urban
transportation the absence of road congestion pricing
has small returns due to highly elastic demand. This
study gave an approvement for how successful the
Peak-hour pricing may help correct other externalities.
IT and IoT traffic management system offer many
solutions in daily live; it can remotely monitor and
control the overall system. Therefore, IoT technology-
based on IT simplifies the daily tasks of humans,
supporting the transferring with automobiles to be a
safe environment and more secure and provide greater
peace of mind in the roads.

This work aims to overcome traffic congestion at
the crossroads junctions by reducing long time delay
waiting for the traffic light. The main challenge is to
find a best traffic signal configuration schedule that
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maximizes the traffic flow in a network. This issue can
be determined by finding an ideal waiting duration for
each traffic signal; this can be done by monitoring the
crossroads, analyzing traffic history information, and
overcoming the limitation of traffic signal
components. The scheme is designed to be
implemented at the crossroad junctions, where a
counter is placed to count the vehicles using a simple
but effective, non-cost Light Dependent Resistor
(LDR). Moreover, system can be applied without a
need for any additional infrastructure.

(LDR) is One of the simplest components, which
is a passive electronic component that changes its
resistance according to the intensity of light that falls
on its surface. LDRs are made of semiconductor
materials that have high resistance in the dark and low
resistance in the light. LDRs are widely used as light
sensors in various applications. Figure 1 shows the
symbol that is used to determine LDR, where the two
arrows indicate the direction of light falling on it [14].

N~
N )

Figure (1): LDR symbol

The rest of the paper is organized as follow. In
section 2 many related works that toke Baghdad’s
roads situation into consideration. Section 3 shows the
work motivation and section 4 gives an idea about the
objective of the work. The motivation to start this
work is illustrated in section 5 and finally section 6 and
7 presents the work suggested algorithm and the work
conclusion respectively

2. Previous studies for different areas in
Iraq

Many works were considered the crowded roads in
urban area of Bagdad the capital of Iraq with different
suggested solutions, but none of them take well
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thought of using the new technologies of IoT to solve
road congestions. Since this work is studying Baghdad
roads, works with the same interests will be reviewed
in this section. Baghdad roads are still not equipped
with Road Side Unites (RSUs) devices, meaning that
there is no auto connected between the internet and
the vehicles. Counting moving vehicles can be done
only from the cameras around. The proposed work in
[15] based on Smart Traffic Analyzer (STA) software
to figure the traffic volume and vehicle movement data
that showed by the videotapes. The authors thought of
dividing the time into two phases (morning and
afternoon) and get data from days with normal
situation. Then they suggested changing the road
structure with a new design.

The authors in [16] proposed a system with three
modules: the intelligent visual monitoring module,
intelligent traffic light control module, and the
intelligent recommendation module for emergency
vehicles. Each module had its own purpose and they
work together to improve the flow of vehicles. This
work considered al Sader area / Baghdad / Iraq which
have many cross roads. In the approach, the
congestion and traffic flow were controlled by
calculating the score of the highest priority across
streets for traffic light control configuration. The
proposed control module used Particle Swarm
Optimization (PSO) algorithm and the result shows
that the optimization ratio was in range of 86% to
91.8%.

The transportation system in Iraq faces major
challenges, as it has not adopted a strategy to
implement the intelligent transportation system, where
its infrastructure has been worn out, and a structural
map has not been developed to determine the courses
of action of the intelligent transportation system. Add
to that the lack of funds needed for such project. Zbar
in his poll with the officer in the Baghdad traffic
Directorate has figured that there are many problems
facing the transport sector in Iraq, some of the
unsolved problems are mentioned in the last column

(paragraph). [17]

Table 1: problems of transport sector in Iraq and the available of the smart applications [17]

Problems

High

Middle Low Paragraph

Crowded Congestion X

Un solved Problem

Traffic accidents

Un solved Problem

Length Of Emergency Response

X
X Un solved Problem

Pollution Level X

Un solved Problem

Smart Applications

Available

Not
Available

Partially
Available

Electrical Traffic Movement
Management

X

Situation Management and Control

X

Transportation Demand
Management

X

Emergency Vehicle Management
Devices

Automated Safety Inspection Devices

Electronic Countets

A

Camera

608
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Another study for the area from Iraq and Baghdad
governorate had suggested expanding the use of
Global Position Systems (GPS) to organize traffic and
track vehicles in government departments. This study
aimed to create a main database for transportation field
in Baghdad by using GPS and tracking devices to avoid
conflicts, and minimized the waste of effort, energy,
and money in this field. The technologies Geogtraphic
information systems (GIS) and GPS with sensors are
important for supporting the collection of roads data
and digital maps for the database. Then the study gave
a suggested system using the collected data and gave a
user the ability of selecting the type of digital maps to
be used for tracking, where it can display and track the
vehicle's movement in real time and using historical
data for more confidence [18].

