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Abstract 

 

Vehicular ad hoc network (VANET) is an emerging and promising technology that aimed to improve the safety and 

provide the comfort for the passengers. However, the high mobility of the vehicles and frequent topology changes 

are a considerable challenge to the reliable delivery of safety applications. The numerous nodes could result in 

issues that lower the quality of service, like network congestion. In this paper we proposed a fuzzy weight based 

clustering algorithm (FWCA) to address these challenges in VANET environment.  To select the cluster head CH 

we are identified some metrics on the basis of the vehicle mobility information. Each node value defined based on 

the nodes speed, link connectivity duration time and direction.  Based on this parameter a vehicle node with the 

smallest weight value is selected as the primary cluster head (PCH).  Whenever the PCH is not suitable for 

continuing with the leadership, the SeCH will take over the leadership. The simulation result of the proposed 

approach showed a better performance with an increasing the performance metrics compares to existing 

approaches.  The new proposed scheme improves the cluster stability; throughput and reducing the re-clustering 

process, packet dropping rate and delay. 
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INTRODUCTION  

 

A vehicular ad hoc network (VANET) is one of the promising technologies being used to maintain resource sharing 

between neighboring vehicles on the road in order to improve road traffic safety and provide infotainment services.  

A VANET exchange the data via vehicle-to-vehicle (V2V) or vehicle-to-infrastructure (V2I) communication. 

Furthermore, to facilitate this communication, vehicles are outfitted with on-board units (OBU) [1]. All OBUs are 

expected to broadcast their status in packets as beacons on the control channel on a regular basis, so that each OBU 

has real-time information about all of its neighbors. For vehicular communication, dedicated short range 
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communication (DSRC) was defined, which works similarly to Wi-Fi and has a transmission range of 300–1000m. 

Similarly, the Federal Communication Commission (FCC) of the United States has designated 75 MHz of the 

spectrum band for vehicular communication. This spectrum band is divided into seven 10-MHz channels, with the 

control channel (CCH) broadcasting safety-related messages and control  and the  other six service channels (SCHs) 

transmitting data [2]. 

 

However, the possibility of the envisioned VANET applications is dependent on the medium access control (MAC) 

protocol's reliability. The most important applications envisaged by VANET, which require reliable and timely 

delivery, are safety applications. These applications have strict quality of service (QoS) requirements in terms of 

delivery delay and packet loss rate, which the conventional MAC protocol cannot guarantee, especially under heavy 

traffic conditions [3]. The high mobility of vehicles and frequent network topology changes also has an impact on 

the delivery of time-bound safety-critical applications, particularly in a high density network. To address this issue, 

a clustering technique is employed to ensure good coordination among neighboring nodes. 

 

Clustering is the process of organizing a set of nodes on the road to form a sub-network based on predefined 

parameters such as vehicle density, velocity, and position. This strategy improves the network's stability and 

scalability. Figure 1 depicts the cluster-based communication architecture. In this method, each group elects a 

cluster head (CH) based on some predetermined criteria, and the remaining group members become cluster 

members (CMs). The elected CH is in order to coordinate the CMs and communicating inside the cluster. As a 

result, the hidden terminal problem is generally reduced, and safety messages are delivered more quickly. 

[17].FWCA shows stable connection among clusters, elevated packet delivery ratio and reduced network overhead. 

A good clustering algorithm choose a CH that more stable within the cluster before exiting [4].  Dynamic vehicles 

have a significant impact on cluster stability. This is due to the fact that vehicles can either join or leave a cluster, 

causing the topology of the cluster to modify. On the other hand, the existing cluster-based MAC approaches 

explain that maintaining the stability of a cluster is a serious challenge because of the high mobility of vehicles and 

the dynamic topology changes [5]. This is because a CH can also leave or merge with another CH. Most existing 

clustering algorithms, it has been discovered, lack an effective mechanism to deal with a circumstance where the 

elected CH leaves a cluster. Furthermore, this CH is in charge of coordinating all of the CMs within the cluster, 

and if it leaves for any reason, the clustering structure will be disrupted, requiring reconfiguration. As a result of 

this effect, the CCH will have a significant communication overhead. Furthermore, this action may result in the 

loss of the channel access schedule, as well as a transmission collision or safety message delivery delay. 

