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Vehicular ad hoc networks (VANETs) are counted as a state-of-art technology which can be considered to provide reliable
communication which is increase the safety and convenience of drivers in the road. Due to channel congestion occurrence in
both highway and urban scenario, many VANET’s safety applications face degradation in their quality of service especially in a
high-density environment. To improve the performance, reliability, and safety of VANETs, message overhead on the standard
wireless channel dedicated short-range communications (DSRC) should be alleviated to guarantee safety-related applications.
To this end, this paper proposes an approach to optimize the utilization of the control channel (CCH) and make the control
channel interval (CCHI) adaptive to the emergency cases in the vehicular scenarios. More precisely, when there is an
emergency cases, a part of service channel interval (SCHI) is exploited to ensure the guarantee of emergency message delivery.
When a vehicle intended to transmit the safety message to the surround vehicles, the proposed method granted that CCH is
allocated to meet the traffic safety demands; then, the safety messages disseminate properly to the transmission range. A part
of the service channel interval (SCHI) is exploited to ensure the guarantee of emergency message delivery, Then, applying the
laying chicken algorithm (LCA) to solve the derived CCH optimized utilization. Finally, extensive simulations are carried out
to validate the proposed optimized CCH utilization. To validate the performance of the proposed adaptive congestion control
approach (ACCA), we used the network simulator Ns-3 [35] to simulate the vehicle’s environment, after generating vehicles’
mobility traces of the nodes using the network simulator for urban mobility (SUMO) with OpenStreetMap (OSM). The
simulation indicates that our congestion algorithm (ACCA) performs better service quality than other existing algorithms. We
got a better network connection regarding safety messages, beacon rate with time, and packet length for different vehicles’
densities.

1. Introduction

We have witnessed a fast development of vehicular commu-
nication by the public and private sectors in the past decade.
This technology has the capability to reduce the number of
traffic accidents and associated fatalities. Hence, it paves
the way for an efficient intelligent transportation system
(ITS) in vehicular communication scenarios. To enable such
efficient vehicular communication, two leading radio access
technologies, DSRC and cellular V2X (C-V2X), are consid-
ered best candidates. Federal Communication Commission
(FCC) was designated a specific frequency band in the
5.9GHz band (viz., 5.850-5.925GHz) whereas C-V2X has

been proposed by 3GPP in release 14 to address vehicular
communication problems because of the high mobility and
density [1].

In order to guarantee the broadcasting of safety messages
in emergency cases in the roads, each vehicle is supported
with DSRC which is broadcasting the safety messages in a
fixed beaconing rate value to the vehicles in the transmission
range. DSRC follows the carrier sense multiple access with
collision avoidance (CSMA/CA) at MAC layer [2]. The
probability of collision is very high when the number of
vehicles in the transmission range is increased; in this case,
the channel indicated its full of safety messages and collision
growth rapidly. On the other hand, when the density of
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vehicles is relatively low, the channel is not completely used,
to more utilize the channel resource and ensure the dissem-
ination of safety messages with the adaptation of the beacon-
ing rate.

The DSRC gained attention in the vehicular network
research community as it is well mature and widely deployed
to support vehicle to everything (V2X) communication (as
illustrated in Figure 1). It has been proven the effectiveness
of the DSRC for safety-related applications. The success of
DSRC is due to its standardization in terms of communica-
tion technology and allocating dedicated frequency [3].
Governments, academia, and standardization figures have
extensively participated in this promising step. Another
important point that makes DSRC an enabler for V2X com-
munication is the free subscription and low cost of deploy-
ment. Further, the DSRC is supported and compatible with
the IEEE 802.11 standards, which could promote the effec-
tiveness of DSRC in the market of vehicular communication.
Several automotive companies such as Lexus and Toyota
started to lunch DSRC for connected vehicles in the USA
in 2021. In the USA, all automakers are encouraged to accel-
erate the adoption of vehicle-to-vehicle and vehicle-to-
infrastructure based on DSRC [4].

