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Abstract 

Vehicular Ad Hoc Networks (VANET) is a wireless mobile ad hoc networks established 

on the inter-vehicle communication. Due to the special characteristics and the restrictions 

of roads, VANET shows characteristics of uneven nodes density, fast moving, high 

dynamic topology. So it is difficult to establish a stable link between nodes, and the 

reliability of data transmission declines rapidly with the increase of hops. Therefore, 

ensuring data reliability and rapid distribution is always a difficult point in the VANET 

research. Through analysis of vehicular ad hoc networks environment, we propose the 

node connectivity and the connectivity strength. By dividing the road environment into the 

segment area and the intersection area, respectively calculating and predicting the 

connectivity according to the road environment, we propose the zone based adaptive 

clustering algorithm (ZACA). 
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1. Introduction 

As the original research part of Intelligent Transportation system (ITS [1]), the 

communication between vehicles is the key research of VANET [2-3]. R. Baskaran [4] 

proposes a bio-inspired artificial bee colony approach to overcome the connectivity and 

the signal fading issue. Mohamed Aissa [5] proposes a scalable weighted clustering 

algorithm by implementing a non-periodic procedure for clusterhead election. This 

algorithm can increase the cluster formation and stability. But the connectivity is not 

considered. Ambuj Kumar and other authors [6] put forward a cluster strategy based on 

vehicles’ direction correlation degree. The strategy divides vehicles into different groups 

according to the relative velocity, and neighboring vehicles with similar velocity are the 

same group. It also selects a group leader (GL) for broadcast packet forwarding and 

improves the stability and survival time of clusters. But the way of clustering based on 

relative velocity also restricts its application range and could not apply to city roads or 

roads in a complex environment. 

Through analysis of the traditional clustering algorithms [7-8], most of them take the 

node connectivity less into consideration. Even considering the node connectivity, they 

concern less about the node connectivity strength and prediction. So, based on 

characteristics of VANETS which is uneven node density, high dynamic network 

topology and complex wireless environment, we put forward the node connectivity 

strength and the node connectivity prediction. Then, the zone based adaptive clustering 

algorithm (ZACA) is proposed. Through dividing the road environment into the 

segment area and the intersection area, transfer the management of massive uncertainty 

topology structure within in-vehicle network into more effective management within the 

local cluster. Given that, the clustering stability is improved efficiently under in-vehicle 

network. 
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2. The Zone Based Adaptive Clustering Algorithm 
 

2.1. The Analysis of the Connectivity in Area Network 

In order to describe the network connectivity[9] in VANET, add factors of the 

node degree, the node velocity, the moving direction and the velocity of neighboring 

nodes at the t moment for measuring network connectivity. And we also introduce 

the node connectivity, the node connectivity strength, and the regional connectivity. 

Definition as follows: 

VANET network topology can be regarded as an undirected graph which is 

constituted by nodes and links and denoted by ( , )G V E .V is the set of vehicle nodes 

and E is the edge set of communication links. In this undirected graph, vehicle 

nodes can be regarded as points and communication links between two nodes can be 

regarded as edges. 

The node connectivity ( )aN t  is the sum of neighbor nodes which can be connected 

around the node a within some time period t . ( )aN t  can measure connectivity status 

of the node a within some time period t , as follows: 
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( )aiD t  is the distance between the node a and the node i within some time period 

t and thD  represents the distance threshold and its value is set by the network, 

thD r , where r is vehicle communication radius. 

Node connectivity strength ( )aQ t  is the value of average time-period of link 

connected between node a and node i within some time period t , as the formula: 
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In this formula, ( )aiT t  represents the time of the connected link which the 

node a and the node i predict and keep within some time period t. ( )aiT t  has different 

prediction algorithm under different road conditions. m represents the node 

connectivity ( )aN t  at current time. 

