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Abstract

Vehicular Ad hoc Networks (VANETs) are a type of wireless
communication network that enables vehicles to communicate with each
other and with infrastructure components in their vicinity. VANETSs form a
dynamic and self-organizing network where vehicles act as mobile nodes,
exchanging information and cooperating to improve road safety, traffic
efficiency, and overall transportation experience. Congestion in
transportation systems is usually relates to vehicles passing on a part of
roadway at a specific time resulting in slower speeds than "free flow" or
normal speeds. Traffic congestion has a negative impact on traffic
performance because it increases travel time and air pollution. It represents a
significant street traffic problem.

Considering the traffic congestion problem represent a significant part and a
way to find a possible solution to facilitate the progress of efficient
intelligent transportation systems. Traffic congestion in streets can be
happened due to traffic overload, accidents, construction, bad roads, and poor
connectivity among other factors. It occurs when the number of vehicles in
some road segment is being larger than its capacity. Most of the current
traffic light systems are based on fixed time intervals. These fixed time
traffic lights are less efficient due to the lacks of the flexibility of
modification and adaptation on a real time. In this thesis a proposed adaptive
traffic system to real time traffic patterns in order to optimize the traffic flow
by dynamically changing the green light timings.

The proposed approach is helping to controlling traffic lights junctions by
creating an order to delay the green light times or switches to green in a
given direction based on the situation of the emergency vehicles. The other
proposed model is to address the congestion problems by predicting the
occurrence of congestion based on specific parameters. The simulation
results are performed by NetLogo 6.3.0 under different conditions such as
different numbers of vehicles, different values of traffic light length, and
different flow densities.

The simulation results have proven that the use of these solutions has
effectively contributed to reducing congestion and reducing delay time,
which leads to more efficient and sustainable urban transport systems.
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Chapter One
General Introduction

1.1 Overview

Intelligent Transportation System (ITS) is a technology-based solution that
integrates advanced communication and information technologies to improve
transportation efficiency, safety, and sustainability in urban environments
(Pable, S. N., & Welekar, A., 2014) (Jing, P., Huang, H., & Chen, L., 2017).
ITS uses sensors, cameras, communication networks, and algorithms to
collect and analyze data about traffic flow, vehicle movement, and weather
conditions. It helps reduce congestion, improve mobility, and enhance safety
by providing real-time information to drivers, traffic managers, and public
transit operators (Mishra, S., Bhattacharya, D., & Gupta, A., 2018). ITS has a
wide range of applications in urban environments, such as Traffic
Management, Public Transit, Parking Management, Freight Management,
Pedestrian Safety, Environmental Sustainability (Wu, L., et. al, 2019).
VANET play a vital role in promoting the concept of ITS, use wireless
communication between vehicles and infrastructure to enable vehicles to
share real-time information with each other and with the surrounding
infrastructure. This communication can help improve safety, reduce traffic
congestion, and enhance the overall efficiency of the transportation system
(Ma, Z., et. al, 2021). The VANETs are a key enabler of some ITS
applications, such as Cooperative Adaptive Cruise Control (CACC),
Intersection Collision Avoidance, Intelligent Parking, and Emergency
Vehicle Priority. However, VANETS are exposed to several challenges and
problems that can affect their performance and reliability, such as
Connectivity and Communication, Security and Privacy, Scalability and
Deployment, Quality of Service, and Energy Efficiency (Lee, W. H., & Chiu,
C.Y., 2020) (Ma, Z., Cui, T., Deng, W., Jiang, F., & Zhang, L., 2021).

Urban areas are usually the centers of economic and cultural activity, with
higher levels of economic activity, cultural diversity, and social inequality
compared to rural areas (Zibo, et. al, 2021). The physical features of urban
areas may include tall buildings, transportation infrastructure such as
highways, bridges, and public transit systems, public spaces such as parks
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and plazas, and other amenities such as shopping centers, restaurants, and
entertainment venues (Wong R., et. al, 2022).

The growth and expansion of urban areas exert a significant influence on
society, economy, and environment. Urbanization could trigger economic
growth and advancement; however, it can also lead to socio-economic
inequality, environmental degradation, and health issues (Zibo, Tongchao,
Wenxing, Fengyao, Liguo., 2021).

To guarantee the sustainable development and progression of urban regions,
it is crucial to conduct precise planning and management that consider
factors such as land utilization, transportation, housing, public services, and
environmental sustainability (Mishra, S., Bhattacharya, D., & Gupta, A.,
2018). Urban planning and design aim to create equitable, sustainable, and
livable urban surroundings that cater to the needs of all inhabitants and
enhance their well-being.Urban areas face an array of challenges that vary
depending on their particular context and location. These challenges include
issues such as overpopulation, inadequate housing, traffic congestion,
transportation issues, environmental degradation, socio-economic inequality,
public safety, lack of access to public services, and high crime rates (Aleko,
D. R., & Djahel, S., 2020).

Addressing these challenges requires thorough planning, policy
development, and investment in urban infrastructure, services, and programs.
ITS and VANET offer promising solutions to lessen traffic congestion and
enhance transportation in urban areas. These technologies enable real-time
traffic management and communication between vehicles and infrastructure,
resulting in safer and more efficient transportation. Implementation of these
technologies can also help to reduce emissions and improve environmental
sustainability in urban areas. By promoting sustainable urban development
and decreasing socio-economic inequality, we can create more equitable and
livable urban environments for all inhabitants (Cao, M., Shuai, Q., & Li, V.
0., 2019, October) (Cao, M., Shuai, Q., & Li, V. O., 2019, October).
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1.2 Problem Statement

VANETSs and ITS can provide a range of benefits, including improved traffic
flow, enhanced safety, and reduced environmental impacts. However,
congestion can still be a problem in roads, particularly in urban environments
with high volumes of vehicles and limited infrastructure capacity.

In this thesis, a prediction can be proposed to manage or avoid the expected
congestion places. Facilitating the traffic flow may help in reducing the delay
times of the moving vehicles towards their destinations. Emergency vehicles
must be considered as vital case during their moving route, empty their lane
IS a significant priority. Most of these issues can be improved by adapting the
traffic light role to respond to the challenge in time.

1.3 Thesis Aim

The main aim of this thesis is reducing the traffic congestion. This aim can
be achieved through addressing the following objectives:

1. Modeling and simulating the vehicle’s traffic flow and traffic
congestions.

2. Develop prediction models to indicate the congestion states.

Proposing an adaptive traffic light at road intersections.

4. Prioritize the pass of the emergency vehicles through the traffic
congestion.

w

1.4 Related Works

There are two proposed model in this thesis to solve the traffic congestion,
Adaptive traffic light and congestion prediction:

1.4.1 Adaptive Traffic Light

In traffic congestion, there are multiple types of vehicles must be solved as
cases:

a) Normal vehicles

Libing WU, et. al, 2018 proposed a pipeline model for adaptive traffic light
scheduling in urban areas based on vehicle-to-infrastructure (V2I)
communication. The proposed system uses real-time traffic data from V2I
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communication to adjust traffic signal timings and optimize traffic flow. The
paper concludes that the V21 communication-based pipeline model for
adaptive traffic light scheduling can significantly improve traffic flow and
reduce congestion in urban areas and the DRL-based traffic signal
optimization system can significantly improve traffic flow, reduce travel
time, and reduce congestion in urban areas.

Zibo Ma, et. al, at 2021 proposed an adaptive traffic signal optimization
system that utilizes deep reinforcement learning (DRL) to optimize traffic
signal timing in real-time. The proposed system uses traffic data collected
from cameras and loop detectors to learn traffic patterns and make
adjustments to traffic signal timings. The paper deals with the main features
of the system, including its ability to adapt to changes in traffic patterns and
its ability to optimize traffic flow based on different traffic objectives. The
authors also discuss the hardware and software components of the system
and provide a detailed description of its implementation.

Robert Wong, et. al, at 2022 proposed a system for implementing virtual
traffic lights using roadside units (RSUs) and wireless communication in
vehicular environments. The proposed system utilizes the IEEE 802.11p
standard for wireless access and RSUs placed at intersections to create
virtual traffic lights that communicate with equipped vehicles. The RSUs use
a control algorithm to determine the appropriate timing for the virtual traffic
lights based on traffic flow and pedestrian crossings. The authors also
describe the results of their simulations and field tests, which demonstrate the
feasibility and effectiveness of the proposed system.

b) Emergency vehicles

Jiangchen Li, et. al, at 2018 proposed a signal priority request delay
modeling and mitigation approach for emergency vehicles in a connected
vehicle environment. The paper argues that the proposed approach can
significantly reduce emergency response times and improve the efficiency of
emergency vehicle dispatching. The paper discusses the challenges in
providing timely signal priority to emergency vehicles in a connected vehicle
environment and proposes a novel solution to mitigate the delay in signal
priority requests. The proposed solution includes an adaptive delay threshold
algorithm that can adjust the signal priority request delay threshold based on
traffic conditions. The approach is adaptable and can adjust to changing
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traffic conditions in real-time, making it suitable for different traffic
scenarios.

