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Abstract 

 

This study seeks to conduct analytical investigation into Congestion Control models to determine the effects of parameters 

inherent in mitigating traffic flow density in a congested network. The spatial temporal variations in the value of ɚ affects 

vehicular traffic flow. This study proposed a Congestion Control Model and perform simulation in MATLAB. In this model, 

vehicular density and number of vehicles were held constant while varying the value of ɚ from 1 to 10. The simulation result 

reveals the vehicle trajectories as the value of ɚ increases with time. The outcome of this study indicates that there is no need 

increasing the value of ɚ beyond 12, since further increases would only increase the number of vehicles leading to traffic jam. 

In principle, it is very important to use 1Ò ɚ Ò12 in designing traffic models in VANETs. The analytical result proved that the 

Congestion Control Model for the four-lane may be the most appropriate model to be adopted and use in designing VANETs 

networks.   
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1. Introduction 

    In recent times, there has been a great deal of research 

efforts from both academia and industry to revolutionize the 

world of transportation [1, 2]. This effort has been directed at 

building Intelligent Transportation Systems (ITS) with the 

aim of improving road safety as well as traffic efficiency.    

This has been made possible because of advances in 

hardware, software and communication technologies. The 

successful implementation of ITS will lead to greater driver 

and passage comfort. Under the auspices of the Electronic 

Safety Initiative (i.e. GST,Pre Vent etc)  [3]. The European 

Union nations have taken the lead to investigate into the 

future potential of reducing road fatalities through the use of 

vehicle-to-vehicle (V2V) communication. Much of the 

research in this area has been directed at finding novel design 

architectures, routing protocols, security as well as quality of 

service. The leaders in this effort has been the European 

Union, USA and Japan where there have been trials and 

deployments. 
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    The Car-to-Car communication (C2CC), usually referred 

to as vehicle-to-vehicle (V2V) communication in the 

vehicular ad hoc network (VANETs), has the potential to 

enable many new applications for vehicles. This would 

eventually create numerous future opportunities for enhanced 

safety improvements in vehicular ad hoc networks.  The 

communication between vehicles has the potential to support 

drivers and active safety applications such as collision 

warning, up-to date traffic and weather information and 

navigation systems. 

    However, the future application of these services in 

VANETs, pose numerous challenges with the technology, 

protocol designs, security and this has become an active 

research area that has attracted the attention of both industry 

and academia globally.  

    Inter-Vehicle Communication (IVC) Systems in VANETs is 

seen to attract considerable attention from the research 

community and automotive industry. This event is being 
spearheaded b y  m a n y automobile manufacturers and have 

step-up efforts to build communication devices for future 
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vehicles to ensure safety, comfortable driving, and 

entertainment. Each year more than six million crashes in the 

U.S. cause almost thousands of deaths and millions of injuries 

and other countries are not excluded either.  

    The vehicle-to-vehicle and vehicle-to-infrastructure 

communication can prevent some of these collisions once it 

is developed. This occurs by warning drivers or on-board 

computers in vehicles about dangerous situations such as 

accidents, slippery road segments, stopping traffic and other 

vehicles approaching intersections. In addition to preventing 

accidents, communication among vehicles can increase the 

efficiency of the transportation systems. 

    VANETs have almost the same characteristics as mobile 

ad hoc networks in the form of multi-hop networks 

communications. Due to the mobility patterns of the nodes 

coupled with dynamic network topology changes, all the 

nodes utilize the same channel leading to traffic congestion in 

dense network.  

    The decentralized capability in VANETs leads to the need 

for a paradigm shift for new system concepts and V2V 

communication. Besides, the decision on the wireless 

communication standard to be used and message 

dissemination schemes capable of exchanging messages 

under different networks scenarios. This advancement, will 

improve high speed real-time communication to enable 

collision warning. 