The regional connectivity ( )zC t represents the node average connectivity within 

the network area Z and effectively characterize the nodes’ area network connectivity, 

as the formula of ( )zC t follows: 
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In this formula, i represents nodes within the network area Z and ( )iN t  represents 

the connectivity of the node i while n represents the number of nodes. Since the area 

Z composed by the segment area and the intersection area, Z is related with 

vehicular network environments. 

 

2.2. Node Connectivity Prediction 

According to characteristics of urban road environment, divide roads into the 

section model (Segment Model) and the intersection model (Intersection Model) and 
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compute the connectivity time of nodes’ link for nodes’ connectivity prediction [10] 

in VANET. 
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Figure 1. Segment Connectivity Prediction 

In the road model, vehicles’ position relationships can be approximately in a 

straight line and vehicles’ movement is divided into the same direction and the 

opposite direction. When A and B are connected at time t , the connectivity time 

( )abT t  satisfies the formula : 

 

( T ( ))ab ab thD t t D                    (4) 

From Figure 1 and further analysis, the formula of ( )abT t  as follows: 
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Figure 2. Intersection Connectivity Prediction 

From the Figure 2, when the vehicle A and B both are in the Intersection (x, y) 

and vehicles leave the road to enter the different segments,  ( ) 0abT t  . If A and B 

moving directions are not in the same segment and the distance is less than or equal 

to thD , link connected time ( )abT t can be described as follows: 
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               (6) 

xv and yv  respectively represent different values of the horizontal component and 

the vertical component of A and B’s velocity at t . x and y respectively represent 

difference values of the horizontal component and the vertical component of A and 

B’s velocity at the time t . 

 

2.3. The Zone based on Clustering Algorithm 

Assume that all vehicles with same node transmission radius use omni -directional 

antenna and all communications are bi-directional links in VANET. Through 

periodic Beacon Message, Nodes and neighboring nodes gets the information of 

neighboring nodes. 

First, dynamic clustering should be initialized. When initializing cluster begins, 

all nodes are common nodes (CN) and updates its neighbor table through access to 

beacon messages of neighboring nodes. Then nodes create or join the cluster and 

recommend the cluster head node. The clustering initialization process is shown as 

follows: 
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Figure 3. Initializing Clustering Algorithm 

For better election of the cluster head, choose the improvement scheme based on 

WCA [11]. The node with maximum comprehensive weight value has best 

performance and priority selection for the cluster head node. The maximum 

comprehensive weight value can be described as follows: 

 

( ) ( ) ( )1 2 3 4
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Where ( )q i  represents the normalized value of the connectivity strength of the 

node i and shows relative size of the connectivity strength of current and neighbor 

nodes; The second component i

th

N

N
 represents the connectivity of the current node i . 

The higher it is, the better the connectivity. iN  represents the connectivity degree 

and thN  represents the connectivity degree threshold of the system. The third 

component ( )v i  which satisfies ( ) 1v i  represents the motion state of the current 

node i . The forth component cN

N
 represents the direction correlation of current and 

neighbor nodes. N represents the number of neighbor nodes of i . cN  represents the 

number of neighbor nodes whose movement direction is consistent with node i . 1 , 
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2 , 3 and 4 are the weighing factors for the corresponding system parameters. 

The sum of them equals to 1. 

  Vehicle nodes’ joining and leaving, the gravity of the cluster head and the cluster 

merging and splitting are the key point of clustering maintenance. Through the 

clustering adaptively divided by region, the stability of clusters is enhanced and the 

network overhead is also reduced. The process is just as followed:  
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Figure 4. The Maintenance of Nodes’ Joining and Leaving 

Vehicle nodes are decided by the segment and intersection environment under 

urban environments. So the distribution of nodes has uneven characteristics. nodes’ 

movement can cause the coverage of clustering communication radius, in order to 

reduce the cluster stack and reducing cluster redundancy, the clustering scale should 

be adjusted just as follows: 
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Figure 5. The Maintenance of Nodes’ Joining and Leaving 