Majed Al-qutwani and Xingwei Wang at 2019 proposed a traffic
management system that uses Vehicular Named Data Networking (VNDN)
to improve the efficiency of traffic lights. VNDN is a communication
protocol designed specifically for vehicular networks that can handle large
amounts of data traffic. The system uses VNDN to communicate between
traffic lights and vehicles to provide real-time traffic updates and control
traffic lights. The paper argues that this system can reduce traffic congestion,
improve traffic flow, and reduce the time that vehicles spend waiting at
traffic lights. The paper concludes that the proposed system has the potential
to significantly improve traffic management in urban areas and enhance the
overall driving experience for commuter.

Seniman et al., (2020) proposed a traffic light control system that uses GPS
tracking and GPRS network to prioritize the passage of emergency vehicles
through traffic lights. The system uses GPS tracking to monitor the position
of emergency vehicles and communicate with traffic lights through GPRS
network to provide real-time control of traffic signals. The paper discusses
the implementation of the system in a simulation environment and presents
the results of experiments that show the effectiveness of the proposed
system. The paper concludes that the proposed system has the potential to
make a significant contribution to emergency response times and traffic
management in urban areas.

Mohamed Gamal, et. al, (2022) proposed a traffic control system that can
detect the presence of an emergency vehicle in traffic and adjust traffic
signals to give the emergency vehicle priority. The system uses a
combination of cameras, sensors, and communication technology to detect
the emergency vehicle's approach and to communicate with traffic signals to
make real-time adjustments. The paper concludes that the proposed system
has the potential to make a significant contribution to emergency response
times and traffic management in urban areas.
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1.4.2 Congestion Prediction

Isabel V. Martin-Faus, et. al, at 2018 proposed the use of Markov-Reward
Models to analyze and model idle time in VANETSs. These models allow for
the representation of system states and the associated rewards or costs for
transitioning between these states. By applying Markov-Reward Models to
VANETS, the researchers aim to gain insights into the idle time behavior and
its impact on network performance.

Mahmuda Akhtar and Sara Moridpour at 2021 discussed the importance of
traffic congestion prediction and the challenges associated with it, including
the dynamic and complex nature of traffic systems. It then reviews the
various Al-based approaches that have been used to predict traffic
congestion, including machine learning, neural networks, fuzzy logic, and
evolutionary algorithms. Also discusses the future directions and challenges
in traffic congestion prediction, including the need for more accurate and
real-time data, better integration of multiple data sources, and the
development of more robust and scalable Al models.

Lokesh Manohar Giripunj, et. al, (2021) proposed a solution called Adaptive
Congestion Aware Routing Protocol (ACARP) for VANET that uses a
dynamical artificial intelligence (Al) technique to detect congestion and
establish safe and reliable routes for data transmission. The simulation results
show that ACARP improves QoS performance and reduces CO2 emissions
compared to underlying fuzzy-based methods.

Rashmi and Rekha Patil at 2022 proposed CFRS-CP-Congestion free route
selection, estimates congestion probability using a technique based on link
quality, MAC overhead, neighbor density, and vehicle velocity. This results
in congestion-free routing paths, improving end-to-end delay, packet delivery
ratio, and throughput compared to existing protocols. The solution can
improve the comfort and safely of driving by developing efficient vehicular
environment systems using wireless access.
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1.5 Organization of the Thesis.
This thesis is organized into five chapters as follow:

Chapter two: This section will detail the research design and methods used
to collect and analyze data. This will include a description of the research
approach, data collection techniques, and data analysis methods.

Chapter three: Exploration of how the technologies can be integrated into a
distributed traffic management system. Additionally, this section will
examine the potential of VANETs and RSUs in developing new smart
mobility solutions such as dynamic ride-sharing and autonomous vehicles.

Chapter four: evaluates the proposed system performance by using Net
Logo simulation; Studying the results and analyzing them fully.

Chapter five: includes the thesis conclusion and future work directions.
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Chapter Two
Theoretical Background

2.1 Introduction

This chapter will discuss the background and related literature on the use of
VANETSs and RSUs for traffic management in urban areas. Also, will discuss
the technical aspects of VANETs and RSUs, including their architecture,
communication protocols, and data transmission mechanisms. The system
structure will be based on the use of VANETs and RSUs to create a
distributed traffic management system in urban areas. furthermore, will
describe the components of this system, including the vehicles, roadside
infrastructure, and centralized traffic management system. It will also discuss
how these components interact with each other to facilitate real-time
communication and exchange of traffic information. Additionally, the
chapter will explore the potential of VANETS and RSUs to enable new smart
mobility solutions such as dynamic ride-sharing and autonomous vehicles,
and the implications of these developments for traffic management in urban
areas.

2.2 Vehicular Ad-hoc Networks (VANETS):

VANETS are a type of wireless ad-hoc network that enables communication
between vehicles and between vehicles and infrastructure. VANETS are an
emerging technology that is expected to play a major role in improving road
safety, traffic efficiency, and passenger comfort (Turan, B., et. al, 2021).
Vehicles in a VANET are equipped with wireless communication devices,
such as Wi-Fi or Dedicated Short-Range Communications (DSRC) radios,
that allow them to communicate with each other and with roadside
infrastructure. VANETS use a variety of communication protocols, including
IEEE 802.11p and Wireless Access in Vehicular Environments (WAVE), to
facilitate communication between vehicles and infrastructure (Jing, P.,
Huang, H., & Chen, L., 2017). One of the key applications of VANETS is
improving road safety. VANETs can be used to provide real-time
information about road conditions, such as traffic congestion, accidents, and
weather, to drivers. This information can help drivers make informed
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decisions and avoid potential hazards (Liu, Y., et. al, 2023). VANETS can
also be used to provide warnings to drivers about potential collisions or other
dangerous situations. Another important application of VANETs is
improving traffic efficiency (Pable, S. N., & Welekar, A., 2014). VANETSs
can be used to provide real-time traffic information to drivers, allowing them
to choose the most efficient route. VANETS can also be used to facilitate
ITS, which use real-time data to optimize traffic flow and reduce congestion.
Figure 2.1 shows the VANETS (Zibo, et. al, 2021).

Wireless Communication

<<<<( >>>>>%%§.’ng

There is an accident in (?)»)R

the left lane of my area.

z
éRSU ((8))RSU

Accident ahead in the left lane, Accident ahead in the
take exit to avoid traffic jam. left lane, merge right.

Figure 2.1 VANETSs (Hassan, H. A., 2022)

VANETS also have applications in entertainment and passenger comfort. For
example, VANETs can be used to provide Wi-Fi hotspots in vehicles,
allowing passengers to connect to the internet and stream media (Cao, M.,
Shuai, Q., & Li, V. O., 2019, October). VANETSs face several challenges,
including limited bandwidth, high latency, and security issues. VANETSs
must also address issues related to privacy and data protection, as the
communication between vehicles and infrastructure can contain sensitive
information. Researchers are actively working on addressing these
challenges to ensure the reliable and secure operation of VANETS (Aleko, D.
R., & Djahel, S., 2020).
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2.2.1 VANET Architectures

VANET is a type of wireless ad hoc network that is specifically designed for
communication among vehicles and between vehicles and roadside
infrastructure (Pandey, P. K., et. al, 2020). VANETs employ various
architectures to facilitate communication among network nodes, including:

Centralized architecture: In this architecture, a central entity (such as
a roadside unit) controls the communication between vehicles. The
central entity collects information from various vehicles and
disseminates it to other vehicles as needed. This architecture is easy to
manage but can be a single point of failure (Hassan, H. A. 2022).
Decentralized architecture: In this architecture, there is no central
entity controlling communication. Instead, vehicles communicate
directly with each other or with roadside infrastructure. This
architecture is more robust than the centralized architecture but can be
more difficult to manage (Yeferny, T., & Hamad, S., 2021).

Hybrid architecture: This architecture combines the centralized and
decentralized architectures. In this architecture, some entities (such as
roadside units) act as central controllers, while others (such as
vehicles) communicate directly with each other. This architecture aims
to provide the benefits of both centralized and decentralized
architectures while minimizing their drawbacks (Yeferny, T., &
Hamad, S. (2021).

Cluster-based architecture: In this architecture, vehicles are grouped
into clusters based on their geographic proximity. Each cluster has a
cluster head that is responsible for communication within the cluster
and with other clusters. This architecture aims to reduce the amount of
communication overhead and increase network efficiency (Yeferny,
T., & Hamad, S., 2021).

