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ABSTRACT   

Vehicular Ad Hoc Network is one of the most emerging fields 

for researchers and industry communities. As the nodes are 

high speed moving vehicles on the road, cause frequent 

changes in network topology. Estimation of path duration 

between source and destination node is a challenging task in 

VANETs. Path duration is a key parameter to design a routing 

protocol as it is very useful to increase the throughput and 

performance of the VANETs. In this paper, we have proposed 

a mathematical model to estimate the path duration between 

source and destination node using position-based routing 

protocol in which a border node is selected as a next-hop node 

for further transmission. The mathematical model has been 

simulated using MATLAB. Further, the result also reveals that 

the path duration increases as the transmission range increases 

and decreases as the number of hops increases in VANET. 

Keywords: VANET, MANET, Path Duration, Position-

based Routing, Border Node, Shaded Region, Probability 

Distribution 

1. INTRODUCTION 

The Intelligent Transport System (ITS) has been working to 

make the road safer and more efficient since the number of 

vehicles on the roads are keep on increasing. As the number of 

vehicles keep increasing, the number of accidents has also been 

increased with vehicle related crimes. These accidents and 

crimes are an issue of concern worldwide; and makes the road 

more vulnerable and threatening as the millions of people die 

in road accidents all over the world every year. VANET is the 

technology, which will provide us a safer and well organized 

transportation and roads in near future. 

In VANETs, transmission of data is possible by direct 

communication in two nodes within the transmission range or 

by intermediate node between source and destination node [1]. 

The intermediate nodes are high speed moving nodes 

(vehicles), which also act as a router to pass the information 

from source to destination. Since, VANET is an ad hoc 

network, therefore, there is no fixed infrastructures are presents 

between highly mobile nodes. 

The mobility of nodes is a critical factor for design, analysis, 

and performance evaluation in VANETs.  High mobility of 

nodes cause dynamic changes in the network topology and 

frequent path failures. Once a path failure occurs, the 

communication between source and destination will expire and 

a new path has to set up. The failure of the path degrades the 

routing performance of the VANETs and adds an overhead of 

creating a new path. The new path may be established in less 

time but frequent path failures affect the overall network 

performance certainly [2].  

Routing is the process of finding optimal path between source 

and destination nodes and then, sending a message in a timely 

manner. Routes between source and destination node may 

contain multiple hops. Since the network topology is frequently 

changing, so finding and maintaining routes is very challenging 

task in VANET. In VANETs, position-based routing protocols 

are more suitable routing protocols and these can be used to 

improve the routing performance [3]. In position-based routing, 

the position of neighbouring nodes around the source node and 

position of the source node is known to every node. The 

knowledge of the position in VANET is the important data for 

the vehicles moving on the road.  

In VANET or MANET the lifetime of a link is a random 

variable, whose probability distribution depends on mobility, 

node density, transmission range, different traffic scenarios, 

and various impairments of radio communications. Link 

between two nodes breaks frequently because nodes moving 

out of the transmission range of each other with high speed. If 

we estimate the path duration between source and destination 

node, it can help us to decrease the path breakage. Knowledge 

of path duration can improve the performance and efficiency of 

the VANETs protocols. Path duration can be defined as the 

amount of time every link of the route is active or amount of 

time till any of the link breaks in the route [4]. 

In this paper, our main contribution is a probabilistic and 

mathematical analysis of path duration in VANET, based on 

position-based routing concept. We derive the probability 

distribution as well as the expected path duration between 

source and destination in VANET. We assume that while 

vehicles have not reached the speed limit, or have not stopped, 

and have constant velocity. The rest of the paper is organized 

as follows. Section 2, present the related work of the path 

duration estimation in ad hoc networks. Section 3, presents the 

proposed work with mathematical analysis. Simulation results 

of the proposed work has been presented in section 4. Finally, 

section 5 will conclude this paper. 

2. RELATED WORK 

In spite of the fundamental importance of estimating the path 

duration of communication links in VANET, to the best of our 

knowledge, up to this point there have been some mathematical 

and experimental studies in MANETs. The estimation of path 

duration in MANETs is proposed in several theoretical and 

analytical models. Many research work and models proposed 

for the implementation and improvement of the VANET. Some 

of the related research work carried out in the recent past 

decade.  

