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3.2 Performance Metrics      
The simulation of Non Cooperative and Cooperative routing 
protocol is done using following performance parameters:  
1) Packet Delivery Ratio: The ratio between the amount of 
incoming data packets and actually received data packets.  
2) End to End Delay: Represents average end-to-end delay 
and specify how long it took for a packet to travel from the 
source to the application layer of the destination.  
3) Throughput: It represents the total number of bits 
forwarded to higher layers per second. It is measured in bps.  
4) Total Energy consumption: Energy needed to send, 
receive and forward the data. 
 
Figure 2 shows the PDR analysis for DBR, EEDBR, Co 
DBR and Co EEDBR with varying number of nodes in the 
simulation. It is observed from the graph that Co EEDBR 
performs better than other protocols. Co-EEDBR and Co-
DBR protocols achieve greater PDR in comparison to DBR 
and EEDBR. Higher packet loss in DBR is due to 
inconsideration of channel estimation. Cooperative schemes 
improve the packet delivery by transmitting packets on 
multiple paths and combining these different copies of 
packet at receiver end. When all nodes are alive, Co DBR 
has double PDR than DBR. As nodes start to die, PDR starts 
decreasing and it’s nearer to DBR because less number of 
packets sent to sink and more packets are dropped. Co-
EEDBR outperforms Co-DBR, DBR and EEDBR due to 
less delay in data delivery. PDR decreases with increase in 
network density.  
Figure 3 shows the throughput analysis for DBR, EEDBR, 
Co DBR and Co EEDBR protocol with varying number of 
nodes in the simulation. It is observed from the graph that 
Co EEDBR outperforms Co DBR, DBR and EEDBR due to 
less delay in data delivery and balance load on nodes to 
increase the network life time that increases throughput. 
Figure 4 shows the energy consumption analysis for DBR, 
EEDBR, Co DBR and Co EEDBR protocol with varying 
number of nodes in the simulation. It is observed from the 
graph that as number of nodes increases, energy 
consumption in all the protocols increases. Figure 4 depicts 
that EE-DBR consume less energy than DBR because 
excessive number of nodes involve in forwarding the data 
packet, redundant packet transmissions due to poor link 
consideration and also the calculation of holding time for a 
packet at each node in DBR. Co DBR is consuming more 
energy than DBR because Co DBR utilizes source node 
along-with two relay nodes to transmit data to the next-hop. 
Co EEDBR consumes less energy than Co DBR as Co 
EEDBR employ energy balancing techniques to reduce 
energy consumption.  
                     

 
Figure 2: PDR of DBR, EEDBR, Co DBR and Co EEDBR 

 

Figure 5 shows the delay analysis for DBR, EEDBR, Co 
DBR and Co EEDBR protocol with varying number of 
nodes in the simulation. It is observed from the graph that 
DBR, EEDBR, Co DBR and Co EEDBR has lower end-to-
end delay in dense network than sparse networks because 
the number of candidate forwarders is larger in dense 
network, and it has a higher probability to have an optimal 
next hop. EE-DBR has a better performance than DBR, Co 
DBR and Co EEDBR in end- to-end delay. EE-DBR 
reduces network collision, so end-to-end delay is also 
reduced because the first node in the list of forwarding 
nodes, transmit the packet as soon as it receives the packet.  
Every node in DBR holds the packet for certain amount of 
time that increases delay.  

 

 
Figure 3: Comparative Throughput of DBR, EEDBR, Co 

DBR and Co EEDBR 
 

 
 

Figure 4: Comparative Energy of DBR, EEDBR, Co DBR 
and Co EEDBR 

 

 
Figure 5: Comparative Delay of DBR, EEDBR, Co DBR 

and Co EEDBR 
4. CONCLUSION 
 
In this paper, analysis and evaluation of DBR, EEDBR, Co 
DBR and Co EEDBR protocols have been considered with 
respect to different performance parameters such as packet 
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delivery ratio, throughput end-to-end delay and energy 
consumption. It is noted that the performance of Co EEDBR 
protocol is better as compared to other protocols with 
varying number of nodes. Co DBR proved to be beneficial 
for mission critical applications. It has less packet drop and 
improved throughput compared to DBR in noisy underwater 
environment. However, it consumes more energy and more 
end-to-end delay. In energy-sensitive scenarios, like long-
time marine data sampling, EE-DBR is a better choice. Co 
EEDBR is suitable for delay-sensitive applications, but not 
for reactive applications, flooding-based protocols. In future, 
better criteria for the selection of relays and destination may 
be proposed to achieve better load balancing of network.  
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