Each of these architectures has its advantages and disadvantages, and the
choice of architecture depends on the specific application and network
requirements.

10
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2.2.2 Communication Infrastructure in VANETS

Communication infrastructure is a key component of VANETs that
facilitates the exchange of information between vehicles and infrastructure
elements. VANETS use different communication models, such as Vehicle-to-
Vehicle (V2V), Vehicle-to-Infrastructure (V21), and Hybrid Communications
(V2X), each with its own advantages and limitations (Senouci, O., et. al,
2019). The communication infrastructure in VANETS relies on wireless
communication  technologies, such as Dedicated Short-Range
Communications (DSRC), which provide high-velocity data transmission
and low-latency communication for safety-critical applications. Efficient
communication infrastructure is essential for VANETs to achieve their
objectives and provide safe and efficient mobility services to passengers.
Figure 2.2 shown the Communication Infrastructure in VANETSs (Wu, L., et.

al, 2019).
® VANET COMMUNICATION ®

“a

V2V gsmeons (gl

Figure 2.2 Communication Infrastructure in VANETS (Gregurié, M., et. al, 2020)

— Vehicle-to-Vehicle (V2V) Communications: In this type of
communication, vehicles exchange information with each other, such
as location, velocity, direction, and stability, or regarding road
accidents.  This  strategy utilizes Dedicated  Short-Range
Communications (DSRC) with a range of 300 meters for sending and
receiving data between vehicles. V2V communication can help reduce
traffic congestion, prevent accidents, and improve road safety.
VANET is a specific case of Mobile Ad-hoc Network (MANET) that
applies to this type of communication (Yeferny, T., & Hamad, S.,
2021).

11
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— Vehicle-to-Infrastructure (V21) Communications: This strategy

involves connecting the vehicle to the road through RSUs that are
deployed along the road. It includes the exchange of data such as
traffic lights, road conditions, routers, Internet connectivity, and more.
DSRC is used as a communication model with a range of 300 meters
between the vehicle and RSUs. V21 communication provides drivers
with accurate and reliable information, and can be used to collect data
about vehicles and infrastructure for analysis or forecasting purposes
(Karunathilake, T., & Forster, A., 2022).

Hybrid Communications (V2X): Hybrid communication is an
integration of V2V and V2I architectures, where nodes communicate
directly with each other in hybrid networks (V2V), and at the same
time, vehicle communication is conducted through V2I in the areas
served by RSUs. This strategy improves connectivity and increases
network coverage while minimizing implementation costs. Hybrid
communication includes a mixture of several communication
technologies (Liu, Y., et. al, 2023).

2.2.3 VANET Characteristics, Challenges and Applications

Despite the numerous benefits offered by VANETS, they also face several
challenges, including security threats, scalability, network stability, and data
transmission reliability (Hassan, H. A., 2022) (Yeferny, T., & Hamad, S.,
2021) (Liu, Y., et. al, 2023).

Characteristics:

High mobility of nodes (vehicles) that can lead to frequent network
topology changes.

Dynamic and unpredictable network conditions due to the changing
environment and traffic conditions.

Limited communication range of wireless devices in vehicles.

High data transmission rate requirements for real-time safety
applications.

Limited power supply in vehicles.

12
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Challenges:

. Security and privacy issues due to the sensitive nature of the
information exchanged.

. Network congestion due to the limited bandwidth and high data
transmission rate requirements.

. Limited coverage in rural areas and tunnels.

. Lack of standardized communication protocols.

. High deployment costs and maintenance expenses.

Applications:

. Safety applications such as collision avoidance, emergency
response, and traffic congestion management.

. Traffic efficiency applications such as intelligent navigation,
parking management, and eco-driving.

. Infotainment applications such as in-car entertainment and internet
access.

. Fleet management applications for commercial vehicles.

2.2.4 Roadside Unit (RSU)

RSU stands for Roadside Unit, which is an important component of ITS that
are being developed to improve road safety and traffic management (Wong,
R., et. al, 2022). RSUs are wireless communication devices that are installed
along the roadsides, and they play a critical role in enabling communication
between vehicles and infrastructure. An RSU typically consists of an
antenna, a transceiver, and a processing unit that can communicate with
vehicles equipped with wireless communication devices, such as Wi-Fi or
Dedicated Short-Range Communications (DSRC) radios (Hassan, H. A,
2022). RSUs are usually installed at fixed locations along the roadside, such
as traffic lights or road signs, and they can be used to collect and disseminate
real-time traffic information to drivers (Karunathilake, T., & Forster, A.,
2022). Figure 2.3 shows the Roadside unit to vehicle communication.

One of the primary applications of RSUs is to provide real-time traffic
information to drivers. This information can include data on traffic
congestion, road accidents, road closures, and weather conditions, and it can
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be used to help drivers make informed decisions about their route and driving
behavior.

Figure 2.3 Roadside unit to vehicle communication (Hassan, H. A., 2022)

RSUs can also be used to provide warnings to drivers about potential hazards
or dangerous situations on the road. Another important application of RSUs
is to facilitate ITS (Hassan, H. A., 2022). RSUs can be used to collect real-
time data on traffic flow, vehicle velocity, and other parameters, and this data
can be used to optimize traffic management and reduce congestion. RSUs
can also be used to provide information to drivers about parking availability
and other services, such as electric vehicle charging stations. RSUs face
several challenges, including limited bandwidth, high latency, and security
issues. RSUs must also address issues related to privacy and data protection,
as the communication between RSUs and vehicles can contain sensitive
information. Researchers are actively working on addressing these
challenges to ensure the reliable and secure operation of RSUs (Wong, R., et.
al, 2022).

2.2.5 On-Board Units (OBUs):

On-board units (OBUs) are electronic devices installed in vehicles to enable
communication with roadside infrastructure, other vehicles, and the internet.
OBUs are a critical component of ITS and are commonly used in
applications such as electronic toll collection, traffic management, and
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vehicle-to-vehicle communication (Collodi, G., et. al, 2020). OBUs typically
use wireless communication technologies such as dedicated short-range
communications (DSRC), Wi-Fi, or cellular networks to communicate with
other devices. They may also include GPS receivers to enable location-based
services and sensors to collect data about vehicle velocity, acceleration, and
other parameters (Sedar, R., et. al, 2021). One of the primary functions of an
OBU is to communicate with RSUs to provide and receive real-time traffic
information, such as congestion warnings and road condition alerts. OBUs
can also communicate with other vehicles to exchange safety-related
messages and to support cooperative driving applications. In electronic toll
collection systems, OBUs are used to communicate with toll booths or
gantries to automatically deduct tolls from a pre-paid account. This helps to
reduce traffic congestion and improve travel time for drivers. Figure 2.4
shows the On-board units (OBUs) (Chang, X., et. al, 2019).

OBUs are also used in fleet management systems to track vehicle location
and performance, monitor driver behavior, and optimize routing and
scheduling. Some of the key challenges in OBU development include
ensuring secure and reliable communication, providing accurate location
information, and integrating with existing ITS infrastructure (Outay, F., et.
al, 2022).
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Figure 2.4 OBUs (Zibo, et. al, 2021)
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2.3 Intelligent Transportation System (ITS)

ITS is an advanced technological system that enhances transportation
efficiency, safety, and sustainability (Wong, R., White, J., Gill, S., & Tayeb,
S., 2022). It integrates various technologies, such as communication systems,
sensors, and computing systems, to provide real-time traffic information,
improve traffic flow, reduce congestion, and enhance safety. The application
of ITS is not limited to roadways but extends to other transportation modes
such as railways, airways, and waterways (Aleko, D. R., & Djahel, S., 2020).
ITS comprises several components, including advanced traffic management
systems (ATMS), advanced traveler information systems (ATIS), and
advanced vehicle control systems (AVCS). ATMS allows traffic operators to
monitor and manage traffic conditions in real-time. It utilizes various
technologies, such as CCTV cameras, sensors, and communication systems,
to provide accurate and timely information about traffic flow, incidents, and
congestion (Zendrato, N., Arisandi, D., & Lubis, F., 2020, June). This
information is then used to optimize traffic management strategies, such as
signal timing and ramp metering, to improve traffic flow and reduce
congestion (Zendrato, N., Arisandi, D., & Lubis, F., 2020, June). Figure 2.5
shows ITS.