The path duration is an important design parameter for the 

better performance and efficient routing in VANETs. Authors 

in [5], shows the analysis of path duration and provide different 
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parameters related to path duration and dependent on the path 

duration in MANETs. Authors also present the path duration 

impact on the reactive routing protocols. The result shows that 

the path duration Probability Density Function (pdf) for large 

number of hops can be estimated through exponential 

distribution. The exponential distribution is depends on the 

different parameters like relative speed of the mobility model, 

transmission range of nodes and number of hops. These 

parameters helps to enhance the performance of the reactive 

routing protocols used in the MANETs. It also shows that the 

inverse of the path duration is directly proportional to the 

throughput of the ad hoc networks for Dynamic Source 

Routing (DSR) protocol. 

To maximize the path duration of the route, each link duration 

of that path must be maximum. If there is any link breaks in the 

route, it means whole route will expire. The link stability and 

route lifetime are directly proportional to each other. In [6], 

link stability and route lifetime are analysed for the ad hoc 

networks. “Edge Effect” phenomenon occurs in the highly 

dense networks is also discussed. “Edge Effect” phenomenon 

is an adverse effect on the network performance when the 

greedy routing approach is used in dense networks. In greedy 

routing approach sender node selects the nodes that covers the 

maximum distance towards the destination. In dense network, 

nodes are easily available at border of the transmission range 

and could be selected as the next-hop node for further 

transmission. Small movement of the border nodes outside the 

transmission range breaks the path and degrades the 

performance of the network. Therefore border node must lies 

within the transmission range or on the border line of the 

sender’s transmission range to improve the routing as well as 

overall network performance.  

Path selection is important to decide the path duration of the 

route in ad hoc networks. The shortest path is not always the 

best path in terms of the path duration. To maximize the path 

duration, the shorter average link duration of nodes should 

avoids over the longer average link duration of nodes. In [7], a 

schema is proposed using Ad hoc On demand Distance Vector 

(AODV) routing protocol to maximize the path duration and 

also provide an local path recovery, in case of path failure with 

the help of the cached alternative path computing. In this 

schema, each path information is recorded in a table with five 

fields: i). Destination Sequence number ii). Next-hop to the 

destination iii). Hop count iv). Inverse path duration (IPD) and 

v).Time stamp. The path for the transmission is chosen first on 

the basis of destination sequence number and IPD values. If 

two path ties on the basis of above two fields then the path will 

be selected on the basis of hop count. The path on first rank is 

selected as primary path and other paths are cached as backed 

recovery path.  

In [7], result shows that expected link duration of the path is 

the parameter of the exponential distribution. This exponential 

distribution can be used to approximate the distribution, where 

hop count is large. In ad hoc networks, the greedy routing and 

Least Remaining Distance (LRD) approach are used. In LRD 

approach, the next-hop node is the node which attempts to 

minimize the remaining distance between source and 

destination in every hop. The average progress per hop towards 

destination also helps to find the number of hops from source-

to-destination. Authors in [8], shows that the progress per hop 

and number of hops are related to the node density and distance 

of the path in greedy routing approach. 

To estimate the path duration of the route in VANETs, use of 

the suitable routing protocol is also a critical factor. The 

position-based routing protocols may be the suitable routing 

protocols in VANETs. The routing protocol using the position 

information of the node in the network is known as position-

based routing protocol. In these protocols, the next-hop node 

will be selected on the basis of maximum distance covered 

towards the destination within the sender’s transmission range. 

Some position-based routing protocols such as Border-node 

based Most Forward progress within Radius routing (B-MFR) 

and Edge-node based Directional Routing (E-DIR) [9] [10] has 

been proposed for VANET to select the best node for further 

transmission. These protocols can be used in estimation of path 

duration for VANET. We are introducing B-MFR for our 

proposed work. In B-MFR routing protocol, only the nodes 

presents on the border of the sender’s transmission range are 

selected as the next-hop nodes for further packet transmission. 

B-MFR help to decrease the number of hops between source 

and destination and gives better performance in the dense 

networks like city traffic scenario. In the dense network, nodes 

on the border of the transmission range are easily available to 

commute the data. The number of hops between source and 

destination are significantly decreased in the border node based 

protocol. These protocols are very much helpful in estimation 

of path duration as number of hops can be calculated and the 

link distance for every hop is approximately same, because in 

every hop the border node is chosen. 