    The mobility in the Vehicular Ad hoc Networks 

(VANETs) are usually considered as decentralized and self-

organizing networks that are made up of high speed moving 

vehicle. This unique feature of VANETs is used to establish 

communication among vehicles and therefore develop 

pervasive application for road safety.  

    However, the acceptable communication mode in 

VANETs is through broadcast and these characteristics of 

VANETs is the major challenge. This undoubtedly renders 

emergency traffic alert message dissemination very difficult 

due to the high mobility and fast topology changes in 

vehicular environments. Due to this phenomenon in 

VANETs, it is important to substantiate the position of the 

farthest vehicles (nodes) through different methodology.  

    For us to accomplish this in vehicular Ad hoc networks, it 

is of utmost important to use decentralized controllers to pre-

determine the exact threshold parameters.          

    This will eventually help vehicles (nodes) to dynamically 

decide on the appropriate timelines in which the rebroadcast 

should be sent and when to discard received emergency 

traffic alert. This study seeks to conduct analytical 

investigation using macroscopic traffic flow models to 

ascertain the inherent effects of ɚ as a parameter in congested 

networks.  

 

 

2. Related Works 

    Data dissemination in vehicular networks is primarily 

concerned with the delivery of safety information in a timely 

manner such as accident warnings to drivers to enable them 

take corrective measures to avoid fatalities on the roads. The 

most appropriate packet delivery mechanism required to 

support such applications is usually multicast in nature. 

However, the membership of the multicast group is defined 

implicitly by driving direction, location, speed and time, 

instead of explicit identification to ensure that all vehicles that 

are upstream of a traffic accident should be within one 

kilometre transmission range according to [4]. 

    In [4], a system was proposed where the road is divided 

into short segments to enable the mobile or stationary nodes 

to aggregate the information relevant to the segment from 

sensors or received packets. This summary information is 

sent via one-hop broadcast to other nodes. In this case, the 

application layer is responsible for forwarding the per-

segment information further to other nodes after processing 

the relevant information. The nodes have the tendency to 

relate the information to the corresponding segments with the 

help of digital maps. 

    In urban environments, according to IEEE 802.11 based 

urban Multi-Hop Broadcast (UMB) protocol is proposed in 

[5]. This protocol is designed to assign the duty of forwarding 

and acknowledging broadcast packets to only one vehicle by 

dividing the road segment inside the transmission range into 

smaller sections and choosing the further non-empty section 

of the vehicle without giving any prior topology information 

such as the ID or position of its neighbours. In other 

circumstances, if an intersection lies in the path of the 

message dissemination, the authors propose the use of 

repeaters to initiate new directional broadcasts in all 

directions. 

    According to [6], the effect of vehicle mobility ensures that 

the message is stored while waiting for an opportunity to 

forward them for end-to-end delay to be reduced. Bi-

directional and multilane highways provide additional 

freedom of movement, which also reduces the delay to some 

extent. According to [7], four physical models are evaluated 

to measure the rate of information propagation. The paper 

examines the positive influence due to increases in operation 

rate, mobility rate and vehicle density, on the rapid 

propagation of information. In a typical urban environment, a 

hybrid physical model combines V2V and V2R 

communication models for enhanced performance. 

2.1 Applications 

    A lot of applications were proposed within Intelligent 

Transportation Systems (ITS) projects in recent times. In 

advent of new advances in wireless technology and the 

research efforts from the academia and industry in mobile ad 

hoc and VANETs, the VANETs are seen with the capabilities 

of supporting these ITS applications.  

 

 

i. Safety Applications 

    In VANET applications, vehicle is made intelligent to 

recognize that there is a dangerous situation ahead and has the 

capability of reporting it instantly to neighbouring vehicles. 

The hazardous situation can be identified by sensors to detect 

events such as the deployment of airbags due to accident, loss 
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of tire attraction, or abrupt application of brakes. The critical 

requirements in these applications are latency and area of 

coverage as reported in [8]. 

    The concept of Zone-of-Relevance was introduce in [9]. 

