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ABSTRACT 

In a VANET vehicles communicating with each other and infrastructure is the basis of the future 

of vehicular transportation. There are several applications of a VANET. The most important 

application in VANETs is safety application. Basic Safety Messages exchanged between vehicles 

can be lifesaving. Though, if safety messages are not received in a timely or reliable way, a safety 

application's efficiencies could suffer. One of the main challenges for communication in VANET 

is well-organized network channel utilization for the transmission of packets. Regularly 

transmitting packets at a fixed transmission power without taking into consideration the traffic 

density, current channel load, transmission delay, vehicle speed, etc. is highly inefficient and will 

lead to a high number of packet collisions on the channels. With the increasing number of vehicles 

in the vehicular network, the number of safety messages also increases quickly, which results in 

network channel congestion. 

This paper introduces a congestion control approach by adapting transmission power based on 

vehicle density and vehicle speed. By this approach, Vehicles will broadcast packets at suitable 

transmission powers. The goal is to reduce congestion on the network channel and advance the 

network’s overall performance. The proposed algorithm was applied in a simulation environment 

and its performance was validated in various traffic scenarios. The research was conducted using 

OMNET++, Veins, and SUMO. Our simulation results show that this method can lead to 

improving performance in terms of reduced packets lost, beacon error rate, and channel busy time 

thus increasing the performance of VANET.  
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CHAPTER ONE 

INTRODUCTION 

1.1. Background  

The rapid growth of technology and infrastructure has made communication extremely important 

and made the public's lives easier, even in underserved areas where there is no end-to-end 

connectivity between the communicating devices. The quick exchange of vital information 

between devices is made possible by this communication's simplicity. Real-time information 

interchange that is seamless has emerged as the new paradigm in the sector [1]. Correspondingly, 

the advances in information technology and communication have easily supported the idea of 

communication between mobile devices. The network is ad hoc because decentralized wireless 

networks, unlike managed wireless networks that rely on pre-existing infrastructures like access 

points or routers, do not [2].  

Among these evolutions, the concept of the Intelligent Transportation System (ITS) is one of the 

most fundamental systems in the world today. Road network transportation is the most widely 

used transport service in many parts of the world. Intelligent Transportation System (ITS) provides 

a Vehicular ad-hoc network (VANET), to define routes, transport, and reliable transmission 

efficient channel access mechanism. The rise of vehicular ad hoc networks (VANET) has created 

new opportunities for the usage of safety applications [1][3]. A VANET is an ad hoc network that 

joins numerous moving vehicles and other connecting devices so they can communicate and 

exchange pertinent information. Researchers, governments, the telecommunications industry, and 

the automotive industry are all paying close attention to vehicular ad hoc networks as a means of 

reaching the objectives of the intelligent transportation system and realizing the ideal of accident-

free highways [1].  

In vehicular Ad-hoc Networks, vehicles are communicated through On-Board Unit (OBUs), road 

side unit (RSU), and the Authenticating Unit (AU) [3]. OBU is mounted usually on-board of a 

vehicle used for an exchange of information with other OBUs or with Roadside units [4]. While 

moving along roads, cars use radio waves to communicate with one another, instantly establishing 

communication networks [5]. These communication units are used to ensure road safety, reduction 
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in traffic problems, essential alerts, and access comforts and entertainment. In the last few decades, 

Intelligent Transport Systems (ITS) have made a massive impact on industries and Education.  

 

Figure 1. VANET architecture 

The two types of communication that VANET provides are vehicle-to-vehicle (V2V) and vehicle-

to-infrastructure (V2I). Emergency warnings that are triggered by specific events and periodic 

beacons are the two types of safety messages. Each vehicle in the VANET periodically broadcasts 

beacon messages to inform other cars of their location, identity, and other details. However, event-

driven safety warnings are only produced when there is a sudden abnormality or hazard. Both 

safety and non-safety applications are available on VANET. Lane change warnings, post-crash 

alerts, navigation, Low Bridge warning, etc. are examples of safety applications. The use of safety 

is essential because it protects lives. Safety applications may contribute to a decrease in accidents. 

If the motorist receives a warning message at least 0.5 seconds before the accident, 60% of 

collisions should be prevented [3] [6]. On the MAC layer, congestion is the key problem. 

Congestion happens when a vehicle transfers data above the channel's capacity, constrained 

bandwidth, and simultaneous data transmission from several lines [3]. Due to various unique 

VANET properties, such as quicker topological changes, low delay, and high-reliability needs for 

safety applications, the current 802.11 protocols do not match these criteria.  
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Federal Communications Commission (FCC) assigned a 5.850-5.925GHz frequency band for 

Dedicated Short Range Communication (DSRC) [3]. In 2003, IEEE created the IEEE 802.11p 

standard to solve problems associated with VANET, also known as Wireless Access in Vehicular 

Environment. The DSRC is composed of seven channels, each with a frequency of 10 to 20 MHz. 

Six of the seven channels are service channels (SCH), and one is the control channel (CCH). While 

the Control Channel (CCH) is used for safety notifications, Service channels provide non-safety 

services and WAVE mode short messages [3]. Due to urbanization, motorization, and population 

growth in recent years, there has been a continual increase in the amount of traffic on roads and 

highways. Control Channel (CCH) in a dense VANET becomes readily clogged because all 

vehicle nodes emit periodic beacon signals at high frequencies [6]. For the timely and secure 

transmission of safety messages, CCH must always be available. 

1.2. Motivation  

The overall goal of VANET is to improve road users' overall comfort and safety while operating 

mobile vehicles. This is made possible by the vehicles continuously exchanging messages with 

infrastructure, and other vehicles within a vehicular network environment. Periodic messages, and 

event-driven messages are different message kinds that are transmitted. The On-Board devices, 

which are found in the vehicles, and the Road Side Units are used to broadcast the messages across 

the channels designated in the DSRC/WAVE system [7]. This contributes to preventing vehicle 

collisions, improving safety, and offering services required for a pleasurable driving experience.  

Channel saturation, which happens when nodes are competing for access to a channel, causes 

congestion. Congestion control is a challenging issue in vehicular environment. The channels on 

the network necessary for the transmission of these important messages may become congested 

due to factors such as the high density of nodes, rapid topology change, etc. The messages 

especially the Basic Safety Message (BSM), which is under the SAE J2735 [8] protocol that 

contains vital information such as vehicle speed, GPS data, acceleration, and many others might 

fail to properly reach the destination, leading to accidents and potentially loss of life and property. 

It is important to develop congestion control algorithms [9] to ensure congestion in network 

channels is reduced to ensure the proper delivery of messages. 



   
 

4 | P a g e  
 

1.3. Statement of the Problem 

The VANET has been designed to improve traffic safety applications by enabling vehicle-to-

vehicle (V2V) and vehicle-to-infrastructure (V2I) communication. There are several applications 

for a VANET. The most important application of VANETs is safety. The safety application's 

primary goal is to reduce the chance of road fatalities and accidents. However, VANET has several 

difficulties because of numerous barriers, such as transmission latency, message overhead, and 

other associated problems that can impact the functionality of a network and the applications that 

depend on it. Utilizing the network channels effectively for the transmission of network packets is 

one of the primary communication issues in vehicular ad hoc networks. Every vehicle in the 

VANET exchanges information with the others. Each vehicle may send at a rate of up to 10 

beacons per second, which places a tremendous demand on the channel, and as more vehicles join 

the network, the quantity of safety alerts quickly rises. Because of the increased channel load 

caused by the high vehicle density, the MAC layer becomes congested, delaying the delivery of 

safety warnings by the predetermined period. The control channel utilized for safety messages 

easily becomes congested, and many contentions arise because of channel congestion [10].  

When there are too many basic safeties message broadcasts occurring simultaneously on a crowded 

network, the messages might not be delivered or reach their intended recipients in time for them 

to finish the activities listed by the safety application. Commonly transmitting packets at a fixed 

transmission power without considering the number of vehicles, the current channel load, the 

transmission delay, the speed of the vehicles, etc. is extremely inefficient [11]. To reduce 

congestion without overwhelming the channels, a congestion control algorithm is needed. This 

study suggests adjusting transmission power based on vehicle density and speed to manage 

congestion in vehicular ad-hoc networks. By using this method, vehicles will broadcast packets at 

the appropriate transmission powers depending on their speed and vehicle density in the 

communication range. The method aims to improve VANET performance by increasing awareness 

of vehicles in communication range, lowering packet loss rates, reducing beacon error rates, and 

reducing channel busy times. 
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1.4. Objectives of the Research 

1.4.1. General Objective  

The general objective of this paper is Congestion Control in Vehicular Ad-Hoc Networks by 

Adapting Transmission Power with Vehicle Density and Speed. 

1.4.2. Specific Objective  

 Studying and analyzing the impacts of congestion in VANETs 

 To evaluate the performance of the currently available congestion control strategy in VANET. 

 To propose the approach adapts transmission power based on the vehicle density and speed   

 To lowering packet loss rates, reducing beacon error rates, and reducing channel busy times. 

This will lead to increased performance of the vehicular ad hoc network and, improve the safety 

of vehicles on the road. 

1.5. Scope and Limitation of Study 

This paper focuses on how to improve network performance by adapting transmission power with 

vehicle density and vehicle speed to control channel load and ensure reliable delivery of Basic 

Safety Messages (BSM) with adequate time and information. In this thesis, non-basic safety 

messages, rate control algorithms, and other VANET challenges like security issues and vehicle-

to-infrastructure communication are not considered. 

