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FEATRSRAE R — S0 06 I8 TF 4R B, ) &2 ) 4%
W B HEAD_MSG ., 4 B W P 280 35 5 A AR
WD) Y 7 R Ay BE B (RE). AR FE 3K s 30k
B e 25 AR U R R B eR Bk E i A B A
BE. BOEAREL T A s, P B R &% HEAD _
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HR A% il et I 5 ok AR 2 =X nT A AR AR Sk T A
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i Sk AT ER RE B A T SO HRAT T DL Sk
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TD_MAX. LB R WES/NF TD_

MAX , WE HHeR B A% 3 25 JE ol s 5 ) fi ] 2
Bkt by 1) 7 2 R Sk R AT OB A AE BE R Bkl
Z WAt i Z Wi, B A Sk ) 2 W) #F NODE _
MSG 14 B« AL 45 LY s bR 1R B S A R
flE B A0 e B 3L 3 /O BE B A 48 il 22 Bk i
T3 ACHE 72 3k B v A A Y SR
AICGEBFE WKL CH, W 323 2 vk 59 X 38k
(8 755 S A D B pl A 35 19 A5, OF ELER ST AR R
M3k CH, Y % fh A 3E 1 AR 6 LT
RCey, ={CH, | d(CH,,BS)<<d(CH,,BS)} (5)
Hr CH, R L 5 .d(CH, .BS) &K
6 P g ok T A5 CH, A1 3E 3 BS Z ] 1 B B,
d(CH,,BS) #m#3 CH, M¥Ly5 BS = 8] iy iE
Bk CH, ¥ W ILEE A i B — A1 S CH , fE
R B P Ak S R SR S AT AN AR
CH , K 80 B AL = 50, Mo TR K
[ W8 Z 305 .CH, A1 CH, JEFERY B BE =
Eu = E.({,d(CH,,CH)) +E, (D +
E (l,d(CH,.BS)) =
3IE y. + e (d*(CH,,CH,) +
d*(CH,,BS)); d < d,
31E g + len, (d' (CH,,CH ) +
d'(CH,,BS)); d >d, 6)
sk CH, B35 3 A5 HFEMRE = N
IE g +ler.d’(CH,,BS); d < d,
P E we + lewyd' (CH,,BS) s d = d, )
2R Sk CH ;i i s e 55 BB B RC e
AR — AR 5 CH A8 15 Eoy /DT Eoy »
Mk CH K 3E 8 CH o /B0 Horp 4k 85 SR A7
AT A Eo, /DT En, s MR SL CH,

e e 1 R A% B B i R 0 0 3 Y R A Dy G P gk
MWL CH R B 5 ZE vl AT 15

3  EESC ¥ th il 5P

EESC iy I 8CR 1 46 rb X iy P 380G S AR
figp ke 1 o3 A1 3 P P ISR Sk B AN Tl R S R
2% RE 1 XE LU W ) [ 285 [ ik S P 2 A X0
BRSO SRR S IR T 4R i e P Db 2T e ol A
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Fori=1:1: N
temp=rand(0,1);
If temp<<p then
beCH<true;
End if
End for
For r=1:1: MaxRound
Broadcast HEAD _MSG(ID,RE;) ;
Forj=1:1: N
Select the CH; with min{ f(i,j) };
Send JOIN_MSG(ID,RE;) to CH,;
Translate Data to CH, ;
End for
Fori=1:1: CH_Number
Select the s; with max{RE; } ;
Aggregate data;
Broadcast NODE_MSG(ID,RE; ,d(CH;,BS));
End for
Fori=1:1: CH_Number
If d(CH,,BS)<<TD_MAX then
Translate Data to BS;
Continue;
Else if d(CH, ,BS)<{d(CH,,BS) then
Add CH, to RCey;
End if
Calculate Esy,, and E)pp 3
If VCH,€RCey s Esy<<E, then
Select the CH, with max{RE, };
Translate Data to BS through CH, ;
Else
Translate Data to BS;
End if
End for
BS Broadcast the next CH;
End for

R P, 5k &R 3% HEAD MSG
M B NODE _MSG 4 B, | & 242885 Lk
Sk B 28 7 5 U LAY 4 AN TS Y B KA 5 T & %



758 X # ¥ L X

¥ o R 52 %

JOIN _MSG BB R}y, K iEEE N LR 2 H bR
JEE S i PSR T S IR B Y DR T A

BRIRE.
PEB 1 AT M 45 R EESC B il P B0

HEEIREH OND.

ERR B —fIFRET A N X p LR
&N X p & HEAD_MSG 4 B ;i N X (1—p) 4~
LT AL N X (1—p) 45 JOIN _MSG ¥
By 5k 2 W 8RR SRR N
NODE _MSG 483 N X p 4. K I 58040 B8 5F
i)

NXp+NXA—=p +NxXp=(A+pN
BRI B2 248 O(ND.