Within this zone, a warning message is delivered to drivers to 

assist them to avoid dangerous situations while the vehicle 

outside the Zone-of-Relevance may route the message but 

drivers are not alerted to ensure that only the relevant 

messages are delivered to drivers and all the unnecessary 

reactions are avoided to prevent fatality on the roads. 

 

 

ii. Traffic Monitoring 

    The use of existing capabilities of vehicles, such as Car 

Area Network (CAN) and GPS, VANETs act as an intelligent 

sensor and forms powerful traffic information systems. The 

advantages of using VANETs over other infrastructure-based 

systems involved the rapid deployment, self-organization and 

lower-cost. 

    In the system proposed in [10], VANETs is composed of 

fixed and mobile nodes (vehicles). The vehicles are organized 

into clusters where they exchange beacon signals to maintain 

a neighbouring relationship. This task requests are generated 

by nodes or from an external network and are transmitted to 

immediate neighbours to monitor some relevant conditions of 

the roads. During the process of forwarding the tasks requests 

may occur to propagate the requests through the network and 

upon receiving the request, the vehicle samples the data from 

the relevant sensor. This data is then summarized and 

forwarded back to the originating nodes as a task response. 

   According to these authors [4], each vehicle monitors the 

locally observed traffic situation by receiving data packets 

concurrently with detailed information from other vehicles. 

In their studies, a traffic situation analysis is performed in 

each individual vehicle and the result is transmitted through 

a wireless data-link to all vehicles in the local neighbourhood. 

iii. Cooperative Driving in 
Automated Highways 

    This types of VANETs applications are primarily 

concerned with the automation of certain driving functions to 

expedite efforts toward driving safely and improve the 

capacity of highways. This study investigates platoon 

formation and lane merge according to [11, 12] and obstacle 

avoidance and blind intersection assistance as indicated in 

[13, 14]. 

iv. Entertainment 

    These applications ensure the delivery of multimedia 

content for vehicle passengers. Among the challenges in this 

area is the provision of QoS guarantees and locating the 

media content. The author in [15],  assess the importance of 

a Car-to-Car (C2C) and Peer-to-Peer (P2P) systems for 

delivering media content using the cellular and the vehicular 

ad hoc networks (VANETs). 

2.2    The Vehicular Mobility 

    Many researchers are highly interested in studying sparse 

vehicular networks due to its importance in ITS applications 

in VANETs. This motivation from most researchers reflects 

the assumptions inherent in the inter-vehicle communication 

in sparse networks as more challenging due to the difficulty 

in maintaining connectivity. In addition, the low-density 

conditions offer more flexibility in setting the traffic 

parameters such as flow, speed and density for analytical and 

simulation studies. The assumption of independent parameter 

is valid only in free-flow traffic. Therefore, the results of 

these studies cannot be used directly in dense traffic 

environments. This study seeks to argue that research should 

focus more on dense traffic and traffic jam environments due 

to their important significant influence on VANETs, since: 

 

i. The vehicle density can contribute to rapid message 

dissemination [16-19] . 

ii.  Higher node density aggravates the contention and 

collision problem in the communication protocols 

based on shared media. 

iii.  The traffic jams contribute to certain non-

homogeneous distribution of vehicles and therefore 

increasing the range of transmission needed to 

maintain connectivity. 

iv. The vehicle traffic may change rapidly between 

free-flow in congested traffic as the result of the 

traffic controls, road constraints or accidents.  

The review of research directions related to the use of vehicle 

mobility models and traffic simulator is provided in the next 

subsection.  

2.2.1 The Vehicle Mobility Models and 
Traffic Simulations in VANETs 

    Vehicular mobility models and traffic simulators have 

become popular for use in VANETs studies [20]. The main 

reasons for these simulators is for use in traffic analysis, 

forecasting and planning transportation networks. Due to the 

important applications in VANETs, the ITS initiative has 

generated an enormous number of vehicular traffic simulators 

since its inceptions in the United State in 1991 according to 

[21]. These simulators are intended to support ITS 

applications, but not necessarily VANETs due to their recent 

introduction. 

