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Abstract 

 

Vehicular Ad hoc Network (VANET), a new technology, which is a sub class of Mobile Ad hoc network 

leverages new paradigm in Vehicle to vehicle communication. VANET forms the communication between 

vehicles with high mobility and dynamic topology through wireless mesh network. While the dynamic 

topology architecture of VANET affects the communication between nodes, by losing the data packets 

without reaching to destination node, it turns out to be an important issue. In this paper the link reliability 

is established in VANET to reduce the packet loss rate. The combination of VANET and Universal Mobile 

Telecommunication System (UMTS) gives the longer connectivity between vehicles. This research helps in 

improving the reliability of the Gateway node in VANET – UMTS, increasing the packet delivery ratio and 

decreasing packet drop ratio. An optimized HWMP, a combination of IEEE802.11p and IEEE802.11s is 

used as a routing protocol. Real Time Packet Loss Estimation (RPLE) algorithm is used to estimate the 

packet loss rate, in identifying the gateway node by sending few probe packets. By simulating VANET in 

NS2, packet loss rate is obtained based on distance. And packet loss rate probability density is found using 

Gaussian Mixture Model. Experiment results show that an accurate gateway node is identified based on 

real time packet loss estimation algorithm. 
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1. Introduction 

 
Recent years, many researches are happening in VANET by the government, industry and academics as well. 

VANET is a technology which uses vehicles as nodes to create a dynamic network. All the moving vehicles 

are considered as nodes. Generally the network is formed based on the location and speed of the node. The 

communication models can be of vehicle-to-vehicle communication (V2V) or vehicle-to-infrastructure 

communication (V2I). VANET is a distributed network consists of highly mobility nodes which is in very 

large number and has complex administrative structure. The applications are such as safety applications, 

Informational applications and entertainment applications. Examples for these applications are collision 

warning, congestion notification, Notification in case of accidents, data sharing, traffic information and parking 

lot payment. By having different challenges in VANET such as high dynamic topology, frequent disconnected 
network choosing an efficient routing protocol and finding out the reliable node is highly demanding. By 

deploying wireless devices such as routers, sensors on roadside as access point so that vehicles can 

communicate among vehicles and to the roadside also. Wireless mesh networks promise greater flexibility,  

Increased reliability, and improved performance over conventional wireless LANs. One of the key 

functionalities of IEEE 802.11s is the wireless multi-hop routing, which sets up the paths for the wireless 

forwarding. Our research addresses the problems with the VANET by enhancing the Hybrid Wireless Mesh 

Protocol and implementing the Real time packet loss estimation algorithm to estimate the packet loss rate when 

identifying a gateway node.  
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2.  Problem Overview 
 

The existing VANET routing protocols have many disadvantages like 

a) The False selection of the node when forwarding a packet to the destination node 

b) Unused paths when routing which occupies unnecessary bandwidth of the network 

c) Time to identify the node is high which increases the delay in forming the ad hoc network 

d) Flooding up the network by sending many probe packets to identify the relay node and sending the 

information to the non-efficient node 

e) Poor network link quality which leads to the loss of data when transferring 

f) If traffic density is less the formation of vehicular ad hoc network cannot happen 

g) High packet loss rate increases the inaccuracy in packet delivery ratio 

 

The issue is to identify gateway node which helps communicating vehicles to UMTS. So this can be achieved 
based on cluster approach. Each cluster should have cluster header in terms cluster head can be chosen as 

gateway. Because of the false node selection, the link reliability deteriorates in VANET. 

 

3.  Related Works 

 
In a road having two lanes, cars are moving in two different directions, shown in figure 1. It is obvious that 

connection between vehicles may loss. To resume the communication between vehicles, connectivity to UMTS 

signal is established through a gateway node. Universal Mobile Telecommunications System (UMTS), is a 3G 

networking standard which helps VANET to be a connected always when there is no intermediate vehicle by  

estimation of packet loss rate using Real Time Packet Loss Estimation algorithm.  

 

The VANET – UMTS architecture is established based on the clustering method. Each moving vehicles 

participates in a cluster. Though VANET has highly dynamic topology forming a cluster should be less 
dynamic so that overhead on selecting another cluster is reduced. Having a minimal number of clusters reduces 

the complexity of the network and maintaining the same cluster for some time reduces the overhead. In each 

cluster, Cluster Header (CH) is identified. Hence we can use cluster head as a gateway node. But there is a 

chance that Cluster Head does not have privilege to access the network. So the selection of gateway vehicle is 

important to maintain the link stability.  

 

A study has been done on mobile selection with simple adaptive weighting (SAW) method [2].The metrics 

such as mobility speed, Received signal strength and link reliability were used in selecting mobile gateway. 

But the cluster formation becomes overhead in this method. Figure1 VANET – UMTS architecture. 

In [3] an enhanced Hybrid Wireless Mesh Protocol (E-HWMP) is discussed. Cluster is formed based on the 

direction of the vehicles, UMTS Received signal strength and IEEE 802.11 transmission range. Vehicles 
transmission range is either with in the Universal Terrestrial Radio Access Network (UTRAN) interface or in 

IEEE 802.11p interface. This paper provides the hybrid gateway discovery method which is a combination of 

proactive and reactive gateway discovery method. 
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Figure1 VANET - UMTS architecture 

 

4.  Proposed Solution 

 
4.1 Gateway selection in VANET-UMTS network system 

 
While sending packets from source, gateway node helps in communicating to destination node. In case of 

failure in connecting with UMTS, Gateway vehicle interacts with peer vehicles. And it is done based on the 

cluster technology. The clusters in the VANET should be minimal and stable.  