 

 
Fig 1. Cluster based communication architecture. 
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In this paper focuses on information propagation management for V2V and V2I communications and presents 

FWCA, a fuzzy weighting model for data prioritization in VANETs. FWCA uses RSUs to outperform the challenge 

of frequent topology changes that help neighboring 

 

vehicles to share messages. The suggested approach employs a scheduling technique for groups of nodes to 

lengthen the communication link.. Moreover, our model prioritizes the vehicles in a congested scenario and tries 

to increase the packet delivery and decrease access delay (Mohd Pauzi & Shahadat Hossen, 2025).  

 

The primary contributions of this paper are as follows: 

 First,  a hierarchical  V2V  and  V2I communication  is applied  by  FWCA  using a  Fuzzy clustering  

model that establishes cooperation and coordination of clustered vehicles to improve network stability.  

 Next, a fuzzy  logic  system  (FlS) is  used  by FWCA  for  weighting  the  clustered  vehicles to provides 

a scalable V2V and V2I communication model for managing data propagation.  

 The  proposed  model  enables  distributed  data management  using  RSUs  and  cluster  heads (CHs)  and 

improves  the information dissemination process in a scalable VANET. Here CHs are responsible for 

cluster stability and monitors cluster members (CMs) requests and mobility information.  

 The proposed model more dynamic and way to improve the network stability, especially to overcome the 

hidden terminal problem. To improve the cluster stability FWCA elected the PCH and SeCH based on the 

weight factor value.  

The rest of this paper is organized as follows. A review of the related work is presented in Section 2. The proposed 

system model is presented in Section 3. In Section 4, we present the simulation and scenario setup. The performance 

evaluation based on the existing approaches is also discussed. Finally, conclusion presented in Section.  

 

REVIEW OF RELATED WORK 

A. F. M. Shahen Shah, (2020) [1] proposed CB-MAC protocol is optimized by optimizing the transmission 

probability with cluster size for both safety message and non-safety message process. Here the optimum number 

cluster defined based on number of nodes in VANET. Based on analytical study they provided the Markov chain 

model. They used microscopic mobility model to create the SMO. Moreover they provided optimum transmission 

probability and increased throughput (16.5 Mbps) for safety message and non safety message (14.1Mbps) achieved 

for different number of vehicles.  So that proposed CB-MAC protocol works better and improved throughput and 

reduced delay and packet dropping rate (Alam et al., 2025). 

 

Gang Liu, Nan Qi*, Jiaxin Chen, Chao Dong& Zanqi Huang (2020) [2], proposed Spectral Clustering algorithm 

increased the stability of whole cluster head, such that the service is improved.  Proposed scheme improved the 

different cluster size with different time. Mohammed S. T, Aslinda H, Thamer A, Ali Jalil Ibrahim,(2020) [3] 

proposed clustering in VANET environment using a center-based evolving clustering based on grid partitioning 

(CEC-GP) is proved the perspective of efficiency , stability and consistency.  This approach based on mobility 

information based effective phase of data summary grid partitioning. This approach was working high level entity 

for assisting the cluster to creating outliers or cluster. The proposed scheme covered all the process of clustering 

including assigning, cluster head selection, merging and removing. The improved percentage efficiency in over the 

entire network Center based stable clustering and evolving data clustering algorithm was 65% and 394% 

respectively (Hossen et al., 2026). 

