%39 & 4
2013 “F 4 H

H 3 £ % K Vol. 39, No.4
ACTA AUTOMATICA SINICA April, 2013

% R FH Tt BN S 7S
BERERTR
BED R KRES

B E AN YRMEEEEA M4 (Wireless sensor networks,
WSNs) ¥ iy i) @, $2 th—Fh i ks & R L (Bfficient and dy-
namic clustering scheme, EDCS). EDCS 45 & % 257 A4 M 45 PR 5%
N, G55 R AR 10T 2 i B ORI T S GEAE S A A v R AT
P2 T AR g, PRoE T RUEIE SR O, LLbER SR Sk s R
) I ZEAR T o RE b SIS T A 51 D0 AR, BLS T K/ 8 AR Sk 35 a3
I EMRAN R s 45 R A6 UF EDCS Rk, Btk LEACH, SEP,
DEEC #1 EDFCM F i N T 2 9 5 M 0 St IR 3% 1 2.

KEEIR 2O, BIK, CPRREREME, KTAE1), B, B8R
EEES

SIS R, Ao, TROTTE. BRI CLR AR I S A A R RS
9. Azhib24R, 2013, 839(4): 454—460

DOI 10.3724/SP.J.1004.2013.00454

Efficient and Dynamic Clustering
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Abstract In this paper, an efficient and dynamic clustering
scheme (EDCS) is proposed for routing problem in heteroge-
neous wireless sensor networks. In order to guide the process of
cluster head election for a given multi-level heterogeneous net-
work, EDCS determines the probability of node to be a clus-
ter head through average network residual energy estimation in
next round by average energy consumption forecast in ideal state
and reference value of historical energy consumption simulta-
neously. Furthermore, analogous universal gravitation is intro-
duced to make non-cluster head node joining cluster in terms
of gravitation during cluster formation process. Simulation re-
sults have proved efficiency of EDCS. It applies more suitable
than LEACH, SEP, DEEC, and EDFCM for multi-level hetero-
geneous wireless sensor networks (WSNs).
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Table 1  Network simulation parameters

Parameters Value

Network size (100 x 100) m*?

Node number 100. 200
Base station (Sink node) (50, 50)
Initial energy (Eo) 0.5J
A 0.5. 1.0, 1.5. 2.0, 2.5, 3.5. 4.0
Eelec 50 nJ/bit
Etusion 5nJ/bit
Efs 10 pJ/bit/m?
Emp 0.0013 pJ /bit/m*
dihreshold 70 m
Data packet size 500 Bytes
Packet header size 25 Bytes
Broadcast packet size 25 Bytes
Request packet size 25 Bytes
Round 5 TDMA
« 0.5

55 R P 2 A AL, 45 1 AR R Bl sk & (4
S ERCE AR L) KRN RLER EDCS HRER EE e FR. M
F WSNs [ 4% [ 5 5 U5 00 BB, 3 sl 282 SR g 28 T 1l S B 1)
TEAT 24 REAE 1% IR VR B R R T BEHLAE K A A7 ). 5
Ab, IR 1 AN SRS E, NMURUE EDCS 5
LEACH, SEP, DEEC, EDFCM 7t A [f] % 2% 35 38 N 1)
PR, T HR 5 A 2 AR L E R I x4 2.
3.2 TLWERKMREST

I ORUE S0 45 R WA 34, T BRBEHLANT G E BRI 3%, A3
P2 R BB PR 25 . B/ 2 45T N = 100 M1 AR
R4t A 0, Hob X = 4.0, AT S BEHLEERS [Eo, 5E0)
MHIEBE R, R EZ g meg. AE 2 mLLE H,
LEACH iU 5 52 8 R M 48 145, RAE RIS B A
Ae R RN HIBAE 2R, A& M P 4% TR AR T 4
RE T FE, LML EAE . SEP $hi8 LEACH #hi
A KRG R ] (NS IRBAT R — N AT
BLIIR)), AR G (A FRE ) HZ2EA W LEACH. X
AT SEP thill 4 th BARZE T i M 4%, (HH R R T
PR LS A Y %, E 45 T (1 25 0 e ) T 4 T 30 SR D R FARL
DEEC &M T W% i W4 I 1T B R 2 2 G i 45,
{H3d T ARSI T e i At e BRAT T Skl f, I
W ) 4 AN P 2 (1) AL A7 ) |]. 5 SEP AHALL, EDFCM 1E Y 2%
SR 4% T R I A BRI R 2R 2 G R M IR ) TR
P

100

W0r

80
°
= 70
= ---- LEACH
% 60f — SEP
2 - - DEEC
E 501 -— EDFCM
c ——CDCS
8401
E ol
z 30
-~ 20F

10

0

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5 000
x {Times /Round)
2 PEERIAEA AN (N = 100)
Fig.2 Lifetime of network (N = 100)

