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Abstract: Vehicular AdhocNETworks (VANETs) relies on continuous data exchange among vehicles and vehicles to 

roadside units (RSU) to aid road safety, route planning, etc. A transition from free flow to congested traffic on 

highways often spontaneously originates, despite the fact that the road could satisfy a higher traffic demand. The 

reasons for such a traffic breakdown are perturbations caused by human drivers in dense traffic. To deal with this 

constraint, the paper provides a three stage congestion control algorithm as follow; priority assignment to the safety 

messages broadcasted depending upon the path followed by the vehicle transmitting that particular message, 

congestion recognition stage, and ultimately beacons transmission rate adjustment. The simulation results (done with 

ns-2) clearly depict that as soon as congestion is detected; applying beacon rate adjustment algorithm improves the 

system performance. 
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I. INTRODUCTION 

 Vehicular Ad-hoc Networks (VANETs) are expected to play an important role in the future improvement of road 

safety and efficiency through the real time exchange of information among vehicles and among vehicles and Road 

SideUnits (RSUs). The US Federal Communications Commission (FCC) has allocated Dedicated Short Range 

Communications (DSRC) spectrum at 5.9 GHz for VANETs. VANET is a form of Mobile Ad hoc NETworks 

(MANETs) in which vehicles form a decentralized network for communicating via On-Board Units (OBUs). VANETs 

diverse from MANET in numerous perspectives such as nodes in VANET are characterized by high dynamic and 

mobility, high rate of topology changes and density variability along with the challenging characteristics of MANETs 

such as lack of established infrastructure, wireless links, multi-hop broadcast communications. One major difference 

between the MANET and VANETs is that in MANETs nodes move randomly whereas in VANETs nodes mainly follow 

a predefined path as the movement is expected on roads only. 

VANETs communication can be broadly classified into two categories; Vehicles communicating with Roadside 

infrastructure (V2R) and with nearby Vehicles (V2V) and is generally described as V2X communication as shown in 

figure 1. 

 
Figure 1. Vehicular AdhocNETworks (VANETs) 

 

A RSU is an intelligent device deployed across the road network that provides an external interface to the vehicle. 

VANET applications can further be divided into two major classes; safety and non-safety applications. Applications that 

are critical to human life are placed under safety application category, e.g., pre-crash sensing, post-crash warning, 

pedestrian/children warning etc. and non-safety applications include toll collection, mobile internet, infotainment and 

many more. Nodes in VANETs broadcast safety and non-safety messages to support these applications. 

http://www.ijarcsse.com/
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The key point of VANETs is facilitating the wireless communication among vehicles. So there is a need for developing 

a set of communication protocol. In view of above, IEEE defined WAVE [14] standard intended to promote wireless 

communication in a vehicular environment which consists of IEEE 802.11p and IEEE 1609 protocol family. 

The rest of the paper is structured as follows: Section II gives an overview of congestion control issue within VANETs. 

Section III summarizes some of the related work. Next, section IV provides the system model with beacon rate 

adjustment algorithm applied to it. Section V provides the respective performance evaluation alongwith the results of the 

presented algorithm. Finally section VI gives a conclusion and future scope to the paper. 

 

II.     CONGESTION CONTROL IN VANET 

Researches in VANETs have highlighted several comprehensive issues to be focused on, including rapidly changing 

topology, lack of connectivity redundancy, secure data dissemination, robust message delivery and so on. Congestion 

control is one of the key challenging issues within VANETs. It should take into account the characteristics of VANET 

while guarantying the quality of service, required by the applicative level. As discussed previously, VANETs differs 

from MANETs in a number of ways, therefore, traditional MANET protocols e.g. table driven routing protocols are not 

appropriate for VANETs as they suffer from obsolete neighbor information. Also, in VANETs, the prevailing form of 

communication is broadcast/geocast, contrary to MANETs, which relies on unicast end-to-end communication. 