    VANETs research papers, simulation for vehicle 

movement is usually considered a special type mobility 

model according to [8, 22]. These mobility models cannot 

produce complex vehicle manoeuvres while car-following, 

decelerating, and accelerating, during traffic jam situations. 

For the analysis of any complex phenomenon like VANETs, 
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many studies have relied on vehicular mobility models to 

generate vehicle movement traces. 

i. The Mobility Models 

    Many studies in ad hoc networks often require keeping 

track of nodes positions at any given time and vehicular 

networks are no exception. In recent time, many VANETs 

applications depend on realistic vehicle movement patterns 

and this can be obtained from traffic micro-controllers which 

is capable of tracking the characteristics of individual 

vehicles including the position, speed and direction. The early 

research in inter-vehicle communication relied on micro-

simulators that were designed for the purpose of investigating 

vehicle traffic in transportation[23]on networks. VANETs 

research adapts simulators to generate traces of vehicles 

positions at regular time interval into network simulator such 

as ns-2, ns-3, MATLAB as outlined in these papers [18, 23-

26] to perform simulation of communication protocols. In 

recent times, the research communities have devoted 

substantiate effort to the development of network traffic 

simulators for the purpose of VANETs research as reported 

in [18, 23]  . Usually, these simulators have a dual focus on 

the communication and mobility sides of VANETs. 

ii. The Traffic Flow Models 

The traffic simulators are extensively used in evaluating 

vehicular ad hoc networks. The analytical approaches in free-

flow traffic conditions are usually the preferred choice. The 

primary reasons for this choice is the control environments it 

offers, ability to select at least two or three parameters to 

establish the fundamental relationship of the traffic flow. 

Under free-flow conditions, according to [27-30],   it is 

assumed that the traffic flow and the vehicle velocity are 

independent. This fundamental relationship of traffic flow is 

used to derive probability density function (pdf) of the 

communication duration between vehicles and the pdf of the 

time between consecutive topology changes. Similar 

assumptions are made in [31] to derive the pdf for distance at 

which to establish a multi-hop connection between two 

vehicles. The effective selection of time headway (i.e. the 

time gap between consecutive vehicles) as an input parameter 

can be control both the rate by which vehicles are injected to 

the simulation environment and the density of the vehicles. 

According to [32], the time headway values are generated 

randomly from a Poisson distribution with an average value 

that ensures the free-flow traffic. A uniform distribution with 

a minimum value that specifies the initial separation between 

vehicles is used in [31]. 

iii. The Vehicle Speed 

    In most cases, the desired speed is provided as an input to 

the simulations. The vehicle speed can be a constant value for 

each type of vehicles (e.g. cars and trucks) or may be sampled 

from a random distribution. In [33], the speed distribution is 

chosen to correspond to real measurements from German 

highways, while in [5, 13], the speed is assigned from a 

normal distribution.  

    One possible choice of random vehicle speed is based on 

the theory of the ñ85th percentile speedò that is usually used 

as a guide to set limit on the highways as reported in [34-37]. 

The 85th percentile speed is defined as the speed 85% of 

drivers moving at or below. It is evident that 75% of the 

drivers maintain a speed within a certain range around the 

average speed limit. Another research findings indicates that 

15% are slow drivers while the remaining 15% are driving at 

high speeds. According to [6, 28], vehicle speed is sampled 

from a Normal distribution using the standard deviation to 

mark the boundaries between slow, average and high speeds. 

Although, the speed and time headway changes in real traffic, 

they are kept constant in [38-41]. 