In 1999, the Federal Communication Commission
(FCC) admitted the importance of transportation safety
and allocated 75MHz of spectrum at 5.850-5.925GHz—the
5.9GHz for vehicular communication. Absolutely, keeping
the entire 5.9GHz band for V2X scenarios promotes the
innovative on-road applications, including traffic safety
and automation. IEEE 802.11p is considered a promising
standard to offer short-range wireless access for vehicular
environment (WAVE) [5]. WAVE provides service to both
on-board unit (OBU) and roadside unit (RSU) (Figure 1).
OBU is embedded into intelligent vehicles while RSU is fixed
in popular places such as intersections [6]. More particu-
larly, IEEE 802.11p and IEEE 1609.4 standards provide
MAC and physical layer protocols for vehicle-to-vehicle
(V2V) and vehicle-2-infrastructure (V2I) communica-
tion [7].

The MAC of IEEE 802.11p is adopted prioritized
enhanced distributed channel access (EDCA) protocol and
multichannel operation as discussed in [8, 9]. The DSRC
uses one common control channel (CCH) to provide traffic
safety-related services while the remaining 6 service chan-
nels are used for comfort-related applications. Regular and
synchronous switching between CCH and SCH is required
in order to serve both safety and nonsafety-related applica-
tions. The time interval for disseminating safety-related
messages is defined by CCHI while that time for service-
related messages is defined as (SCHI). A combined CCHI
and SCHI is named the synchronization interval (SI) and
is set to 100ms in the standard IEEE 802.11p.

In IEEE 802.11p, CCH is preserved for safety-related
message transmission. Periodic and emergency are an exam-
ple for safety-related messages and both are competing to
access CCH. Periodic messages are transmitted at regular
intervals while emergency packets are generated asynchro-
nously when there is an emergency event. This public safety
application should be delivered with high reliability and low

latency. Further, scheduling and prioritizing safety-related
messages over the control channel interval are very significant
for efficient V2X environment. Achieving these requirements
required high utilization of control channel and dynamic
interval of CCH. In [8, 9], the authors have proposed dynamic
CCH that would be adaptable to the traffic load.

This work proposes an approach to optimize the utiliza-
tion of control channel (CCH) and make the control channel
interval (CCHI) adaptive to the emergency situation in the
vehicular scenarios. More precisely, when there is an emer-
gency situation, a part of service channel interval (SCHI) is
exploited to ensure the guarantee of emergency message
delivery. Then, we used the laying chicken algorithm to solve
the derived CCH optimized utilization. Finally, extensive
simulations took place to validate the proposed optimized
CCH utilization. Further, the proposed approach can be uti-
lized to meet strict emergency message deadline and hence
vehicles can exchange safety-related messages successfully.

Context awareness beacon scheduling (CABS) mecha-
nism is one of the decentralized approaches which is consid-
ered in vehicular communication to control and minimize
the congestion occurrence. CABS mechanism found a way
to reduce the congestion that occurs when network density
increased because of the high rate of beacon messages.
Through the virtual frame table which has enough acknowl-
edgements about the nodes, for example, velocity, direction,
location of vehicles, slot time and delivery rate, this informa-
tion will share between the available vehicles. Based on the
available slot time, the vehicles have to transmit their mes-
sage; otherwise, they have to wait for a new time slot this
mechanism leads to reducing the congestion in VANET
[10]. However, the MAC layer has to allocate the proper
time slots for each packet transmission.

The rest of this paper is organized as follows. Section 2
shades light on the background of the literature on devel-
oped mathematical model for congestion control. This is
followed by the system design architecture in Section 3. Sec-
tion 4 present CCH optimization problem formulation and
solution. Then, in Section 5, an analysis of the optimization
problem with illustrating performance broadcasting of safety
message and beacon rate with different vehicle numbers
using Ns-3 simulator with Sum is presented. Finally, Section
6 concludes the paper.

2. Related Work

The problem of congestion control in the vehicular network
has been investigated in various aspects. The authors in [11]
presented a model based on Markov chain, with an aim to
study the proper protocol that is appropriate to the specifica-
tions of both emergent and periodic messages while execut-
ing the MAC protocol over the network of vehicular, good
results were received by following strict EDCA MAC proto-
col and analyzed it with lower transmission delay. As a
result, the simulation shows a significant delivery ratio and
optimum delay for both messages in the simulation in accor-
dance with proper parameters. Further, [3] propelled two
optimization algorithms for transmissions of the messages
based in the length of control channel interval (CCHI), to
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be fixed or dynamic, which has led to the selection of opti-
mal MAC parameters, when adopting the IEEE 802.11e
enhanced distributed channel access (EDCA) protocol dur-
ing deliberation in the choice of emergency message and
network traffic. As a result, the simulation shows the success
rate of sending data with minimum delay.