Moreover, most of the applications in VANETs aim to provide information on the local vicinity, consequently, leaving 

VANETs more prone to congestion as compared to other wireless networks. Accidents, construction work, weather 

condition, increase in traffic volume and poor traffic signal timing are some reasons for vehicle traffic congestion. 

As discussed above,  vehicles in VANETs make use of two types of messages; i) Periodic safety messages (beacons) 

to exchange status information e.g. location, speed, velocities etc. ii) Event-driven messages which are broadcasted in 

case of an emergency situations e.g. accidents, stiff-braking etc. As both types of messages share same control channel, 

in heavy traffic, periodic beacons may consume the entire channel bandwidth leading to a saturated/congested channel. In 

a congested channel, event-driven messages may not be able to access the channel at all, consequently providing no 

safety. 

IEEE 802.11p‟s MAC layer has described seven different channels with different features and usage as shown in 

figure 2.There are six Service CHannels (SCH) and one Control CHannel (CCH) with different characteristics.  Each 

device can alternate between the control channel and one of the service channels, but both the channels cannot be used 

simultaneously. 

 
Figure 2. Frequency spectrum of DSCR[14] 

 

The control channel is used for system control and safety data transmission. On the other hand, non-safety messages are 

exchanged by the six service channels. The period containing one CCH interval and one SCH interval shall last no more 

than 100 ms [14].  

 

III.     RELATED WORK 

      In recent years, VANETs have drawn attention of many researchers. A number of algorithms have been proposed to 

control congestion in VANETs that aims at controlling the load of traffic conditions and enhancing the performance of 

vehicular network.  

L. Wischhof et al. [15] provided a concept for utility-based congestion control and packet forwarding in VANETs. 

The control algorithm used an application-specific utility function and encodes the quantitative utility information in 

each transmitted data packet in a transparent way for all users within a confined environment. A decentralized algorithm 

then calculates the "average utility value" of each individual node based on the utility of its data packets and assigns a 

share of the available data rate proportional to the relative priority. In order to achieve a large information range, a 

combination of broadcast data transmissions and a store-and-forward approach is used in this approach. 

To evaluate the role of neighborhood in VANETS, Stibor et al. [10] approximates the neighborhood nature of 

VANETs within a four highway lanes context (two lanes for each direction). Their simulations and analysis shows that 

the average number of potential communication neighbors is approximately four. In addition, in 50% of all occurrences, 

the maximum potential communication duration is 1 sec; in 90% of the occurrences, the upper boundary for the 

communication time is 5 sec. 

Tamer ElBatt et al. [12] directs towards periodically broadcasting short messages for the purpose of driver situational 

awareness and warning via vehicles. They explored two design issues that are highly relevant to Cooperative Collision 
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Warning (CCW) applications, specific performance trends with distance and potential avenues for broadcast 

enhancements. The ultimate goal of CCW is to realize the concept of .360 degrees driver situation awareness, whereby 

vehicles alert drivers of impending threats without expensive equipment. 

Mohamed Salah et al. [9] presented a congestion control algorithm that relies on the concept of dynamic priorities-

based scheduling, to ensure a reliable and safe communications architecture within VANETs. Messages priorities, under 

this scheme, are dynamically evaluated according to their types, the network context and the neighborhood. They used 

UPPAAL to verify and validate their congestion control technique. UPPAAL is a tool box for validation (via graphical 

simulation) and verification (via automatic model-checking) of real-time systems. 

A cooperative and fully distributed congestion control technique, based on dynamic scheduling and transmission of 

priority-based messages, to guarantee reliable and safe communication architecture within VANETs was proposed by 

Mohamed Salah et al. [4]. Considering the context of high reliability and real-time response required for inter-vehicular 

communications (including emergency breaking notification for example), they proposed a complete validation method 

of their congestion control algorithms, considering reliability, temporal, and operational facets. 