    Furthermore, the choice of the average speed varies 

according to the choice of the environment under 

considerations. For instance, in highway simulations 

environment the average speed is set to 100-130km/hr 

according to [27, 33]. Similarly, the simulations of city street 

grid set the average speed to 40-80km/hr either randomly 

according to [5] or according to the street types [42]. The 

choice of speed may reflect also the posted speed limit, road 

conditions and common driving habits. 

iv. The Collisions 

The collision in VANETs is usually assumed in some 

literatures that vehicles moves freely and collisions are not 

allowed. However, the vehicle density according to [32] is 

specified to create congested traffic situations and vehicles 

may collide if drivers fail to react in time. This finding is very 

necessary to evaluate the influence of the V2V and V2R 

communication on safety as indicated in [32]. 

v. The Road Topology 

    This may be described as a common choice of highway 

geometry of two or more lanes in each direction. This allows 

the traffic to flow in both directions may be described as 

asymmetric as indicated in  [27] .  According to [11], they 

argue that dividing the highways may be used to limit the 

geographic area affected by message broadcast to one traffic 

direction. According to [42-44], explained more complex 

geometry to be used to evaluate routing strategies and 

protocols in a city traffic flow environment.    

    This paper is organized as follows. Section 2, discusses the 

state-of-the-art related work. The proposed Congestion 

Control Model (CCM) is provided in section 3; the 

performance evaluation and simulation results are presented 

in section 4. Finally, draw a conclusion and outlined future 

research direction in Section 5. 
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3. Proposed Traffic Models 

    This section introduces the proposed Congestion Control 

Models (CCM) for four-lane road networks. The Model seeks 

to take into account the entire aggregation of vehicles traffic 

flow states and its inherent density disruptions as catalyst to 

mitigate congestion in VANETs. In fact, these density 

disruptions to some extent are due to the correlations between 

parameters such as speed, density and vehicle mobility 

pattern. 

    The proposed Congestion Control Models (CCM) is 

intended to ascertain the general interactions of vehicular 

mobility pattern into congestion control. The congestion 

control seeks to mitigate traffic congestion by varying the 

value of ɚ. This macroscopic model is the main direction of 

this study according to [45] 

 

 

 

 

 

 

 

 

 

3.1 A Congestion Control Models (CCM) 

    This model describes entities, their activities and 

interactions at low level of detail. For example, a traffic 

stream may be represented in the form of a scalar value of 

flow, density and speed. This model ensures that the traffic 

stream is properly allocated to lane rather than lane-changes. 

This model deal with the aggregate behavior of the traffic 

flow states. 

    Another classification addresses the process represented by 

the model as either deterministic or stochastic. The 

deterministic models define all the entities with their 

interactions by the exact relationships using mathematical, 

statistical or logical for its representations. The stochastic 

models have processes with probability functions. A car-

following model, for instance, may be formulated either as a 

deterministic or stochastic relationship by defining the 

driverôs reaction time as a constant value or a random variable 

respectively. In this proposed model, the study adopts the 

well-known classifications of macroscopic traffic flow for 

different densities with particular focus on the congested 

network as shown in table. 1   
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3.2 Low Traffic Design 

    The vehicles under low traffic density and their interaction 

between vehicles are very low and therefore experiences free 

traffic flow movement. This free flow condition, results in 

realistic independent movement among vehicles without any 

restriction on the roads. The computational model developed 

in [45-48], indicates that the arrival process of vehicles has a 

highway density. This can be modelled as a Poisson process 

with an arrival rate tl. Therefore, the probability that n 

vehicles arriving in a time period t can be computed using. The 

equations are shown in number (1), (2) and (3). 