Toll collect systems Intermodal Transportation
— == = —— e s

= XN 350 D

Road users information systems Receiving and processing information system

In-Vehicles Information Voice Automotive Traffic lights Bus stops Info Accident data

0 F 0 o R
Figure 2.5 ITS (Gregurié, M., et. al, 2020)

ATIS provides real-time traffic information to travelers through various
technologies, such as dynamic message signs, mobile applications, and
websites (Jing, P., Huang, H., & Chen, L., 2017). It gives information about
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traffic conditions, travel times, and alternative routes, which enables travelers
to make informed decisions about their travel plans, such as choosing the
best route and mode of transportation. AVCS utilizes various technologies,
such as sensors, communication systems, and automated controls, to enhance
the safety and efficiency of vehicles. AVCS includes various systems, such
as adaptive cruise control, collision avoidance systems, and automated
parking systems, which can help reduce accidents, improve fuel efficiency,
and enhance mobility (Al-qutwani, M., & Wang, X., 2019).

The implementation of ITS requires substantial investment in infrastructure
and technology development. However, the potential benefits of ITS, such as
reducing congestion, enhancing safety, and improving sustainability, make it
a worthwhile investment. Furthermore, ITS has the potential to stimulate
economic growth by improving transportation efficiency and reducing
transportation costs (Chentoufi, M. A., & Ellaia, R., 2018, October).

2.3.1 Benefits and Advantages for the Implementation of ITS

1. Saving time by reducing the number of unwanted stops.

2. Ensuring safety through velocity control and driver alerts.

3. Providing entertainment and comfort during travel, effective
management of data and traffic.

4, Reducing the impact on various environments.

2.3.2 Planning Strategically for the Implementation of ITS

The overall strategy for implementing ITS is based on three main phases, as
illustrated in Figure 2.6, namely: data collection, data transmission, and data
analysis (Malik, S., & Sahu, P. K., 2019).

Data data data
collection @l transmission analysis

Figure 2.6 data collection, data transmission, and data analysis
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— Data collection: specialized devices are used to collect real-time and
accurate data from transportation systems, including traffic
movements, travel velocity and time, vehicle location and weight,
delays, and other relevant information. The collected data is then
stored in private servers for further analysis and processing (Wong, R.,
White, J., Gill, S., & Tayeb, S., 2022).

— Data transmission: efficient communication mechanisms are
established to ensure fast and reliable data transfer between the
transportation systems and the Traffic Management Center (TMC).
This requires good connectivity and coverage for rapid and real-time
information communication (Turan, B., Uyrus, A., Koc, O. N., Kar, E.,
& Coleri, S., 2021). The data can be transferred via the internet or
through units on the transportation vehicles, and different
communication methods such as ad hoc short-range communications
(DSRC) and continuous medium and long-range air interfaces
(CAILM) can be used (Ma, Z., Cui, T., Deng, et. ai, 2021).

— Data analysis: takes place in the TMC, where the collected data is
processed through stages such as error correction, data synthesis,
cleaning, and adaptive logical analysis. Specialized programs are used
to identify and correct errors and differences in the data, which is then
compiled and sent back to the transportation systems. This processed
data can be used to predict traffic scenarios and road problems,
providing better services to travelers (Chentoufi, M. A., & Ellaia, R.,
2018, October).

— The implementation of ITS involves a complex and dynamic process
of data collection, transmission, and analysis, with the ultimate goal of
improving transportation systems' efficiency, safety, and reliability
(Zendrato, N., Arisandi, D., & Lubis, F., 2020, June).

2.4 Congestion in VANET

In general, there are two types of traffic congestion: recurring and non-
recurring congestion. According to general studies, about half of the traffic
congestion is the recurring type, which occurs daily and is due to lack of
capacity on the road. The other type of congestion, non-recurring and called
"temporary disruptions” in travel, such as bad weather or a car collision
(Khoza, E., Tu, C., & Owolawi, P. A., 2020).
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Within these two types of traffic congestion, there are four more specific
categories as following (Akhtar, M., & Moridpour, S., 2021) (Greguri¢, M.,
et. al, 2020):

1. Environment (non-recurring)

Traffic collisions increase by about 50 percent during snow, rain, foggy
weather, or a severe blizzard that stops drivers in their tracks, even a light
rain has an effect if all drivers reduce their velocity together. Weather has an
uncontrollable effect on traffic on road conditions as well (Mishra, S., et. al,
2018). In general, bad weather is the main cause of 15% of traffic jams

2. Mechanical (non-recurring)

Another factor that can cause traffic congestion is the condition of
mechanical failure. Which happens because the driver does not maintain his
car and can occur suddenly while driving or mechanical failures can also
occur due to external factors such as the presence of a sharp object on the
road. These problems require the driver to stay off the road, which can be a
difficult task. When other drivers rush to get around the stopped car, it only
increases the impact on traffic (Greguri¢, M., et. al, 2020).

3. Human (non-recurring)

The common cause of traffic is humans. from distracted driving or are ill or
drowsy. Here, the traffic jam is caused by the driver making quick decisions
and engaging in behaviors such as braking at the last minute. As soon as the
driver hits the brakes because he's distracted, a ripple effect begins.
Depending on other traffic conditions, this single braking error could slow
traffic in that lane and surrounding lanes for hours. This is what is referred to
as a phantom traffic jam because when drivers pass the slow spot, it will
appear as if nothing at all caused the slowdown (Pable, S. N., & Welekar, A.,
2014).

4. Infrastructure (recurring)

Another category that is arguably man-made is infrastructure. Although it is
very wide but the world around it is changing very quickly, infrastructure is
the hidden dwarf that amplifies traffic problems in many urban and suburban
areas. Jams alone account for 40% of the causes of traffic congestion (Wu,
L., 2019).
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2.5 Methods to Avoid Congestion

There are many types to avoid congestion, in this thesis two basic types will
be discussed:

2.5.1 Adaptive Traffic Light

Adaptive traffic light is an innovative approach utilized to forecast
congestion in transportation systems and adaptively adjust the prediction
model to enhance its precision. This model receives inputs from various
sources such as traffic cameras, traffic sensors, GPS data, weather reports,
and other real-time traffic information sources to generate a congestion
prediction for a specific area or route. The prediction model requires
adjustment based on the actual traffic conditions to enhance its precision.
This can be achieved by comparing the predicted congestion levels with the
actual traffic conditions and modifying the model (Jing, P., et. al, 2017). If
the predicted congestion level is higher than the actual traffic conditions, the
model can be adjusted to reduce the predicted congestion level. By adapting
to real-time traffic conditions. The adaptive congestion prediction technique
has several benefits, including improved traffic management and reduced
travel time for drivers. By accurately predicting congestion levels,
transportation authorities can implement proactive measures such as
rerouting traffic or adjusting traffic signal timings to prevent congestion from
occurring (Jing, P., et. al, 2017) (Pable, S. N., & Welekar, A., 2014). This
technique also enables drivers to plan their routes in advance, avoiding
congested areas and reducing travel time.

Each vehicle is processed to predict congestion at the moment t. The
prediction principle is applied to predict congestion and to estimate the
current vehicle congestion probability in the network in time depending on
Bandwidth, Link quality, Mobility, Neighbor Density, Vehicle Velocity
(Jing, P., et. al, 2017) (Jing, P., et. al, 2017).

1. Bandwidth

The accuracy of the prediction model can be affected by the bandwidth
of the communication network used to transmit traffic data. A low-
bandwidth network may result in delays or data loss, which can have a
significant impact on the accuracy of the prediction model.
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Compression techniques have been proposed in some studies to reduce
the amount of data transmitted over the network while maintaining the
accuracy of the prediction model. Bandwidth is a vital standard
parameter that helps to estimate how much congestion is currently on
the vehicle (Jing, P., et. al, 2017).

It can be calculated by equation 2.1 (Pable, S. N., & Welekar, A,
2014):

BY = 1 — (bandwidihnn) 2.1

2048

Where:

bandwidth h (v, t) is a function returns the bandwidth allocated of
vehicle v at time t.

The value (2048 kbps) represents the maximum bandwidth allowed for
each vehicle in the network.

The result of BVis in the range 0 to 1. Higher available bandwidth will
result in lower chances of congestion by v.

2. Link quality

Another significant factor that can affect the accuracy of the prediction
model is the quality of the traffic data used as input. Link quality
refers to the strength and stability of the wireless communication link
between two vehicles or between a vehicle and roadside infrastructure
(Pable, S. N., & Welekar, A., 2014). Link quality can be affected by
various factors such as signal strength, interference, and obstacles. In
congestion prediction, link quality can be used to estimate the level of
traffic on a specific road segment. Higher link quality indicates lower
data traffic density, while lower link quality suggests higher data
traffic density (Pable, S. N., & Welekar, A., 2014). To use link quality
in congestion prediction, researchers can collect link quality data from
vehicles or RSU and analyze it to extract data traffic information.
Additionally, link quality can be used to adjust the transmission power
of vehicles or RSU to improve communication reliability, which can
lead to more accurate congestion prediction (Jing, P., et. al, 2017). can
be calculated by equation 2.2 (Zibo, et. al, 2021):

LIQ = P, g, (w/4n g2) * Gerans * Grecy wveeveeenm 2.2
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Where:

LIQ: Link Quality, which represents the quality or reliability of the
wireless link between a transmitter and receiver.