A conceptual view of a congestion control scheme using transmission rate and transmission power control techniques 

simultaneously for optimal congestion control within VANETs was proposed by Bilal Munir Mughal et al. [6]. The 

algorithm reveals that only power control techniques do not satisfy the requirements of envisioning beacon-dependent 

safety applications and also methods used for measuring channel usage level in transmission rate control technique may 

not be as effective under real world conditions. 

Assigning uni-priority for event-driven messages to secure life is proposed by MohamadYusofDoris et al.[3]. They 

summarized the weaknesses and advantages of some congestion control algorithms to assist researchers to tackle the 

inherent problems of congestions in VANETs. 

SoufieneDjahel  et al. [2] proposed an algorithm that included three phases as mentioned: priority assignment to the 

messages to be transmitted / forwarded according to two special metrics, congestion detection phase, and finally transmit 

power and beacon transmission rate adjustment to aid emergency messages spread within VANETs. Moreover, this 

algorithm ensures that the most critical and nearest dangers are advertised prior to the remote and less damaging events. 

A pioneering approach to deal with the problem of traffic congestion using the characteristics of VANETs was 

proposed by BrijeshKadri  et al. [8] that used the Adaptive Proportional Integral  (PI) rate controller, a congestion control 

technique, intended for the Internet, to deal with the problem of vehicle traffic congestion in vehicular networks. They 

proposed that the adaptive PI rate controller is a potential algorithm to deal with the problem of vehicle traffic congestion 

as seen when the traffic volume exceeds the road capacity. In practice, the average waiting time could be calculated using 

the information provided by the algorithm and some intelligence that can calculate the current number of vehicles waiting 

to use the road segment. Using VANETs, this information can be transmitted to prospective drivers before they reach the 

intersection in order to assist them to choose a congestion free route. Using this algorithm, if all the routes ahead are 

congested, waiting for a free route may cause congestion in that particular lane too and consequently no further 

information regarding choice of route would be able to propagate.  

Miguel Sepulcre et al. [7] proposed a novel proactive congestion control policy for vehicular ad-hoc networks, in 

which every vehicle‟s communication parameters are adapted based on their individual application requirements. 

Irrespective of other approaches, where transmission resources are likely to be assigned based on system-level 

performance metrics, the technique proposed in this research aims to individually satisfy the target application 

performance of each vehicle, while globally minimizing the channel load to prevent channel congestion. 

A strategy to reduce traffic congestion with the help of periodically emitted beacons to analyze traffic flow and to 

warn other drivers of a possible traffic breakdown is illustrated by Florian Knorr et al. [1]. Under this scheme, drivers 

who receive such a warning are informed to keep a larger gap to their precursor so that they are less likely to be the 

source of perturbations, which can cause a traffic breakdown. However, this work does not pay attention to prioritizing 

event driven messages above beacon messages. 

 

IV.     MODEL FOR PRESENTED WORK 

The algorithm constitute of three stages as follows; priority assignment to messages to be broadcasted according to the 

path followed by the vehicle transmitting the messages, congestion detection segment, and finally beacons transmission 

rate adjustment to mitigate congestion in VANETs. These three stages are briefly discussed below: 

  

A.  Priority assignment and messages scheduling 

When vehicles travel concurrently on highway as well as city path, different levels of priority are assigned to the 

vehicles to avoid congestion in VANETs. These priorities are assigned to the vehicles by the MAC layer according to 

their degree of importance and danger to set up a transmission order among them, especially in case of congestion. 

The metric used for safety messages scheduling is the path followed by the vehicle transmitting the messages. 

According to this, two different priority levels can be defined, namely;  

 Lane preference: According to this, the vehicle travelling with high speed i.e., the vehicle travelling on highway 

is given priority over the vehicle with lesser speed i.e., the vehicle travelling across city. 