 

( )
!

nx t txP X n e
n

  ( l )-l= =                            (1)  

 

   c, is a number of vehicles migrating to a highway in a time 

interval x. The time headway distribution is described in [46, 49],  

as an exponential distribution of this parameter (
1

tl
) with the 

probability density function (PDF) ( ) , 0t
tfT t e tc-l=l ². The 

PDF allows the time headway to be zero and this actually give it 

the highest relative likelihood of occurrence which is not possible 

to be zero by the set conditions. For a realistic result to be 

achieved, it is important to increment with the minimum 

allowable time headway. This PDF is given by 
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t t

T
te t

tf t
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                (2)  

 

 

   
V

D=
n

                                                                (3) 

 

    Where V in equation (3) is the traffic volume 

m e a s u r e d i n  vehicle per hour (veh/hr) and D, density 

is measured in vehicle per mile per lane in (veh/mile/lane), 

and   r epresents the s p a c e mean speed in mph. The traffic 

flow conditions corresponding to each density level are 

classified in Table 1. [45] 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

        
                   Table 1. Traffic flow state for different densities [45] 

                                                            
4. The Performance Evaluation 

    This section outlines the step-step approach to carry-out 

a comprehensive analysis to arrive at the desired results. 

 

 

 

 

 

    4.1 The Simulator 

This study evaluates the performance of the macroscopic    

traffic models based on the event driven simulation [50-52]. 

 

 

Density 

(Veh/Mile/Lane) 

Level of 

Service Flow conditions 

    0-12   A Free-flow operations  

Uncongested flow 

conditions 
   12-20   B Reasonable free-flow operations 

   20-30   C Stable operations 

   30-42   D Borders on unstable operations 

   42-67   E Extremely unstable flow 
operations 

Near-capacity 
flow conditions 

   67-100   F Forced or breakdown operations Congested flow 
conditions 

   >100 Incident situation operations 

 



The Effect of Congestion Control Model on Congested Traffic Flow in Vehicular Ad Hoc Networks (VANETs) 

7 

The mobility of the vehicle and the road network is being 

simulated using MATLAB with system parameters in the 

table. 2 below. 

 

 

 

 

  

    

 

 

 

 

 

 

 
 
 

 
 
 

   Table 2. System Parameters 

    4.2 The Four-Lane Traffic Mobility 

    This study modifies the known civil engineering traffic flow 

models in Four-Lane Mobility in VANETs within a congested 

network. This study demonstrates how the network behaves 

under varying traffic densities which involves 10Miles 

veh/mile/lane to 100 veh/mile/lane within 15Miles road 

section to investigate network behaviour with four lanes 

analytically. 

    To really understand the interactions among two vehicles in 

terms of traffic flow density. This study seeks to vary the value 

of lambda from 1 to 10 against 100 veh/mile /lane to 

investigate how the network behaves when ɚ increases under 

in a congested network scenario.  

    The link layer contention delay statistics is measured with 

the central tendency indicating the various thresholds of all 

vehicles receiving the broadcast packet during the broadcast 

storm at different probability densities as clearly shown in 

 Fig 1-10. 

 

 

 

 

 

   

 

 
 
 
 
 
 
 

 
 
4.3 The Performance Metrics 

      This ɚ, is an important parameter used to model the 

behaviour and the interaction of vehicles at different traffic 

densities. The study used 67veh/mile/lane to 100veh/mile/lane 

and varies the ɚ from 1 to 10 to investigate the effects of ɚ on the 

interaction of vehicles on the four-lane. 

      The network behaviour with respect to the lane changes are 

shown in the figure below If ɚ = 1, the traffic flow trajectories 

within the four-lane exhibits exponential distribution where lane 

1: has the least congestion with less priority in terms of packet 

reception. The next less priority occurs at lane 2 but has an 

increased number of vehicles than in lane 1. Lane 3, experiences 

high number of vehicles while lane 4 shows higher number of 

vehicles and therefore receives the highest priority reception rate 

to control the congestion. Lane 3, is the second higher lane with 

the next higher priority reception rate when lane 4 is reduced to 

the acceptable threshold as shown in 

 Fig. 3.  

     When ɚ = 2, the traffic flow within the lanes also indicate an 

exponential distribution at lane 1 and lane 2 and therefore have 

least priority while lane 2 having fewer number of vehicles than 

in lane 1. Lane 3 and lane 4 begin to show partial normal 

distribution in Fig 4. Lane 4 has the highest priority in terms of 

packet reception and lane 3 has the next higher priority after lane 

4 has successfully receives the needed reception. 