 

Grace Khayat, Constandinos X, George Mastorakis, Jordi Mongay Batalla, Hoda Maalouf, Shahid Mumtaz & 

Evangelos Pallis (2020) [4] proposed new clustering protocol based on weighted formula for double cluster head 
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selection. The primary cluster head selected based on some parameter such as trust, distance, and velocity.  The 

primary cluster head selection and secondary cluster head selection were ensuring the end to end communication 

for any packet for without infrastructure. Muhammad A. S., Shijie Z., Abida S., Tanzila S., Muhammad A. Z., 

Ashar J., Sudipta R., &Mamta M., (2019) [5]  proposed a fuzzy cluster head selection scheme in Cognitive 

Radio(CR) VANET. The results section that the stability, trustworthiness and security achieved effective cluster 

head selection. Fuzzy input and other stable cluster head selection considering speed, distance, lane weight and 

probability of correction detection as an input parameter. The proposed solution improved the probability of true 

detection of PU has higher detection probability of false detection than spectrum sensing based signal energy.  This 

improvement of CR VANET performance improves vehicle node stability 90% of the overall network (Alam et 

al., 2025). 

 

Proposed System Model 

The prominent characteristics of VANET, including the high mobility and the uneven spatial distribution of 

vehicles, lead to frequent changes in the typologies and disconnections of the network. We suggest a clustered 

VANET structure to address these issues and offer dependable connectivity for a collection of nodes. Vehicles are 

grouped into multiple moving clusters. Each cluster contains a capital vehicle (cluster head) which is responsible 

for managing information about the cluster members as well as data transmission.[7] In this paper, we propose a  

Fuzzy weight-based clustering algorithm for  data transmission approach with pure vehicle-to-vehicle (V2V)  and 

vehicle to infrastructure (V2I)communication type being considered. To outperform loss of communications link 

of infrastructure, RSU collect and store the vehicles real time information. Here we assume that each vehicle has a 

unique identity and is equipped with an onboard unit (OBU). The position, speed, and direction of the vehicle's 

current motion can all be found via the GPS service. Additionally, we believed that each node could recognize its 

unique road ID using a computerized map. Through beacon messages, vehicles communicate with one another and 

exchange information. The beacon message is broadcast and collected at every beacon interval, which includes 

vehicle’s identifier, current position, current velocity, moving direction, vehicle’s current state. Only vehicles 

moving in the same direction and same road ID  will be considered for cluster formation group within a transmission 

range of road segment on the highway (Hossen et al., 2023). A message from neighbor vehicle moving at different 

direction will not considered and should be ignored. Vehicles are being added to the network via Poisson 

distribution. (25). 

 

Cluster formation is based on the fuzzy interference systems(FIS) weight values that are calculated based on 

position, speed, distance, which provides stability and Qos. The CH is chosen by the node with the lowest weight 

value.. The proposed network structure divided into clusters. Each node in the cluster can be in the following states: 

Free Node (FN):          Initial state of the vehicles which do not belong to any cluster. 

Cluster Member (CM): The state in which the vehicle  is attached to an existing CH. 

Cluster Head (CH) : The state in which the vehicle acts as the leader of a cluster.  

 

Algorithm 1 (Initial phase) 

State (𝑣𝑖)←ND 

Wait for a Hello message 

Receive (Hello) 

Get position (𝑃𝑣) 

Get speed (Sv) 

While (TI not expired) do 

Calculate _Connectivity _ value (𝑣𝑖) 

Calculate _ Speed _ value (𝑣𝑖) 
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Calculate _ Position_ value(𝑣𝑖) 

Calculate _Delay _ value(𝑣𝑖) 

Calculate Weight value W(𝑣𝑖) 

Update neighborhood table 

End 

 

Metrics for CH election 

This section identifies the various metrics that were taken into account during the CH election process. These 

metrics involve the mobility information of each node including the direction of movement, road ID, speed, 

position, distance and node connectivity level of a vehicle to its neighbors. Sharing the mobility information 

through periodic messages a vehicle can identifies it neighbors. Prior to accepting and processing the broadcast 

message from its neighbors, any adjacent node must first identify the direction of movement of a vehicle and the 

road ID. In contrast, metrics including the speed, node connectivity level, distance and position of the vehicle nodes 

are to be calculated to determine the suitability of a vehicle to become a CH. Each of these metrics is associated 

with a fuzzy value weight representing its importance. The explanation of these metrics is given below. 