 Space preference: If any two or more vehicles coincides across the same path (either highway or city), the 

vehicle nearer to the junction point is given priority over the other. The computation regarding this can be made 

by calculating the distance between the two vehicles.  
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Figure 3. Uniformly accelerated motion model to estimate distance [12] 

 

Using the model in [12] shown in Fig. 3, consider 2 vehicles iand j with a distance of r, speeds of vi and vj, coordinates 

(xi, yi) and  (xj, yj) and velocity angles Ѳiand Ѳjrespectively, the predicted distance is 

S =  (𝑎 + 𝑐𝑡)2 +  (𝑏 + 𝑑𝑡)2 

where 

a = xi ī xj 

b = yi ï yj 

c = vicosѲi ī vjcosѲj 

\d = visin Ѳi ī vjsin Ѳj 

 

B. Congestion detection mechanism 

A set of metrics that represents VANET state at any point of time to detect whether congestion has occurred or not is 

given as follows [1]: 

 Average Waiting Time (AWT): to access the wireless medium (particularly the CCH), which can be also inferred 

from the Medium Busy Time (MBT). The MBT represents the time during which the wireless medium (CCH) 

was busy due to transmissions from the nearby vehicles. This gives an overview on the density of vehicles as 

well as the packets exchange rate among them. 

 Collision Rate (CR): this metric is defined as the ratio of the unsuccessful transmissions from the vehicle to the 

total number of sent packets over CCH 

𝐶𝑅(𝑣) =
Own  unsucessful  transmission

Σ𝑠𝑒𝑛𝑡𝑚𝑒𝑠𝑠𝑎𝑔𝑒𝑠𝑜𝑣𝑒𝑟𝐶𝐶𝐻
                                                            (1) 

To detect an unsuccessful transmission of a beacon message over the CCH, we may use one of the nearby vehicles as a 

collision detector and the sender vehicle carries out handshaking with it before broadcasting any beacon message. 

Therefore, any lost or collided beacon will be detected. 

 Beacon Reception Rate (BRR): that is expressed as the ratio of the number of received beacons, issued from 

different vehicles, to the total number of received beacons. 

                                        𝐵𝑅𝑅 𝑣 =
 N1hop  V   

Σ𝐵𝑒𝑎𝑐𝑜𝑛𝑠𝑟𝑒𝑐𝑒𝑖𝑣𝑒𝑑  𝑉 
                                                             (2) 

where N1hop (V) denotes the one hop neighbor set of the vehicle V .Each vehicle collects and updates the information 

regarding the above three metrics that express the state of VANET in terms of traffic load, at each Congestion 

Monitoring Interval (CMI). This interval is divided into a set of equal length mini-intervals. During each mini interval 

one measurement is taken regarding the above metrics and the corresponding values are stored in a three dimensions 

vector called Congestion Index Vector (CIV ) 

CIVi= (AWTi; CRi ;BRRi                                                                         (3) 

such that iindicates the ithmini-interval of current CMI. We consider that the sets of normal states (i.e, in which 

VANET load is normal) are aggregated close in the feature space while those of overloaded (congested) states are 

considered as dispersed states that deviate from the cluster of the normal VANET states. According to this description of 

VANET‟s states, we perform the following computation to identify a congestion state. 

First, use the set of collected information during a training CMI, that consists of M mini-intervals, to calculate the 

mean vector CIV following the formula given below: 

                                                        𝐶𝐼𝑉 =
 𝐶𝐼𝑉𝑖𝑀
𝑖=1

M
                                                                                        (4) 

Subsequently, we calculate the distance between the CIV measured during a given CMI and the CIV as follows:  

Dist(CIV ) = ||CIV – CIV ||
2                                                                                                     

(5) 

Finally, the congestion is detected if the distance is larger than a certain threshold Thr, as indicated in Equation. 5. 

 
𝐷𝑖𝑠𝑡(𝐶𝐼𝑉)  > 𝑇ℎ𝑟VANET state is congested
𝐷𝑖𝑠𝑡(𝐶𝐼𝑉)  ≤ 𝑇ℎ𝑟VANET state is normal     

                                                         (6) 

The Thrvalue is updated dynamically based on the information acquired from the messages broadcasted by the RSUs 

regarding the ahead traffic conditions, the messages received from the WSNs gateways in case of HSVNs (Hybrid Sensor 

and Vehicular Networks) context, the weather conditions as well as the traversed area (i.e, tunnels, intersections,...). 

