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ABSTRACT 

In cooperative networks, transmitting and receiving nodes recruit neighbouring nodes to assist in 

communication. We model a cooperative transmission link in wireless networks as a transmitter cluster 

and a receiver cluster. We then propose a cooperative communication protocol for establishment of these 

clusters and for cooperative transmission of data. We derive the upper bound of the capacity of the 

protocol, and we analyze the end-to-end robustness of the protocol to data-packet loss, along with the 

trade-off between energy consumption and error rate. The analysis results are used to compare the energy 

savings and the end-to-end robustness of our protocol with two non-cooperative schemes, as well as to 

another cooperative protocol published in the technical literature. The comparison results show that, when 

nodes are positioned on a grid, there is a reduction in the probability of packet delivery failure by two 

orders of magnitude for the values of parameters considered. Up to 80% in energy savings can be 

achieved for a grid topology, while for random node placement our cooperative protocol can save up to 

40% in energy consumption relative to the other protocols. The reduction in error rate and the energy 

savings translate into increased lifetime of cooperative sensor networks. 
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1.Introduction  

          In Wireless sensor networks, nodes have limited energy resources and, consequently, protocols 

designed for sensor networks should be energy-efficient. One recent technology that allows energy saving 

is cooperative transmission. In cooperative transmission, multiple nodes simultaneously receive, decode, 

cooperative communication. The path can then be described as and retransmit data packets. 
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Fig. 1. (a) Our cooperative transmission protocol and (b) the CAN protocol. 

 

 
 

Fig. 2. (a) Our cooperative reception model and (b) the CAN reception model. 

 

 

 

 

2.Related work  

The problem of energy-efficient routing in wireless networks that support cooperative 

transmission was formulated in [1]. In [1], two energy-efficient approximation algorithms are pre- 

sented for finding a cooperative route in wireless networks. The two algorithms for finding one 

cooperative route are designed such that each hop consists of multiple sender nodes to one 

receiver node. One of the algorithms (CAN) is used throughout this paper for performance 

comparison. 

3.Our Cooperative Protocol 

The routing phase of the protocol, which is responsible for finding a “one-node-thick” route from 

the source node to the sink node, could be implemented using one of the many previously 

published routing protocols. For the purpose of performance evaluation, we chose to implement 

this phase using the Ad hoc On-demand Distance-Vector routing protocol (AODV) [20] with 

some modifications and with the links’ transmissions energy used as the links’ cost. 

3.1 Protocol Robustness  
We compute the failure probability that a packet does not reach the sink due to reception error(s) 
along the path. We then compare the failure probability of our cooperative transmission protocol 
to the failure probability using the CAN protocol, the disjoint-paths scheme, and the one-path 
scheme. 
 

4.Simulation Results  

           We use simulation to evaluate the performance of our protocol   by comparing it to the 

CAN protocol. We also compare it to  the disjoint-paths and the one-path schemes, in which the 
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IEEE 802.11 protocol [24] is used as the MAC-layer protocol.We use the JiST [25] simulation 

package to compare the three protocols in the multiple-hop scenario. We run two sets of 

experiments. In the first set, nodes are positioned on a grid to compare our simulation results to 

our analytical results. In the second set of experiments, nodes are randomly placed for a more 

realistic scenario. Unless otherwise stated, we assume that the channel bandwidth is 1 Mb/s, the 

length of the data packets is 1 kB, is 3, the maximum waiting time is 1.5 ms, and the maximum 

retry time is 50 ms. We use . Each of our simulation results represents an average of 10 random 

runs, and each simulation run represents a real time of 100 s. Here, we do not ignore interference 

between different paths as we had done in the analytical results. 
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