
Abstract: The energy efficiency in wireless sensor networks 
(WSNs) is a fundamental challenge. Cluster based routing is an 
energy saving method in this type of networks to reduce energy 
consumption in WSNs. A new Energy Efficient Cluster Head 
Routing protocol for heterogeneous WSN, which is called 
CHRP is proposed and evaluated which works on sleep-awake 
policy that helps in prolonging lifetime of the network. In 
CHRP, the cluster head is elected if its residual energy is more 
than system average energy of the network. Node pairing 
mechanism is also employed in CHRP. The nodes with high 
initial and residual energy will have more chances to become 
cluster head. Finally, the simulation results show that CHRP 
enhances lifetime of heterogeneous sensor network as 
compared to other protocols i.e., Distributed Energy Efficient 
Clustering (DEEC) and Threshold Sensitive Stable Electron 
Protocol (TSEP). 

Index Terms: Clustering, Routing Protocol, Energy Efficient 
Algorithms, Wireless Sensor Networks. 
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C. Data Transmission and Data Aggregation 



D. Algorithm Process 
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III. SIMULATION RESULTS
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Figure 3. Number of alive nodes per round for α = 1 and m = 0.2 

Fig.2 and Fig.3 show comparison of protocols DEEC, 
TSEP and CHRP regarding dead and alive nodes, relative to 
the number of rounds. As it can be seen, CHRP has 
completely dominated the other two protocols because of 
heterogeneity, threshold consideration and node pairing. 

Figure  4. Number of packets sent from CHs to BS for α = 1 and m = 0.2 

Fig. 4 shows throughput, data sent from CHs to the BS. 
CHRP being threshold sensitive protocol and sleeping 
protocol, shows better result than DEEC and TSEP, as here 
transmission rate is less so energy consumption will be less 
than others. 

From Fig. 2, Fig. 3 and Fig. 4, it can be concluded that 
stability period and the network life time are greater in 
CHRP, than all other protocols. Nodes tend to die out slowly 
in CHRP, as in CHRP a huge part of energy is consumed in 
sensing; while transmission of data is done only at the 
conditions when HT value is achieved by sensed node or is 
exceeded. 

The number of rounds is more in CHRP when percentage 
of dead nodes is 50% and the number of rounds becomes 
huge in CHRP when percentage of dead nodes is 100%. So, 
CHRP is a lot better than the existing techniques when α = 1 
and m = 0.1 as shown in Table II. 

TABLE II.  
AVERAGE LIFETIME OF NODES IN NUMBER OF NODES FOR  α= 1 AND m = 0.1

% of dead nodes Number of rounds 
DEEC TSEP CHRP

1 1020 2187 3104
10 1038 3124 3154
50 1201 3297 3472
100 3211 7601 9304

Figure 5. Number of dead nodes per round for α = 2 and m = 0.3 

Figure 6. Number of alive nodes per round for α = 2 and m = 0.3 

Same is the case for results shown in Fig. 5, and Fig. 6, 
where α = 2 and m = 0.3. In this case, energy of nodes as 
well as packets to BS is also increased. Therefore, more 
number of nodes will be available with an extra energy. As 
shown in Fig. 5, Fig. 6, by increasing number of advanced 
nodes and α stability period and the network lifetime are 
increased. It happens because of three level heterogeneity. 
So, it can be clearly seen that there are noticeable 
differences among the protocols in accordance with alive 
nodes, dead nodes and throughput. Throughput of DEEC is 
found to be better but redundant information is reduced in 
packets sent by CHRP.  
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By performing simulations in MATLAB, it is observed that: 

• CHRP has enhanced stability period compared to all other
protocols. This is shown in Fig. 2, Fig. 3 and Fig. 5, Fig. 6.

• The network life time for CHRP was increased as
compared to others.

• Decrease and increase in number of dead and alive nodes
respectively with increase in α and m.

• Throughput is increased due to three level heterogeneity
and there is decrease in throughput due to threshold
sensitivity as can be observed in Fig.4.

In Table III, the number of rounds is more in TSEP than that of 
CHRP when percentage of dead nodes is 50% but the number of 
rounds becomes huge in CHRP when % of dead nodes is 100%. 
So, CHRP is a lot better than the existing techniques when α = 2 
and m = 0.3. 

TABLE III.  

AVERAGE LIFETIME OF NODES IN NUMBER OF NODES FOR a = 2 AND m = 0.3

% of dead 
nodes 

Number of rounds 
DEEC TSEP CHRP 

1 1074 4122 4127 
10 1098 4159 4182
50 1192 6421 4306

100 7967 15620 25098

IV. CONCLUSIONS

A reactive cluster head routing protocol viz. CHRP is proposed 
in this paper which is composed with three different levels of 
energies and node pairing. From the simulations results it is 
concluded that the proposed routing protocol is more energy 
efficient and hence there is enhancement in the sensor network 
lifetime, there are more alive nodes in the network if the results of 
TSEP and DEEC to the proposed protocol are compared. In the 
existing system transmission of data depends on current energy of 
nodes and distance between the nodes whereas TSEP algorithm 
works only on three different levels of energies. The sleeping 
algorithm improves lifetime of the network. Selection of CHs is 
based on threshold value which depends on three levels of 
heterogeneity and being a reactive routing network protocol causes 
increase in stability period and network life. As it can be seen from 
simulation results the throughput has increased so much. In 
comparison with DEEC and TSEP it is concluded that the protocol 
will perform well for long time. In the future, intermediate nodes 
can be introduced in this protocol for increasing the levels of 
heterogeneity, results in further increase the network lifetime.  
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