Notice that the CIV values corresponding to a congestion states are discarded whereas those of normal states are used as a 

training measurement to determine the new CIV. 
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C. Beacons Transmission Rate Adjustment 

In order to achieve fairness in the resource utilization, allocation of an equal amount of resources to each node by 

means of direct partitioning is done [4]. Hence, the packet rate for a generic node „iô is calculated by: 

                      Ri t =
CBTTh

Ni  t 
∗

𝐶

PSIZE
                                                              (7) 

where Ni(t) is the number of nodes that have the node i in their CS range, C is the capacity of the channel and 

PSIZE is the packet size. Ni(t) is inferred from CBTPER;i(t), which is the fraction of CBTi(t) 

           Ni t =
CBTPER; i t 

RAVG
∗

𝐶

PSIZE
− 1                                                                (8) 

where RAVG is the average outgoing data packet rate, computed among node i‟s neighbors. Thus, the final rate 

equation is derived from the above two equation [4] as; 

    Ri t =
CBTTh

CBTPER ;i t−1 
∗ RAVG t − 1                                                   (9) 

 

V.      PERFORMANCE EVALUATION 

For simulation results of the algorithm discussed above, a model of a joint highway and city scenario is implemented 

using NS-2 simulator [13]. By network simulations, an analytical view of the power control algorithm is obtained.  

 

A. Simulation Setup 

In order to evaluate the performance of the system, a combined highway and city scenario has been implemented in the 

ns-2 simulation environment. An overview of the relevant simulation parameters is given in Table 1. 

For each node, a standard network protocol stack consisting of User Datagram Protocol (UDP), and IEEE 802.11 

MAC/PHY (Medium Access Protocol/PHYsical layer) was implemented. The network structure consists of two scenario, 

namely, city scenario and highway scenario; 

1) City Scenario: The simulation parameters are identical to those listed in Table 1, except that here the geometry figure 

representing the road segment is of 25mm diameter, in contrary to the highway path represented by 45mm diameter. 

The inner structure of the scenario indicates the city segment 

2) Highway scenario: The scenario consists of highway section. The simulation parameters are same as listed in Table 1. 

The outer structure of the scenario consisting of 45mm geometry figure represents highway path. Highway scenario 

consists of two-way lane, in contrary, to the city scenario.  

 

Table 1. Simulation Setting 

Parameter Value 

Physical layer OFDM 

Topography dimensions (X,Y) 1500, 1500 

Routing Protocol AODV 

Radio Propagation Model TwoRay Ground 

Frequency Band 5.9Ghz 

Beacon transmission rate Every 100ms 

Transmission range 250m 

Vehicles Density 10-100veh/km/lane 

Data Rate 3 mbps 

Simulation Time 10sec 

 

B. Simulation Results 

This section presents the simulation results that evaluate the performance of the above discussed algorithm. It is 

concluded from the above observation that the packet generation rate is changed according to the vehicle‟s speed, 

i.e., the rate increases as the vehicle‟s speed increases.  

                                    
                 Figure 4: Simulation showing vehicles                                           Figure 5: Simulation illustrating  

                       coinciding at a junction point                                                        lane preference occurrence 
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Figure 6: Simulation depicting space preference occurrence 

 

To emphasize the effectiveness of the presented scheme in different VANETs conditions, several simulation scenarios, 

under various levels of vehicles density are performed.Figure 4 illustrates the simulation scenario showing the run time 

simulation when two vehicle from different path i.e., one from highway and the other from city scenario coincides each 

other at the junction point. Figure 5 shows the simulation as the result of lane preference i.e. when the vehicle travelling 

on highway is given priority over the vehicle travelling across city path.Figure 6 illustrates the condition of space 

preference, when two vehicles travelling on the same path coincides over the same junction point. At this point RSU in 

the active region decides the priority depending upon the distance between the vehicle according to the distance model 

discussed above and the vehicle nearer to the junction point is given preference. 

