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Abstract. The increment in traffic jams in vehicular environments has a vital influence on
the wireless channel. This is due to broadcasting many application messages among
communicated vehicles. This has generated a data wireless channel congestion problem.
This problem influences the efficiency and performance of the network due to the large
data collision, high messages loss, and low throughput which in turn decreases the
awareness and safety in the vehicular environments. In this paper, a new efficient broadcast
approach has been developed based on the network utility maximization method to adjust
vehicle broadcasting rate and mitigate overhead on the wireless channel. The results from
the simulation scenario have shown that the developed broadcast protocol enhances
vehicular network performance by reducing channel congestion and improves network
attributes such as delay, throughput, messages loss, and total channel occupation time as
compared to other tested approaches.

Keywords: Vehicular networks, loV networks, Wireless channel congestion,
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1 Introduction

Intelligent Transportation Systems (ITSs) are considered a powerful system for enhancing
vehicles mobility in smart cities [1]. Providing vehicles with communication devices has
introduced a new concept for an innovative approach for the components of safety applications
in the vehicular communication environment, path planning, and entertainment. This can
happen with the incorporation of multiple technologies and devices installed inside the vehicle
[2]. The ITSs consolidated a broad range of control schemes such as wireless communication
tools and technologies that can be utilized to generate data and announcement of traffic
messages to boost road infrastructure and vehicles mobility which in turn helps to improve
awareness and safety drivers.

The Internet of Things (IoT) [3] has been regarded as an attractive challenge for the
transportation study society and it presents a novel area for ITSs. loT includes many connected
devices and Vehicular Ad-hoc Networks (VANETS) are considered as one of the major
elements. VANETS included different wireless communication systems such as Vehicle to
Vehicle (V2V) and Roadside Units (RSU) or Vehicle to Infrastructure (V21) communication
systems [4]. These systems are wireless sensors installed inside vehicles or deployed on the
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road segments to collect and broadcast traffic-related information. VANETS can be employed
to observe the conditions of the vehicular environment such as accidents and vehicles flow on
the road segments. The protocol that is used to govern and support the communication among
connected vehicles is called the Wireless Access of Vehicular Environment (WAVE) protocol
[5]. However, increasing the humber of communicated messages among drivers leads to the
problem of data channel congestion in VANETS. This occurs due to the absence of centralized
and stable topology and sending many messages at a fixed rate through the communication
channel. This also increments the amount of battled vehicles to obtain the communication
channel which influences the time that is required to send the safety messages and leads to a
decrease the awareness in the vehicular environments. The problem of channel congestion hurts
the parameters and performance of the network [6].

Many protocols and approaches have been developed to improve vehicular network
performance in the presence of roads congestion and dynamic scenarios. Periodic messages
adaptation strategies have been developed in [7] and [8]. The authors in [7] have introduced a
beacon adaptation strategy that utilizes the road lanes to optimize vehicles transmission rate.
The more multiple lanes on the road segment, the less the sending rate of the nodes. However,
this approach has not calculated the real number of vehicles on the road sections.

In [8], a decentralized beacon modification strategy has been proposed that employs the
investigation of the effects of multiple performance measurements such as orientation, quantity,
and vehicles transportation conditions on the adaptation of the beacon rate. Nevertheless, the
implied approach examines the effects of these parameters separately on the channel congestion
rather than joining these measurements to obtain the adapted transmission rates. Moreover, the
improper drop of periodic information affects the traffic data that must be propagated among
drivers.

The authors in [9] have proposed an adaptation model based on a theoretical analysis to indicate
the performance of IEEE 802.11p WAVE protocol and a retransmission strategy of the traffic
data is introduced to promote the reliability of VAENTS. Nevertheless, the retransmission is
initiated once a failed delivery has occurred. This approach causes data redundancy and
overloads the wireless communication channel.

In [10], an approach that is called Utility-Based Packet Forwarding and Congestion Control
(UBPFCC) has been introduced to enhance the sending frequency of beacon messages. This
approach uses the size and cost function of data to adapt the rate of beacon packets. The
UBPFCC employs a cost function specified for every vehicle to dynamically determine the rest
of sending frequency to the vehicles. This approach gives the vehicle with high-cost function a
high sending rate while those with the lower values broadcast data at low rates. However, this
strategy has not estimated the density of vehicles on the road sections when calculating the cost
function which has significant effects on the broadcast rate of the traffic information.

A data rate adaptation approach that uses game theory has been presented in [11]. A non-
cooperative game approach has been utilized to module the problem of channel congestion and
the existence of the optimal solution has been proved mathematically. The optimal data rate
solution has been estimated via the KKT-Lagrange multiplier method. However, this approach
has not considered the mobility of vehicles in the formulated cost function which makes it valid
for only dense scenarios while the awareness of vehicles has been affected in the sparse
environment.