 

Node connectivity level 

The neighbor relationship is built using the position information embedded in the beacon message broadcast by the 

vehicles. If two vehicles i and j considered as a neighbors based on the difference between the two nodes within 

the transmission rang (r). r is the communication range defined by the DSRC standard. The node connectivity 

means the total number of nodes directly connected by the node i. 

   Ni =∑ 𝑑𝑖𝑠𝑛
𝑗=1 {𝑖, 𝑗, 𝑡} ≤ 𝑟 ------------------- (1) 

Here j represent the possible neighbor of node i dist(i , j,t) if the connection between i and j exist within the time t 

means its true otherwise the connection is false for the transmission range of node i. 

 

Average Nodes speed 

Speed is the one of the most important characteristics involving vehicle moving on the road. The speed of the 

vehicle is assumed to be a normal distribution [23], the probability density function (pdf) is given in Eq (2): 

   Pfv (v) = 
1

𝜎√2𝜋
𝑒

(𝑣−𝜇)2

2𝜎2     ------------------------ (2) 

Here 𝜎 is the standard deviation of the vehicle speed and 𝜇 is the mean speed. Each vehicle can calculate how close 

its neighbors mean speed is to its current speed. Therefore, the vehicle whose speed is the closest to the mean speed 

of its neighbor nodes will have a highest priority of the cluster head CH election process. The mean speed µvehi of 

the all the neighboring vehicle is expressed in Eq(3) as follows: 

   µvehi = ∑
∆𝑑

∆𝑡

𝑛
𝑗=1   ------------------------------------------------------------- (3) 

Here ∆𝑑 represent the total distance; ∆𝑡 represent the total time covered by the vehicle node within transmission 

and j=1….n represent the neighboring vehicles nodes within the transmission range. Here both speed and distance 

could be modeled using a normal distribution with mean and variance of all the related neighboring nodes. The 

normal mean speed is represented as a vnormal, 

 

   vnormal  = 
𝑣𝑖−𝜇𝑣𝑒ℎ𝑖

𝜎2    --------------------------------- (4) 

 

Average Nodes Distance 

Here every node will check the its own mobility information and get its location at the every time interval 

∆𝑡. To measure the distance and in the objective to simplify our calculation we apply the Euclidean distance. To 
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calculate the mean distance of each vehicle that is directly linked to vehicle i. The shortest the distance the fastest 

message will be transmitted or received by the neighboring nodes. Each node position should be represented by  𝑥 

and 𝑦 coordinate. 

   disi,j=|𝑥𝑖 − 𝑦𝑗|------------------------------------ (5) 

 And each node position 𝑛𝑝 can be derived from the position coordinates of the vehicle nodes. This as follows, 

  𝑛𝑝= (𝑥1, 𝑦1)   -------------------------- (6) 

Where the position coordination of the all vehicle nodes are represented by the 𝑥 and 𝑦, hence the mean distance 

𝜇𝑑 all the vehicle could be expressed by  

  𝜇𝑑 =  
∑ √(𝑥𝑖−𝑥𝑗)2+(𝑦𝑖−𝑦𝑗)2𝑛

𝑗=1

𝑁𝑖(𝑡)
  ------------------------ (7) 

 

The variable j is any neighboring vehicle that is connected to vehicle i. Ni(t) is the total number of vehicles that are 

directly connected to the vehicle i  at the timet. the normal mean distance Normald is defined in Eq (7): 

   Nd  =  
𝑛𝑝−𝜇𝑑

𝜎𝑑
   ----------------------------- (8) 

 𝑛𝑝 - Node position 

 𝜇𝑑 - Mean distance 

𝜎𝑑  - Standard deviation 

Each node computes its weigh value wi in Eq (9) to determine its suitability of CH. 