The author [12] suggests an analytical model for the
MAC protocol that have an improved distributed channel
access (EDCA) to shoulder the control channel (CCH) and
optimum method on the service channels (SCHs)in wireless
access in vehicular environments for the intelligent transport
system, abiding different priority patterns for the safety and
not safety packets. By using multidimensional Markov
chains for the suggested MAC, the intended significant
delivery ratio is also derived, and the delay is distributed
on both the safety packet and the RFS packet. The conse-
quences demonstrate that the safety packet can be reached
to the destination within 100ms with a delivery probability
higher than 98%, even if the number of vehicles counted to
150.

The authors in [13] aimed to allow the vehicles to switch
the classes of two applications, dedicated short-range com-
munication (DSRC). It recommended the vehicles to check
the control channel every 100ms, known as synchronization
interval (SI), in order to proliferate their status to their
neighbors within a stipulated time for reliability and to make
the control channel use the internal more than the nonsafety
application; they suggest following the optimal channel
access (OCA) improve the transmission rate. It perfectly
uses the length of CCH, which had led to the addition of
the transmission rate, along with the use of mobility and
topology aware algorithm (MTA), adapted to modify the
DSRC based on some conditions, such as road and network
conditions. It accesses the safety and nonsafety to work on
the DSRC, with both algorithms maintaining the reliability,
increasing the time delay and the control channel interval
to half of the synchronization.

The authors in [14] intended an adaptive multichannel
assignment and coordination (AMAC) that projects the
channel access to be idle or not, with respect to channel

switching between service providers and users for SCH
resource reservations, which are degraded of CCH due to
network traffic with more than one application running on
CCH at fixed intervals in the collision-aware packet trans-
mission mechanisms. These two mechanisms provide an
efficient and reliable quality of service along with the modi-
fied time diversity among vehicles, by developing an analyt-
ical model base on 1-D and 2-D Markov chain model.
Finally, the throughput increased, and the errors reduced,
in addition to the collision used to compute the delay and
packet delivery ratio.

The authors in [15] retaliated the disconnection of
VANET due to the high mobility of these nodes, in order
to keep the safety packet, cooperative and reliable RSU-
assisted IEEE 802.11p-based multichannel MAC protocol
for VANET is proposed which is called RAM. It is used to
calculate the optimized interval and to keep in track of the
safety packet transmission and resend it when it is not deliv-
ered successfully. The result shows that the collided safety
will be resent in the contention-based interval and the opti-
mized interval will be calculated based on the traffic load and
vehicles density.

The authors in [4] recommended three perspectives
which are designed to adapt to the changes that happened
during the movement of VANET, multichannel MAC pro-
tocols are noted because of the instability of data traffic,
and also using multidimensional Markov chains (up to three
dimensions) in the MAC protocols which finally takes into
consideration the Markov models. They are the basis of
real-life application requirements to enhance the available
analytical models and protocol designs. After the implemen-
tation of the current protocol, future work is scrutinized
which are related to dynamic interval division MAC
protocol.

3. System Design Architecture

Adaptive and optimization channel utilization method is
configured in each vehicle, and our proposed laying chicken
algorithm optimization is considered to maximize the
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Figure 1: Connected vehicle scenarios.
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control channel CCH utilization. The proposed optimization
algorithm is followed to find the optimal solutions for con-
tinuous optimization problems in channel unitization in
VANET communication. The main idea behind our optimi-
zation method is adaptive to the emergency situation in the
vehicular environment that occurs on the roads. More pre-
cisely, when there is an emergency condition happening on
the roads, a part of the service channel interval (SCHI) is
exploited by the control channel to ensure the guarantee of
emergency message delivery. When the vehicles are intended
to send the safety message to disseminate safety message
information to the vehicles in the transmission area. Firstly,
it computes the local traffic density through a few numbers
of transmissions in a control channel. If the local density is
greater than a limited number, a part of service channel is
allocated to safety-related traffic; otherwise, the control
channel is set to the default control channel interval CCHI.
To this end, the congestion control ACCA approach is pro-

posed to dynamically adapt channel utilization techniques
according to traffic density. More precisely, the proposed
ACCA is based on the percentage of vehicular density in
the transmission area. Figure 2 shows the system structure
of the ACCA approach.