     Again, if ɚ = 3, the traffic flow within the four-lane shows an 

exponential distribution at lane 1 and indicates a partial normal 

distribution from lane 3 and lane 4 in Fig 5. Since, lane 3 and 

lane 4 have partial normal distribution indicate that there is an 

increased number of vehicles but with lane 4 having the highest 

number of vehicles than in lane 3. Therefore, lane 4 is congested 

with the highest priority reception rate and the next priority is 

lane 3. When ɚ = 3 shows the initial threshold in which lanes 

continue to experience an increased number of vehicles anytime 

the value of ɚ is increased. 

Item Number  Parameters Descriptions 

1 Platform MATLAB  

2 Speed of Vehicles 60km/hr 

3 No. of Vehicles on the Road 1800 

4 Type of Road (Capacity) Highways, Urban, Semi-Urban 

5 Number of Lanes in each direction 4 

6 Average Percentage of vehicles  30% 

7 Expected Threshold Changes 15% 

8 Speed Limit 36 mile/hr 
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      When ɚ = 4, the traffic flow shows a complete normal 

distribution at lane 3 and lane 4 with an increased number of 

vehicles as indicated in Fig 6. At this stage, lane 3 and lane 4 

are congested but lane 4 has the highest number of vehicles and 

therefore need to receive the highest priority of reception rate 

before lane 3. Lane 1 is still the least but with increased number 

of vehicles once the value ɚ, increases. Lane 1, has high 

mobility than in lane 2 since the number of vehicles in lane 2 

is higher than in lane 1. Therefore, lane 1 has the highest 

mobility rate. 

      Subsequently, when ɚ = 5, the traffic flow exhibits a 

complete normal distribution at lane 2, lane 3 and lane 4 as 

indicated in Fig 7. Lane 1 has the least number of vehicles and 

therefore has the highest mobility rate than in lane 2. Lane 3 

and lane 4 still have the highest number of vehicles, since both 

lanes become congested with lane 4 having the highest number 

of vehicles indicating a high priority in terms of packet 

reception and move subsequently to lane 3.  

       In addition, when ɚ = 6, the traffic flow also shows a 

complete normal distribution at lane 2, lane 3 and lane 4 as 

indicated in Fig 8. At this stage lane 3 and lane 4 have an 

increased number of vehicles and therefore congested but lane 

4 is congested than lane 3. Lane 4, seems to experience higher 

congestion than lane 3. Lane 1, still has the least number of 

vehicles with reasonable amount of mobility rate than in lane 

2, lane 3 and lane 4.  

      If ɚ = 7, the traffic flow shows a complete normal 

distribution at lane 2, lane 3 and lane 4 as indicated in Fig 9.    

Lane 4 has the highest priority in terms of packet reception and 

move subsequently to next lane 3. At this instance, is worth to 

note that anytime the value of ɚ increases then all the four-lane 

also increases indicating a direct proportion in each lane.  

    When ɚ = 10, the traffic flow shows a complete normal 

distribution for all the four-lane as indicated in Fig 12. Lane 4 

has the highest priority in terms of packet reception and move 

subsequently to next lane 3 but with an increased number of 

vehicles. This trend shows that once all the lanes assumed a 

complete normal distribution it would correlate with an 

increased number of vehicles but with lane 3 and lane 4 term a 

congested network. In this instance, lane 4 has the highest packet 

reception next to lane 3, lane 2 and lane 1 in that order of 

magnitude in terms of traffic density. 

      The spatial temporal variations in the value of ɚ affects 

vehicular traffic flow. This study proposed a Congestion Control 

Model (CCM) and perform simulation in MATLAB. In this 

model, vehicular density and number of vehicles (veh/mile/lane) 

were held constant while varying the value of ɚ from 1 to 10. 