1.6. Methodology  

1.6.1. Literature Review 

General literature review made on different related works to obtain an in-depth understanding of 

the area which includes previous studies, books, journals, websites, and published articles related 

to the subject. 

1.6.2. Design and Implementation 

In the design phase, proposed models and algorithms which are specified in the objective of this 

thesis were designed. Due to an excessive cost, the proposed adaptive transmission power with 

traffic density was implemented using a collaborative network and traffic simulation tool called 

SUMO, OMNET++, and VEINS simulator. 
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1.6.3. Evaluation of Proposed Work 

We undertook an experiment to evaluate the performance of our suggested congestion control in 

vehicular ad-hoc network by adaptive transmission power concerning vehicle density and speed. 

1.7. Significance of Study 

The major significance of this study is to provide an approach to congestion control at medium 

access control in a vehicular ad-hoc network environment by adjusting transmission power based 

on vehicle density and speed to improve V2V communication inside the communication range. 

This approach can be widely used in vehicular environment, transportation agencies, car 

manufacturing industries, smart cities, and academia as a promising concept for future realization 

of Intelligent Transportation Systems (ITS) thereby achieving safety and efficiency. 

1.8. Thesis Organization 

This thesis document contains six chapters including this chapter which deals with the general 

overview of the study including background, statement of the problem, objectives, and 

methodology of the research. Chapter Two presents literature about the nature of vehicular ad hoc 

networks, congestion in VANET, and its control strategy. Chapter Three introduces related works 

which are carried out for the improvement of VANET communications by studying different 

congestion control approaches to vehicular network environments. Chapter Four describes the 

design of the proposed solution. Chapter Five describes the implementation and result evaluation. 

Chapter Six presents the conclusion, contribution, and future work. 
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CHAPTER TWO 

LITERATURE REVIEW 

2. Introduction  

2.1. Basic Overview of Vehicular Ad-Hoc Network 

VANETs are part of Mobile Ad-Hoc Networks, this means that every node can move freely within 

the network coverage and stay connected. In VANETs and MANETs, the nodes are mobile. Nodes 

in VANETs are highly mobile and synchronize to fast topology changes having sufficient 

rechargeable battery power. VANETs can stream communication between automobiles, telemetric 

equipment, and in-vehicle safety measures. It operates on Dedicated Short-Range Communication 

(DSRC), Wi-Fi, cellular, satellite, and Worldwide Interoperability for Microwave Access 

(WiMAX). To incorporate the capabilities of next-generation wireless networks into automobiles, 

a recent technology called VANETs is evolving [12]. The goal is to give mobile users constant 

connectivity while they are on the move, even when they are already connected to the outside 

world through other networks at home or at work, as well as effective vehicle-to-vehicle 

communications that support ITS [12]. VANETs are also known as IVC (Inter-vehicle 

communication) or V2V (Vehicle-to-Vehicle communications). Intelligent Transport Systems are 

the principal VANETs applications (ITS). Another significant application for VANETs is to 

provide Internet connectivity to mobile automobiles so users may download music, send emails, 

and play games for passengers in the backseat [13]. 

The term VANET is used to describe the possibility for a communication node within a vehicle to 

make wireless connections with other adjacent communication nodes that are audible over the 

radio spectrum. The idea that the vehicles are moving objects and the network topology is erratic 

in time is another implicit one. Mobile communication technology has drastically altered the 

automotive industry over the past ten years by providing anytime, everywhere connection between 

numerous components. Due to the simplicity of connection, important data may be transferred 

between devices quickly. The industry has adopted a new paradigm because of the smooth 

transmission of information in real time. Correspondingly, the advances  in information technology 

and communication have easily supported the idea of communication between mobile devices[14].  
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Among these innovations, the concept of vehicle ad hoc networks (VANET) attracted attention 

and has opened new possibilities for the use of safety applications. Vehicle-to-vehicle 

communication via a wireless media is a method of conveying critical information between 

moving vehicles. The vehicles and other gadgets act as network nodes at the same time, forming 

a tiny network. Now that new vehicles are being introduced to the market, they come with onboard 

sensors that make it simple for the vehicle to join and merge in the network and profit from 

VANET. VANET is similar to MANET with a few changes. Roadside units (RSU) and mobile 

nodes make up VANET [4] [5]. 

2.2. Architecture of VANET 

In a Vehicular network, the nodes are composed of intelligent vehicles belonging to the network 

and the roadside units. VANETs follow the same principle and apply it to the highly dynamic 

environment of surface transportation. There are three kinds of vehicular networks [15]:  

 Pure cellular or Vehicular infrastructure networks 

 Pure ad hoc or Vehicular ad hoc networks and  

 Hybrid Vehicular Networks.  

VANETs may connect to the Internet, acquire traffic data, or perform routine tasks via fixed 

cellular gateways and WLAN access points at traffic crossings. In this case, the network 

architecture consists solely of cellular or WLAN technology. As shown in the image below, 

VANETs can combine cellular networks and WLAN to form networks, enabling the usage of a 

WLAN anywhere an access point is present and a 3G connection [12]. 

 

Figure 2. Vehicular infrastructure networks[15] 
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Static or fixed gateways along the sides of roads may be able to connect cars, but they are 

unworkable due to the related infrastructure costs. In this case, a mobile ad hoc network might be 

formed by all the vehicles and wireless roadside devices. [12]. 

 

Figure 3. VANET Architecture[16] 

Another potential answer for VANETs is the hybrid architecture, which combines Vehicular 

infrastructure networks, and ad hoc networks. This is seen in the following Figure. This 

architecture permits vehicles with only WLAN capabilities to connect with them over multi-hop 

links and keeps access to the outside world by using a small number of vehicles with both WLAN 

and cellular capabilities as mobile network routers and gateways [12]. 

 

Figure 4. VANET Hybrid Architecture[12] 
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2.3. The Communication Architecture of VANET 

VANET communication types can be divided into four categories [16]:- 

 In-vehicle communication is increasingly necessary in VANETs. The ability to monitor a 

vehicle's performance, and in particular the driver's tiredness and exhaustion, is crucial for both 

driver and public safety. 

 Vehicle-to-vehicle (V2V) - communication can provide a data exchange platform for the 

drivers to share information and warning messages, to expand driver assistance.  

 Vehicle-to-road Infrastructure (V2I) - is another communication more necessary in 

VANETs. Drivers can sense and monitor their surroundings in real-time using a V2I 

connection, including the weather, traffic, and the environment. 

 Vehicle-to-broadband cloud (V2B) - Vehicles may communicate using wireless broadband 

technologies like 4G. This type of connectivity will be helpful for active driver assistance and 

vehicle tracking as the broadband cloud may incorporate more traffic information, monitoring 

data, and infotainment. 

 

Figure 5. VANET Communication Types   

2.4. Main Components of VANET 

According to the CAR-2-CAR Communication Consortium VANETs, system architecture 

comprises three domains: in-vehicle, vehicular ad hoc, and vehicular infrastructure domains. One  

or more application units (AU) and an onboard unit (OBU) make up the in-vehicle domain. They 

frequently use wired connections, but occasionally use wireless ones as well. Roadside units and 

vehicles with OBUs make up the ad hoc domain (RSUs). A RSU is a static node in the same way 
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that an OBU is a mobile node in an ad hoc network. The gateway can be used to link an RSU to 

the Internet, and RSUs can communicate with one another directly or through many hops. RSUs 

and hot spots make up the vehicular infrastructure domain [16]. Additionally, a trusted authority 

(TA) is responsible for maintaining all components of the VANETs.  

 

Figure 6. VANET components 

Some elements of VANETs detail explain below: 

1. Onboard Unit (OBU): - Every vehicle typically has an OBU, a GPS-based tracking device, 

to exchange vehicle information with RSUs and/or other OBUs. OBU contains different 

electronic components such as resource command processors (RCP), sensor devices, user 

interfaces, and read/write storage for recovering storage information. The primary duty of an 

OBU is to connect to RSUs and other OBUs through an IEEE 802.11p wireless link. It is also 

accountable for message-based communication with RSUs or other OBUs [17]. 

2. Roadside Unit (RSU): - To facilitate vehicle-to-infrastructure (V2I) communication and 

improve vehicle-to-vehicle (V2V) communication connectivity, RSU has been taken into 

consideration. It is a device that is permanently positioned by the road. Technology is being 

developed by VANET for use on roads in the future. The RSU integrates network devices for 

specialized short-range communication based on IEEE 802.11p radio technology (DSRC). 

RSUs can often also be utilized for network device communication within other infrastructure 

networks [18]. 
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3. Application unit (AU): - The AU is a device that is installed within the car and uses the OBU's 

communication capabilities to communicate with the applications that the provider provides. 

The difference between the AU and the OBU is logical. 

2.5. Characteristics of VANET 

Vehicular Ad-Hoc Network is a MANET application, it has some distinctive qualities that can 

be summed up as follows: - 

High Mobility: The nodes in VANETs usually move at an extremely high speed. Only if their 

location is predictable can these moving nodes be safeguarded and saved from attacks and 

other security concerns. 

Frequently Changing Network Topology: Due to the high node mobility and unsystematic 

speed of vehicles, the position of the node changes often. 

Unbounded Network Size: One city, multiple cities, or entire nations may implement 

VANET. Because VANET is developed for a single city or one country, the network size is 

geographically unrestricted. 

Frequent Exchange of Information: The nodes gather information from other vehicles and 

roadside equipment because VANET is an ad hoc network. Information on the environment 

and traffic is constantly changing as cars move and alter their paths. 