Puwans: Transmitter Power, the power level at which the transmitter is
operating.

®: Angular frequency, related to the frequency of the transmitted
signal.

d: Distance between the transmitter and receiver.

G_trans: Transmitter Gain, representing the gain or directional
property of the transmitter antenna.

G_recv: Receiver Gain, representing the gain or directional property of
the receiver antenna.

(“)/ AT dz): Free space path loss, which accounts for the attenuation of
the signal as it propagates through space.

The equation suggests that the link quality (LIQ) is influenced by
factors such as transmitter power, distance, antenna gains, and free
space path loss. However, it's important to note that this equation
represents a simplified model and may not capture all the complexities
and factors affecting wireless link quality in practical scenarios. Real-
world wireless systems often consider additional parameters, such as
interference, fading, modulation schemes, and noise, to accurately
assess link quality.

To achieve the reliable solutions, computed the link quality Q”of each
vehicle v at MAC layer. It is computed by equation 2.3 (Rashmi and
Rekha Patil, 2022):

recv(v,t—1,t)

QV = ————— i, 2.3

expt(v,t—1,t)

Where recv (v, t — 1, t) and expt (v, t — 1, t) total number of packets
received and expected respectively at vehicle v during the time
interval (t — 1, t). Higher Q" value leads to lower congestion at v.
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3. Mobility

For VANETS, mobility is an important for estimating the probability
of congestion is the velocity of movement of the vehicle. The vehicle's
current mobility velocity v in time is estimated by equation 2.4
(Rashmi and Rekha Patil, 2022):

MY =1 - (nobitio)y | 24

200

Where, mobility (v, t) is a function returns the current moving
velocity of vehicle v at time t. The value 200 km/hr is maximum
mobility velocity assumed for each vehicle in network. The outcome
of MY is in range of O to 1. Lower MY value will result in lower
chances of congestion of vehicle v.

4. Neighbor Density:

Neighbor density refers to the number of nearby vehicles in a certain
area. In congestion prediction, neighbor density can be used as an
indicator of traffic congestion. High neighbor density indicates high
traffic volume, while low neighbor density indicates lower traffic
volume.

To use neighbor density in congestion prediction, researchers can
collect neighbor information from vehicles or RSU and analyze it to
extract traffic information.

The node density is determined by equation 2.5 (Jing, P., et. al, 2017):
D= % « YLEMDIST(@, ) e, 25

Where M is the total nodes number and DIST is the distance between
the node and its adjacent node.

Therefore, the density of the entire nodes in network is summarized in
equation 2.6 (Jing, P., et. al, 2017):

ND ==+ ¥X, D(N).......... 2.6
5. Vehicle Velocity:

Vehicle velocity refers to the velocity at which a vehicle is moving. In
VANETS, nodes usually move at higher velocities, for this reason in
congestion prediction, vehicle velocity can be used to estimate the
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level of traffic congestion. Lower vehicle velocity indicates higher
traffic density, while higher vehicle velocity indicates lower traffic
density. To use vehicle velocity in congestion prediction.

It can be computed by equation 2.7 (Rashmi and Rekha Patil, 2022):

A+ +Vprev*(N-1))
Vvelocity = 11\)/ .......... 2.7

where N represents the control messages received and exchanged
during the time interval.

Vpre denotes the previously recorded velocity, r is the relative value
between the velocities and the current vehicle velocity observed in the
control messages and w is the value of weight.

2.5.2 Congestion Prediction

Congestion prediction in urban areas is an important research area in
transportation engineering that aims to forecast traffic congestion in advance
using various data sources and prediction models. The main goal of
congestion prediction is to provide timely and accurate information to
drivers, traffic management centers, and other stakeholders to help them
make informed decisions and take appropriate actions to avoid congestion or
mitigate its effects (Zibo, et. al, 2021).

There are several techniques and data sources that can be used for congestion
prediction, including real-time traffic data from sensors, cameras, and GPS
devices, historical traffic data, weather data, social media data, and other
relevant information sources. These data sources can be integrated and
analyzed using various prediction models, such as statistical models,
machine learning models, and artificial neural networks, to generate
congestion predictions (Ma, Z., et. al, 2021). The basic principle of
congestion prediction is to use past and current traffic data to identify
patterns and trends and then use this information to forecast future traffic
conditions. Machine learning models and artificial neural networks are
particularly effective for this task, as they can learn and adapt to changing
traffic patterns and make accurate predictions even under uncertain and
dynamic conditions (Jing, P., Huang, H., & Chen, L., 2017).
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In addition to providing real-time traffic information to drivers and traffic
management centers, congestion prediction can also be used for other
applications, such as route planning, intelligent transportation systems, and
smart city initiatives. For example, the data generated from congestion
prediction can be used to optimize traffic signal timings, improve public
transportation services, and reduce greenhouse gas emissions (Pable, S. N.,
& Welekar, A., 2014). Figure 2.7 explain the traffic predication.

APPROACHES TO TRAFFIC PREDICTION

\ /
ﬁ Historictraffic ((l ')) Real-time traffic - WE::;?[;’SLZI
A}
data A data . media, etc)

Traffic prediction algorithms

Statistical Machine learning Deep learning

Predicting jam occurrence

and evolution Calculating drivable speed

Forecasting traffic flow

Figure 2.7 Approaches to traffic predication (Gregurié, M., et. al, 2020)

Congestion prediction is a critical issue in urban areas to reduce traffic
congestion and improve the transportation system's efficiency. To achieve
this, various techniques have been developed, including the use of Link
Quality, Neighbor Density, and Vehicle Velocity. These techniques can help
in predicting the congestion level in a particular area and aid in making
decisions for traffic management. In this context, it is essential to understand
how these factors can be utilized and the scientific principles behind their
effectiveness (Jing, P., Huang, H., & Chen, L. 2017).
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2.6 The Flow Rate of Vehicles

The flow rate for vehicles refers to the number of vehicles passing through a
particular point or section of a road within a given time period. It is
commonly measured in vehicles per hour (vph) or vehicles per minute (vpm).

The flow rate of vehicles can vary depending on several factors, including
road capacity, traffic conditions, speed limits, and the presence of traffic
control measures such as signals or roundabouts. It is influenced by factors
such as the number of vehicles on the road, the distribution of vehicle types
(e.q., cars, trucks), and driver behavior.

in this model traffic is defined by two key variables: traffic density and
velocity. Traffic density is the number of vehicles per unit length of the
route, whereas traffic velocity is the velocity at which cars move through a
certain area of the road. The variables of the conservation equation:

Flow rate = Density * Velocity

q=P*V ceeereeneen. 2.8

2.7 Simulators using with VANET

In order to simulate any system, a suitable simulator must be carefully
selected and applied. Different network simulators were developed in
different features. The most applicable simulators are Net Logo, NS2,
OPNET, OMNET, QualNet, NetSim, and J-Sim (Fawziya, 2014). In this
simulation study an open-source network Simulator Net Logo was used to
program, design, implement, evaluate and test the performance of the
proposed systems.

NetLogo is a multi-agent programming language and modeling
environment for simulating complex natural and social phenomena. It is
particularly well suited for modeling complex systems evolving over
time. Modelers can give instructions to hundreds of independent “agents”
all operating concurrently. NetLogo enables users to open simulations and
“play” with them, exploring their behavior under various conditions.
NetLogo is also an authoring environment that is simple enough to enable
researchers to create their own models, even if they are not professional
programmers. Netlogo can be successfully utilized in the early stages of
simulation to identify promising areas to explore with less effort and time.
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Chapter Three
The Proposed Model

3.1 Introduction

VANET is one of the important solutions to Improve the ITS. The
congestion are the main challenges in VANET with urban environment. To
control this challenge, the using of RSU assistant is an appropriate solution.
In this thesis experiments, new models are applied in VANET based on a
solving congestion problem by type of vehicles. Simulation is a very
important tool due to the cost and difficulties of real application in urban
scenarios, therefore Netlogo 6.3.0 (as an agent-based modeling approach) has
been used in implementing the simulation scenarios.