 

GMM model [5] is used in RPLE algorithm [1] to present packet loss rate (PLR) density. Packet loss rate is 
estimated when selecting the gateway node. Based on the packet loss rate estimation we can select the relay 

gateway node. Resulted VANET - UMTS architecture, transfers the data with less packet loss rate.  

 

We propose a Gateway selection method, which mainly focus on link reliability so that packet loss rate can be 

reduced. In the proposed Gateway selection algorithm RPLE (Real time packet loss estimation) parameter has 

been introduced and given a high priority. In addition to that Received signal strength, route capacity and link 

stability are also considered. The Simple Additive Weighting (SAW) technique [2] is used to find out the 

metric score. 

 

4.2 Estimation of packet loss rate using Real Time Packet Loss Estimation (RPLE) algorithm 

 
We use Gaussian Mixture Model to model the packet density function. 

 
Where d is the distance between vehicles, k is the number of Gaussian, is the weight of the i-th Gaussian, 

is the mean of each parameter, is the covariance matrix. 

To calculate the above parameters of GMM, Expectation Maximization algorithm [8] is used. And 

Maximum a Posteriori probability method (MAP) is used to estimate the current PLR. 
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E step: 

 

M step: 

 

Figure 2 shows the probability density function (PDF) of packet loss rates at different distances ranging 10-20 
meters, 20-30 meters, 30-40 meters, and 40-50 meters. 

 

 

Figure2 GMM and PDF with distance range 10-20m,20-30m,30-40m,40-50 m 

 

4.3 Comparison of Real-time packet loss estimation algorithm with ETX 

 
ETX [6] uses less broadcast packets (20 packets) to detect the network link in a second, whereas In RPLE we 

use 60 broadcast packets in a second. To compare the performance between these both the algorithms error on 

average , relative mean ,standard deviations σMSE are identified and compared.Table1 shows the 
comparison between RPLE and ETX. As shown in the table RPLE gives more accuracy when comparing to 
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ETX. The error rate is lesser in RPLE. So RPLE is used in estimating the packet loss rate by sending few probe 

packets. For example if the distance between source and destination node is 10 to 30 meters, the relative error 

is 30% using RPLE and when the distance is 50 meters the relative error is 45% using ETX. 

 

TABLE1. Comparison between RPLE and ETX 

 
 

4.4 Simple Additive Weighting Method (SAW) implementation 
Each metric such as Received signal strength(x1),route capacity(x2), link stability(x3) and RPLE (x4:Real time 

packet loss estimation) are weighted based on the priority. When summing up weight of each metric is 

equivalent to 1. Direct specification [4] method is followed to define the weight factors. Priority factor (pf) 

selected by source vehicle can be represented as follows, where i is the number of metrics. 

 
Each identified gateway node has final weight value by multiplying metric values and weight factors. In the 

optimized E-HWMP, RPLE parameter has been given a higher priority which improves the network reliability. 

 
Link Expiration Time (LET) and Route Expiration Time (RET) metrics define the link stability metric. Link 

lifetime between vehicles is referred as LET and the lifetime of vehicle when passing the UMTS network is 

referred as RET. 

Any source vehicle connects to the UMTS via Cluster Head. Whenever any message has been sent by source 
vehicle it has time to live (TTL) which informs how many hops can be used to connect gateway node by 

source vehicle. If neighbour vehicle is not a gateway vehicle it requests for multi hop communication by 

updating in optimized E-HWMP. 

If RPLE is found below the threshold or RSS is found below the threshold then the process of selecting new 

Gateway node is been started. The process again started by identifying metric score using SAW method.  

 

5.  Simulation and Results  

 
We have used Network Simulator (NS2) to simulate the VANET. Clustering technology was implemented by 

using optimum-EHWMP. All the vehicles are in the same direction and in same cluster which forms a 

connected network. After implementing optimum – EHWMP, the packet drop ratio and packet delivery ratio 

are compared with the EHWMP. If the vehicles are outside of the coverage optimum-EHWMP. 

In Figure 3, the packet drop ratio with different number of vehicles is identified after implementing optimum – 

EWMP. When compared to the packet drop ratio of E-HWMP, this proposed protocol has less packet drop 

ratio. 
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Figure 3 Packet Drop Ratio vs. various numbers of vehicles sources in VANET 

While E-HWMP shows lower performance since only received signal strength, route capacity and link stability 

are the only parameters that are addressed. In Figure 4, Packet Delivery Ratio is found to be increased in 

optimum-EHWMP after considering the reliability factor. It is proven that if higher priority factor is given for 

RPLE then packet delivery ratio is increased. SGS, CMGM [7] shows poor performance when traffic is not 

dense and vehicles are going in high speed. 

 

6.  Conclusion 
 

An additional parameter (Real time packet loss estimation) has been added in optimizing E-HWMP, to select 

an efficient gateway node to send packets without loss. This is to increase the link reliability and form a multi 

hop VANET –UMTS network in heavy traffic. And this helps in increasing the packet delivery ratio and 

decreasing the packet drop ratio in the network. The performance is compared by simulating the network in 

NS2 and by calculating optimum-EHWMP in Matlab. 

 

Figure 4 Packet Delivery Ratio vs. Ranges of variation in node speed in VANET 
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