Wireless Communication: The VANET is built for a wireless society. Nodes are linked 

together and communicate with one another wirelessly. 

Time Critical: To enable the nodes to reach a decision and take appropriate action, the 

information in VANET must be provided to them within a certain period [19]. 

Sufficient Energy: Energy and resolving resource-related problems are not a problem for the 

VANET nodes [8].  

Better Physical Protection: The VANET nodes are more physically secure. As a result, 

physical cooperation between VANET nodes is more challenging, which lessens the impact of 

infrastructure attacks [20]. 
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Variable Network Density: This depends on the density of traffic, which can be low, as in 

Suburban traffic, and high during traffic jams. 

Limited transmission power: In the WAVE the transmission power should supply until the 

data is reached. The data reachability distance can be said to be 1000m (about 3280.84 ft) [21]. 

Services of safe driving: This is motivated by improving traveler gratification and improving 

traffic efficiency. The direct communications between mobile nodes are ensured by VANETs, 

hence enabling the usage of a set of applications that require direct communication between 

vehicles over the network [21] [19]. 

2.6. Standardization of VANET 

Standards make it easier to develop products, lower costs, and allow users to compare related 

products. The requirements of interconnectivity and interoperability can only be met using 

standards, and the emergence of new products can only be confirmed to allow for the quick 

adoption of recent technologies. Many standards apply to wireless access in moving spaces. These 

standards cover everything from communication protocols and protocols for transponder 

equipment to security specifications, routing, addressing services, and interoperability protocols 

[22]. Vehicular Ad hoc Networks utilize a variety of technologies, particularly those that support 

intelligent transportation systems (ITS). These include GSM, UMTS, Wi-MAX restricted Wi-Fi, 

and a new designed technology called Wireless Access in Vehicular Environments (WAVE), also 

known as IEEE 802.11p [23]. This implies that an automobile should be equipped with a variety 

of radio interfaces or network cards. Since WAVE is a member of the IEEE 802.11 family, it can 

be inferred that it has been modified for use in vehicles by using ideas from IEEE 802.11 at this 

time. 

2.6.1. DSRC and WAVE Technologies 

Recent advances in the intelligent transportation system (ITS) have developed the novel Dedicated 

Short Range Communication (DSRC) protocol, which is designed to support high speed, low 

latency V2V, and V2I communications, using the IEEE 802.11p and WAVE standards [23] [24]. 

DSRC is a short to medium-range communications service that was developed to support vehicle-

to-vehicle and vehicle-to-roadside communications. Such communications cover a wide range of 

applications, including vehicle-to-vehicle safety messages, traffic information, toll collection, 

drive-through payment, and several others. High data throughput and minimal communication 
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latency are the goals of DSRC in tiny communication zones. The primary enabling technologies 

for the ITS sector are wireless vehicular networks that use DSRC frequency bands. In 1999, the 

Federal Communication Commission (FCC) allocated 75 MHz of the frequency spectrum at 

5.9MHz to be used by DSRC for V2V and V2I wireless communication. DSRC is a 

communication service that uses the 5.850-5.925 GHz band for the use of public safety and private 

applications. It is a free but licensed spectrum. DSRC is free since the FCC does not charge for 

usage. The specifications defined by IEEE802.11P and IEEE1609 represent the most mature set 

of standards for DSRC/WAVE.  

A DSRC system consists of an onboard unit (OBU) and a roadside unit (RSU) and the term short-

range indicates coverage of hundreds of meters. The communication is specifically in the range of 

5.850 GHz to 5.925 GHz, so a band of 70 MHz with various guard bands is permitted [25]. This 

band is divided into 7 distinct sub-bands, each with a 10 MHz bandwidth. The guard band, a 

portion of the DSRC spectrum designed to reduce interference, operates at a frequency of 5 MHz. 

The most crucial alarms and beacons are sent through the control channel (CCH), also known as 

channel 178, which is only used for safety communications. It serves as a connecting point between 

the nodes because it is the only channel that all Wireless Access in Vehicular Environments 

(WAVE) devices share. For future applications and specific employment, such as advanced 

accident prevention and public safety purposes, the two channels at the edge of the spectrum are 

set aside [26]. The remaining channels are service channels (SCH) for ongoing communications 

and recurrent applications. It is also possible to combine these nearby channels in pairs to create a 

20 MHz channel. However, the need for 10 MHz channels is related to the adoption of parallel 

applications, which has the effect of reducing channel congestion. Contrary to the Industrial 

Scientific and Medical (ISM) bands (900 MHz, 2.4 GHz, and 5 GHz), which are not licensed, the 

DSRC spectrum is constrained and restricted by several laws, including the adoption of a certain 

standard [25] [26].  

 

Figure 7. DSRC spectrum band and channel[11] 
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The WAVE standards define the architecture and a complimentary, standardized set of protocols, 

services, and interfaces that collectively enable secure vehicle-to-vehicle (V2V) and vehicle-to-

infrastructure (V2I) wireless communications. The primary goal was to develop public safety 

applications that can save lives and improve traffic flow. In the DSRC architecture, each layer 

practices different protocols. The IEEE 802.11p is used for the PHY and MAC layers, but for the 

higher layers the IEEE 1609.1, IEEE 1609.2, 1609.3, and 160.9 protocols are used, each of which 

specifically addresses a different service [26][27].  

 IEEE 1609.1: WAVE Resource Manager Application, define service for vehicle 

 IEEE 1609.2 Security: Security Services for Applications and Management Messages. 

Defines the layer that handles security over communication and application in VANETs. 

 IEEE 1609.3 Network Service: defines the layer that handles communication stacks and 

Transport and Network layers. 

 IEEE 1609.4 Multi-Channel Operations: Defines the layer that handles multi-channel 

communications. Indeed, multi-channel is available with two types of channels: 

 Control Channel (CCH): Used for security matters, this channel offers low-delay 

services and aims to transmit security messages to the network. 

 Service Channel (SCH): Used for services such as entertainment or non-safety 

dedicated communication.    

 IEEE802.11P: standard defines the lower layer MAC and PHY while the upper layer is 

defined by IEEE1609. 

 

Figure 8: DSRC/WAVE architecture[11] 
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The IEEE 802.11p outlines an unfolding of the IEEE 802.11 protocol. The MAC and PHY layers 

have been modified to allow various classes of vehicle communications. The adjustments have 

primarily been performed to the most closely comparable standard (IEEE 802.11a), which operates 

at frequencies about 5 GHz since the IEEE 802.11p operates at 5.9 GHz [26]. It is advantageous 

to realize that IEEE 802.11p serves two specific purposes:  

 Describe the functions and services required by the WAVE systems 

 Define the interfaces that allow communication with higher layers 

The DSRC standard is an ad hoc modification of IEEE 802.11 to minimize the size of the packet 

that will be sent over the radio channel. The main improvements were performed at the MAC layer 

because it was required to intervene to make vehicle-to-vehicle communication faster and more 

efficient. This was also important because V2V or V2I communications can also occur at high 

speeds, therefore the communication time must be able to be very brief. 

2.7. Safety Message in VANET 

Vehicle networks periodically exchange single-hop status information and broadcast messages 

known as beacons or basic safety messages (BSM) [28]. Since fundamental safety messages are 

constantly being exchanged with other surrounding vehicles or roadside equipment, they are the 

most crucial message type for awareness on vehicular networks. BSMs utilize the DSRC protocol 

stacks to deliver these messages, from the lower layers by the IEEE 802.11p to the upper layer 

protocols covered by the IEEE 1609.x series of standards. The BSM transmit rate is set to 10Hz 

by North America and can also be reduced if the channel load is high. SAE J2735 over Dedicated 

Short-Range Communication (DSRC) is a standard for messaging in VANETs [34] and [45]. 

Basic Safety Message (BSM) is an essential message type used by vehicle-to-vehicle safety 

applications or cooperative safety driving applications. For the rest of this thesis, a BSM is referred 

to as a safety message or message. Each safety message has a default size of 254 bytes. Vehicles 

usually broadcast safety messages to inform neighbors about their statuses at 100-millisecond 

intervals. During safety message delivery to avoid delay, there is no acknowledgment or 

handshaking. They are broadcast to all one-hop neighbors. According to the WAVE standard, 

vehicles can communicate up to the range of 1000m (about 3280.84 ft). 
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Each safety message incorporates information about the status of a vehicle, such as velocity, 

direction, acceleration, and optional information such as event flags. All vehicles should 

periodically broadcast safety alerts to allow other motorists to be aware of surrounding vehicles. 

Some safety applications are required to transmit messages periodically (every 100  milliseconds) 

whereas other safety applications need message transmission when an event occurs  [29]. In general, 

safety messages can be categorized into two groups. 

Event driving messages: This type of massage is also known as an emergency message. They are 

transmitted to neighboring vehicles if an incident/unsafe situation has been discovered. Thus, this 

type of message will not be generated, if there is no incident occurred. The event message has the 

highest priority for a vehicle to process and usually, it contains location, time, and event type [11]. 

Periodic Messages: This is an important type of message in safety applications. It is also known  

as Basic Safety Message (BSM) for V2V communications. Generated BSM is used for 

neighboring vehicles to have a clear and accurate awareness of potential threats/crashes 360 

degrees around the vehicle. 

2.8. Application of VANET  

VANET's applications play a vital role in communication among vehicles for controlling safety. 

There are two types of applications such as safety-related and non-safety-related. These are 

explained in a detailed manner. 

2.8.1. Safety-Related Application 

This application gives a warning message for public safety. Safety applications are applications 

that have the focus to decrease the probability of traffic accidents and loss of life [29] [30]. 