Hence, this paper develops a novel efficient broadcast rate strategy for VANETS by applying
Network Utility Maximization (NUM) method. The developed strategy implements a broadcast
protocol to regulate the problem of wireless congestion in the vehicular network by using traffic
control to enhance adequately the performance and measurement parameters of the network.



The suggested strategy essential participation:

1. A novel strategy of information rate adaptation that is called NUM-Date Rate Control
(NUM-DRC) has been developed. This strategy adapts the sending rate based on the
optimization method to alleviate wireless channel congestion. The sending rate and
channel occupancy time have been used in the cost function to obtain solicited balance.

2. 2. The presence of a single optimal solution has been proved in this work for the
vehicular network.

3. Priorities for the transmitted applications have been considered in this work to
differentiate between high priority messages and low priority messages.

4. Lagrange multipliers have been applied to resolve the optimization dilemma and KTT
conditions are used to find the optimal solution (information optimal sending rate).

5. A comprehensive performance evaluation is carried out for the proposed approach.
This involves measuring the proposed strategy over a highway scenario. The proposed
strategy is compared with other implemented strategies from the literature. The
obtained outcomes confirm that the suggested strategy is adjusted to efficiently
optimize the rates of traffic information to mitigate the data congestion problem in a
vehicular network.

The remainder of the paper is structured as follows: In Section 2 gives details of the optimization
method. Section3 gives the data rate optimal solution calculation. The section shows 4 the
simulation scenario and the evaluation of the proposed approach. Finally, Section 5 concludes
the paper.

2 Information Rate Optimization Approach

The NUM optimization method has been applied in this paper to propose a novel adaptation
approach of the disseminated information rate that is called NUM-DRC. This approach applies
the theory of optimization problem to form the problem of information rate adaptation and the
target is to maximize the cost function which leads to finding the optimal solution for each
vehicle in the network. Here, let V={v;, j=1, 2,---, m} represent a group of communicated
vehicles that are driving on the road segment and contended with each other to access the
wireless channel to broadcast safety messages at a maximum rate in selfish behaviour.
Therefore, this paper assumes that:

1. Each vehicle in the network has a sized buffer of B messages

2. Each communicated vehicle in the network has two kinds of safety application
messages A, = {ap,;n = 1,2} that are: (i) Periodic messages or beacon is sent
periodically and include the information that is related to the traffic status, (ii)
Emergency messages are transmitted once an accident occurs or emergencies appear
and they disappear when the event fades.

According to the queuing theory [12], [13], the channel congestion and buffer overload happen
when vehicles' broadcasting rate is higher than the channel capacity or many vehicles send data
at the same time without considering other vehicles' buffer size or channel capacity limitation.
Here, the problem is to send data at a rate in a significant approach that guarantees fairness



among nodes and reduces channel congestion without decreasing awareness among the drivers.
This paper utilizes two factors in the formulated utility UF;( R{*™) that are:

1. Messages rate ij‘p": It depicts the broadcasting rate for each vehicle in the network.

The utility functions have been formed by several representations for example
exponential, logarithmic, and linear [14]. This paper utilizes the exponential
function to represent the message rate function of vehicle profit. This is because the
exponential function has a rigorous concave shape that makes it a distinctive
property. In addition, the second derivative of this function is negative. Thus, the
vehicle v; message rate function is expressed as follows:

_ paPn
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2. Price function: In the communication network, the pricing or penalty cost is
considered as an effective approach to enhance the network resources utilization
[15]. The suitable pricing strategy controls the redundant use of the network
resources among contending nodes when the data channel congestion occurs in the
network. Here, the Channel Occupancy Percentage (COP) has been utilized as a
price that demands to be paid by every vehicle when the congestion happens. The
COP has been estimated according to [16] as follows:

COP=X]L, hy; R @
where hy; function depicts the likelihood that a definite transmission generates a received signal

strength higher than threshold power transmission of the carrier sense at a specific location from
the transmitter and it is given by:

Y(m,mCST )
hkj = Tn:?) X Tframe (3)

Where Tepqme is the time needed to transmit a safety application packet, ¥ is the gamma
function, m is the Nakagami fading parameter, CS represents the threshold power transmission
of the carrier sense and Q represents the average received signal strength at a certain position
which can be estimated as follows:

Q=P 4)
kj

Where P, is the power transmission of the sender, d,'zj is the gap between the sender and the

recipient node, the path loss factor is represented by #, and ¢ is given by:

_ GsGyA?