3.2 The Proposed Model Framework

VANETSs and RSUs as a promising solution to address the issue of traffic
congestion and emergence supporting in urban areas. VANETS are wireless
networks that allow vehicles to communicate with each other and roadside
infrastructure, such as traffic lights, parking meters, and other vehicles. This
communication enables real-time exchange of traffic information, which can
be used to optimize traffic flow, reduce congestion, and improve safety.
VANETS use various communication technologies, such as Dedicated Short-
Range Communication (DSRC) and Cellular Vehicle-to-Everything (C-
V2X), to enable reliable and secure communication between vehicles and
infrastructure. RSUs, on the other hand, are low-cost devices that are
installed at various locations, such as intersections and parking lots, and
provide real-time traffic information to drivers and traffic management
systems. RSUs can detect traffic flow, congestion, and accidents and relay
this information to the central traffic management system. This enables the
model to optimize traffic flow and reduce congestion by providing drivers
with real-time traffic information and suggesting alternative routes. The
combination of VANETs and RSUs can create a distributed traffic
management system that can promptly respond to changing traffic
conditions. This approach provides drivers with real-time traffic information,
enabling efficient routing and diversion of traffic and improving traffic flow
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in urban areas. Moreover, the use of VANETs and RSUs can lead to the
development of new smart mobility solutions such as dynamic ride-sharing
and autonomous vehicles, which optimize road space usage and further
reduce congestion. The implementation of VANETs and RSUs in urban
areas requires substantial investment in infrastructure and technology
development. However, the potential benefits of reducing congestion and
improving traffic flow make it a worthwhile investment. Therefore, by
prioritizing the solutions provided by the aforementioned technologies, we
can effectively tackle the issue of traffic congestion and significantly
enhance the efficiency of traffic management in urban areas.
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3.3 Methodology

The following sections represent the main steps of the research methodology
as presented in Figure 3.1.

/-~ : ; N\
| Preparing the Environment |
* Create Urban Road map with different number of roads
* Setup Roadside Units
« Setup Traffic Light signal
« Setup different number of vehicles
» Move the vehicles in different directions
.« Setup time for the traffic light colors )

4 Proposed Models N\

« Suggest and set the Adaptive Traffic light approach.

* Suggest two Cases for Adaptive Traffic light in Normal and
Emergancy vechiles.

« Model the Adaptive Traffic light Control depending on Density,
Distance, Speed of vechiles in the suggested approach
environment.

» Suggest Congestion Prediction approach.

« Impliment the Regression Mathematical model.

» Model the Congestion Prediction approach depending on

Density, Velosity and flow rate of vechiles in the suggested
\approach environment. /

—~

Results Discussions

« Estimate the performance metrics for the Adaptive Traffic light
to evaluate the suggested approach.

* Present the comparative results graphically to observe their
behaviors.

« Estimate the results of the Congestion Prediction model.

» Calculate the performance metrics of the Congestion Prediction
models

» Results evaluation, discussion and Conclusion.

.

Figure 3.1 The Block diagram for Research Methodology Stages
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3.4 Setup Model

In this stage, many steps are performed to prepare and set the requirements
for the VANET using Netlogo 6.3.0 simulation environment as an agent-
based modeling approach.

3.4.1 Road Map Creation

The environment setup starts with creating a suggested road map segment.
The road map segment is designed different number of roads. The RSUs are
also created and located along the road segment. An intersection has been
created at the intersection of roads. A traffic signal has been added at the
intersection to regulate the traffic of cars through the roads, with the addition
of the colors of the traffic lights (red, yellow, green) as shown in the Figure
3.2.

Figure 3.2 Proposed interconnected network

3.4.2 Create and Move the Vehicles

The entrance of vehicles to the road segment is also generated based on a
random repeat distribution for each different road. Vehicle velocity is
generated randomly and acceleration and deceleration are added to control its
movement on the roads and simulate realistic scenarios in organizing vehicle
movement as shown in algorithm 3.1.
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Algorithm 3. 1 Moving-vehicles

Input: velocity, max-velocity, min-velocity, acceleration, deceleration
Output: Moving vehicles in a road segment

Begin

1: Vehicles generation on road

2: for each vehicle in road segment

3 Indicate and save its vehicle ID

4 for vehicle € set of vehicles

5 if there 1s another vehicle in front of vehicle, then

6: Indicate and save the ID of this front vehicle

7: velocity «— velocity of front vehicle — (deceleration * time)
8 else

9: velocity« velocity + (acceleration * time)

10: end_if

11:  end_for

12: end _for

13: End_Algorithm

3.5 Adaptive Traffic Light Congestion Control

One of the simplest methods used to reduce congestion is to use RSU. The
main function of an RSU is to enable communication between vehicles and
infrastructure components, which can help to improve road safety, reduce
congestion, and enhance the overall efficiency of vehicular communication.

3.5.1 Normal Vehicles

Let us denote the density of vehicles in the nearby road by “p”, the number of
vehicles by “N”, and the length of the nearby road by “L”. The mathematical
equation for calculating the density of cars in the nearby road can be
expressed as follows equation 3.1:

Pp=N/L.....ccacuucuue...... 3.1

This equation simply divides the number of cars on the near road by the
length of the road to get the vehicles density.

Let L =1 km then the equation of density represents:

p = N per 1km
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Minimum number of vehicles in a specific road segment length which
resulted in a congestion case can be calculated in a developed equation 3.2.

N =[D/(AV + SD)] *NL ............ 3.2
Where:

— AV is the average of vehicles length

— SD is the standard safety distance between two moving successive
vehicles.

— NL is the number of road Lanes.

The calculated value of N in equation 2, is used as a threshold in this

thesis to indicate the congestion case in each simulation scenario.
As an example:
Let D =1000 m, AV =4m, SD = 6m, NL= 2 then:
N =[1000/(4 + 6)] = 2 = 200 vehicles in each 1km length.

Controlling the occurrence of congestion in cooperation with the RSUs,
where this is done by determining a specific Threshold for the number of
vehicles within the specified range, which will be a measure of comparison
with the Traffic Flow. Criticize the term Threshold is the maximum number
of traffic flow that can be accommodated without causing congestion. This
threshold can be set based on factors such as road capacity, vehicle density,
and travel velocity.

When the traffic flow can be expressed in terms of vehicles per hour or
vehicles per lane per hour. The traffic flow can be measured using traffic
sensors or manual traffic counts. Once you have measured traffic flow, one
can compare it to the threshold that have already defined. If the traffic flow
exceeds the threshold, then congestion is likely to occur. Then the degree of
congestion can be determined by how much the traffic flow exceeds the
threshold. For example, if the traffic flow is only slightly above the
threshold, then congestion may be mild, while a much higher flow would
indicate severe congestion. Before comparing traffic flow with threshold
value, must note that the range of the RSU is circular, meaning that it can
include vehicles in the other direction of the road, not just the desired road.
That is why the vehicles must be distributed according to their moving
direction or destinations.

32



Chapter Three The Proposed Model

Based on what was mentioned, the degrees of congestion are determined
according to the number of vehicles in the range of the roadside unit as
follows:

e |f the number of vehicles greater than or equal to a threshold value
within the range of the RSU, then the congestion will be expected.

e Else, If the number of vehicles is smaller than a threshold value within
the range of the RSU, the traffic will be normal without any expected
congestion.

If the congestion is expected, then an action to alleviate it must be
considered. One of the simplest solutions to deal with this situation is to
make an adaptive traffic light with the roads traffic flow rates. Utilizing a
roadside unit to send an order to increase the crossing time for the busy road
direction to reduce congestion and distribute it on the rest of the roads.
Figure 3.3, presents a flowchart to show the steps of making the proposed
model, while Algorithm 3.2 explains the working mechanism to implement
this proposed model.

Algorithm 3.2 congestion for normal vehicles

Input: No. of Vehicles

Output: open or close for traffic light

Begin

1: Vehicles approaching a traffic light

2: for each vehicle in road segment

3 Indicate and save RSU connected to it

4 Count No. of Vehicles in each traffic road

5 if No. of Vehicles >= threshold, then

6: change traffic road to green to open traffic
7 change other traffic road to red to closed
8 end _if

9: end_for

10: End_Algorithm
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3.5.2 Emergency Vehicle Traffic Approach

An emergency vehicle is a specialized vehicle used by emergency services
such as police, fire, and ambulance to respond to emergencies quickly. These
vehicles are equipped with sirens, lights, and other specialized equipment to
provide rapid response and save lives.