3. PROPOSED WORK 

In our proposed work, first we find the region from where we 

can select a particular node using position-based routing 

concept to transmit a packet to the destination node. A 

mathematical model to estimate the path duration in VANETs 

is developed using the Poisson distribution method. This model 

attempts to estimate the average path duration based on 

reduced number of hops principle. Once the path duration of 

the routes in the network is estimated well before the path 

breakage then the performance and throughput of the VANETs 

can be enhanced significantly. 

A. Reachability Processes 

The role of routing protocol is very important in the estimation 

of the path duration in VANETs where the network topology 

changes very frequently. For our proposed model, we use B-

MFR routing protocol based on greedy routing approach. The 

B-MFR utilizes the border-node to avoid using interior nodes 

within the transmission range for further transmitting the 

packet. This method selects the border-node as a next-hop node 

for forwarding packet from source to destination. In this 

method, a packet is sent to the border-node with the greatest 

progress as the distance between source and destination 

projected onto the line drawn from source to destination. In 

greedy routing approach, sender node first find the position 

information of its direct neighbours then select a node that is 

closest to the destination as a next-hop node for further 

transmission. The B-MFR method is useful to estimate the path 

duration as the number of hops can be decreased significantly 

by selecting the border node as a next-hop node. 

B. Mathematical Model 

Since we are interested in the path duration, therefore the main 

goal of this section is to derive mathematical expression for 

path duration between two vehicles by deriving other useful 

mathematical expressions such as average number of hops and 

link duration. In this work, we use traditional traffic flow 

principle to describe the vehicular environment that will be 

more accurate for the path duration estimation. Vehicles are 

assumed to have Poisson distributed arrivals to obtain the 

probability distribution function (pdf). 
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1) Modelling Assumptions: In our proposed model, some 

assumptions are made, which are given as follows: 

 Nodes (vehicles) are equipped with GPS receiver, digital 

map and sensors. 

 No other communication fixed infrastructure is present. 

 Transmission range for every node is same. 

 Speeds of the nodes in the network are same. 

 Link duration of nodes moving away from the source node 

is considered only. 

2) Mathematical Notations: The following notations are used 

in our analysis. 

Table 1. Notations 

 

C. Calculation of Path Duration  

1) Area of border region for finding the next hop node: 

Since the node closer to the border or on the border line cover 

maximum distance towards destination, therefore it may reduce 

the number of hop counts between source and destination. It 

may not be possible to find even a single node at the extreme 

end of the sender’s transmission range. So, we have considered 

a region around the extreme end of the transmission range 

toward the destination. That region is shown by shaded area in 

the figure 1.  

 

Fig. 1. Area of shaded region (As =  A1 + A2) 

In Fig. 1, circle shows the transmission range of source node S. 

Shaded region of the circle (A1+A2) can be used as the border 

region. Further, the shaded region can be divided into two part 

showing the area A1 and A2.  Border nodes can be chosen from 

the shaded area A1, because area A1 lies closest to border line of 

the sender’s transmission range.  Greedy routing is the 

appropriate method to selects a next-hop node for the given 

shaded region. 

Area of the shaded region can be also called as area of 

interaction of the two circles. One with the radius, R1 and other 

with the radius, R2. Area As of the shaded region can be 

calculated as  

          

Where, 

      
      

  
            

 
   

      
      

  
            

 
 

As we can see in fig. 1, the line SD is the bisector of the angle 

90 (       ), therefore, area of shaded region, As is 

                   
  

   

 
    

      
        

 
                    

Thus, we can say that the shaded region is the combination of 

two arc, one with radius R1 and other with radius R2. The value 

of    is depend on transmission range R1 and distance between 

source and destination. 

2) Probability of finding nodes in the selected area:  

In this section, our aim is to find the probability of at least one 

node in the border region to improve the performance of the 

network. We assume that nodes are two-dimensionally Poisson 

distributed over the network with node density,  . The number 

of nodes presents in selected region can be calculated as: 

Number of nodes =   × Area of the region 

If X is the random variable representing the number of nodes in 

the shaded region As then the probability that number of nodes 

x located in the region As can be calculated as: 

                
             

  
                               

The probability of selecting n nodes out of x nodes is given by 

                  
 

 
                                                     

If a node present in the selected region, only two possibilities 

are there: one is selecting the node, ps and other is not selecting 

the node, q (=1-ps). Therefore, probability of occurring both 

the cases is equal i.e.    = q =      . Now, probability of 

selecting exactly n nodes in the given border region is 

[11],[12],[13]. 