 
Figure 7: City performance without 

applying congestion control algorithm 

 

 
Figure 8: City performance with applied 

beacons rate adjustment algorithm 

 
Figure 9: Highway performance without 

applying congestion control algorithm 

 

 
Figure 10: Highway performance with 

applied beacons rate adjustment algorithm

Figures 7 and 8 represent the obtained results for city scenario in terms of Packet Delivery Ratio (PDR), throughput 

and network delay. Here PDR measures the average ratio between data packets received by the destinations to those 

generated by the sources, throughput measure the average number of packets delivered throughout the network and 

network delay measures the transmission delay occurred in the network. The result shows that until a threshold limit 

is reached, the system performance increases when the numbers of vehicles are increased. Figure 7 illustrate that the 

network performance improves gradually until a threshold limit is reached, after which the overall performance of 

the network starts degrading i.e., when the numbers of vehicles are increased beyond 35vehicle/km/lane, the network 

performance starts degrading as no congestion control scheme is applied to the network. This condition is overcome 

by applying beacon transmission rate adjustment algorithm presented above as shown in figure 8. When beacon rate 

adjustment algorithm is applied, the network performance does not degrade eventually, rather provides 

comparatively good performance as compared to the former. 

Figure 9 and 10 illustrates the obtained results for highway scenario without and with applying the rate adjustment 

algorithm respectively, in terms of average PDR, throughput and network delay as discussed above. Initially, the 
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highway performance is comparatively better than the city performance since the rate at which the data packets are 

disseminated throughout the network increases with increase in the speed of vehicles and hence to avoid congestion, 

packet delivery ratio of vehicles travelling across city is trimmed down as vehicles on highway moves on higher 

speed as compared to the vehicles on city road, eventually leading to better performance of highway scenario. 

However, when node density increases beyond 50/vehicles/lane/km, highway scenario shows abrupt fluctuation in 

the system performance as compared to city scenario since rate control scheme shows unsatisfactory results when 

both the speed and density of the network increases.Moreover due to prioritizing the highway‟s vehicles over the city 

vehicles, the network delay is more prompt in the city scenario as compared to the highway scenario as shown in 

Figure 8 and 10. 

An overview of the simulation results obtained from simulator ns-2 is depicted in Table 2 shown below: 

 

Table 2. An overview of the simulation results

Sr.no. 

 

 

Algorithm 

Results 

City Scenario Highway Scenario 

1. 

 

Without 

Applying 

any 

algorithm 

Network performance starts 

degrading slightly after 30 

vehicles/km/lane as the network 

starts getting congested. 

Network performance starts degrading 

with increase in vehicular density as no 

congestion control scheme is applied to 

the network i.e., after 35 vehicle/km/lane. 

2. With 

beacon rate 

adjustment 

algorithm 

i. Performance is considerably 

improved. 

ii. Network delay is slightly 

increased due to path 

preference priority assignment. 

iii. Shows minor degradation in 

performance due to increase in 

vehicular density after 60 

vehicles/km/lane. 

i. Performance is significantly 

improved after applying power 

control algorithm. 

ii. Comparatively low delay due to path 

preference strategy. 

iii. When node density increases beyond 

50/vehicles/lane/km, an  abrupt 

fluctuation in the system performance 

is seen 

 

VI.    CONCLUSION AND FUTURE WORK 

  A fast and consistent algorithm for broadcasting safety messages is presented in this paper. This scheme is applied to 

the network only when congestion is confirmed and thus, wastage of network resourcesis avoided since the algorithm is 

applied only when congestion is sensed. The results as shown in Table 2 clearly illustrates that applying beacon rate 

adjustment algorithm increases the performance of the network. However, when node density increases beyond 

50/vehicles/lane/km, highway scenario shows abrupt fluctuation in the system performance as both the speed and density 

of the network increases. This issue may be used by researchers for future work. 
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