The importance of reaching emergency vehicles first and not being
congestion lies in the critical nature of emergency situations. In many cases,
time is of the essence, and delays in emergency response times can have
severe consequences, including loss of life. Emergency vehicles need to
reach their destination as quickly as possible to provide immediate assistance
to those in need.

e m———

. /'// ' \\‘\
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Potential stop ' / /J ' \
delay g / g \
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vehicle \'\ m
' Ny Signal
' . controller
(a) (b)

Figure 3.4 Delay illustration for emergency vehicle’s response time: (a) typical stop
delay for emergency vehicle (3); (b) a representative CV-based preemption system with
communication delay (Zibo, et. al, 2021)

As shown in Figure 3.4 if emergency vehicles are over congestion or delayed
due to traffic congestion, their ability to respond to emergencies is severely
hampered. In such cases, a few extra minutes can make a significant
difference in the outcome of an emergency situation. Prioritizing emergency
vehicles' passage through traffic lights and ensuring they have clear roads
can reduce response times and improve the chances of saving lives. Hence, it
is crucial to manage traffic flow efficiently and prioritize emergency
vehicles' passage to ensure the fastest response times possible.
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Emergency vehicles such as ambulances, fire engines, and police cars require
the use of traffic lights in urban environments to ensure they can quickly and
safely reach their destination. In most countries, emergency vehicles are
equipped with sirens and flashing lights that are used to alert drivers and
other pedestrians of their presence. When an emergency vehicle approaches
an intersection, they usually activate sirens and flashing lights to notify other
drivers that they need to go through the intersection. Traffic lights are
designed to help manage traffic flow and keep drivers and pedestrians safe. If
an emergency vehicle is present, traffic lights can be temporarily bypassed or
altered to ensure that the vehicle passes safely through the intersection. To
solve this problem, suggested preparing the roads, especially near and before
the traffic lights, according to the ring, with RSUs, which can communicate
with the vehicle at a distance of 1 km. When the emergency vehicle
approaches an intersection, it sends a signal to the roadside unit located in the
road, which in turn determines its location and velocity. The distance
between the vehicle and the RSU is calculated instantly by the distance law:

Where:

d: is the distance between the vehicle and the traffic light

Then can derive the equation of time as follows:
d

£ = — oot e e e et e e e e 30 4
v
Where the RSU is able to turn on the signal a minute before the time of the
arrival of the emergency, so that the street is completely empty when the
emergency vehicle arrives, so that it turns green for emergency vehicles and
red for other vehicles. This helps clear the intersection and ensures that the

emergency vehicle passes safely.
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3.6 Prediction of Congestion

The model architecture of the solution proposed involves the use of two key
components VANETs and RSUs. Together, VANETs and RSUs create a
distributed traffic management system that can promptly respond to changing
traffic conditions. This approach provides drivers with real-time traffic
information, enabling efficient routing and diversion of traffic and improving
traffic flow in urban areas. VANETs and RSUs can work together to create a
more efficient traffic management system by transmitting real-time traffic
information to drivers and traffic management systems. This information can
then be used to adjust traffic signal timing, redirect traffic flow, and notify
drivers of alternative routes. The model architecture also includes the use of
smart mobility solutions such as dynamic ride-sharing and autonomous
vehicles.

These technologies optimize road space usage and further reduce congestion.
The use of autonomous vehicles in particular can lead to a significant
reduction in traffic congestion, as these vehicles can communicate with each
other and with the surrounding infrastructure to optimize traffic flow. The
implementation of VANETs and RSUs in urban areas requires substantial
investment in infrastructure and technology development. However, the
potential benefits of reducing congestion and improving traffic flow make it
a worthwhile investment. By prioritizing the solutions provided by the
aforementioned technologies, we can effectively tackle the issue of traffic
congestion and significantly enhance the efficiency of traffic management in
urban areas.

The prediction of congestion occurrence can be made by analyzing the
density and velocity of nearby vehicles, which are important indicators of
traffic flow:

1. Density: Density refers to the number of vehicles per unit length of the
road. The neighbor density of vehicles can be calculated by dividing
the number of vehicles in a specific section of the road by the length of
that section. The formula for calculating density is:

Density = Number of Vehicles/Length of Sectioflown ....... 3.5

For example, if you count 30 vehicles passing through a section of
road that is 100 meters long, the density of vehicles would be:

Density =30/ 100

38



Chapter Three The Proposed Model

Density = 0.3 vehicles/meter

Calculating the neighbor density vehicles is an important step in
analyzing traffic flow and predicting congestion. It can provide
insights into the level of demand for transportation on a specific
section of the road and help identify areas where congestion is
likely to occur.

2. Velocity: velocity is an important indicator of traffic flow, as slow-
moving vehicles tend to cause congestion. calculate the velocity of
nearby vehicles by measuring the time it takes for vehicles to pass
through two or more RSUs that are placed at a known distance from
each other. This data can be used to analyze traffic flow and make
informed decisions about traffic management and infrastructure
improvements.

Here's how to calculate the velocity of nearby vehicles using RSUs:
Calculate the velocity of nearby vehicles: The velocity of a vehicle can
be calculated using the following formula:

velocity = Distance/Time ............. 3.6

Where distance is the distance between the two RSUs, and time is the
time it takes for the vehicle to pass through both RSUs.

For example, if the distance between two RSUs is 100 meters and it
takes a vehicle 5 seconds to pass through both RSUs, the velocity of
the vehicle can be calculated as follows:

Velocity =100/5

Velocity = 20 meters per second

This can be converted to kilometers per hour by multiplying by 3.6:
Velocity =20 * 3.6

Velocity = 72 km/h

The density and velocity are using to calculate the flow rate for vehicles by
the equation:

Flow rate = Density * Velocity

q=p*v
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The model describes the relationship between velocity (v) and density (p) of
vehicles as being negatively correlated with density increasing with the
decrease in velocity as shown in Fig (3.6), Where Vs is the free flow velocity
when density is zero. vehicles can move freely as there are no or very few
vehicles on the road. As the density of vehicles increases the speed decreases
till density reaches the maximum which is referred to as jam density or (pj)
at which point the velocity becomes zero and vehicles are stuck in a jam. In
the figure 3.6 (pm) and (V) are the optimal density and velocity respectively
which allows the traffic to progress at the optimum rate of flow.
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e Flow rate
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Figure 3.6 The Model prediction of Congestion
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Chapter Four
Results and Discussions

4.1 Introduction

This chapter aims to investigate the results of the proposed model on
avoiding congestion at traffic lights in the urban environment. The
navigation model approach was designed and implemented using Netlogo
6.3.0 simulation. The obtained results are discussed to show the parameters
that have an impact on the results of the traffic light congestion reduction
model and its proposed prediction and network performance measures.

4.2 Environment Creation

After designing and running the proposed model approach according to the
simulation environment, the results were collected and presented using the
Netlogo results viewer. The suggested simulation environment is presented
in Table 4.1.

Table 4.1 Simulation Environment

Simulator Netlogo 6.3.0

Simulation Ticks 500 ticks

RSU coverage Range 2 km (diagonally)
Arrival rate 10, 50, 80, 100 Vehicles
Velocity distribution Exponential
Acceleration variable m/s?
Deceleration variable m/s?
Period of open traffic for EV 2 min
Scenario Urban

Street length 5 km

Number of roads 4
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4.3 Scenarios to Simulate Proposed Approach

After applying the proposed model using Net Logo 6.3.0 Simulation on the
virtual urban map that was designed to simulate this thesis proposals.
Represented by two direction roads (one lane) with an intersection.

4.3.1 Adaptive Traffic Light Congestion Control Results
To apply the adaptive traffic light, will be taken in two cases

a) Case of normal vehicles
After simulating the proposed model and calculating the congestion based on
the developed equations with several simulation runs, the results are
presented in Table 4.2.

Table 4.2 Results from simulations for the proposed model in case of normal vehicles

Threshold in simulation =10

Simulation | Congestion in | Congestion in :
Traffic open for

Time (ticks) North East
30 14 10 North
42 11 6 North
60 / 12 East
o1 11 17 East
115 11 8 North
160 12 16 East
172 15 9 North
250 15 5 North
310 9 East
326 6 North

Table 4.2 shows that the congestion was more frequent on the road heading
north than east. Which indicates that the density of vehicles passing through
this road is more than that of the other road.
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Figure 4.1 (a) shows the performance of the normal traffic light before
applying the adaptive, where the total waiting time for the vehicles is more,
while Figure 4.2 (b) shows the performance of the traffic light adapted to a
large density of vehicles to prevent the occurrence of congestion, where the
total waiting time for vehicles is less. The graphic results show the waiting
time and the mean, min, and max for vehicles on all roads, in general.

b) Case of Emergency vehicles

After simulating the proposed model and calculating the developed equations
with several simulation runs, as shown in Figure 4.2, the scenario begins
with several vehicles entering the roads, including an ambulance. The
ambulance moves on the road with constant contact with the RSUs, and
when the ambulance arrives at the roadside unit that precedes the roadside
unit connected to the traffic light, the roadside unit sends a notification to the
roadside unit connected to the traffic light to open the traffic signal before (5
Ticks) The arrival of the ambulance. The continuous arrival time is
calculated by the previously proposed equations. After the ambulance has
passed, the traffic light will return to normal operation. Thus, ambulances
avoid traffic jams and arrive as quickly as possible.