4. Overview of the Proposed CCH
Optimization Approach

This section presents the proposed control channel optimi-
zation approach. The adaptive and optimization approach
is installed in the vehicles and applies the LCA optimizer
algorithm to maximize the CCH utilization. LCA is used to
find optimal solutions for continuous optimization prob-
lems. The formulated problem is modelled as a bilevel opti-
mization algorithm to maximize the utilization of CCH and
SCH. Then, the problem is subject to constraints of mini-
mizing the probability of collision for both CCH and SCH
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channels. Figure 3 illustrates the procedure of optimization
of the CCH channel. We used a bilevel optimization model
to formulate the mathematical modelling of our proposed
approach in which the feasible set is determined by the set
of optimal solutions of an optimization problem.

4.1. Maximum CCH Capacity. The amount of data that can
be transmitted over the CCH is highly limited by its low
transmission time interval named CCHI. The theoretical
capacity of CCH considerably depends on the channel utili-
zation and its duration. Here, we analyze the control channel
capacity in order to estimate local density within the radio
coverage of vehicles. The estimated optimal local density
represents the number of channel access within one CCHI
and considering a fixed beacon size. The optimal local den-
sity ensures all vehicles CCH access within the specific
radiocommunication range. We assume that beacon rate is

2 in each CCHI, CCH utilization 100% and 48ms of CCHI
(excluding the guard band). According to the assumptions,
the useful CCHI is 24ms. If the transmission time is 1ms
for beacon size of 256 byte [16], the optimal number of vehi-
cles that could access the CCH within one CCHI is 24.
Table 1 shows all abbreviations which is used in the mathe-
matical modelling of the proposed method.

4.2. System Model Formulation. The proposed CCH optimi-
zation is used for V2V communication without the presence
of RSU. In this paper, we assume all vehicles are tagged with
the global positioning system (GPS) receiver. All vehicles are
embedded with OBU to support V2V communication and
emergency message dissemination among vehicles. The
OBU and in-vehicle navigation technologies enable vehicles
to get an accurate position and mobility characteristics. We
also assume that all vehicles have the same communication
and carrier sensing range in a specific area. Also, the beacon
broadcast rate is 50 milliseconds—i.e., every vehicle broad-
cast 2 beacons in a single CCHI. This paper assumes the
maximum channel usage of 85%. The reason for this satu-
rated channel condition is to study the worst-case network
overhead [17].

The proposed approach optimizes the utilization of CCH
while fulfilling the minimization of collision probability in
V2V scenarios. We consider a portion of highway vehicular
scenario of length L and vehicles have a constant communi-
cation range of R. According to the mentioned assumptions,
the objective function of the proposed optimization problem
can be formulated as a bilevel programming model:

Max UCCH +USCH ð1Þ

subject to

min PC1 + PC2 ð2Þ

subject to

UCCH ≤ CCHI + SCHI2 ð3Þ

A part of SCHI (named SCHI2) is used by
CCHI in case of emergency situation

CCHI
CCHI

SCHI SCHI-SCHI2

SI

Figure 3: Adaptive control channel interval access.

Table 1: Abbreviations used in the proposed mathematical model.