H H 3 LEACH, SEP, DEEC f1 EDFCM T &, 43¢
1) EDCS BOE & T 2 Yo, HAd MR L
BPUR AT FTi8 K. EDCS 765 AN S ATl -y
% LEACH, SEP, DEEC Al EDFCM th i &K 79.5 %,
55.4%, 48.6 % F 13.6 %; T A& 9 45 B 7] ) %¢ LEACH,
SEP, DEEC Ml EDFCM il 45 5l 38 K 42.4%, 46.3%,
20.2% 1 20.4%. ZFrLAHAT EDCS B is 1 A= i o A 2
KT HAR DY SR, 2 DR SLARAE S AERf 1)1 2 e 1 VP4
FLH, K BRARRZS S M BB T 5 S b g S e AE S {5 45 &
L8, B INAEA ML AG T TN AR I RE RV RE, M e S AR
KB [N RC G285 51 00 AR, REf8 R i o B AR
F, TN T il ) etV FE D 22 4 I BE R 1Y) SR 38 i e L
TR AR

AR A2 R f A KT A\ ST EDCS fs2m,



41 PRS2 G5 Mo G At I e s A SRR SR W 5L 459

K 3 FIHE 4 Fios, S50 300N T 0.5~ 4.0 EREET
S — AN S IE T A AR s FE T R B R RT DRI,
P& RE S B8 BRI &, T SRR E 2 V)RR, B
By KA 1 A ar . EBERE R, LR R
EDCS # 2B 250 A 135000 A 15 X 4% 28 A7 I ] 52 38 34
R M 3 FE 4 A ITH S e T AN RER S N AR
1k, EDCS PS94 A7 i AR K F HoAh DU 2 il

2500
5 2000} - LEACH
3 ~+ SEP
E - DEEC
= < EDFCM
2 1500 < EDCS
o v
=
s
= h
o
2 1000f
[

500

05 1.0 12 20 25 30 35 40

Energy heterogeneity parameter 2

B3 RRAfRESEMSHE N FH AT EEC T (N = 100)
Fig.3 The first node dead with different A (N = 100)

4 500

4000T

LEACH
SEP

LR )

LIS} W (0%}
wn [ n
fe=) (=3 (=3
(=) (=) (=)

2000f

Round of all nodes die

1500}

1000}

500 A - - s s s
05 10 15 20 25 30 35 40

Energy heterogeneity parameter A

4 AFRERFESE N AW AT (N = 100)
Fig.4 All nodes dead with different A (N = 100)

Wa, B 5 FE 6 45 H T 200 AN S MRS IS N L
BB A AE A . AR, B RE RS H0 A B9ssm,
TP SCANE S 2 — AT 2L T TR B 47T A AE T [
HS LA, 1 EDCS K IH%E 2 T H AUtz . [
wF, B 5 FE 6 iR RS K 3 FE 4 A0, X
W —EFE B EDCS LEAS [F] W0 45 47 55 % B IR 8 R {))
SRIEML L=, ek, FHEE 100 AT S BT &, 200
AN A5 45 1 2 i R AT BT A, (E IR AN 2 AR
WIAE. 30 B AR N B AR TT CUAR A MR e N T
D) 24 [0 R e A, {EL 1 R) Bt 25 7% S AR AN X 8% B JRLA 4 R
T AR A SR AR BRI S T e B S, AT R
B B T B RETE £ [ AA BE A

I JE RS U B B A s O BT R S 4y
S A5 T ISULE AN ) D9 48 71 i B sl B I o 1 A Sk 7

R gt AT DUACEL, FEAR A RE B4 (A AR IA])
FHR 84T (U8 LR, SR EDCS WU Bkl B e ik el
Wik Z. ZRHTAEMFEZFET, EDCS PMhATJa M2 1
GBI A0, I S 2 1) 2 A I ) A 432 it e 6 4
B E L R . R i T A IR S, A e
EZHN N, FuhER R ki K. Sk, K
7 RIR 8 A WY N 4 T s (1R T AR AN S W R it 1R A K
P2 /b, A U OB F J RE Wi  f Hidls  B LUAE
RABAT P, (HEIASE SR GG, DR £ 90 238 5 RE R 1
ZAETT, AR ) s AR A I D3 ) I A AE 22 A1 ROR RS B,
TOAR PERIAS B, 1Sk iR SR AT e 4 o il 3 i, Y
W e 2% BT Rt (1 Bt A AN S mE st i, X2 R
B AL SATAE. o1 — 2 B, A R (B 30E
FRE X)), Sk AN Bt 1T 08 i RS A T

2 500
- LEACH

%2000} -+ SEP

&) -+ DEEC

2 - EDFCM

g -+ EDCS

#1500

2

=

<

<1000}

k=t

=

(=]

[

500

05 10 15 20 25 30 35 40
Energy heterogeneity parameter 4

K5 ARGEERMSEH N THE—NWNAZETINTE (N = 200)

Fig.5 The first node dead with different A (N = 200)

4500

40001

LEACH

35001

30001

¢4 p it

25001

20001

Round of all nodes die

1 500F

1000F

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
Encrgy heterogencity parameter A
K6 AFBERBGSE N TR RSN (N = 200)
Fig.6 All nodes dead with different A (N = 200)