(4m)? (5)

where G and G, are the antenna gains of sender and
receiver nodes, receptively. A is the wavelength.



Therefore, each player will pay a cost based on its COP function, if the COP has a high value
this affects the vehicle awareness due to increasing the congestion on the wireless channel. On
the other hand, a lower COP value means a decrease in channel congestion and increases the
opportunity to transmit traffic data at a high frequency.

The utility of the price function PRy is given by:

PR¢(R{™) = COP; (6)
Each vehicle v; has a cost function represented by CF;(R;*™) as follows:

CF(R"") = a; MS;(R{™™) — u; PRp(R{*™) @

wherea; and p;are weight factors for vehicle v; the cost function such that «; and p; > 0 for
all j=1, 2, ---, m. This paper has used the NUM model to formulate the specified problem as
follows:
apn
max YL, CF(R™),
J
subjet to 371, RP" <L, (8)
1< R™"< Ryt Vj=1,2,+, m.

where R;"™ is a vector consisting of R;*", -+, R{**™, .-, Rp’™, L represents the maximum data

load and R;"" depicts the maximum broadcast rate of a single-vehicle.

3 Optimal Data Rate Calculation

The formulated utility function CF]-(prn) has a robustly concave, property and it is
unceasingly differentiable function over Rf”" >0 for all j=1, 2,---, m. The formed optimization

dilemma in equation (8) has a sole optimal solution according to the optimization theory [17].
Hence, two solutions can be utilized to find the optimal solution in the modeled optimization
problem in (8) that are localized or distributed approaches. The localized approaches are
efficient in practice because they can obtain the solution quickly [18]. However, this solution
has a disadvantage that is an extra communication of cost messages among drivers which in turn
drives to overload the channel of the wireless communication. The distributed strategies are
more efficient due to the partitioning of the framework into segments that are locally solved to
reduce the additional exchange of data among drivers in the network [19]. However, using these
methods increase the CPU time that is required to obtain the optimal solution which requires to
be rapid in VANETS. This work utilizes the beacon messages to send the congestion information
[15]:

l'l"jl (]20,
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To solve the equation in (9), three unknown’s variables (pr”, W;, ¢;) need to be found.
Therefore, three states are estimated based on complementarity constraints optimization:

Case 1: §s; = 0, {; = 0 and (1< R{™" < Ryin,

apn
20— (=1 e %) — iy, =0,

apn _ % N
R = ISy —1

Case2: R"" = 1and {; =0
(0= (=1) e®) — wihy; — ¥; =0,
Vj = aj — pihy;

The solution R]‘.”’” = 1is considered if the condition (y; > 0) satisfied and it is estimated as
follows:
@ = wjhg;  ---condition 1

Case3: R{"™ = Ry and §r; = 0

max
(0 — (1) e~ Fmax)) — Wil — ¢;=0,
_ pabn
Zj = aj(e(l Rmax)) — ujhkj'

The solution R™ = R, is founded, if the condition ( {; > 0) satisfied and it is as follows:

Wihy < aj(e(l' R%{;)) -~ condition 2
Hence, the global optimum of information sending rate (pr;‘) for player v;; Vj € V.

1- ln(w) otherwise
aj
i )1 if condition 1 (10)
Ry if condition 2
4 Vehicles Broadcasting Rate Allocation Among Safety Application

VANETS applications require that each vehicle needs to be aware of the priorities of the
transmitted messages. Here, this paper assumes that a vehicle, v; hosts two applications



(beacon and warning messages) with different priorities where AP = {ap,; n = 1, 2}.Here, ap,,
denotes the priority of transmitted beacon or emergency messages by vehicles. Therefore, a
vehicle with a low value of ap,, has a higher priority to transmit traffic information at a high
frequency. Once each vehicle determines its transmitted rate (R]‘?p”) by using the NUM model.

Then, this value is disseminated among safety applications based on their priorities as follows:

R = w, R}{wn (11)
Z?l=1 apn . _
wj = {(-DIL, apn ifn=2 (12)
1 ifn=1
2721=1Wj =1 (13

Where R]f””" represents the transmitted rate of safety application j hosted in the vehicle v;, w; is

preference weight parameter of an application ap and n denotes the number of safety
applications.

5 Performance Evaluation

This paper employs Veins that is a vehicular network simulator [20]. Veins consolidate the
network simulator OMNeT++ [21] with the traffic simulator Simulation for Urban Mobility
(SUMO) [22]. This simulator can control the flow and interaction in vehicular networks. This
paper implements a highway scenario to examine and assess the developed approach. A various
number of vehicles has been estimated to depicts the effects of increasing density of vehicles on
the performance of tested approaches. The rate of the traffic information has been set up to
10MHz and the broadcast spectrum has been declared from 300 to 1000 meters. Table I reveals
the parameters of the examined simulation scenario. The vehicle's velocity is selected from 20-
32 m/s in the motorway scenario.