Abbreviation Description

UCCH Utilization of Control Channel

USCH Utilization of Service Channel

P C1 Probability of collision for CCH

P C2 Probability of collision for SCH

SCHI2 Service channel interval 2

SCHI Service channel interval time

CCHI Control channel interval time

SCHI1 Service channel interval 1

Dp A part of service channel interval

k Synchronization time interval (100 ms)

UCCHi Utilization of control channel for vehicle i

n
Number of vehicles within a radio

communication Range

RVi
Number of received periodic messages

from vehicle i

Sji
Number of periodic messages sent from

vehicle j to vehicle i

Remgi Number of received emergency message

Semgi Number of emergency messages sent

pji Number of messages sent from vehicle j to vehicle i

N1, N2, N3
Number of periodic, emergency and service

messages within a radio coverage

k1, k2, k3 Chance of collision

1: ða0, b0Þ: initial feasible solution
2: (a best, b best): optimal value
3: i: iterations
4: popu: a set of population
5: x = 1.
6: while x < i do
7: populations close to ða0, b0Þ is generated
8: ða0, b0Þ = ða best, b bestÞ
9: for i = 1 to popu do
10: if cost of function > cost of function at ða0, b0Þ then
11: ða best, b bestÞ = ðai, biÞ
12: end if
13: end for
14: ða0, b0Þ = ða best, b bestÞ
15: x = x + 1
16: end while

Algorithm 1: LCA algorithm to maximize CCH utilization.
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USCH ≤ SCHI1 + dp − SCHI2 ð4Þ
SCHI + CCHI = k ð5Þ

UCCH,USCH, CCHI, SCHI1, SCHI2, dp, k ≥ 0 ð6Þ
where

SCHI2 =
dp, if UCCH ≥ CCHI

0

(
ð7Þ

UCCHi =

n ∗ RVi ∗ CCHI + SCHI2ð Þ
∑nih

j=1Sji
, if no emeg:and n < 22

n ∗ RVi + Remgi ∗ CCHI + SCHI2ð Þ
∑nih

j=1Sji + Semgi

, if no emeg:event

8>>>><
>>>>:

ð8Þ

UCCH = ∑n
i=1UCCHi

n
ð9Þ

USCH = RVi ∗ SCHI − SCHI2ð Þ
∑nih

j=1pji
ð10Þ

PC1 =
N1

k1

 !
∗ Pk1 ∗ 1 − Pð Þ N1−K1ð Þ +

N2

k2

 !
∗ qk2 ∗ 1 − qð Þ N2−k2ð Þ

ð11Þ

PC1 =
N3

k3

 !
∗ rk1 ∗ 1 − rð Þ N3−K3ð Þ ð12Þ

4.3. Proposed Algorithm. This research paper has proposed
an optimal CCH utilization method that is embedded in
intelligent vehicle in order to maximize CCH utilization.
This optimization is formulated as a bilevel discrete optimi-
zation problem. In [18], the laying chicken algorithm (LCA)
is used to find optimal solutions for continuous optimization
problems. Here, we modified LCA to solve the proposed

bilevel discrete optimization problem in high mobile vehicu-
lar scenarios.

As illustrated in Figure 2, when a vehicle intends to send
a safety message to nearby vehicles, CCH is granted in order
to meet the traffic safety demands. Standard DSRC broad-
cast the safety message in fixed frequency which causes
channel congestions in dense environments. The proposed
work suggests to take a part from the service channel when
the number of vehicles increased. The basic safety message
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Figure 4: The impact of PC on the utilization of CCH.
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(BSM) will disseminate safety-related messages within the
vehicular network, which will ultimately make all cars to
receive the safety messages and fulfil the safety requirements.
Vehicles within a short-range radio coverage sense the local
traffic density. Each vehicle could compute optimal local
density through a few numbers of transmitted beacons in a
CCHI. If the local density is greater than 22 vehicles, a part
of SCH is allocated to safety-related traffics; otherwise,
CCH is set to the default CCHI. In case emergency traffic
incident occurs and CCH capacity reaches its maximum
level, a part of SCH is used by the CCH in order to promote
the level of safety traffic.

In the aforementioned section, we highlighted how to
formulate the optimization of CCH in constraint to the
probability of collision. This formulation is considered a dis-
crete optimization problem and can be solved using LCA.
Likewise, the process of producing chicken from eggs, LCA
approaches optimal CCH condition from several feasible
solutions, which are generated randomly. Fundamentally,
each egg is defined as one feasible CCH solution while a
chicken is representing an optimal solution of the defined
discrete optimization problem.