4 Hig

hy gt — P [F) R I 45 B0 119 % e P SCIG A Y A
% 2 SR I 2% 1) Bty AR ST X 22 90 574 WSNs $2 HE = skl
BERBAM (EDCS). EDCS i1 i I RE it 7 i, TRl 2
AURE T WP RE =TI & ) 1 Be ke S5 it TR PRI
Aeted, DL YRE AT RSN 5 Sk OREZR, A TT RS A HE



460 H | 1k

= £ 39 %

g FHAFSLIERUS L. RN AEBRIE RS R P 5 I T
517 AR, LL1 7 KN 8 AR AR SR s i SR WA AR, 0 5K
IGa BRI EDCS ®BiEH F 2 %= WSN, t LEACH,
SEP, DEEC #1 EDFCM S22, 1t 24 SERx P 45 B H 1
T RIS

10
6
= LEACH
I mm SEP
5 = DEEC
= EDFCM
m EDCS

Round of all nodes die
w

1L
0
0.5 1.0 1.5 20 25 3.0 35 4.0

Energy heterogeneity parameter A

B 7 BRI EIRE L (N = 100)
Fig.7 Packets received in BS (N = 100)

x10°

6k
m LEACH
mm  SEP

S5t = DEEC
m EDFCM
m  EDCS

41

Round of all nodes die
(V%)

—
T

0
0.5 1.0 15 20 25 30 35 4.0

Energy heterogeneity parameter 4

K8 bl gt (N = 200)
Fig.8 Packets received in BS (N = 200)

References

1 Yick J, Mukherjee B, Ghosal D. Wireless sensor network
survey. Computer Networks, 2008, 52(12): 2292—2330

2 Abbasi A A, Younis M. A survey on clustering algorithms for
wireless sensor networks. Computer Communications, 2007,
30(14—15): 2826—2841

3 Heinzelman W B, Chandrakasan A P, Balakrishnan H. An
application-specific protocol architecture for wireless mi-

crosensor networks. IEEE Transactions on Wireless Com-
munications, 2002, 1(4): 660—670

4 Hong Zhen, Yu Li, Zhang Gui-Jun. An adaptive distributed
clustering routing protocol for wireless sensor networks. Acta
Automatica Sinica, 2011, 37(10): 1197—1205
(UtHR, fTor, SRETHE. ToL AR IRa% M4 13 N 43 A 2R A% % e B L.
HEhiLEEAR, 2011, 37(10): 1197—1205)

5 Qing L, Zhu Q X, Wang M W. Design of a distributed
energy-efficient clustering algorithm for heterogeneous wire-
less sensor networks. Computer Communications, 2006,
29(12): 2230—2237

6 Liu Zhi, Qiu Zheng-Ding. Ring based multi-hop clustering
routing algorithm for wireless sensor networks. Journal on
Communications, 2008, 29(3): 104—113
(R, RIESE. JETIr IR D BRI IC S AL R4 23 AR B h 505, A5 2%
i, 2008, 29(3): 104—113)

7 Smaragdakis G, Matta I, Bestavros A. SEP: a stable elec-
tion protocol for clustered heterogeneous wireless sensor net-
works. In: Proceedings of the 2nd International Workshops
on Sensor and Actor Network Protocols and Applications.
Boston, USA: IEEE, 2004. 223—233

8 Zhou H B, Wu Y M, Hu Y Q, Xie G Z. A novel stable se-
lection and reliable transmission protocol for clustered het-
erogeneous wireless sensor networks. Computer Communica-
tions, 2010, 33(15): 1843—1849

9 Kumar D, Aseri T C, Patel R B. EEHC: energy efficient
heterogeneous clustered scheme for wireless sensor networks.
Computer Communications, 2009, 32(4): 662—667

10 Bandyopadhyay S, Coyle E J. Minimizing communication
costs in hierarchically-clustered networks of wireless sensors.
Computer Networks, 2004, 44(1): 1-16

OB WNLERAIS B S BV, TS o To 2k
R4 i, 222, E-mail: hongzhen614@126.com
(HONG Zhen Lecturer at the School of Mechanical and Au-
tomatic Control, Zhejiang Sci-Tech University. His research in-
terest covers wireless sensor networks, optimization, and intelli-
gent transportation.)

A1 3L WL LM BCRE A B R 0T S0T5 W ok bz, i
ARG, A, MEETIRL. A CaFEEH.

E-mail: lyu@zjut.edu.cn

(YU Li  Professor at the College of Information Engineering,
Zhejiang University of Technology. His research interest covers
robust control, time-delay systems, decentralized control, and
networked control systems. Corresponding author of this pa-
per.)

KERE WL Ll R A5 B R A B R, SR 5807 W A A T S,
BHEACW. E-mail: zgj@zjut.edu.cn

(ZHANG Gui-Jun Professor at the College of Information
Engineering, Zhejiang University of Technology. His research
interest covers optimization schedule and intelligent transporta-
tion.)