Time reliability was considered in one of the recent
works. The authors considered a part of (Abi Talep)
urban street in Baghdad city of Iraq capital starting
from (Al- Shaab bridge intersection) to (Al — Nidaa
intersection), which have four cross roads. They used
average car method with a group of vehicles and
volunteers to record the data. This data was collected
during peak hours (from 7:00am — 10:00am) for one
month and 35 runs for each road intersection to get
maximum dependability in estimating the time of
travel of these roads’ intersections. After analyzing the
collected data to see which road is with highest values
for travel times, the authors depend on buffer time
measure equation which represents the additional time
someone should allow above the average travel time to
reach his destination. The research found that buffer
time index leads to worse reliability conditions
therefore authors cannot give ideal solution for time
reliability instead of that they gave some simple ideas
to reduce the vehicles number such as using public
transportation instead of private cars [19].

Many other studies considered different Iragis’
governorates such as solve the road problem of delay
in the road network of Hilla City, the study suggested
a ring road as a solution to the problem of internal
congestion in the city, and another study for transport
vehicles in Samawah city that suggested to create an
application for public transportation locations
awareness. This application based on radio navigation
system for user and vehicle communication called
global system for mobile communication (GSM) with
global positioning system (GPS) to help the
application to receive exact information about the
location continually [20], [21].

4. Model Description

As knowing the urban cities are the target of
everyone seeking for economically benefits. In the last
few years, Baghdad the capital of Iraq became the
target of every investor either as a company or as a
person. Though the population in Baghdad increases
and the roads become very crowded due to the high
number of vehicles that are used during day life. Beside
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an observation was made and found that the direction
of vehicles flows during morning spatially between
7:00-10:00am is inbounded from surrounding areas to
downtown areas, while between 1:00 - 3:00pm is out
bounded from downtown areas to surrounding areas.
The timer system for traffic lights around Baghdad
roads are used almost at each road junction to
announce the driver about the waiting time before
green light is on. Meaning that the timer system for the
traffic lights are not suitable during the two time
phases for two ways roads, since one of the sides
would be less congestion than the opposite side. When
the traffic is out of control in any junction the traffic
officer will be visible. His position would be always in
the middle of the crowded junction which may make
him faced many unsafe situations such as hitting by a
vehicle or being under a bad weather. This work shows
how the IoT based traffic management system is the
best solution for such problem.

This work suggested a scheme based on
components that can be set at chosen points near
roads cross. The components are with low cost and
they are:

- Light dependent resistor (LDR) that detect the
presence and absence light intensity falling upon it.
LDR can be placed at the right sides of every lane
near the junction. LDR that will detect the presence
of the coming vehicle.

- A red-light source (RLS) should be placed at the
left side of each lane. RLS was suggested since its
wavelength is very high, thus its range is also very
high.

- A counter to count vehicles must be placed in
every direction of the junction based on WSN, this
to help in sending vehicles density to the traffic
management center (TMC) through the internet.

- A real time counter.

- TMC will permit the traffic officer at a specific
time to connect his smartphone or a laptop device to
control the traffic light instead of standing in the
middle of the junction to direct the movement of the
vehicles.

To illustrate the suggested model, figure 2 below
can give a clue of the scheme components and working
steps. To explain the steps let’s take the morning Phase
when the time counter is between 7:00-10:00am for
example. If the sensors detect a high vehicle density,
the counter start counting vehicles and the TMC gives
the traffic officer the permission to control traffic
lights timer system.

4.1 Case Study:

For the suggested scheme the cross roads of Al-
Jadria near University of Baghdad had been
considered, since it has the highest road congestion in
both time phases that we studied. Figure 3 shows the
Google Earth image that illustrated for the chosen
junction area. The crosses roads are consisted of four
main roads, each road has two-sided vehicles’ flow
with three lanes both directions as shown in figure 4
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Figure (4): Four cross roads (A, B, Cj, and D;), each with two directions (j= 1 and 2) and explained by the red
arrows with three lanes.