The simulation result reveals the vehicle trajectories as the value 

of ɚ increases with time. The outcome of this study indicates that 

there is no need increasing the value of ɚ beyond 12, since further 

increases would only increase the number of vehicles 

(veh/mile/lane) leading to traffic jam. In principle, it is very 

important to use 1Ò ɚ Ò12 in designing traffic models in 

VANETs. The analytical result proved that the Congestion 

Control Model (CCM) for the four-lane is first to none to be 

adopted and use in designing VANETs networks. In this model, 

each lane has a certain number of vehicles in a given period. 

First, lane 4 experiences congestion; follow by lane 3; next to 

lane 2 and lane 1 happens to experience free-flow of traffic. 

     This traffic flow phenomenon would help VANETs 

decentralised deployment of an autonomous vehicles capable of 

prioritising lane with the highest congestion is                                                                                  

giving the minimum threshold to receive emergency traffic alert 

message while the rest of the lane remained waiting for the next 

lane to assume the next minimum threshold to broadcast. In 

general, the Congestion Control Model (CCM), result indicate 

that the lanes would follow this sequence: lane4; lane 3; lane 2; 

and lane 1; from the highest to the lowest in terms of traffic 

density. This means that, as the value of the ɚ increases all the 

lane would also experience direct increases in each lane. 
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           Figure 3. The effect of traffic flow when ɚ =1                        Figure 4. The effect of traffic flow when ɚ =2 
 

 

 

 

         
         Figure 5. The effect of traffic flow when ɚ = 3                        Figure 6. The effect of traffic flow when ɚ =4 
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           Figure 7. The effect of traffic flow when ɚ =5                    Figure 8. The effect of traffic flow when ɚ =6 
          
    
 
            
 

  
             Figure 9. The effect of traffic flow when ɚ =7                     Figure 10. The effect of traffic flow when ɚ =8 
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          Figure 11. The effect of traffic flow when ɚ =9                  Figure 12. The effect of traffic flow when ɚ =10 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

            
        (i).        ɚ =9                                                                                   (j).       ɚ =10                                                                                                                                                                                                                                         
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               (e).       ɚ =5                                                                                 (f).       ɚ =6                                                                                 

 

    
          (g).       ɚ =7                                                                                    (h).      ɚ =8                                                                                                                         
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5. Conclusion and Future Work 

    This study used traffic flow models (i.e. Civil Engineering) 
and concentrated on the macroscopic model sated in [45]  and 
has presented a scalable solution to a congestion control in 
highly populated city environment. This proposed approach is 
a Congestion Control model designed for a four-lane road 
networks. The lanes are numbered from 1 to 4 and in either 
direction.  
    The model is able to indicate the exact lane with the highest 
vehicular density in sequence and that sequence is regarded 
as the highest congested lane and with the minimum threshold 
to receive broadcast messages follow by the next congested 
network with the minimum threshold to receive the next 
broadcast message and in that sequence while the vehicles 
move until the congestion is full controlled within the four-lane 
in both directions. The model is capable of eliminating message 
duplication and hence help reduce network overhead.  

    The simulation in MATLAB provides a practical implementation 
of V2V and V2R Communication where each lane shows the 
vehicle trajectories and the lane with the highest congestion 
coupled with the spatial variation in each successive lane. 
Therefore, vehicular movement is not entirely random but also 
sequential and depend largely on the driversô perception and the 
interactions with other road users. This Congestion Control 

Model (CCM) would help in designing vehicular traffic flow and 

there is no need increasing the value of ɚ beyond this range 1Ò ɚ 

Ò12 in congested networks. 

    This study provides fast, reliable and scalable model to 
congestion control. Although, there exist many interventions to 
provide a lasting solution to congestion problem in VANETs, this 
proposed Congestion Control Model (CCM) provide an 
alternative methodology and framework for the research 
community to develop lasting protocol for safety alert message 
dissemination in VANETs. 
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