Intersection, bind-spot, rear-end, and lane change incidents are all major causes of accidents 

worldwide each year. Safety applications use information collected by vehicles from their 

neighboring vehicles to alert a driver to prevent such collisions with other vehicles. Some examples 

of safety applications are as follows:  

 Intersection collision warning: Collect information about road intersections. 

 Curve speed warning: This shows that warnings must be given to fast-moving 

vehicles as they approach curves to avert accidents. 
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 Pre-crash sensing application: Far way vehicle becomes active when there is an 

accident about to happen with a vehicle. 

 Traffic optimized: Sending signals can be used to optimize traffic and prevent 

congestion, accidents, etc.  

 Low bridge warning: It indicates an alert message for the driver to know about the 

height and width of the bridge. 

 Lane changes warning application: This application is used to alert a driver when 

there is a potential collision for changing lanes.  

2.8.2. Non-Safety Related Application 

These applications provide services to the user. Non-safety applications refer to applications that 

provide comfort for road travelers and make the journey more pleasant. In case of comfort for road 

traveling, it can refer to traffic efficiency and management applications to improve traffic flow, 

traffic coordination, and traffic assistance such as speed management, and co-operative navigation 

applications [31]. The other applications related to infotainment can be local services or global 

services. The local services which focus on local-based services are the following: Point of interest 

advertisements, Maps download, Parking payment, and automatic tolling services. The global 

services which focus on data that can be obtained from the Internet are the following: Insurance, 

Parking zone management, financial services, web browsing, and Voice over IP [31]. 

 Peer-to-peer application: - These applications are helpful to pair or connect with the other 

nodes in the network for file sharing, for example, music, movie, file sharing, etc.   

 Active road safety applications: - By disseminating knowledge about potential risks and 

impediments, the first category tries to reduce the probability of auto accidents and promote 

safer driving.  

 Traffic efficiency and management applications: - This category focuses on minimizing 

travel times and preventing traffic jams while maximizing the flow of cars. 

 Comfort and infotainment applications: - Applications for entertainment and comfort 

are created to provide information support and entertainment to drivers to make their 

journeys more enjoyable. 
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2.9. Challenging Issues in VANET 

The highly dynamic topology and frequent disconnections between vehicles give rise to 

various challenges [3]. As we expressed above, there are a lot of VANET applications in the 

ITS environment. However, to satisfy the demands of those applications effectively and 

efficiently, there are many challenges. The main requirements for VANET as explained in [29] 

[32] are packet loss reduction, bandwidth reservation, packet scheduling, and QoS control. 

Traditional approaches that are designed for MANET are not efficient and cannot be directly 

applied to VANET. As reported survey in [14], the main challenges in VANET are the 

following. 

Security issue: VANETs may face many challenges in the field of communication security 

and in a revolution for vehicular safety and comfort in road transport. In safety-related and 

non-safety-related applications, messages can influence driver behavior and consequently road 

safety. For the life-critical application, the message should be transmitted fast. Participant 

nodes occasionally engage in a variety of activities, disrupting the network. Denial of service 

is an example. 

Protocols standardization: In VANETs, there can be various kinds of vehicles such as trucks, 

cars, taxis, motorbikes, bicycles, and buses. In this kind of scenario, it is very indispensable 

that all these vehicles can communicate with one another through the same protocol. Therefore, 

the challenging task here is creating a standard.  

Applications heterogeneity: VANET has various applications of safety and non-safety 

applications. 

Broadcasting of information: Broadcasting emergency or alert information in VANET is a 

critical problem. The safety information in VANET requires broadcasting, different from the 

other networks like the Internet, where data are typically unicasted.  

Frequently link disconnections: As has been expressed above, vehicles have high mobility 

and travel at higher speeds (for example, over 100 km (about 62.14 mi)/hour) unlike nodes in 

MANETs [14].  

Congestion: In IEEE 802.11p as the vehicle density increases, the contention for channel 

usage also increases. 
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2.10. Congestion in Vehicular Ad-hoc Network 

A key requirement of V2V communication is the reliable delivery of safety messages. These 

messages are often broadcast using DSRC/WAVE technology, which is based on CSMA/CA in 

the media access layer, to nearby cars. The multi-access wireless channel makes it possible for 

several factors to delay or prevent the spread of safety messages. The shared radio channels can 

rapidly become clogged as vehicle density rises due to the constrained channel bandwidth available 

to broadcast the safety alerts.   

For the timely and secure transmission of safety messages, CCH must always be available [33]. 

Researchers have divided affection congestion parameters into core parameters and derived 

parameters. While fairness, prioritizing, utility function, and node density depend on main 

parameters and are referred to as derived parameters, transmit power, transmit rate, and beacon 

frequency are the primary parameters that directly affect congestion [34].  

2.10.1. Congestion Control Approaches in VANETS 

The goal of congestion control is to enhance the performance of VANETs by controlling 

congestion on the channels, reducing packet loss, increasing throughput, and providing a safe and 

reliable environment for VANET users. Congestion control utilizes different approaches to adjust 

and determine the transmission parameters. There are five ways for congestion control in VANETs 

classified based on communication parameters and means to control congestion [6]. Rate-based 

strategies, power-based strategies, CSMA/CA strategies, prioritizing and scheduling-based 

strategies, and hybrid strategies. 

Power based strategies 

Power-based techniques seek to lessen channel collision and ensure equality for communication 

across all nodes in a network. Transmission power determines how far a message can be sensed 

and received successfully. The goal of transmission power control is to adapt the transmission 

range based on some performance metrics. Vehicles at a distance will not be able to see any packets 

at all. Power control can preserve the full awareness of adjacent vehicles while sacrificing 

awareness of distant vehicles [35] [9]. 
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Rate based strategies 

The common transmission frequency of BSM is 10 Hz (ten messages per second). At this speed, 

a high vehicle density will cause the channel load to surpass the channel capaci ty, causing packet 

loss and delay. Rate-based approaches are used to reduce the number of safeties signals each node 

sends in each amount of time. The safety applications built on BSM often demand a high 

probability of information being received within a target range. The inter-packet latency is a typical 

indicator of application performance in this situation. Typically, safety applications will request a 

minimum and maximum amount of inter-packet delay within the desired range [11].  

CSMA/CA-based Strategies  

With the help of these techniques, surrounding vehicular nodes should get emergency warnings 

more frequently and quickly. Additionally, the use of acknowledgments in this work prevents 

message retransmission. This method disregards the real-time complexity of VANET [36]. 

Prioritizing and Scheduling-based Strategies 

Due to redundancy packets in beacon messages, periodic broadcasting results in broadcast flooding 

issues. Dynamic priority-based Scheduling guarantees reliable delivery of messages with higher 

priority. In this approach, the priority event-driven messages are given more chance for channel 

usage and transferred with minimum delay. This is made possible by properly prioritizing all 

messages and arranging them in the control or service channels to reduce congestion [37]. 

Hybrid strategies 

The ultimate objective of congestion control is to improve the awareness of vehicles. In Hybrid 

strategies, any combination of the above four strategies is used which controls two or more 

parameters to reduce congestion [38]. This approach works well in real-time complex VANET. 
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CHAPTER THREE 

RELATED WORK 

The VANET congestion issue has been addressed utilizing a variety of different control 

techniques, parameters, metrics, and problem definitions [35]. The channel becomes congested in 

an environment with high traffic because of increasing interference and channel contention [39]. 

The conventional approach to handle interference in the IEEE 802.11p standard is to use Carrier-

Sense Multiple Access with Collision Avoidance (CSMA/CA) as the medium access protocol 

[35][40]. In CSMA/CA, when a vehicle has a packet to transmit it first listens to the channel. If 

the channel is deemed idle or unoccupied, it transmits the packet. Otherwise, the node waits for a 

random back-off time before transmitting the packet. While this mechanism reduces the chances 

of packet collisions, it does not avoid them entirely. If every vehicle broadcasts it is BSMs at the 

same high transmission rate and transmit power, safety applications may unnecessarily perform 

worse in congested V2V networks. Due to the resulting substantial packet losses, it is challenging 

to estimate a vehicle's movement or quickly identify an impending crash. 

3.1. Transmission Power Based Congestion Control in VANET 

 A distributed transmit power control technique is introduced in [41] to decrease the load placed 

on the DSRC channel during congestion. Broadcasts of safety messages are reduced in power 

using this technique. The algorithm determines the ideal transmission range that gives the most 

awareness without causing communications congestion by gradually adjusting a vehicle's 

transmission range following the communications channel load of its nearby vehicles. 

Additionally, the system fairly adjusts the channel load while maintaining awareness of vehicles 

in a congested scenario. 

Adaptive beacon generation rate congestion control is suggested by [42] to reduce channel 

congestion and conflict. To guarantee accurate and prompt beacon delivery, ABGR may 

dynamically alter the beacon generating rate following various levels of vehicle density. The 

Adaptive beacon generation rate mechanism is suggested to increase the reliability of the VANET's 

safety application based on the analysis's findings. In [43] transmission rate-based congestion 

control mechanism is proposed to control the congestion. In this paper, beacons are prioritized in 

the queue and transmitted with a high transmission rate. The results show an improvement in PDR 
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and E2ED. The safety of the vehicle may be jeopardized by beaconing rate restriction, which 

reduces the beaconing rate in congested areas. A Distributed-Fair Power Adjustment scheme for 

VANETs (D-FPAV) was proposed by [44]. This scheme has a dynamic control strategy, through 

which it controlled the congestion transmission range, especially for the safety applications of 

VANETs. The beacon messages are periodically broadcasted, and this updated information relates 

to vehicle speed, direction, and position information, among vehicle nodes. The safety application 

messages are initiated, based on network events. The broadcast range and size of beacon messages 

are both reduced if this method experiences congestion. Vehicle density is used to assess 

transmission range value to avoid communication overhead. This technique does have one major 

negative, though, and that is the lessened likelihood of receiving beacon messages, especially from 

a considerable distance, as the broadcast range is limited. 