Table 1: Motorway Scenario configuration parameters

Parameters selection Values
Dimension of motorway road 850 m motorway scenario
Speed of vehicles 20-32 m/s
Vehicles number 50, 100, 150, 200,
250, 300
Simulation time 250's
The utilized protocol WAVE
Range of Transmission 500 m
Rate of transmission 6 Mbps
Information frequency 10 MHz
Qg 5

)




A. Parameters Selection of NUM-DRC

Figs 1 and 2 show the impact of varying preferences parameters in the utility function on
information rate and COP. Here, when y; is fixed to constant values such as 0.7 and a; has
various states of (2.5, 5.0, and 10.0), respectively. Figs 1 and 2 show that the increasing sending
rate of a; will enhance the traffic information flow in the network but this comes at the cost of
consuming the bandwidth due to the channel capacity limit and broadcasting a large amount of
information.

However, improving the preference parameter of y; will reduce the damage of competition and
will minimize the COP. This is due to apply low information frequency as presented in Figs 3
and 4. These two figures show the influence of increasing p; weight on the COP and information
rate when q; has a fixed constant value. Therefore, by adjusting the preference parameter p; the
information rate and the COP will decline and vice versa. Here, values of the preference
parameters (a; and ;) have been determined to obtain a balanced approach that can settle the
channel congestion conditions.
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B. Simulation experiment of NUM-DRC

The evaluation of performance is employed to determine the effectiveness and ability of the
developed broadcast protocol. The common performance properties used by many developed
congestion control schemes in VANETS are throughput, packet loss rates, occupancy time, and
delay on the channel. A review of measurement parameters is displayed as follows.
1. Throughput: It measures the total amount of collected messages at the end node.
2. Delay: This parameter represents the required time to send a message successfully from
the sender application layer to the receiver application layer.
3. Messages Loss: It describes the total amount of the channel and buffer lost messages
during the simulation time.
Hither, to measure the performance of the suggested approach, a four-lane motorway road has
been created in Veins. Fig 5 reveals the motorway scenario that is performed in Veins. Fig 6
illustrates the impact of increasing of flowing vehicles in the simulation scenario on the
throughput. The figure records that there is a concrete connection between the density of
communicated vehicles and the amount of successfully received messages at destination
vehicles, the throughput rises with an increase of the density of the vehicle’s number in the
communication environment. It is undeniable that the recorded throughput by the NUM-DRC
broadcast protocol is more reliable contrasted to the WAVE and GTACC approaches. This is



due to the applied efficient adjustment broadcast protocol that aids to alleviate congestion on
the wireless channel and reduces the number of dropped traffic information. This supports
improving the number of collected messages at the destination vehicles.
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Fig. 5. Motorway scenario for tested approaches

Fig 7 demonstrates the average delay fluctuations effects with increments in the flowing vehicles
reported by NUMDRC, WAVE, and GTACC, respectively. According to this figure, it is stated
that the increasing density of communicated nodes affects the time delay. Fig 9 points that the
time delay values boost when simulation scenario various vehicles number from 50 to 300.
Moreover, this figure has shown that the average delay reported by NUM-DRC is more solid
when compared to that one recorded by both the GTACC and WAVE.
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Fig. 7. Average delay of motorway scenario.



Fig 8 describes the mount of loss packets captured by examined approaches. In the dense
environments, the amount of flowing vehicles increases which in turn raises the probability of
messages loss. This is because of the increment in the competition among the communicated
vehicles to obtain the network channel and transmit information simultaneously which causes
to a broadcast storm and crash in data. Figure 10 shows that the NUM-DRC has fewer messages
loss in contrasted other approaches due to the fair adjustment broadcast protocol of traffic
information rate and considering the COP as an objective feature which aids to decline the
congestion on the channel.
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Fig. 8. Messages loss of motorway scenario.

6 Conclusion

As the density of communicated vehicles increases on the road segments, the number of
disseminated traffic safety messages is also increased which generates channel congestion
problem. This diminishes the vehicular network efficiency and quality of service parameters.
Therefore, this work develops a novel broadcast rate adaptation strategy that can reduce channel
congestion. This approach formulates channel congestion control in vehicular communication
as an optimization problem by applying the network utility maximization method to overcome
and alleviate the congestion problem. The significance of the developed broadcast protocol on
the vehicular network achievement has been recorded by Veins simulation and tested across a
motorway scenario as contrasted to the WAVE protocol and GTACC.
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