Weight Factor 

𝑊𝐼 = (𝜔1 ∗  𝑁𝐼(t)) + (𝜔2 ∗  𝑣𝑛𝑜𝑟𝑚𝑎𝑙 ) + (𝜔3 ∗∗  𝑁𝑜𝑟𝑚𝑎𝑙𝑑) ------------------ (9) 

W1 = 𝜔1 +  𝜔2 + 𝜔3 

W1 = 1 

Here,𝜔1 , 𝜔2, 𝜔3  are the weighing factors for the corresponding system parameters, such that W1 = 1. This 

combined weight should be calculated for each vehicle node. The node with the least weight is selected as a CH. 

 

Cluster formation and CH election process  

When vehicle nodes joins in the network consider as a free node and share the mobility information to its neighbor 

node within the transmission range with the following format (node id, average speed, location, direction). 

Similarly receive the same information from the nearby nodes. After receiving the hello message from the neighbor 

nodes, every node calculate the weight factor. Then each node employs fuzzy logic to calculate a weight factor 

value Wi  (combined weight factors) Any vehicle within the communication range that has the best acceptable 

weight value can start the cluster formation procedure. Each node will compete to become a CH on the basis of its 

computed weight value Wi. The processed weight factor value of each node is exchanged between the neighbors 

through periodic beacon message. Then the node with the smallest weight value is chosen as a CH.  

 

Which vehicle nodes wins the selection process, that status changes into primary cluster head (PCH) and assigned 

a cluster head id (CHid). That will be responsible for broadcast safety message to entire neighborhoods.  Whenever 

vehicle nodes joins in the network will be assigned an identifier known as node id. The node id assigned on the 

basis of the vehicles arrival to the network beginning with zero (0). This will minimize the variation of the selecting 

PCH and the SeCH. After that the selected primary cluster head (PCH) will select the SeCH from the CM which is 

having smallest weight factor value (Rashed et al., 2025). 

 

             Algorithm 2 

             Step 1:  get the current speed of SeCH for the periodic update. 

             Step 2: check whether the current speed of PCH is greater than the SeCH speed 
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             (𝑠𝑝𝑒𝑒𝑑𝑐ℎ > 𝑠𝑝𝑒𝑒𝑑𝑆𝑒𝐶𝐻) 

             Step 3: broadcast the hello message to update the SeCH status information 

             Step 4: update and share the status information to cluster members CMs 

             Step 5: CH status changes to CM 

             Step 6: change to leadership PCH to SeCH 

             Step 7: assign the CH id to the SeCH 

             Step 8: than assign the new cluster head and share the information to CMs 

 

EXPERIMENTAL SETUP 

The experimentation have been achieved on one dimensions of road section 1km to 3km. the transmission range 

of the vehicle is adjusted from 100m to 500m and nodes are modified from 10 to 50. The movement of vehicle is 

in same direction like highway scenario.    

 

SIMULATION RESULTS 

In this study, the simulation is using Network Simulator 2 (NS2) version 2.35. 

 

Simulation parameter  

Parameter      value 

Simulation time     200s 

Propagtion model     Two- ray ground 

Highway length     4000m 

Velocity      30m/s 

MAC/PHY      WAVE/IEEE802.11P 

DSRC channel bandwidth    10 MHz 

DSRC channel frequency    5.9 GHz 

Transmission range     100 to 300m 

Transmission rate     6Mbps 

Message size      512 bits 

Weight factor value     0.3, 0.2, 0.2 

Node       50, 100, 150,200 

 

The simulation is conducted to evaluate the effectiveness of the proposed technique by comparing its performance 

with the two existing technique, namely the optimized CB-MAC protocol and CB-MAC protocol [1] and [24]. 