By picking the Transmission power at random for each BSM transmission and vehicle, the authors 

of [45] [46] suggest that the Awareness Quality can be improved. Each vehicle regulates its current 

transmission power by applying a specific probability distribution over a range of acceptable 

transmission power. The radio propagation circumstances, as well as the collision and interference 

zones, are changed with each transmission using random transmission power selection. As a result, 

the periodic nature of BSM transmissions is less likely to result in collision and interference. All 

vehicles employ the same probability distribution and hence have the same average transmission 

power. The random power selection method ensures statistical fairness, but random power 

selection in high vehicle density results in high packet loss and channel congestion. A mechanism 

for combining power and rate in a single algorithm loop is presented by Combined Power and Rate 

Control) [47]. To allow for nodes who are directly involved in potentially dangerous scenarios to 

transmit data more quickly, CPRC policy states that nodes that are not directly participating in 

such situations should limit their transmission power. It enables applications to deliver periodic 

messages at higher rates without the network load surpassing the predefined reliability-based 

threshold. A novel speed-based congestion control method for VANET was proposed in [48]. By 

considering the influence of speed thresholds based on road circumstances, it is intended to 

prioritize BSM packets from vehicles moving at greater speeds since they will have a small TTC 

with neighboring vehicles. A high-powered packet maintains awareness for distant vehicles since 

transmission power increases with speed. The major objective is to reduce the total wireless 

channel congestion while providing sufficient awareness for all cars.  
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The use of oscillating transmission power levels as a congestion control method for vehicle-to-

vehicle networks is proposed in [49]. The author proposes a novel method for adapting the 

transmission power in an Oscillating manner that alternates between high and low-powered 

transmissions. The algorithm attempts to solve the problem of reducing the number of packets 

received by vehicles at greater distances while increasing the packets received by vehicles nearby 

thereby, increasing awareness of nearby vehicles who need the packets for frequent updates. Two 

drastically different powers and rates are selected for the algorithm, the rates are then combined to 

select a Low Powered Packet Interval which is the number of low-powered packets that should be 

sent between high-powered packets [49]. The algorithm allows an ego vehicle to provide various 

levels of awareness to different remote vehicles. Vehicles that are closer to the ego vehicle would 

receive more packets from the ego vehicle, while those that are farther away would receive fewer 

packets. 

A novel method for adjusting transmission power by vehicle density is presented in the [10] 

approach. In comparison to current methods, the suggested algorithm (Traffic Density-Based 

Distributed Congestion Control Strategy for Vehicular Communication) is demonstrated to be 

effective in lowering the number of lost packets. However, the proposed algorithm uses fixed 

thresholds for vehicular density to determine the power level. A strategy suggested in [27] is to 

adjust the transmission power based on the network's vehicle density status to lessen network 

channel congestion and enhance VANET performance. Results indicate that this can lead to 

improved performance in terms of BER. However, this algorithm also uses a fixed threshold for 

vehicular density to determine the power level used to send BSM. A method for adjusting 

transmission power level that was proposed in [50] adjusts the transmission power level based on 

an estimate of the density that is obtained from the vehicle's speed. Power assignment involves a 

quick calculation based on the free-space path loss formula for radio signals. Newly calculated 

transmission power compared with predefined maximum and minimum transmission power. If the 

calculated transmission power is less than the minimum, the minimum is used instead. If it is 

greater than the maximum, the maximum is used instead. Otherwise, the newly calculated 

transmission power is set as the new transmission power for the next broadcast. The results show 

an improvement in congestion in a VANET based on a speed approximation of density. The 

drawback of this strategy is that vehicles inside the intended communication range have lower 

awareness and fairness levels. 
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Year Mechanism Contribution Limitation 

2015 Combination of power 

and rate adjustment in a 

single algorithm loop 

[47] 

Make it possible for vehicles 

involved in dangerous 

situations to send data more 

rapidly. 

Channel congestion and 

decreased awareness quality 

result from faster data 

transmission when there are 

more vehicles on the road. 

2016 Random Transmit Power 

Control [46] 

Ensures fairness between 

vehicles, less collision, and 

interference 

In a crowded network, 

random transmission power 

selection is useless. 

2017 Adjust the transmission 

power which alternates 

between high and low-

powered transmissions 

[49]. 

Allow each neighboring 

vehicle to receive a varied 

level of awareness from a 

given vehicle. 

Selecting the power without 

consideration of parameters 

like density and speeds is 

ineffective 

2018 Adapt the transmission 

power based on the 

vehicle density level [27] 

Reduced packet loss and 

beacon error rate 

All vehicles employ a 

constant transmit power 

within their respective density 

level. 

2018 Adaptive Power Level 

for DSRC Congestion 

Control based on speed 

[48] 

provide adequate awareness 

for all vehicles within the 

communication range 

When the number of vehicles 

increases, channel congestion 

likewise rises. 

2020 Adapt transmission 

power level with vehicle 

speed approximation of 

density [50] 

Reducing channel congestion 

is much better than using no 

congestion control algorithm 

It is impossible to reduce 

congestion and increase 

awareness by determining the 

intended communication 

range only based on vehicle 

speed. 

2022 

(New) 

Adjusting transmission 

power based on vehicle 

density and speed to 

manage congestion in 

VANET 

Improves VANET 

performance by lowering 

packet loss rates, reducing 

beacon error rates and, 

reducing channel busy times. 

By including a further 

parameter, such as a rate 

control mechanism or beacon 

frequency, performance 

would be enhanced even 

more. 

Table 1: Summary-related work 
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CHAPTER FOUR 

DESIGN OF THE PROPOSED SOLUTION 

4.1. Introduction   

As we have discussed in detail throughout the above chapters, different congestion control 

approach is proposed by many researchers. We have analyzed and reviewed the most research 

related to our investigation studied (i.e., Congestion control in VANET by adapting transmission 

power with vehicle density and speed) and according to this review, the researchers have tried to 

improve different problems of VANETs like packet loss. Despite the improvements, the 

techniques explained in the related works have their pros and cons which is the reason that makes 

it hard to pick one approach as it is more effective than the other. This is because congestion 

control is the critical area of research in the different application areas of ad hoc networks, which 

have unique challenging characteristics like VANETs. As the number of approaches investigated 

by different author’s increases, many novel ideas come throughout the techniques investigated as 

a solution. This paper introduces a congestion control approach by adapting transmission power 

based on vehicle density and vehicle speed. By this approach, Vehicles will broadcast packets at 

suitable transmission powers. The goal is to reduce congestion on the network channel and advance 

the overall performance of the networks. 

4.2. Proposed Solution 

Vehicles that are part of the Intelligent Transportation Network (ITS) can communicate using a 

V2V or a V2I communication type. In both types of communication, a reliable inter-vehicular 

network is necessary to maintain the reliability of the ITS applications. Research shows the 

reliability of networks to broadcast packets and successful transmission declines as network 

density inclines. The 802.11P has shown in previous studies mentioned in Chapter 2 that with 

higher vehicular densities, it suffers from congestion. From a network viewpoint, when vehicle 

density is high, the safety messages are not delivered on time or not be delivered at all. Because 

of the highly dynamic topology of VANET and the fast movement of moving vehicles into and 

out of the transmission range, the maximum practical distance for packet delivery is 1000m (about 

3280.84 ft). The fundamental goal of the VANET channel congestion control method is to balance 

fair channel access among cars while reducing the strain on shared communication channels. 
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According to the measured real-time channel congestion condition, the congestion control 

algorithms usually adopt a method of dynamically adjusting one or more transmission parameters 

such as beacon generation rate, data transmission rate, power, and range. 

The purpose of the congestion control algorithm proposed in this thesis is to reduce congestion on 

the network channel by adjusting the transmission power according to the current density and 

speed of vehicles. Vehicles that fall inside the transmission range are included in the total number 

of vehicles. The goals of the proposed algorithm are: 

 Reduce the rate of lost packets 

 Reduce channel busy time and  

 Reduce Beacon Error Rate 

The network congestion control algorithm proposed in this thesis alters the transmission power to 

improve the performance of VANET. The transmission power would dictate the distance a packet 

travels. Therefore, any application that alters the transmission power to reduce congestion is 

adjusting the travel distance of packets. Such a way to alter transmission power is helpful to reduce 

congestion control because vehicles with a close approximation of each other would experience 

less packet pollution from distant vehicles which have no immediate relevance to the vehicle's 

safety. 