       
 

 
     

       
         

 

     

     
 

  
        

                  
       

 

  
                                                               

Put the value of    = 1/2 and    in the above equation 

Description         Notations 

Transmission range of nodes (Omni directional)               R1 

Region covered by transmission range               A 

Selected region of the transmission range      

Node density   

Number of node in the transmission region               x 

Number of nodes selected out of   nodes               n 

Probability of successfully selecting a node      

Probability of not selecting a node              q=1-   

probability  for  selecting  at  least  n nodes  in  the  shaded  region     

Expected no. of hops between source & destination               EH 

Distance between next-hop node & destination               R2 

Distance between source and next-hop node               Z1 

Relative velocity between source node and next hop node    

Angle between R1 and SD    

Angle between R2 and SD    

Relative angle between source and next-hop node    
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Now, the  probability  for  selecting  at  least  n nodes  in  the  

shaded  region is  

         
 
 

 
   

  
   

 
    

      
        

 
   

  

 
   

   

 

  
  

 

 
   

  
   

 
    

      
        

 
  
                       

From the equation (6), we can easily obtain the probability of 

having at least one node within the border region as 

           

 

            
  

 

 
   

  
   

 
    

      
        

 
  
              

3) Average number of hops between source and destination 

node:   

Number of hops can be defined as the number of intermediate 

nodes in the route (source to destination). The main assumption 

is that each hop results in the same progress towards the 

destination, equal to the average distance covered by a node in 

one hop. Number of hops should be as low as possible. It will 

decrease the chances of link breakage and improve the path 

duration between nodes [14]. 

To determine the average number of hop counts, nodes within 

the transmission range R follow the Poisson distributed model. 

If destination node present in the sender’s transmission range 

then the probability of finding destination node is same as the 

probability of finding next-hop node. Assume, Z1 is the 

distance between the source and next-hop node. The 

probability density function of the link distance, Z1 between 

source and next-hop node is defined as [15]. 

             
      

 
 

Distance between two nodes, which provide a link to a route 

can be defined as the link distance. Link distance can be 

increase by increasing the distance between source and next-

hop node towards border line within the transmission range 

[16]. 

The probability of one-hop count can be calculated as follows: 

           
  

 

    

          
 
                               

However, the destination node can be far away from the source 

node that may be two, three or more hop count. If the 

destination node is out of transmission range, R1 and under 2R1, 

then at least one intermediate node is required between source 

and destination to transmit the packet further in the network. 

The probability of a two-hop counts can be calculated as 

follows:  

             
       

 
   

  

            
 

 
       

         
 
         

 
          

 

 
                         

Similarly, for three-hop count is 

              
 
         

 
          

 

 
      

 

               

Therefore, consequently, the k-hop counts probability can be 

defined as 

                   
 
          

 
        

 

 
     

   

(11) 

Now, by using equations (8), (9), (10) and (11), we can 

calculate the expected number of hops,    between source and 

destination node as follows: 

          

 

   

                               

   

 

   

              
          

  

      
  

 

 
   

  
   

 
     

      
        

 
  
 
   

     

4) Velocity of Nodes:  

Direction of motion and speed of nodes are very essential 

parameters for the calculation of path duration in case of 

VANETs. Link duration is depends on the relative velocity of 

the nodes as it can increase the link distance between nodes. 

The relative velocity between nodes is inversely proportional 

to the link duration. The relative velocity of the source node 

and next-hop node should be known to determine the expected 

link duration. Let V1 and V2 be the velocity of source and next-

hop nodes, then relative velocity VR  of the nodes can be 

calculated as 

       
      

              

In this work, we assume that all the nodes moves with same 

velocity in the network that is 

        

Therefore, relative velocity is 

                                                                      

In above equation,   can vary from 0 to  
 

 
 as the next-hop node 

can move in the direction of destination only to maintain the 

communication link (link duration) between nodes. We assume 

that angle   is uniformly distributed between (0, 
 

 
), and pdf of  

      is 2/ . 