5. IoT Traffic
Algorithm:

As mentioned before the suggested model is
consisted of six main components: the vehicles
counter that is based on WSN, LDR, RLS, the timer,
and the TMC interface. For more explanation see
figure 5, this sketch describes the installation of the
components at one of the four roads. Other roads will
be equipped in the same way. The WSN installed based

Light Management
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on barrier topology by deploying several nodes
transversely one per lane of the road to obtain the
existing of vehicles that passes a determined sensor in
the road. The function of each one of these sensors in
every lane is simple since it is just to detect passing
vehicle and transfer the collected data to the TMC
through internet connecting with one of the available
connections such as 4G, or Wi-Fi. The LDR replaced
at the right side of each road near the traffic light and
far from the sensors’ nodes for about 150m. RLS
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placed at the left side of each road facing LDR directly,
so when a vehicle passes RLS, its light switched off,
and LDR resistance is high lead to let the transistor in
off mode.

The average standard of a vehicle length is between
4.5 and 5m in length based on standardization of
vehicles’ companies. The distance between two
moving vehicles in the same lane direction must be not
less than half meter for safety matter. By simple
calculation if a road of length 150m and three lanes
then vehicles number passing the sensor nodes with
speed of 40km/h during congestion atre about 80 to 90
vehicles every 13.50s.

When a vehicle passes RLS, the light will be
switched off, so LDR resistance is high and the
transistor is in off mode and vice versa. The counter

AP

then starts to count the number of switching off/on
of LDR to send the final number to the TMC.

When the timer refers to one of the time phases
(either between 7:00-10:00 am or between 1:00 - 3:00
PM) the collected data from the WSN and the LDR
counter must be transfer to the TMC for centralizing
data processing every 13.50s plus Tp as transmitting
time. This process gathers the data, analyses the traffic
parameters and then send it back to the traffic officer’s
device to give him the control of the traffic light
according to the calculating of the suitable traffic light
time.

The LDR switch off/on counted data cannot be
the same as WSN data, since there is a chance when
three vehicles are passed at the same time and made
LDR in off-mode.

150 m

LDS

Sensor nodes

Figure (5): Sample of one of the roads components (road A in figure 4)

The process starts when receiving the collected
data from WSN and the switch off/on counter to
predict the suitable traffic light duration in seconds.
After many trials equation (1) is created to be used for
the best predicting duration time Dp; for arranging
traffic light.

Tg + Tg + 13.50
pj = — s x 10 ......

Where Tg is the time the traffic light last before it
changes, and since we could not find a standard period,
we assumed it is 120s after observing some traffic
lights of crossroads in Baghdad. Ty is the prediction
time to send data to the TMC. S is the number of LDR
switching off/on and it is less than the counter of
WSN. The three sensor nodes data of any road j will
be combined as Nj using equation (2), where j is cither
1 or 2 for (Aj, Bj, Cj, or D,)

3

i=1

Where n; is the data of one of the three sensor
nodes (i), and i= 1 to 3 for each direction of the road

At the rush hours which we assumed are between
7:00-10:00am and between 1:00 - 3:00pm, an algorithm
is suggested to help the police officer take control of
the traffic lights. The direction with the maximum car
number have to get the longest green light duration.
The maximum car number MAX = Nj is calculated at
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the TMC, then according to Nj result the roads’ traffic
lights will get its time duration in descending order.
Therefore, calculating a suitable time duration
new Dyp; for traffic light during congestion is by using
equation (3).
new DP] =3X DP] + TE ...... (3)

Where Dp; calculated from equation (1). Algotithm
1 will be activated when the global timer refers to one
of the rush hours phases. The TMC starts processing
continuously when it receives the data. Algorithm 2
starts when road density getting to be high and the
cross roads began to be congestion. The idea of using
TMC and starting algorithm 2 is to help the police
officer in making his decision and take control of the
traffic lights using his mobile or a laptop. Though with
this IoT technology a safe service can be done to
protect the police officer from facing hard situations
and bad weather and also it help in solving roads
congestion.