4.3. General Architecture of the Proposed Scheme 

The approaches discussed in the previews chapter, all made use of various methods ranging from 

acting upon specific parameters to maintaining a certain threshold to reduce congestion and 

combining multiple factors for congestion control. The new proposed approach is based on how a 

single vehicle should adapt its transmission power according to the current vehicle density 

condition and its speed. There is a need for the transmission power to be controlled in the Medium 

Access Layer (MAC). In a vehicular environment, the MAC layer enables a decentralized behavior 

in which vehicle nodes can communicate without joining the network. It eliminates the need for a 

central manager to control channel access. The MAC technique is based on the IEEE 802.11P 

Distributed Coordination Function, is a contention-based mechanism, and uses collision avoidance 

in conjunction with carrier sense multiple access (CSMA/CA) to arbitrate channel  access. 
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The proposed architecture combines the general and the internal components. Those components  

have their functionalities. Vehicles need each layer of the network for exchanging messages, we 

use the IEEE802.11p and WAVE standards to incorporate our scheme. In the architecture show 

our scheme with a dotted line and we show how it can incorporate the standard of VANET. 
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Figure 9 General Architecture of the Proposed Scheme 
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General Component shows the public information about the whole network. This component 

contains a connection manager and a Base world utility.  

 BaseWorldUtility - is the basic utility module for the whole network and it provides utility 

methods and information used by the whole network. 

 The connection manager - is the module used to control all connection-related 

information. This module is the central module that coordinates the connection between all 

nodes and it periodically communicates with the mobility module and channel access. 

Deliver "ongoing radio transmission" events to all affected modules. It uses a separate 

(global) set of parameters to calculate the transmission range. 

To send a beacon each vehicle has a MAC layer that is specifically designed for VANET. They 

have IEEE802.11p and IEEE1609.4 MAC layers for exchanging information. IEEE 1609.4 covers 

multi-channel operations for the support of WAVE operations in the IEEE 802.11 MAC. Safety 

information in VANET relay on the MAC layer [51]. The parameters related to safety information 

like transmission power are controlled and adjusted at the MAC layer. The flow shows 

IEEE1609.4 MAC sublayer, IEEE802.11p MAC sublayer, and the MAC layer IEEE802.11p 

contains additional modules listed in the Figure.  

Additional modules are modules that are imported for the successful compilation of our design. 

These modules are used to incorporate with the mac layer of IEEE802.11p.  

 TracSenarioManager - used for sumo.lounchd.py and SUMO to access the realistic 

mobility model to the network simulation tool. 

 TracMobility - used in the module created by the TracSenarioManager, which can control 

the mobility of vehicles in the mobility model. 

 BaseMoblity - Modules that are in responsible for mobility-related information like 

position movement base mobility and it defines a static mobility pattern means only 

position no movement. 

 

 



   
 

30 | P a g e  
 

4.4. Proposed Algorithm 

In the simulation environment, an initialization method is called at the beginning of the simulation 

to load the necessary modules when a vehicle is created in the simulation. A maximum 

transmission range is selected, which is the maximum distance a packet can travel in the network. 

In our simulations, this is set to 1000m (about 3280.84 ft) and corresponds to the highest 

transmission power level. The maximum packet transmission rate is also selected at a constant rate 

of 10Hz i.e., 10 packets are sent every second to neighboring vehicles. Excluding initialization, 

the proposed algorithm is split into three phases, the first phase is for acquiring the currently active 

number of vehicles presently in communication range, then setting current traffic density 

conditions as dense, moderate, and sparse density.  

The second phase is allocating the transmission power level to be used based on vehicle density 

and speed factory. When vehicle density is high, the third phase involves determining the vehicle 

speed for speed factor allocation. The actual transmission power for each packet is carried out 

every time the vehicle wants to broadcast a BSM packet. The key idea is that as the traffic on the 

road increases, more basic safety message (BSM) packets are transmitted, leading to a higher 

chance of interference and packet collision. Therefore, each vehicle adjusts its transmitted power 

based on vehicle density in the communication range and speed to reduce or increase the distance 

that its BSM packet travels.  

The research examined and discussed in chapter 2 selects a parameter to detect congestion and 

respond to it, for instance, changing the transmission power to reduce channel congestion by 

intentionally sending several low-powered packets to reach close range followed by a sufficiently 

powered packet to maintain awareness for distant vehicles. Awareness is sacrificed even though 

the approach reduces channel congestion. Furthermore, fixed transmission powers were chosen 

for both nearby and distant cars. We enhance this method by adjusting transmission power in 

accordance with vehicle density and speed. In dense vehicle density, the transmission power raise 

gradually to increase the awareness of vehicles followed by a high-powered packet to maintain 

awareness of distant vehicles. 
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1. Initialization  

2. CountVehicle() 

3. LevelVehicleDensity() 

4. RetrieveVehicleSpeed() 

5. Procedure TxPower Control(TxPower)  

6. if VehicleDensity = Sparse then setTxPower(HighTxPower) 

7. if VehicleDensity = Moderate then setTxPower(MediumTxPower) 

8. else if VehicleDensity = Dense 

9. setSpeedfactor() 

10.   if (SentCounter = SentLength) 

11.    SetTxPower(TxPower) 

12.     SentCounter = 1 

13.   else if (SentCounter != SentLength) then 

14.   SetTxPower(SentCounter ∗ SpeedFactor) 

15.    SentCounter = SentCounter + 1 

16.     end if  

17.    end procedure 

Figure 10 Proposed Algorithm 

When vehicle density is dense the power of transmission increases for each consecutive packet 

under a predefined sent length. Once the number of consecutively transmitted packets reaches the 

sent length, then the power of transmission is set to the transmission power assigned to dense 

vehicle density. Using this approach, we would sacrifice awareness for distant vehicles to reduce 

the channel load and reduce the number of packets lost. The number of transmissions chosen until 

the transmission power is reset back to the transmission power assigned to dense vehicle density. 

Each vehicle keeps count of how many packets it sent in a local variable. The sent is reset when 

the counter variable reaches a limit and then the counter is set back to one. The counter is used to 

set the transmission power in the Medium Access Control (MAC) module. 
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Another procedure in this approach is to level vehicles based on their speed. A maximum vehicle 

speed state is when the current velocity of a vehicle is more than 90 km (about 55.92 mi)/hr. present 

in communication range. This can be due to several reasons such as no accidents, no traffic lights, 

and high driving abilities. A high vehicle speed and medium vehicle speed state are when the 

velocity of a vehicle is 60 km (about 37.28 mi)/hr. to 90 km (about 55.92 mi)/hr. and 40 km (about 

24.85 mi)/hr. to 60 km (about 37.28 mi)/hr. present in communication range, respectively. A low-

speed state is one in which the velocity of a vehicle is less than 40 km (about 24.85 mi)/hr. presently 

in communication range. The speed factor of vehicle is determined based on the vehicle’s speed 

and then multiplied by the SentCounter, therefore, vehicles moving with a higher velocity would 

have a higher transmission power level. 

The third procedure involves the allocation of the transmission power based on the various vehicle 

density and vehicle speed states mentioned above. The Dense traffic density state is assigned a low 

transmission power. This is reasonable because of the proximity of the vehicles so that the low-

power packets can reach the neighboring vehicles. A high transmission power in a dense 

environment may cause a high number of packet collisions and congestion which will reduce the 

performance of VANET. The sparse vehicle density and moderate vehicle density state is assigned 

high and medium transmit power, respectively. Packets will get delivered to neighbor vehicles and 

are just high enough to accommodate vehicles that are far. 
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Figure 11 Procedure for assigning transmission power 
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CHAPTER FIVE 

IMPLEMENTATIONS AND RESULT EVALUATION 

5.1. Simulation  

 Real-world practical experiments of VANET are not feasible due to the time-consuming nature 

and the enormous number of resources that are required to conduct the experiments safely and for 

meaningful results to be obtained, hence the need for simulators to carry out experiments that are 

safe and cheap. For our experiments, we used three software in unison. They consist of a network 

simulator (OMNET++), a traffic simulator (SUMO), and communication software (Veins) for 

interaction between a network simulator and a traffic simulator. 

5.1.1. Network simulator (OMNET++) 

OMNET++ is a Discrete Event Simulator which is an extensive, modular, component-based C++ 

library and framework for building networks such as wired and wireless communication networks, 

queuing networks, etc. and supports wireless ad-hoc networks, internet protocols, photonic 

networks, etc. network simulators (OMNET++), provides a component architecture for models. 

C++ is used to program the components (modules), and a high-level language is used to integrate 

the smaller components and models (NED). Models' free-of-charge ability to be reused. The 

network simulator (OMNET++) includes a robust GUI and a modular architecture that makes it 

simple to integrate the simulation kernel (and models) into your applications.  

5.1.2. Traffic Simulator (SUMO) 

SUMO is a suite for simulating traffic that is open-source and free. Since its introduction in 2001, 

it has made it possible to model multimodal traffic networks involving pedestrians, public 

transportation, and road vehicles. To support in the creation, implementation, and assessment of 

traffic simulations, SUMO offers a wide range of auxiliary capabilities, including network import, 

route calculations, visualization, and emission calculation. Custom models can be added to SUMO, 

and it offers several APIs for controlling the simulation from a distance. Road traffic was simulated 

using the Simulation of Urban Mobility (SUMO) tool, which is popular in this study area. It is 

implemented in C++ and includes features such as explicit microscopic simulation for simulating 

vehicles, pedestrians, and public transport, generation of time schedules for traffic lights, and 

supports the import of real-world maps.  
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5.1.3. Veins Simulator (Veins) 

The vein is an open-source platform for executing simulations of the vehicular network. It is built 

on two well-known simulators: SUMO, a traffic simulation tool, and OMNET++, an event-driven 

network simulator. It expands on these and provides a full range of models for IVC modeling. To 

make vehicular network simulations as realistic as possible without losing performance, the Veins 

framework has a wide range of models. The network simulator (OMNET++) and SUMO's GUI 

and IDE can be used to easily set up and execute interactive simulations. The main benefit of the 

Veins simulation framework is, that it supports bidirectional coupling between network simulation 

and road traffic microsimulation. Both simulators are connected via TCP sockets and running in 

parallel. The communication between these two simulators is done via Traffic Control Interface 

(TraCI). 