PEIT 1 BBl EESC % th PR i 7H 8 2 28 R
NSREERCR B . SCERL11 148 i EEUC #iX
FISCHRC14 132 A9 DEEUC WS I8 B 2 4=
J OCND L 3 H AR T HEED B i #9184 8 JF 4.
53CHER11, 14 100 H Ee L EESC s 75 L I 4
AL, PR R B AOR T

4 LEETH Ko By

9T B Uk B B A O A MATLAB X
PRSCHEAT T 07 LN S8 B T 2 80k 1 R,

k1 ZkhHHK

Tab.1 Simulation parameters

ZH HUE
o) £6% 75 5 35 B /m (0,0)~(200,200)
L7 F /m (100,250)
N 400
WA RE R /] 0.5
Eeee/(n] * bit™1) 50
e/ (pJ + bit™! e m™?) 10
emp/(pJ * bit™! e m™*) 0.001 3
do/m 87
Ea/(n] « bit™H) 5
B 43 KN/ bits 4 000
TD_MAX/m 140
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i deE RSB H S8 p M BE R E
BB AR SO SR AR E p BEUAE. & p
JA0.01 F 0. 1, UREE I 45 v 25 — AN BE T4 5 Al it
Ja —ANBET A A U (R) B 2 A8 Ak 1 1 . 4
A p HSEE 10 WHCEBE . SEg a5 R i 1 pr
A~ HEITT I p=0. 04 B, W4 055 — 3T
FIR R E K, Y p=0.02 B, W #& i J5 — 14

FETZ9 R IR AR K5 1T 24 p = 0. 04 I, A5 —
AFETN B e E — T AR IR E (H R
NG IXASFE U ZE AR AT LA W 9 246 515 R RE BT AR Y
P 00 5 22 B/ N 156 Y IO 8% ) R ek T AR i 2 187
DA SCHR p=0. 04 , 145 19 2% 4 77 1 I 8] 34
AE A2k 1 B 14 0 i R A
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Fig.1 The round changes of the first dead node

and the final dead node in networks with the

parameter p
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% R RSP R Sk AR T B IO BB | Rl B
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IR EEE. K 2 WoR TRENLEE 10 4,4
P IR IS i) 2 Sk E — 6 LI FE BB It Z R (E D Y LU 3K
SER N AT LI L EESC B B 330 A% 5% 3k 31
FE 14 R 1t 22 A R AR T L% 3h fe /s 3% & O EESC
PR Sk 1T B R BN, O HLAE Sk R A Bk 5
Z Wi 38 15 7 20 % 6 B0HE & 3k, B E AR T R
Y FE 5 P B B /D & BT EESC % R PR i 7R
LB TEBA T SPE T 2200 [ AN AR R Sk T AR
1 RE 2 RN AT B S % 8h. LEACH Hh il i 7%
S T FE Al 0 Bl R K R B O B R Bk
15 7 3K T LA 1 ) Sk B A 2, B U Sk T #E
(R RE B 48 K5 55 A LEACH #4915 Sk 09 B0 AN g
FaoE . 5 B0 Sk T AR I BB B 2 ML R 22 .
HEED Hl HEED-M P37 3k 14 #E 1) B 12t A1 3k 3
P 4bF EESC fil LEACH thil Z [8] . 1] HEED-M
PSR S T R Y g 1 UK HEED P, J R 78
F HEED-M X T £ B8 5 09 7 =X, FRAIK T fig
I FE.



%5 ] H FE. #EF XN LEERENERE 5% % dthil 759
0.24 ——LEACH B4 A i R I, T L X 4% Y BE B T R T N 2 £
0.22
020 400 -

0.18 ! I RN
= 0.16 o R
hf . 300' ‘l‘\\ \
0.14 250 F AN \
0.12 2000} Loy
010 . . o . 2 | ‘I \\ \
o et e 1501 - Leaci 4\
1 2345678910 1007 “Zheepm 4\ \
R 50 —EESC \ \\\
1 1 1 L 1 \\l \ 1

K2 4MBELHREZZM
Fig.2 The sum of energy dissipated by cluster

heads in four protocols
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Fig. 3 The network lifetime comparison of four protocols
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Energy-efficient steady clustering routing protocol
for wireless sensor networks

TIAN Yong*'*, TANG Zhen-an'

( 1. School of Electronic Science and Technology, Dalian University of Technology, Dalian 116024, China;
2. Department of Embedded System Engineering, Dalian Neusoft Institute of Information, Dalian 116024, China )

Abstract: An energy-efficient steady clustering (EESC) routing protocol is proposed in order to solve
the problem of limited energy supply and unbalanced energy consumption for wireless sensor
networks. In the clustering mechanism, the current cluster heads determine cluster heads for next
round according to residual energy of cluster member nodes. In the next round, each non-cluster head
The

communication model of single hop or multi-hop that cluster heads select to send data to base station is

node decides which cluster head it will belong to according to energy-distance function.

decided according to the criterion of minimum energy consumption. In EESC routing protocol, the
number of cluster heads generated in each round is very steady. And EESC routing protocol combines
the advantage of both distributed and centralized clustering protocols. Experimental results show that
the proposed routing protocol not only efficiently uses the limited energy of network nodes, but also

balances the energy consumption of all nodes, and significantly prolongs the network lifetime.

Key words: wireless sensor network; energy-efficient; steady clustering; energy-distance function