Distance of EV (in patch Distance of EV (in patch)
28,9309522582978865 16.881943016134134

Time of EV (in tick) Time of EV (in tick)
7.232738070744716 4,220485754033533

Figure 4.2 Simulation for Adaptive Traffic for in case of emergency vehicles
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Figure 4.3 (a) shows a schematic diagram showing the vehicles that wait at
the traffic lights. Opening the emergency vehicle's traffic light increases the
waiting time for the rest of the vehicles in other directions of the vehicle, but
the total average waiting time indicates that it does not significantly affect
the model. This means the stability of the model. While Figure 4.3 (b) shows
an analysis of the general car speed on the map in terms of the average, the
highest and lowest speed value. Calculating the mean speed of vehicles is
necessary to find out the time required to open the parking lot before the
emergency vehicle reaches the traffic light, so that all vehicles stopped in the
traffic light can pass before the arrival of the emergency vehicle.

Waiting Cars speed
10 Moverl 10 B rean
Ml eastbound H min
] Bl northboune B max
g8
2
=
1] T
: |
Il L
i] ||'I|I (I L‘IIHIIIIIIII_II ||h|H|I|H| r |||||I_ 0
i time 126 i 126
(a) Waiting for vehicles (b) Mean, Max and Min of Cars Velocity

Figure 4.3 schematic diagram

4.3.2 Analysis Result for Adaptive Traffic Light

After analyzing the results shown in Table 4.2, one can notice that by using
the adaptive traffic model, congestion was gradually reduced. as shown in
the curvature in Figure 4.4, as the congestion rate began to gradually increase
and decrease in harmony between the two roads until more stable and less
congested roads are obtained. It is noteworthy to note that the previous
results can help in predicting which streets are the most crowded in the city
based on the information of the RSU analysis model extracted from the logs
sent by the vehicles. Which helps to build a clear perception of whether the
congestion is accidental and can occur at peak times only, or that it is
permanent, since this road leads to vital centers in cities.
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Figure 4.4 Analysis the results in Simulation for Adaptive traffic in normal case

4.3.3 Congestion Prediction Results

After simulating the proposed model and calculating the developed equations
with several simulation runs, the results are presented in Table 4.3.

Calculating the maximum flow rate that represents the Threshold, in
simulation threshold equals 4 which is the largest number of vehicles that can
flow smoothly through the same point per unit of time. When the flow rate
exceeds this threshold, it indicates that possibility of congestion for thus
congestion indication is equal 1, and if it is less than this limit, this means
that it is a good indication that congestion does not occur for thus congestion
indication is equal 0.
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Table 4.3 Results from simulations for the proposed model in congestion prediction

Threshold in simulation = 4

S_imula_tion Veloci_ty Density Flow Rate Congestion
Time (ticks) | patch/tick | Veh/patch Veh/tick

160 6 0.3 1.79 0

183 13 0.5 6.93 1

220 4 0.53 2.13 0

247 6 0.36 2.19 0

260 9 0.6 5.399 1

270 1 0.43 1.43 0

4.3.4 Analysis Result for Congestion Prediction

After analyzing the results shown in Table 4.3, Figure 4.5 shows the value of
flow rate resulting after applying its mathematical equation. As for Figure
4.6, it shows the congestion value that was predicted according to the
Threshold value.

Flowrate (vehiclest/tick)
oS
/

5

tcp 03 0 esltick)
) \elocity (patc\'\

Figure 4.5 Analysis the results for flow rate in Simulation

Figure 4.5 (a-b) explain the amount of flow rate change depending on the
values of vehicle density and speed, which are variable from time to time
depending on the measured time or region.
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Figure 4.6 Analysis the results for congestion in Simulation

Figure 4.6 explain the congestion value corresponding to the flow rate
values. When the vehicle flow rate is less than the capacity of the road or
transportation system, the traffic tends to flow smoothly and the congestion
IS minimal, that is, there is no congestion and is represented by the value O.
But when the flow rate approaches or exceeds the capacity, congestion
begins to occur and is represented by the value 1, which means that the
relationship between them is an inverse relationship.

4.4 Evaluation for the Proposed Model

The distance between two RSUs is calculated in simulation by 30 patches.
This means that in the case of calculating the amount of delay time for the
emergency vehicle, it must be taken into account that it will send a
notification to the RSU before the traffic, which means a distance of 45 patch
to inform it of its arrival on this road.

The time required for the emergency vehicle to reach the traffic light is
calculated, and check whether the signal is red or green at that time, and
there will be more than one case for calculating the delay time (Note that the
time to open the traffic light in green is 5 ticks), as follows:
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First Case:
Emergency vehicle velocity = 9 patch/ tick

Which means that the emergency vehicle will arrive after 5 ticks to the traffic
light, and we will have two cases for the delay time account

If the signal is just green, there will be a delay of 10 ticks

If the north signal is just green, there will be a delay of 5 ticks
Second Case:

Emergency vehicle velocity = 5 patch/ tick

Which means that the emergency vehicle will arrive after 9 ticks to the traffic
light, and we will have two cases for the delay time account

If the signal is just green, there will be a delay of 10 ticks
If the north signal is just green, there will be no delay
Third Case:

Emergency vehicle velocity = 3 patch/ tick

Which means that the emergency vehicle will arrive after 15 ticks to traffic
light and we will have two cases for the delay time account

If the signal is just green, there will be a delay of 5 ticks
If the north signal is just green, there will be no delay.

After apply the proposed approach, notice there is no delay for the
emergency vehicles in the traffic light.

It’s clear from the simulation results when applying the proposed approach
model in the case of emergency vehicles for deferent traffic state that the
proposed model obtained an improvement performance represented by the
decreasing the delay time in the traffic light.

Actually, there is no delay for emergency vehicles when applying the
proposed model.
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Chapter Five
Conclusions and Future Works

5.1 Conclusions

In the proposed model, two proposed methods were presented to avoid
congestion on traffic light, the following are the conclusions of each method:

5.1.1 Adaptive Traffic Light Congestion Control

In this method, it was applied to all types of vehicles, then emergency
vehicles were taken as a special case to deal with, and the following
conclusions were obtained:

- For Normal Vehicles

In this model, an adaptive traffic control model was proposed. This model,
was implemented, and evaluated in different simulation runs. It helped in
overcoming the congestion problems caused by the traditional traffic system.
By calculating the traffic density through the number of vehicles on the road.
Threshold was given to estimate the occurrence of congestion based on
several factors, including RSU coverage and the number of cars within this
coverage. A model was built through an algorithm that works on estimating
the occurrence of congestion through the Threshold and working on opening
the traffic light for the busy road and closing the traffic light for other roads.
In the event that the roads are not exposed to congestion, the traffic lights
return to their traditional work. The results obtained from the simulation,
when analyzed, showed that the proposed model regulates the traffic of
vehicles and reduces congestion, which makes the movement of vehicles at
intersections in urban environments more stable.

- For Emergency Vehicles

Emergency vehicles play a crucial role in saving lives and protecting
property during emergency situations. They are specially designed and
equipped to provide rapid response and immediate assistance in emergencies,
such as fires, accidents, and medical emergencies. The importance of
emergency vehicles lies in their ability to respond quickly and efficiently to
emergencies. Their specialized equipment and highly trained personnel can
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provide critical care and support to those in need. Emergency vehicles can
transport patients to hospitals, rescue individuals from dangerous situations,
and provide on-site medical treatment to injured people. Furthermore,
emergency vehicles also play a critical role in managing disasters and
emergencies that affect communities, such as natural disasters and terrorist
attacks. They help to evacuate people from dangerous areas, provide search
and rescue operations, and deliver essential supplies and equipment to
affected areas. In this research, a proposed model was discussed to solve the
problem of congestion of the emergency vehicle and to connect it as quickly
as possible through adaptive traffic light using the assistance of the RSU, and
the ambulance was taken as an example for applying the proposed model.
The results showed that the model is effective in reducing congestion
significantly for emergency vehicles. This approach is adaptive and can
adapt to changing traffic conditions in real time, which makes it suitable for
different traffic scenarios.

5.1.2 Congestion Prediction

predicting various aspects in VANETS is an important research area that
holds significant potential for overall communication in intelligent
transportation systems. prediction can be made based on monitoring the flow
rate of vehicles within the network that helps to reduce traffic congestion,
Safety and collision avoidance, assessing the stability of the VANET
network and road network planning in future.

5.2 Future Works

» The ability of connecting vehicles to the Internet via a vehicle sim
vehicle with 5G and thus obtaining information directly from the
source such as a street map and thus sending and receiving data
through a dedicated platform.

> Internet of Vehicle (IoV), which is a new concept that has entered the
world of vehicle networks, experimented with the proposed approach,
whether through communication operations, data dissemination, or the
use of applications.

» Modifying the proposed approach by the concept of priority can be
applied when more than one emergency vehicle approaches the same
intersection at the same velocity.
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