 

Figure 12 Graphical depiction of simulation software setup[50] 

5.2. Simulation Setup 

PARAMETER VALUE 

Max transmission range 1000m 

Simulation duration 50s 

Bitrate 6Mbps 

MinPowerLevel -94dBm 

Noise Floor -110dBm 

Transmission rate 10Hz 

BSM size 250bytes 

Table 2 Simulation Parameters 
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The proposed approach was tested using three scenarios which are: 

 A Six-lane highway consisting of three lanes in both directions 

 A Twelve-lane highway consisting of six lanes in both directions 

 A Twelve-lane highway consisting of six lanes in both directions and slow-moving traffic 

stresses the network 

The length of the roadway was 900m (about 2952.76 ft) with vehicles having a max speed of 

100km (about 62.14 mi)/hr. for the six and twelve-lane roads, 70km (about 43.5 mi)/hr. for the 

twelve-lane road built to stress the network. SUMO utilizes a route configuration file for the 

vehicle and traffic route parameters. The parameters include acceleration, deceleration, vehicle 

type, color, min-gap between vehicles, depart lane, and so on. Vehicles enter and exit the traffic 

simulation depending on the set route as shown in the Figure below. Vehicles were added into the 

simulation at a constant rate of 0.1s in any random lane with space availability. 

 

Figure 13 Vehicles created in SUMO entering and exiting the road network 

The proposed approach is implemented in the veins source files which consist of the various 

modules necessary for the use of the DSRC/WAVE protocol such as the MAC module where the 

transmission power can be controlled, messages module for creating and controlling the type of 

messages to be sent, a settings file that consists of all predefined parameters for simulating 

OMNET++ and so on. Only Basic Safety Messages were broadcasted in the simulation because 

they are the most important messages when it comes to safety. 
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5.3. Simulation Runs 

The scenarios for the simulations were all run in the OMNET++ network environment for 50 

seconds at a transmission rate of 10Hz and a maximum transmission range of 1000m (about 

3280.84 ft). The network simulation environment shows the modules used, nodes presently in the 

simulation broadcasting messages, and the time of the simulation. Roadside Units were not used 

in the simulation because it is a V2V network scenario. Three simulations were run for each traffic 

scenario which are: 

 The 10Hz transmission rate without the use of a congestion control algorithm. Each packet 

is transmitted at full power. 

 The Adaptive power with vehicle density algorithm is used to calculate the transmit power 

for each vehicle based on density level. 

 The proposed Adaptive power with vehicle density and speed algorithm is used to calculate 

the transmit power for each BSM packet. 

 

Figure 14 OMNET++ Environment showing a network simulation in progress  
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A dense density state is when there are more than 100 vehicles present on the road. This can be 

due to several reasons such as accidents, traffic lights, and poor driving abilities. Traffic speeds 

are typically low, and vehicles are closer to each other. 

 

Figure 15 Dense vehicle state 

A Moderate density state is when there are 50 to 100 vehicles presently on the road. This is usually 

free-flowing traffic. 

 

Figure 16 Moderate vehicle state 

A Sparse state is one in which there are less than 50 vehicles presently on the road. The vehicles 

are thinly spread apart or far away from each other, with high vehicle speeds, and traffic is free-

flowing. 
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Figure 17 Sparse vehicle state 

5.4. Simulation results 

The results collected in the simulations are discussed in this section. At the end of the simulations 

scalar values were collected from each vehicle and calculated to obtain the results below:  

 Packets Sent 

 Packets Received 

 Packets Lost 

 Beacon Reception Rate 

 Beacon Error Rate 

 Channel Activity 

Due to variables like the number of lanes and available space, the total number of vehicles 

generated during the simulations varied for the various road traffic scenarios, but did not change 

for the various approaches, indicating that the simulation generated the same number of vehicles 

when the various approaches were used on a particular road. 

Scenario  Number of Vehicles 

6 Lanes 133 

12 Lanes 295 

12 Lanes (slow) 290 

Table 3 Total number of vehicles generated 
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5.4.1. Packets Sent 

First, we examine the total number of packets sent by vehicles in each scenario separately. The 

three approaches investigated all sent the same number of packets to the surrounding vehicles in 

the network which is expected due to the deterministic nature of the road traffic simulator and the 

fixed transmission rate of ten packets per second utilized. The twelve lanes with 70 km (about 43.5 

mi)/hr. sent the most packets because it had slower moved traffic than the 12 Lanes with 100 km 

(about 62.14 mi)/hr. traffic. 

 

Figure 18 Packet Sent 

5.4.2. Packets Received 

The number of received packets is dependent on the congestion control algorithm. The number of 

received packets by itself does not dictate the quality of the algorithm. Therefore, the higher 

number of received packets does not necessarily mean a better algorithm. Simulating without a 

network congestion control algorithm result in receiving more packets. That is expected because 

since the packets are always transmitted with full power, then they will reach further distances. 

Vehicles at a range will receive packets from further vehicles but this will not contribute to 

improving the safety application of vehicles because this type of maximum power transmission 

contributes to congesting the channel. 
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The congestion control algorithms all receive fewer packets which is expected because of the 

control methods used regarding the transmission power. An approach receiving more packets 

compared to the other does not necessarily mean it outperforms the other approaches in terms of 

reducing congestion in the network. 

 

Figure 19 Received Packets 

5.4.3. Packets Lost 

A reduction in packet loss is a good measure to determine how effective our approach is in the 

simulations for congestion control. The goal to improve the safety application is to reduce the 

number of packets lost. A reduction in packet loss would mean that the network is less congested, 

and packets are transmitted to the vehicles that need them without any problems. Observing the 

figure below, we see that the general approach using no adaptive algorithm results in the highest 

amount of packet loss in 12 lanes scenario (vehicle density high), while adaptive algorithms can 

reduce the amount of packet loss significantly. In 6 lanes no adaptive algorithm shows less packet 

loss because network density is low. We observe that the lowest amount of packet loss occurs in 

the density-based algorithm, followed by the proposed algorithm speed-density-based adaptive 

power control (SDBPC). This increases the performance of safety in the network. 
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Figure 20 Lost Packets 

5.4.4. Beacon Reception Rate 

Beacon Reception Rate is the comparison of the ratio of the total number of packets received and 

packets sent in the simulations. The 10 Hz with no congestion control approach shows a higher 

Beacon Reception Rate due to packets being able to travel a far distance throughout the simulation 

compared to the other approaches with congestion control methods used. This would lead to an 

increased Beacon error rate (BER) and eventually contribute to the degradation and increase in 

congestion of the network. The adaptive approach recorded less beacon reception rate because of 

the reduction of transmission power at high-density states which would affect the distance a packet 

would travel just for reducing congestion. 

Beacon Reception Rate =
Total Packets Received

Total Packets Sent 
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Figure 21 Beacon Reception Rate 

5.4.5. Beacon Error Rate 

Having lower beacon error rates would have a positive impact on the safety application. The 

beacon error rate shows the ratio of packets lost over the packets received in the simulations. 

According to the figure below, the proposed approaches had better performance than the adaptive 

density approach and general (no adaptive approach) in 12 lanes scenarios. This improvement was 

possible due to the adaptive approach seeking to accommodate the appropriate transmission power 

needs of the various traffic densities and limiting the wastage of resources in the process.  The 

adaptive density approach and approach without a congestion control algorithm performed poorly 

compared to the innovative approach due to the high beacon error rate mentioned. 

𝐵𝑒𝑎𝑐𝑜𝑛 𝐸𝑟𝑟𝑜𝑟 𝑅𝑎𝑡𝑒 =
Total Packets Lost 

Total Packets Received
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Figure 22 Beacon Error Rate 

5.4.6. Channel Activity 

Channel busy time shows the amount of time in seconds vehicles encounter a busy response from 

the channel. Network congestion control algorithms aim to keep this number as low as possible. 

The Total Busy time of the individual vehicles is divided by the total simulation time which tells 

us the amount of time the MAC layer is busy. A vehicle needs to wait for the channel to be clear 

before a packet can be transmitted to the network. The adaptive speed-density-based approach 

algorithm shown in the figure below performed better than the other approaches in all scenarios. 

In the scenarios where no congestion control method was used a prominent level of congestion is 

discovered which is harmful to the performance of VANET. 

𝐶ℎ𝑎𝑛𝑛𝑒𝑙 𝐴𝑐𝑡𝑖𝑣𝑖𝑡𝑦 =
Total Busy time of the individual vehicles 

Total simulation time
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Figure 23 Channel Activity 
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CHAPTER SIX 

CONCLUSION AND FUTURE WORKS 

6.1. Conclusion 

VANET is one type of mobile ad-hoc network designed to solve the problems in ITS applications. 

The transportation industry has been searching for services to increase safety and provide 

information to vehicles. VANET system plays a significant role in the ITS environment, it can be 

modified using V2V and V2I communication. Vehicular Ad hoc Network (VANET) facilitates 

cooperative awareness applications by periodically sharing basic safety messages (BSMs) with the 

neighborhood vehicles. VANET has different applications such as safety and non-safety 

applications. To broadcasting those applications, VANET needs efficient mechanisms. Safety 

applications in VANET rely on broadcasting schemes. Those broadcasting schemes can be one-

hop or multi-hop schemes. Even though many researchers try to design broadcasting schemes for 

VANET, still it is a challenging task. With the growing number of vehicles in the network, the 

number of safety messages increases quickly, which results in network channel congestion, 

impairing reception performance and safety benefits. 

