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Abstract: A distributed energy-balanced unequal clustering routing protocol (DEBUC) is proposed and evaluated
in this paper, which adopts an unequal clustering mechanism in combination with an inter-cluster multihop routing.
Through a time based competitive clustering algorithm, DEBUC partitions all nodes into clusters of unequal size, in
which the clusters closer to the base station have smaller size. The cluster heads of these clusters can preserve some
more energy for the inter-cluster relay traffic, and the “hot-spots” problem can be avoided. For inter-cluster
communication, DEBUC adopts an energy-aware multihop routing system to reduce and balance the energy
consumption of the cluster heads. Simulation results demonstrate that the protocol can efficiently decrease the dead
speed of the nodes, balance the energy dissipation of all nodes, and prolong the network lifetime.
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Fig.1 Schematic diagram of the DEBUC protocol
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Table 1 List of the volunteer node neighbours’ information
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Cluster Heads Selection Algorithm For every volunteer node v;
For every node in the network 14:ifREP=E
1: u<RAND(0,1) '

- §f < then 15:  compute t; according to Eq.(5)

16: else
bgVqunteerNode&TRUE 17 vjgive up the competition and become an ordinary node
cend if 18: end if

For every volunteer node v;

19: while (the timer Tcy is not expired)

2

3

4

5: if beVolunteerNode=TRUE then

6 CompeteHeadMsg(1D,Rcomp,RE)
7

8

telse 20: if (CurrentTime<t;)
- sleep 21 if (heard FINAL_HEAD_MSG from a neighbor NT;)
9:end if 22: give up the competition and stop the timer t;
For every volunteer node v; 23: end if
10: on receiving a COMPETE_HEAD_MSG from volunteer node v; 24; else if (CurrentTime=t)
11: i d(vi,vj)<Vj.Reomp OR d(V;,Vj)<Vi.Rcomp then 25: FinalHeadMsg(1D)
12:  add vj to v; neighbor set NT; 26:  endif
13:end if 27: end while

Fig.2 Pseudo-Code of cluster heads selection algorithm

2 fRRIEF A DAY
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Fig.3 An example of unequal clustering of sensor nodes
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Table 2 List of neighbouring cluster heads’ information
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A 2% 1A e 8 45 {1 R 4

me( = 2250 )
2
o) - ZLAEO M} )

N
33 FEFERSHE
4T Bk DEBUC Bl (1 PERE, A MATLAB fEAH Rl 461 F 05 5. LEACH,EEUC FIA B, I ) L 22 T
E.TCZ B 5 REABRAL MM RS B0 WA 175, LA LS B K 3.
Table 3 Network and parameters
*3 MEHRES5SH

Parameter Value Parameter Value
Network coverage (0,0)~(400,400)m T 0.2
Base station location (200,450)m Rfomp 90m
Node number 1600 c 0.5
Initial energy 0.3) a py 0.3,0.3,04
Data packet size 4000 bits S5 3
Data packet header 100 bits do 246m
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Fig.4 Number of cluster heads of DEBUC
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Fig.5 Distribution of the number of cluster heads produced by two protocols
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Fig.6 Number of alive nodes over time
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Fig.9 Average remaining energy of nodes over time
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Fig.7 Network energy consumption over time
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Fig.8 Distribution of dead nodes (LT-2)
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Fig.10 Remaining energy variance of nodes over time
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