We compare this technique in the same environment by using the following different performance metrics such 

as Throughput, packet dropping rate and end to end delay report of emergency message. 

 

THROUGHPUT 

 It is defined as the total packets delivered successfully over the communication channel. Throughput= N/1000 

Where N is the number of bits received successfully by all destinations. 
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Figure 1 shows throughput versus number of vehicles. Throughput is increase when the number of vehicle nodes 

increase, more packets contend which result in more collision and degrades the network performance. The 

throughput of FWCA is better than both CB-MAC protocol and optimized CB- MAC protocol. The clustering 

limit controls the channel contention and the network topology efficiently. Optimized CB-MAC protocol has 

higher throughput than CB-MAC protocol.  

 

PACKET DROP RATIO 

It is the total number of packets dropped out of the total number of packets generated by the sources. 

Packet Drop Ratio =Σ Number of packets sent / Σ Number of packets received 

 

Figure 2 presents PDR against number of vehicles. PDR rises with the number of vehicles which reduces the 

reliability of transmission. When the number of vehicles is increased, the number of packet contending for the 

transmission is increased which increase collision as well as PDR. The packet dropping Ratio of proposed 

mechanism is lower than the Optimized CB-MAC and CB-MAC protocol. Clustering makes communication 
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stable, optimized CB-MAC protocol has lower PDR than CB-MAC protocol.   

 

AVERAGE DELAY 

End-to-End Delay refers to the time taken for a packet to be transmitted across a network from source to destination. 

 
Fig 3 the average packet delays against number of vehicle. The increasing the number of vehicles increase the delay 

that will increase the probability of channel busy and collision increase. The delay for FWCA is less than optimized 

CB-MAC and CB-MAC protocol. Clustering limits the channel contention which reduces the probability of channel 

busy and collision that decrease delay. In our proposed approach the average delay is 100ms for the strict delay 

requirement of VANET safety a message.  This is recognized to the fact that the SeCH is introduced in our approach 

minimized the time of re clustering whenever the CH moves out of the cluster, therefore minimizing the delay of 

broadcasting these safety messages to the CMs. Similarly we reduced that increasing the transmission range could 

also reduce the message delivery delay (Rahman et al., 2025). 

 

CONCLUSION 

To improve the road safety in VANET environment requires an efficient and reliable MAC protocol. This could 

be achieved using a cluster based scheme to satisfy the stringent requirement of safety application. In this paper we 

proposed new clustering technique based on highway scenario. Using the mobility information of each vehicle, the 

clustering algorithm selects the CH on the basis of the computed weight factor value. To ensure the cluster stability, 

we introduced a SeCH to take the leadership whenever the primary CH is about to leave the vicinity.  The speed 

different of CH and SeCH was periodically checked and updated in order to ensure the smooth transition. The 

performance of the proposed scheme FWCA (fuzzy weight based clustering algorithm) was evaluated through a 

simulation study. We compared the result of the proposed approach with those of the two existing approaches and 

demonstrate a high superiority with respect to forming stable cluster and obtaining relatively few clusters. We 

observed that when increasing the vehicle density and transmission range, the vehicles would still stay connected 

with existing cluster for a long period of time even if the CH moved out of the cluster without the need for cluster 

reconfiguration process. Our proposed approach FWCA improved cluster stability compared to existing approaches 
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is optimized CB-MAC and CB-MAC protocols. Furthermore, we significantly minimized the delay compared to 

existing approaches. The delay was minimized because of the introduction of SeCH , which minimized the re-

clustering problem. The important thing that the cluster head CH is responsible for allocating a slice of time to its 

CMs in a cluster based TDMA MAC protocol. The proposed scheme improved the performance metrics throughput 

and reduced the packet dropping rate and delay compared to existing approaches 
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