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(An Energy—Efficient Periodic Data Collection using Dynamic
Cluster Management Method in Wireless Sensor Network)
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Abstract : Wireless sensor networks (WSNs) are used to collect various data in environment
monitoring applications. A spatial clustering may reduce energy consumption of data collection by
partitioning the WSN into a set of spatial clusters with similar sensing data. For each cluster,
only a few sensor nodes (samplers) report their sensing data to a base station (BS). The BS
may predict the missed data of non—-samplers using the spatial correlations between sensor
nodes. ASAP is a representative data collection algorithm using the spatial clustering. It
periodically reconstructs the entire network into new clusters to accommodate to the change of
spatial correlations, which results in high message overhead. In this paper, we propose a new
data collection algorithm, name EPDC (Energy-efficient Periodic Data Collection). Unlike ASAP,
EPDC identifies a specific cluster consisting of many dissimilar sensor nodes. Then it
reconstructs only the cluster into subclusters each of which includes strongly correlated sensor
nodes. EPDC also tries to reduce the message overhead by incorporating a judicious probabilistic
model transfer method. We evaluate the performance of EPDC and ASAP using a simulation
model. The experiment results show that the performance improvement of EPDC is up to 84%
compared to ASAP.

Keywords : Sensor network, Energy efficiency, Data collection, Probabilistic model
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Cola * Old Correlation Coefficient Matrix
Chew : New Correlation Coefficient Matrix

D : Discrepancy between two matrix

N @ Number of Nodes

a : Dissimilarity threshold ( 0 < a < 1)
B : Update threshold (0 < B < 1)

1. begin

2. fori=1to N

3. forj=1to N

4. if /(1-a < [Couli,jl/Chewlijll < 1+ @)
5. DI[i,jl = DI[j,i] = true

6. else

8. DI[i,jl = DIj,i] = false

9. end if

10. end for

11. end for

12.

13. fori=1to N
14. sum = 0
15. forj=1to N

16. if( D[i,j] == true )
17. sum = sum+ 1

18. end if

19. end for

20. if ( sum > B*N )

21. send Chewli,*] to BS
22. for j =0 to N

23. DIli,jl = DIj,i]l = false
24. end for

25. end if

26. end for

27.

28. fori=1to N

29. forj=1to N

30. if ( D[i,j] == true )
31. send Chewli,jl to BS
32. end if

33. end for

34. end for

35. end

g% 1. % 29 AF dads

Fig. 1. Probabilistic model transfer algorithm
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Cola © Old Correlation Coefficient Matrix
Chew - New Correlation Coefficient Matrix
N : Number of Nodes

§ : Weight Factor (0 < § < 1)

1. begin

2 sumN = 0

3 sumO = 0

4 fori=1to N

5. forj=1to N

6 sumN = sumN + | Crhewlpi, pjll
7 sumO = sumO + | Coualpi, p;ill
8

. end for
9. end for
10.
11.  if ( 1-8 < sumO/sumN < 1+6 )
12. cluster division time
13. end if
14. end

o 2. 292 22 A

Fig. 2. Cluster division time
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C : Correlation Coefficient Matrix
CC : Clustered Correlation Coefficient Matrix
N : Number of Nodes

1. begin

2 for index = 3 to N

3 loc = index

4 best = cont(pioe-1, Proc, 0)
5. for i = 1 to index-1

6 con = cont(pi-1, Pindex, Pi)
7 if ( best < con )

8

. loc =i
9. best = con
10. end if
11. end for
12.
13. temp = C[e,index]
14. for j = index to loc by -1
15. CCl-,jl = CC[-j-1]
16. end for
17. CCle,loc] = temp
18.
19. temp = Clindex,]
20. for j = index to loc by -1
21. CClj,*] = CCIj-1,-]
22. end for
23. CClloc,*] = temp
24.
25. index = index + 1
26. end for
27. end

a9 3. == Y2y daes

Fig. 3. Node clustering algorithm
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CC : Clustered Correlation Coefficient Matrix
FC : Set of Fragments

1. begin

2. calculate CTQn-1, CBQn-1, OQn-1

3. Dbest =
(CTQn-1#*CBQx-1)-(0Qn-1#0Qn-1)

4. mf =1

5  mp = N-1

6. for k =1 to N-1
7

8

for i =1 to N-1
calculate CTQ;, CBQi, OQi

9. z = (CTQ#CBQ)-(0Qi*0Qy)
a9 5. SEmde] Ba w) 10. if ( best < z)
) o 11. best = z
Fig. 5. Division pattern of 12. mf = k
probabilistic model 13. mp =i
14. end if
. 15. for end
b= 16. shift matrix(CC)
— 2]
CTQ, 1;};0[“ pl (5) 17 end for
) . 18. FC =
- mf m N N
CBQ, = Y Clop] 21(6) {ﬁﬁC{p.,p-], I 11 cply
i=ktlj=ktl =21 s fey=mEer
k. at mp matrix position
0Q,=Y) Y Cloppl 2U(7) 19. end
i=1j=k+1
n k
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i=ktlj=1 Fig. 4. Cluster division algorithm
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