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 This paper presents a routing protocol for VANETS called as Collision and 

Transmission range based Routing Protocol (CoTRaP) which facilitates an ad hoc re-
routing of vehicles in emergency situations or during heavy traffic jams. The selection 

of route is made in such a way that it guarantees network connectivity, at the same time 

avoiding high dense networks. A mathematical formulation of network connectivity and 
network density is also adapted here. A scenario of the Puducherry urban locality is 

taken for simulation. Performance of CoTRaP is evaluated by varying the transmission 

range and collision frequency. Simulation results show that we are able to achieve an 
optimal or near-optimal solution for the proposed algorithm. 
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INTRODUCTION 

 

 VANETS(vehicular ad hoc networks) have become an interesting area of research in recent years due to 

their promising real time applications. It consists of vehicles which can communicate with each other by 

establishing a network. This type of communication is known as V2V communication. RSU or Road side units 

also known as access points that aid in vehicular communication (V2I communication) have also been proposed 

in the past years.  

VANETS can be broadly classified into two components based on their application point of view.  

 Vehicular networks which are used for the purpose of entertainment such as gaming, video streaming, data 

transfer and browsing on the move. These applications are delay tolerant. 

 Safety applications include collision detection, ad hoc routing, lane change assistance, emergency vehicle, 

signal violation, etc. These are low data rate applications with strict latency constraints. 

 Most of the recent research focuses on developing protocols for data communication. A.Dua, N.Kumar, 

S.Bawa[1] classify VANETS in terms of the routing protocols used such as topology based protocols, 

geographic, hybrid and cluster protocols. All the above mentioned protocols mainly focus on routing data or 

establishing connection to an internet gateway.  

 Y. Bi, H. Zhao, X. Shen[2] infer that recent protocols like GPSR, GPCR, MURU discuss on how to 

transmit data by establishing a connected network through vehicles on the road. They cannot be used in 

emergency situations, warning vehicles or re-routing vehicles in a highly congested network scenario. 

 In this paper a routing protocol to be used in such situations is proposed. The protocol discovers 

information about traffic jams or accidents in the path of the vehicle and finds an alternate path for the vehicle to 

reach the destination without delay. 

 To achieve this we find the connectivity probability between the place of the collision and the vehicle to be 

re-routed. It is to be noted that there is a constant change in topology of the network. The vehicular network 

(VANET) then finds an alternate path which has less number of vehicles avoiding dense networks since 

choosing it may delay the time to destination and at the same time avoids choosing the path which has no 

network connectivity. Simulation has been done and compared with different transmission ranges and scenarios 

of the road network. Results prove that our protocol achieves an optimal or near optimal solution for 

successfully re-routing the vehicles. 
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 The rest of the paper is organized as follows: Section 2 presents a literature survey on the related work, 

followed by a system model in section 3 and a description of the proposed CoTRaP in section 4. Simulation and 

analysis are presented in section 5.  

 

2. Related Work: 

 The literature survey can be divided into three components, the routing protocols proposed so far, the 

communication protocol used and finally the data dissemination techniques proposed till now. As mentioned 

earlier, several protocols have been proposed for data transmission and establishing connection to the internet 

gateway in VANETs. They can be classified as topology based, geographic, and clustering based. In topology 

based routing each node (vehicle) has information about the entire network topology before the node begins 

forwarding messages. V.Namboodiri, L.Gao [3] classified them as proactive and reactive routing schemes. 

Proactive protocols maintain the list of routes and destinations all the time which are periodically updated 

whereas reactive schemes does not maintain any such lists. Hence bandwidth consumption is far less in the 

latter. They find out routes on demand with the help of Route Request Packets (RRP). This type of ad hoc route 

finding is done by flooding the network with RRP. Some of the protocols under topology based routing are 

PBR, DSDV, OLSR, FLUTE, HFED, NDMR. In geographic routing, the destination position is known in 

advance through the help of a Global Positioning System (GPS). Once the position is known the messages can 

be routed directly to the destination without information about the network topology. They use the information 

from commercially available maps to get the street topology. Some protocols under this scheme are 

CAR,GSR,A-STAR,GPSR,CLAD,GPCR,GRANT,STBR,RIVER,ROAMER,QSPBR,VADD.In clustering 

based routing every vehicle is grouped into a cluster and one node (vehicle) becomes the cluster head and 

manages the other nodes. A node may exist in the communication range of one or more clusters also. It depends 

on the transmission range of the nodes. SRD, VWCA, COIN, C-VANET, LEAPER, FSDCA are few protocols 

under this scheme. 