Mother hens handle all hatching process of eggs from its
warming to egg to turning to chickens. In LCA, similarly, the
cost of the objective functions in Equation (1) is the temper-
ature of eggs. In our proposed algorithm, the temperature is
the utilization of CCH. In case of higher temperature of an
egg (CCH utilization), the higher is the value of an objective
function for specific CCH utilization condition. Algorithm 1
shows the mechanism of selecting optimal CCH utilization
in a set of feasible solutions. The LCA explores the optimal
solution from the initial feasible population. This solution ð
ða0, b0ÞÞ is randomly selected among candidate CCH utili-
zation. Thereafter, initial population is selected near the ini-
tial solution. In case of objective function value is bigger
than this value at ðða0, b0ÞÞ, then new value is replaced in
the (a best, b best). Eventually, the process of maximizing
CCH utilization will continue until optimal CCH with high-
est objective function is found.

Figure 4 demonstrates the CCH utilization versus safety
messages probability of collision on the control channel,
according to different numbers of vehicular density (50 is
red color, 80 green color, 100 blue color, and 150 is yellow
color). It is straightforward that a larger safety packet colli-
sion among vehicles causes a lower UCCH. Similarly, higher
traffic density is more sensitive to an increase of packet col-
lision probability. This is exactly happening in Figure 5 and
illustrating the principle of the proposed mathematical for-
mulation in Equation (1).

Figure 6 shows the performance of CCH according to
the rate of safety message collisions, according to different
numbers of vehicular density (50 in red color, 80 green
color, 100 blue color, and 150 is yellow color) vehicles. Com-
monly, larger collision probability results in lower utilization
of the wireless channel. We also observe the more sparse dis-
tribution of the UCCH according to the collision probability
with varied message transmission in a specified interval of
time. From this, one can infer that in case of emergency sit-
uations the CCH is more likely to be congested. Hence, a
part of SCH should be granted to guarantee reliable dissem-
ination of emergency-related messages.

5. Performance Evaluation

The evaluation and the analysis of the mathematical formu-
lation developed will be carried out in this section. We con-
sider a highway vehicular scenario, where vehicles are
distributed in the Poisson movement pattern. Such mobility
model has an efficient vehicle following movement and loca-
tion service. Cars are entering the vehicular scenarios
according to constant distance among vehicles and emer-
gency situation is randomly generated. Furthermore, there
is no roadside.

Infrastructure as the proposed mathematical model is
applied in a V2V environment. Also, vehicles are embedded
with IEEE802.11p and this capability creates full coverage of
street segments. The experiments are carried out using
MATLAB R2019a is a programming tool to analyze the
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Figure 6: The impact of PC and traffic density on the utilization of CCH.
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mathematical formulation, then implemented using network
simulator Ns-3.

At the physical layer, we assume the vehicular network is
modelled in an open environment with an ideal wireless
channel; no fading is considered among vehicles. The trans-
mission range is set on 200 meters for vehicles. In the high-
way scenario, we will change the traffic density from 50 to
150 nodes, and they move with constant speed. Further,
the IEEE 802.11p [19] standard protocol is used to model
the MAC layer. At the MAC layer, the beacon size is set
on the 256 bytes. The value of dp is set to zero.

This section also presents the experiments of analyzing
the performance of CCH utilization according to the traffic
density. In Figure 6, CCH capacity is illustrated with an
increase of in traffic density. As illustrated in Figure 7, when
traffic density is increasing within a radiocommunication
range, the utilization of the CCH is increasing as well. How-
ever, this behavior is correct until the traffic density reaches
22. After this value, the CCH capacity is deteriorated, and
hence, the UCCH is acutely decreasing. This is because an
increase on the number of vehicles in the vicinity results in

Table 2: Shows the parameters used in the simulation of highway
and urban scenarios.

Parameters Value

Total road length 652 m×752 m

Number of lanes 4 (2 in each direction)

Vehicles speed 0-40 km/h

Transmission range 15 – 1000 m

Transmission rate 3-27 Mbps

Contention window size 15-1023

Bandwidth 10MHz

Safety messages generation rate 10 packet/s

MAC type 802.11p

Propagation model TwoRayGround

Simulation time 100 s
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higher beacon transmission. Such volume of transmission
will lead to higher overhead and packet collision.