Then the pdf of       
     can be expressed as 
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5) Link Duration:  

Link duration is the amount of time for which the direct link 

between two nodes within the transmission range is active and 

it is a part of the route. It is necessary that next-hop node must 

present within the transmission range of the source node to 

maintain the communication link between source and next-hop 

node. In this work, as we assumed, border node (node at 

maximum transmission range) will be the next-hop node for 

each hop between the source and destination [17]. Since the 

velocity of each node in the network is same, it means that the 
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links between source and next-hop node (border node) will be 

maintain always. Let Z is the distance between source and 

next-hop node within radius R1 (as shown in Fig. 1), then the 

expected value of Z [18][19] can be computed as  

    
   

     
 

Therefore, link duration T can be expressed as  

  
  

  
 

   

       
 

The probability distribution function of T,       is given by, 

                   

 

 

          

             
 

       
 
 
 

  
 

 

 

                                      

6) Path Duration:  

The path duration is one of the key parameters which could be 

useful to improve the performance and throughput of the 

network. The path duration will be helpful in the process of 

path selection, during the transmission of packet from source to 

destination [20]. Path duration for a particular route in any type 

of network is very essential to choose a suitable path for the 

transmission. 

Path duration can be derived from the pdf of the link duration. 

Let                 denotes the link duration of 1, 2, 3,...EH 

hops respectively. EH is the average number of hops required to 

reach the destination as estimated in equation (12), therefore, 

the path duration can be expressed as  

                          
      

By using Baye’s theorem [21], the probability density function 

(pdf) of Tpath is 

                  
    

                                                  

Here, T represents the link duration and    = 1-    is the 

complementary cdf of T. 

                       

          
 

   
 
    

       Therefore, the average path duration 

can be estimated as 
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4. RESULTS ANALYSIS 

In this section, the mathematical model presented in section 3 

is analyzed. MATLAB is used to simulate the proposed 

mathematical model. To verify the correctness of the above 

mentioned analytical results, the results for average path 

duration is produced by varying input parameters like 

transmission range and number of hops.  

A. Average Path Duration  

Fig. 2 (a) shows the plot between average path duration and 

transmission range. Path duration of the routes is depends on 

the transmission range of the nodes in the network. The figure 

shows clearly average path duration increases as the 

transmission range increases. If transmission range is 

maximum, it means the probability of next-hop node’s location 

being well on the border of the sender’s transmission range. It 

means that selection of border node gives better result as 

compared to interior node within the transmission range.  

The average path duration is also depends on the each hop of 

the route. In Fig. 2 (b), the average path duration varies with 

number of hops for fixed transmission range. As the number of 

hops increase, the average path duration decreases for a fixed 

number of nodes and fixed area. Fig. 2 (b), also shows that 

with high velocity of nodes (e.g. V = 50m/s) has a relatively 

reduced average path duration as compared to low velocity of 

nodes (e.g. V = 40m/s). 

 

 

 

(a) 

 

(b) 

Fig. 2. Average path duration vs (a) transmission range and 

(b) number of hops 

5. CONCLUSION 

In this paper, we have proposed an analytical model for 

estimation of path duration using position-based routing 

concept. This model has been verified by means of simulations. 

The simulation results are well approximated by the 

mathematical equations. In VANET, in order to maximize the 

communication link between nodes, it is very necessary to 

maintain the path duration. Therefore, message can be send 

timely to reduce the large number of accidents on the road. 

Analytical estimation of average path duration help us to 
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improve the routing performance and decrease the number of 

path failures occurs in VANETs. 

6. REFERENCES 

[1] V. Lenders, J. Wagner, and M. May, Analyzing the 

Impact of Mobility in Ad Hoc Networks, ACM/Sigmobile 

Workshop  on Multi-hop Ad Hoc Networks: from 

theory to reality  (REALMAN), Florence, Italy, 

May 2006. 

[2]  A.K. Saha and D.B. Johnson, “Modeling mobility for 

vehicular ad-hoc networks,” in ACM International 

Workshop  on Vehicular Ad Hoc Networks, pp. 91–92, 

2004. 

[3]  T. Taleb, E. Sakhaee, A. Jamalipour, K. Hashimoto, N. 