 In all the above mentioned protocols the connectivity of the road is a deciding factor. Lack of density 

directly affects the packet to be transmitted in the network as the range between the node increases. Z. Z. Mo, H. 

Zhu, K. Makki, and N. Pissinou[4] infer that no protocol is suited for both highway and urban environments. 

 M.Chaqfeh, A.lakas, I.Jawhar[5] classify the transfer of messages in VANETs as push, pull or hybrid 

method. The push method is suitable for safety applications where an immediate response is required, while pull 

method for delay tolerant applications. In this paper the focus is on the push method for developing the protocol 

which is suitable for safety messaging systems, emergency dissemination systems and critical road conditions as 

ice, water or snow. 

 J.Nzounta, N.Rajgure, G.Wang, C.Borcea[6] have proposed a routing algorithm based on real time traffic 

data. 

 

3 System Model 

 We consider a VANET environment in an urban scenario where there are lots of intersections in the road 

network. We assume that the vehicles find their position through a global positioning system (GPS) i.e. the 

vehicles are location aware. They also have access to a digital map of the locality so that they have knowledge 

about the road intersections of that area. Some of the commercially available maps are Map Mechanics which 

has information about road speed and relative density of each road. Smart view by yahoo and open street map 

OSM are other similar maps available.  

 The map is constructed as a graph G (V, E). The intersections are named as A,B..and so on. (A, B) ϵ G if 

and only if A and B are connected through a road network. H.Saleet, R.Langar, K.Naik, R.Boutaba, A.Nayak, 

N.Goel[7] define a connected road segment as a segment between two adjacent intersections with enough 

vehicular traffic to ensure network connectivity.  The network consists of nodes (vehicles). We implement the 

protocol based on V2V communication. We do not consider a RSU (Road side Unit) in our system due to the 

following reasons 

- All cities may not have significant infrastructure for RSU‘s in a real time scenario. 

- Our protocol focuses on emergency re –routing which is strictly latency constrained wherein RSU‘s can be 

fatal since significant delay will be incurred in transmission thorough RSU. 

 We also do not use the internet gateway(connecting to the internet) as proposed in previous work since the 

proposed protocol is aimed at a time critical safety application only vehicle to vehicle communication is 

considered. 

 

CoTRaP: 

 CoTRaP is intended to be used to re-route a vehicle in emergency situations or traffic collisions. i.e. it has 

to adhocly suggest an alternate path in such situations which are more common in an urban scenario. The 

suggested path must be an optimal or near optimal solution when compared to the original path.   
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 For simple illustration we consider the vehicle to be moving in south direction. The destination is chosen by 

the driver and the optimal path is pre-calculated by an onboard navigation system (GPS) with the help of the 

locality map (openstreet, mapmechanics). Let the starting position of the vehicle be in junction A.  The 

destination for the travel trip is junction J. The pre-calculated route for the trip is A-D-G-J-K-L. The vehicle 

starts at time ‗t‘ via this route. At time ‗t+1‘ when the vehicle is in Junction D it notices that vehicle density has 

increased [formulated to find density below] in path J-K-L which indicates no movement or a traffic jam in the 

road segment J-K-L. The vehicle immediately re-computes the connectivity in all other possible road segments 

which has a path to the destination L. The possible routes are D-G-H-I-K and D-E-F-I-L. The densities in those 

segments are calculated. The segment G-H-I has no vehicle, hence the network density is zero, from which we 

can conclude there is a free path or no path since no vehicle is travelling in that particular segment. Hence the 

segment G-H-I as an alternate path is discarded. The next possible path is D-E-F-I-L to reach the destination. 

The network density is calculated and it is minimum which signifies that there is no congestion in that segment. 

Hence that route is taken and the vehicle reaches the destination without any delay. 

 At instances where there are two or more possible routes the one with connectivity and less density is 

chosen whereas the high density and no density segments are discarded since they are not suitable for vehicular 

movement.  The route computation and network density computation is done at specific intervals according to 

the length and number of junctions in the pre calculated route for the specific vehicle.  Since the vehicle itself 

computes the route the overhead of communicating and waiting for collision information from other vehicles in 

the network is eliminated. 

 

4. Proposed Cotrap Algorithm: 

 The parameters used in the proposed algorithm followed by the algorithm are presented in this section. 