To control and lessen channel congestion on VANET, we have designed and examined a method 

to change transmission power following vehicle density and speed. The innovative approach 

speed-density algorithm was able to use different transmission powers to control channel 

congestion. The speed-density algorithm approach has shown to have an improvement in reducing 

the channel busy time, reducing the number of lost packets, and less beacon error rate recorded for 

the packets. 

6.2. Contribution 

The core contribution of our work developing a better performance than the existing system which 

reduces channel congestion on vehicular ad hoc networks. To accomplish this, we propose 

Congestion Control in Vehicular Ad-Hoc Networks by Adapting Transmission Power with 

Vehicle density and speed. Using this approach, we would sacrifice awareness for distant vehicles 

to reduce the channel load by increasing awareness of nearby vehicles i.e., this approach allows 

an ego vehicle to provide various levels of awareness to different nearby vehicles (each vehicle 

can modify transmission power when communicating a fundamental safety message to its 
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neighbor). Vehicles that are closer to the ego vehicle would receive more packets from the ego 

vehicle, while those that are farther away would receive fewer packets. This approach improves 

VANET performance by lowering packet loss rates, reducing beacon error rates and, reducing 

channel busy times. 

6.3. Future works 

Numerous elements, such as vehicle-to-infrastructure communication, more complex traffic 

scenarios, and non-basic safety messages, are not considered in the simulations. The performance 

of VANET will be further enhanced, and network congestion will be decreased, by combining the 

adaptive technique with other ways from the research community to create a hybrid approach. An 

advanced strategy based on vehicle speeds and traffic densities with a rate control algorithm i s 

likely to increase performance and should be further researched. 
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Appendix A 

OMNET++ Configuration 
[General] 
cmdenv-express-mode = true 
cmdenv-autoflush = true 
cmdenv-status-frequency = 1s 
**.cmdenv-log-level = info 
image-path = ../../images 
network = diriba 
 
########################################################## 
#            Simulation parameters                       # 
########################################################## 
debug-on-errors = true 
print-undisposed = true 
record-eventlog = false 
sim-time-limit = 50s 
 **.scalar-recording = true 
**.vector-recording = true 
 
*.playgroundSizeX = 2500m 
*.playgroundSizeY = 2500m 
*.playgroundSizeZ = 50m 
 
 
########################################################## 
# Annotation parameters                                  # 
########################################################## 
*.annotations.draw = true 
 
########################################################## 
# Obstacle parameters                                    # 
########################################################## 
 
########################################################## 
#            TraCIScenarioManager parameters             # 
########################################################## 
*.manager.updateInterval = 1s 
*.manager.host = "localhost" 
*.manager.port = 9999 
*.manager.autoShutdown = true 
*.manager.margin = 25 
*.manager.moduleType = "org.car2x.veins.nodes.Car" 
*.manager.moduleName = "node" 
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########################################################## 
#            11p specific parameters                     # 
#                NIC-Settings                            # 
########################################################## 
*.connectionManager.sendDirect = true 
*.connectionManager.maxInterfDist = 2600m 
*.connectionManager.drawMaxIntfDist = false 
*.**.nic.mac1609_4.useServiceChannel = false 
*.**.nic.mac1609_4.bitrate = 6Mbps 
*.**.nic.mac1609_4.txPower = 24mW 
*.**.nic.phy80211p.minPowerLevel = -94dBm 
*.**.nic.phy80211p.collectCollisionStatistics = false 
 
*.**.nic.phy80211p.useNoiseFloor = true 
*.**.nic.phy80211p.noiseFloor = -98dBm 
*.node[*].nicType = "Nic80211p" 
*.**.nic.phy80211p.decider = xmldoc("config.xml") 
*.**.nic.phy80211p.analogueModels = xmldoc("config.xml") 
*.**.nic.phy80211p.usePropagationDelay = true 
 
*.**.nic.phy80211p.antenna = xmldoc("antenna.xml", 
"/root/Antenna[@id='monopole']") 
*.node[*].nic.phy80211p.antennaOffsetY = 0 m 
*.node[*].nic.phy80211p.antennaOffsetZ = 1.895 m 
 
########################################################## 
#                      App Layer                         # 
########################################################## 
*.node[*].appl.headerLength = 80 bit 
*.node[*].appl.beaconLengthBits = 1920 bit 
*.node[*].appl.sendBeacons = true 
*.node[*].appl.dataOnSch = false 
*.node[*].appl.beaconInterval = 0.1s 
 
########################################################## 
#                      Mobility                          # 
########################################################## 
*.node[*].veinsmobilityType = 
"org.car2x.veins.modules.mobility.traci.TraCIMobility" 
*.node[*].veinsmobility.x = 0 
*.node[*].veinsmobility.y = 0 
*.node[*].veinsmobility.z = 0 
*.node[*].veinsmobility.setHostSpeed = true 
*.node[*0].veinsmobility.accidentCount = 1 
*.node[*0].veinsmobility.accidentStart = 20s 
*.node[*0].veinsmobility.accidentDuration = 20s 
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########################################################## 
######Configurations Adaptive-Speed-density Algrthm ###### 
########################################################## 
[Config SDBAPC-Lane6]  
*.node[*].applType = "MyVeinsApp" 
*.manager.launchConfig = xmldoc("diriba6.launchd.xml") 
 
[Config SDBAPC-Lane12hs]  
*.node[*].applType = "MyVeinsApp" 
*.manager.launchConfig = xmldoc("diriba12hs.launchd.xml") 
 
[Config SDBAPC-lane12Ls]  
*.node[*].applType = "MyVeinsApp" 
*.manager.launchConfig = xmldoc("diriba12ls.launchd.xml") 
########################################################### 
###########Configuratios without DCC Algrthm ############## 
########################################################### 
[Config WithoutDCC-lane6] 
*.node[*].applType = "WithoutDCC" 
*.manager.launchConfig = xmldoc("diriba6.launchd.xml") 
 
[Config WithoutDCC-lane12hs] 
*.node[*].applType = "WithoutDCC" 
*.manager.launchConfig = xmldoc("diriba12hs.launchd.xml") 
 
[Config WithoutDCC-lane12ls] 
*.node[*].applType = "WithoutDCC" 
*.manager.launchConfig = xmldoc("diriba12ls.launchd.xml") 
 
########################################################### 
########Configuratios AdaptiveDensity Algrthm ############# 
########################################################### 
[Config Density-lane6] 
*.node[*].applType = "AdaptiveDensity" 
*.manager.launchConfig = xmldoc("diriba6.launchd.xml") 
 
[Config Density-lane12hs] 
*.node[*].applType = "AdaptiveDensity" 
*.manager.launchConfig = xmldoc("diriba12hs.launchd.xml") 
 
[Config Density-lane12ls] 
*.node[*].applType = "AdaptiveDensity" 
*.manager.launchConfig = xmldoc("diriba12ls.launchd.xml") 
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Appendix B 

SUMO configuration 
 

<routes> 
<vType accel="10.0" decel="5.0" id="Car" length="2.0" minGap="2" 
maxSpeed="100.0" sigma=" 0.7" /> 
<route id="LefttoRight"  edges="1i 2o" />  
<route id="RighttoLeft"  edges="2i 1o" />   
<flow id="f11" color="1,1,0" begin="0" end="100" period="0.1" 
type="Car" departLane="random" from="1i" to="2o"/> 
<flow id="f22" color="green" begin="0" end="100" period="0.1" 
type="Car" departLane="random" from="2i" to="1o"/> 
</routes>  
 

Figure 24 SUMO Route Configuration 

 

 

 

 

 

<configuration> 
 <input> 
 <net-file value="diriba.net.xml"/> 
 <route-files value="diriba.rou.xml"/> 
 </input> 
 <time> 
<begin value="0"/> 
<end value="1000"/> 
</time> 
</configuration> 

Figure 25 SUMO Configuration 
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Appendix C 

Scalar Results  

Scalar Results for General (Without Adaptive Algorithm) 

 6 Lanes 12 Lanes 12 Lanes (Slow) 

Sent Packets 

22950 50790 

 

55230 

Packet Received  

1059783 4833143 

 

5602347 

 Lost Packets  

22257 639457 
1026193 

Beacon Reception Rate 
46.17 

95.15 
101.43 

Beacon Error Rate 
0.021 

0.1323 
0.1831 

Channel Activity  

48.12 225.74 

 

243.96 

Table 4 10Hz Scalar Results 

 

 

Scalar Results for Adaptive Density 

 6 Lanes 12 Lanes 12 Lanes (Slow) 

Sent Packets 
22950 50790 55230 

Packet Received 
686892 1738396 1948678 

Lost Packets 
43611 133669 211797 

Beacon Reception Rate 
29.92 34.22 35.28 

Beacon Error Rate 
0.0634 0.0768 0.1086 

Channel Activity 
31.72 82.68 86.69 

Table 5 Adaptive Density 
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Scalar Results for Speed-Density Based Power Control (SDBPC) 

 6 Lanes 12 Lanes 12 Lanes (Slow) 

Sent Packets 
22950 50790 

55230 

Packet Received 
687716 873137 

874320 

 Lost Packets 
42684 47730 

51811 

Beacon Reception Rate 
29.96 17.19 

15.83 

Beacon Error Rate 
0.062 0.0546 

0.0592 

Channel Activity  

31.78 

 

42.52 39.73 

Table 6 New Proposed Approach Result 