Kato, and Y. Nemoto, “A stable routing protocol to 

support its   services in vanet networks,” IEEE 

Transactions on Vehicular Technology, vol. 56, no. 6, pp. 

3337–3347, November 2007. 

[4] Richard J. La and Yijie Han, Distribution of Path 

Durations in Mobile Ad-Hoc Networks and Path Selection. 

IEEE/ACM Transactions on networking, vol. 15, no. 5, 

2007. 

[5] N. Sadagopan, F. Bai, B. Krishnamachari and A. Helmy, 

PATHS: analysis of PATH duration Statistics and their 

impact on reactive MANET routing protocols. proc. 

Mobihoc,  2003, pp-245-256. 

[6] G.Lim, K. Shin, S. Lee, Y. H and J. S. Ma, Link stability 

and route lifetime in ad-hoc networks, EURASIP Journal 

on  Wireless Communications and Networking, pp. 1-6, 

2007.  

[7] Yijie Han and Richard J. La, Maximizing Path Durations 

in Mobile Ad-Hoc Networks.Information science and 

system,  2006 40th annual conference on March, 2006. 

[8]  S. De. A. Caruso, T. Chaira, and S. Chessa, Bounds on 

hop distance in greedy routing approach in wireless ad 

hoc  networks. Int. J. Wireless and mobile computing, vol. 

1, no. 2, pp. 131-140, Feb. 2006. 

[9] R. S. Raw, and D. K. Lobiyal, B-MFR Routing Protocol 

Vehicular ad hoc networks.IEEE, ICNIT 2010, 

Philippines,  Manila. 

[10] R. S. Raw, and D. K. Lobiyal, E-DIR: a directional 

routing protocol for VANETs in a city traffic environment. 

Int. J. Information and Communication Technology 

(IJCT), ISSN:  1466-6642, Vol. 3 Issue 2, pp. 242-257. 

[11] S. Xi, and L. Xia-mio, “Study of the Feasibility of 

VANET and its Routing Protocols”, IEEE, 2008. 

[12] S. Ukkusuri, and L. Du, “Geometric connectivity of 

vehicular ad hoc networks: Analytical characterization”,     

Transportation Research Part C, ELSEVIER, Science 

Direct, 2008.  

[13] M. Heissenbuttel, “A Novel Position-Based and Beacon-

less Routing Algorithm for Mobile Ad-Hoc Networks,” 

NCCR-  MICS, 2004. 

[14] Y. Han, R. J. La, and A. M. Makowski, Distribution of 

path durations in mobile ad hoc networks – Palm’s 

Theorem at work. ITC Specialist Seminar on performance 

Evaluation of  Wireless and Mobile Systems (ITCSS), 

2004. 

[15] S. M. Harb, and J. McNair, “Analytical Study of the 

Expected Number of Hops in Wireless Ad Hoc Network,” 

LNCS 5258, 2008, pp. 63–71.  

[16] M. Srinivasan, Analytical estimation of path duration in 

mobile ad hoc networks. Department of Electrical and 

computer Engineering, Wichita State University, May, 

2008. 

[17] N. N. S. Kamaruzaman and H. Hasbullah, Silent Alarm: 

Path Optimization Route Lifetime for VANET Multi-Hop 

Routing Protocol. International conference on network 

applications,  protocols and Services 2008 (Netapps 

2008). 

[18] Yi, C., Chuang Y., Yeh, H., Tseng, Y., & Liu, P. (2010). 

Streetcast: An urban broadcast protocol for vehicular ad-

hoc  networks. In 71st IEEE vehicular technology 

conference (pp. 1–5). 

[19] R. S. Raw, and S. Das, Performance Analysis of P-GEDIR 

Protocol for Vehicular Ad Hoc Network in Urban Traffic 

Environments. In wireless personal communication, 

Springer, November, 2011. 

[20] Q. Yang, A. Lim, and P. Agrawal, .Connectivity aware 

routing in vehicular networks,.inWireless 

Communications  and Networking Conference, 

2008. WCNC 2008. IEEE, 2008, pp. 2218.2223. 

[21] A.Papoulis, Probability, random variables, and stochastic 

processes, McGraw-Hil, Inc., 3rd Ed., 1991. 

 

  