 

Parameter          Description 

Tr                                    Transmission Range 

ζ                         Number of Junctions 

δ                         Distance to Destination 

ψ                        Network density 

τ                         Threshold 

D                        Distance from collision 

Cp                      Connectivity probability 

P                         Path 

ProcedureCoTRaP(Tr ,ζ,δ,ψ,τ,D,Cp)                       

Begin 
For each vehicle  

Calculate ζ and δ from the pre-defined route  

Check Tr 

While( Tr< δ )  

{ 

Calculate ψ for every value of Tr 

} 

If (ψ > τ) then 

Call route_recompute( ) 

Else  
Proceed in the pre- computed route 

End if 

End for 

//Recompute route only when a collision is detected or(ψ > τ) is satisfied 

route_recompute( ) 

//Choose an alternate path from the map avoiding the collision co ordinates 
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Begin 

For all paths do  

Calculate Cp and ψ of each path 

If ψ ≤ 0 || ψ >τ 

Discard the path 

Else 

Select the path with highest Cp among P 

Save the recomputed route information in the node (vehicle) 

Proceed the trip according to the saved new route 

Endif 

End 
 Every vehicle can run this simple algorithm and efficiently plan the trip such as to arrive at the destination 

without delay. 

 

5. Simulation And Result Analysis: 

  The road network of Puducherry urban locality located in India was imported from openstreet map. This 

map is considered to be perfect for an urban simulation since the town planning is in such a way that there are 

numerous junctions and all roads intersect only at right angles. 

 SUMO Simulation of urban mobility was used to simulate vehicular movements. NS2 has been used to 

analyze and generate numerical results. 

 CoTRaP has been simulated under two scenarios. First, the transmission range of the vehicle was varied and 

the time taken to reach the destination for a fixed number of collisions using CoTRaP was calculated. Fig.1 

shows the various results obtained. 

 

Transmission range: 

 The transmission range is fixed depending upon the vehicle and hardware constraints. In order to achieve 

high connectivity, higher the value of transmission range the more the probability of determining collisions in 

advance such that the vehicle can be re-routed without coming into contact near the collision location.  

 Secondly, the collision frequency in the network was varied and for a fixed transmission range the 

performance of CoTRaP was evaluated. Fig.2 shows the results obtained. 

 

Connectivity probability Cp: 

 Since the probability of connectivity directly depends on the transmission range, the distance between any 

two consecutive collision must be smaller than the transmission range Tr . 

Cpj =  P
𝑐𝑗 −1
𝑞=0 c|Q(q) × PQ(q)    [7] 

 Where j is the road segment, Pc|Q is the conditional connectivity probability and Q is the probability mass 

function. 

 

Network density ψ: 

 A measure of the network density as proposed by H.Saleet et al.,[7] is adopted here. Given that the distance 

between two vehicles is exponentially distributed the probability density function (pdf) of Z is 

f Z =  
ρe−ρz

1−e−ρTr , if 0 ≤ Z ≥ Tr

0, otherwise

    [7] 

 which represents the conditional probability density function between two consecutive collisions provided 

the distance between them is less than or equal to transmission range Tr . 

 Fig.3 shows a 10×10 simulation scenario for the time taken to reach the destination by varying the 

transmission range Tr and the collision frequency in the network. Results show that CoTRaP performs well in 

computing an alternate route in all the above situations. 

 The same map was used for all the simulations. The distance between source and destination is 950 m. It 

was assumed that the vehicle was moving in a constant speed of 5 km/hr. The time taken to reach the destination 

with that speed was 12 minutes in the path which was pre-defined by the GPS and also with the assumption that 

there was no collision and re-routing involved. For comparison, we take this time as the optimal time and 

compare CoTRaP‘s performance with that.  

 From figure 1 we can see that as the transmission range Tr increases the time taken to reach the destination 

is much nearer to the optimal solution. A single collision scenario was simulated at 510
th

 meter in the road 

network and CoTRaP performances with different transmission ranges are plotted. In Fig.2 the transmission 

range was fixed as 300 meter and the frequency of collision was varied such as one collision per 100 meter, one 

collision per 200 m and so on. Figure 2 & 3 also shows that even when the numbers of collisions were 

increased, for larger transmission ranges CoTRaP performed well in achieving near optimal solutions. 
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Fig. 1: Variation in Time to reach Destination Vs Transmission range. 

 

 
 

Fig. 2: Collision frequency Vs Time to Destination. 

 

 
 

Fig. 3: Time to Destination varying Tr and Collision Frequency. 

 

Conclusion: 

 The protocol was implemented by varying the transmission ranges, collision frequency and the time to 

destination was calculated. Same network was used by varying the parameters. Results show that our protocol 

performs well by selecting near optimal routes for the various simulated scenarios. If implemented in a real time 

scenario CoTRaP will be useful in a wide range of safety applications from re-routing emergency vehicles to 

collision avoidance in vehicular networks.  
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