Algorithm 1: TMC processing during rush hours
(time phase 1 or phase 2)

1: Start

2: For j=1, 1, 8; where j denoted which road data the
algorithm processing

3: Calculate N; from equation (2)
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4 If 100 < N; < 270 then calculate Dpj from 5.1 Experimental results
equation (1) where 260 is In this section a dataset is prepared according to an
(Vehicles per hour) observation done by volunteers’ team to test the

5 NDPj = DP]' + Tk
6 If N] < 100 then NDP] = TE
7: Else go to algorithm 2
8: Endif
9: Endif
9:j++

10: End for

Algorithm 2: Calculating the predicted duration
time to give control to the police officer

1: Start

2:Forij=1,1,8

3: calculate all Nj and arrange them in decreasing

order starting from MAX = N;

4: End for

5:Forj=1,1,8

6: Calculate newDy,; from equation (3) for each N;

7: Give the officer device a permission to control

created equations using MATLAB program. The
assumption is to consider the road A from figure 4 to
be with the maximum vehicles’ density. For 6 days we
pick evenly spaced sample times from (7:00-10:00am)
where the volunteer persons stand on the side of the
road and count how many cars travel on that street
within a fixed window of time. Then, average and scale
those numbers up for one-hour period, noting that for
very low traffic streets, we needed to increase the size
of each sample window. Table 2 illustrates the estimate
dataset of vehicles density during morning time period
starting from Monday until the end week holiday
which are Friday and Saturday in Iraq to be considered
as WSN (Nj). The LDR (S) counting is predicted since
it was not possible to use the suggested circuit board
which is explained by the block diagram in figure 6.
The simulation program shows how the time
controller for green light changes according to the
vehicles’ density using the created equation, where the

traffic light light will be last longer according to the high vehicles’
according to the time calculated density as shown in Fig.7
8: End for
LDR
Power Suppl i
pply If no light R LCD Display
Y
LCD shows the counting each
time a vehicle enters and exit
LED1
Input (sensors) |
”| Arduino g
Off
If vehicle exist
v x ™ LED2
On

Figure (6): The controller block diagram of how to count vehicles number using LDR

6. Conclusion

The main goal of this work is to solve the traffic
jam during rush hours using IoT technology and
without the need for road construction. This work can
be with benefit for the involve police officers by
helping him controlling the traffic jam with his
intelligent device and avoiding standing in dangerous
point during vehicles congestions or in bad weathers.
The idea of this work is to design a method for
controlling traffic lights using available and low-cost
components. IoT technology can manage road traffic
with the wireless sensor network (WSN) which can
help in monitoring the roads flow and collect data.
Since monitoring roads 24 hour a day is a hug matter,
the suggestion was to take two phases of time with
high traffic jam:
- The morning time phase between 7:00 to 10:00 am
- The afternoon time phase between 1:00 to 3:00 pm
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The proposed design consists of six components:
WSN, LDR with counter, RLS, timer, and a TMC
interface. The work algorithm gives the police officer
that is on duty a permission from the traffic
management center (I'MC) to control the traffic light
on need. TMC receives the vehicles’ number and
calculates the Max number of vehicles to arrange roads
density in descending order and then send to the
officer the best time duration for the green light
according to the algorithm result. The created
equations are trained on an estimated dataset for one
road direction that were observed for 6 days. The
results showed how effective the work is in changing
the time lasting of green light according to vehicles
density. In Future more work must be done with the
support of the general traffic directorate to get access
to the main road cameras and also enhancing the LCD
controller circuit to be used efficiently in real life
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Table 2: a dataset with Nj as a vehicles’ density and S is the LDR switch off/on for A

Date Morning Hours | N; | S | ND; in sec | newD,; in sec
7-8 200 | 170 | 127.9412 _
181\/4101/ dZaO% 8-9 290 | 155 - 146.129
Y 9-10 250 | 180 1275 -
78 190 | 180 1275 -
19T/1§s/ 55?3 89 300 | 270 - 135
uesaay 9-10 270 | 240 - 136.875
78 190 | 180 1275 -
2\5?/6 ili/e 3323 89 310 | 285 - 134.210
Y 9-10 275 | 270 - 135
78 190 | 190 | 127.1053 -
2;/}1124 32%3 89 280 | 260 - 135.577
ursday 9-10 270 | 265 | 125.0943 -
78 60 | 60 120 -
22/;%32023 89 70 | 69 120 -
y 9-10 80 | 77 120 :
78 70 | 70 120 ;
23s/altir/ §S?3 89 80 | 75 120 ;
y 9-10 90 | 86 120 -
350
300
250
200
150
100
WLLRR

0

B Vehicles' densitry

Green light duration in sec.

Figure (7): Change green light timing according to the vehicles’ density for road A1 for 6 days during the chosen
period of time (7:00-10:00 am)
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