Another experiment took place to illustrate the effects of
a few numbers of emergency events on the performance of
CCH utilization. As simulation analysis is shown in
Figure 8, we observe that the CCH utilization is increasing
with an increase in traffic density till reaches 22 neighbors’
vehicles. However, when an emergency event rate is increas-
ing, the UCCH is glaringly decreasing.

This is not surprising as the higher number of emer-
gency events results in a higher number of safety message
broadcast. This will certainly create huge load on the CCH
and hence it negatively affects its performance.

5.1. Simulation Results. To validate the performance of
ACCA, we used the Ns-3 [35] to simulate the vehicle’s envi-
ronment with different mobility directions. After generating
vehicles’ mobility traces of the nodes using network simula-
tor for urban mobility (SUMO). ACCA is compared with the
dedicated short-range communication DSRC and unfair
control method in terms of safety messages, beacon rate with
time, and packet length for different vehicles’ densities.
Urban scenario was considered, according to VANET’s stan-
dards, communications between vehicles, and also between
vehicles are established by IEEE 802.11p protocol. Moreover,
data transmissions in the MAC layer are carried out based
on the CSMA/CA strategy. TwoRayGround propagation
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Figure 10: Beacon rate with respect to the variation of vehicular density.
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models used for traffic propagation in urban scenarios,
respectively. The simulation time was set 100 seconds
because the preliminary results showed that after 100 s se-
cond the results become nearly steady as shown in Table 2.

We set the simulation time on 100 s for different num-
bers of vehicles. The data rate is set to 3Mbps, which is the
default data rate of DSRC. Performance of ACCA was tested
using different numbers of vehicles up to 400. At the begin-
ning, we test the average of safety messages received by each
vehicle. Figure 9 shows that ACCA is performed better than
standard DSRC and CABS congestion control methods in
term of receiving safety messages.

Figure 10 illustrates the variation of beacon rate with dif-
ferent vehicle densities. The ACCA beacon rate is decreased

with increasing number of vehicle density while standard
DSRC and CABS congestion control remain stable. The first
two points of ACCA are at rate upper bound 30Hz because
the channel is not completely utilized at that time.

In Figure 11, we evaluate the performance variation of
ACCA over time, then compared the result with standard
DSRC and CABS congestion control methods. As can be
seen, we set time up to 100 s and then evaluate the changes
in received safety messages over time. The result indicates
that received safety messages of ACCA increase with the
time.

In Figure 12, we evaluate the average beacon rate accord-
ing to the simulation time. We can also find that average of
beacon rate of ACCA converges to the optimal state in 20s.
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From previous results, we know that ACCA is able to adapt
to a changing environment and quickly converge to the opti-
mal state.

Figure 13 shows the performance of ACCA with conges-
tion control methods through different packet lengths. In
this performance evaluation, vehicles are moved and the
packet length changes from 50 bytes to 700 bytes. The result
is shown as in Figures 13 and 14, when the packet length
increased the number of safety messages that are received
by the vehicles also decreased.

When the packet length increased as in Figure 14, it costs
the channel more time to broadcast the beacon, for this rea-
son the beacon rate also decreased.

6. Conclusion

The vehicle congestion, dynamic mobility, communication
links, different traffic conditions, and regulations are the
main challenges in VANET’s. In this paper, ACCA was pro-
posed to control the congestion in VANET, and the pro-
posed optimized channel utilization (ACCA) to ensure the
transmission of broadcasting safety message to vehicles
when number of vehicles increased. Optimization algo-
rithms LCA was used to maximize the CCH utilization in
emergency situations and to achieve this contribution, and
we developed a mathematical model and hence prevent the
congestion for CCH. LCA, as a metaheuristic algorithm,
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has been used to explore the best solution of the CCH utili-
zation. This will certainly fulfil the requirements of traffic
safety applications. Considering a highway and urban sce-
nario, the performance of ACCA was compared with two
existing congestion control strategies including DSRC and
CABS. A thorough performance evaluations have been car-
ried out, and results show the superiority of our proposed
algorithm as compared with other related algorithms. The
proposed approach can be utilized to meet strict emergency
message deadline, and hence, vehicles can exchange safety-
related messages successfully. This will assure the signifi-
cance of the proposed algorithm in vehicle-to-vehicle
scenarios.
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