3. Simulation Analysis  

We use VanetMobiSim Simulator and NS2 for simulation and analysis. Set the 

simulation area 1900m×1200m in size and the number of vehicles 

[50,100,150,200,250,300]. Vehicle speed has random value [0-25]m/s and the node 

mobility model uses extension model based on intelligent lane model IDM_IC. The 

waiting time of nodes in the segment is set random value [0-20] s. The initial 

position of the node is set a random distribution and the system run time of 

simulation is 600s. Under the segment environment, 1 , 2 , 3 , 4 is respectively 

0.24,0.26,0.16,0.34 while under the intersection environment, 1 , 2 , 3 , 4  is 

respectively 0.26,0.32,0.30,0.12.Finally, the cluster-head switch parameter is 2.5, 

the maximum threshold value of the number of cluster membership is 15 and the 

threshold value of nodes’ distance thD  is 135. 

(1) Cluster-head numbers 
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Figure 6. Cluster-head Numbers 

We can learn from the simulation results that along with the over simulation time, 

the number of cluster heads shows the trend of dynamic change. And with the 

vehicles’ moving, the cluster-head number of the ZACA algorithm keeps in the 

range 22-31 while the cluster-head number of the HD algorithm shows a sharp 

swing and its average number is also higher than the ZACA algorithm’s. The results 

also prove that through calculations of regional connectivity of nodes in the ZACA 

algorithm, the cluster-head selection takes fully into account the location and 

relative stability with neighboring nodes, thus reducing effects of vehicles’ 

movement on clustering. However, in the HD algorithm, the election of the cluster -

head node is only judged by nodes with largest numbers of neighboring nodes. 

Hence the number of cluster-head is larger when the distribution of vehicles is 

uneven. 

(2) The average transfer times per unit time 

 

Figure 7. The Average Transfer Times per unit Time 
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The figure 6 shows that as the increasing number of vehicles, for both the HD and 

the ZACA algorithm, the average transfer times per unit time decrease first and then 

increase. However, the average transfer times per unit time of the ZACA is less than 

the HD’s. From the analysis of simulation results, when the number of network 

nodes is 50, sparse network nodes cause less number of neighbor nodes within the 

transmission radius. For the HD algorithm, as vehicles’ moving, the great change of 

the neighboring nodes’ number results in more times of algorithm execution. Hence, 

the node transfer times become more. But, with the increasing number of vehicles, 

node's average transfer times can keep a lower growth rate for ZACA algorithm and 

average transfer times is less than 0.35 per unit time. During the interval 

[100,150,200,250,300], the average times is just 81.2%, 84%, 69% and 61.5% of the 

average times of the HD algorithm. That is because as the increasing density of 

vehicles, ZACA can maintain stable network clustering numbers and nodes’ transfer 

between clusters can maintain a stable level. 

(3) Update times of cluster-head control sets per unit time 

 

Figure 8. Update Times of Cluster-head Control Sets per unit Time 

Simulation results show that as the increasing number of network nodes, update 

times of clustering sets of ZACA per unit time are less than HD’s and the increasing 

speed is flat. That also proves that ZACA with high scalability can adapt to the 

environment of urban roads better and effectively reduce times of clustering 

algorithms implementation. That is because the ZACA algorithm divides network 

area into the segment model and intersection model. Therefore, each intersection or 

the clustering number of intersections are relatively fixed and only when cluster-

head nodes leave the current segment and intersection or the current cluster -head 

nodes overlaps with the neighboring cluster-head nodes are the cluster split and 

dissolution implemented. When member nodes of clusters find no a cluster head, the 

clustering algorithm is implemented. Hence, update times of cluster -head control 

sets caused by vehicles’ directions and election of roads and the overhead of 

clustering can be efficiently reduced 
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3. Conclusions 

In this paper, through deep analysis of VANET and network application 

environment, we propose the ZACA algorithm. And the simulation results show that 

ZACA can better adapt to the urban environment and the network has high stability. 
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