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Energy-Efficient Time Synchronization Algorithm for Wireless Sensor Network

Che Huolong, Chen Zhigang
(Headquarter of No.75494 Unit of PLA, Beihai Military Region of Guangxi Province, Beihai 536004, China)

Abstract: Focusing on the limited power characteristic of wireless sensor network, a kind of energy-efficient time
synchronization algorithm for wireless sensor network which combines unidirectional reference broadcast and pair-wise
mechanism is proposed. In the synchronization phase, nodes in the network repeat synchronization message alternatively.
Simulation test shows this algorithm decreases the number of sending packages in the synchronization phase, provides a
certain synchronization precision with the precondition of energy-saving, the node’s energy in consumed averagely, it is

suitable for wireless sensor network system used for all-time surveillance for certain areas or important objects.
Keywords: wireless sensor network; energy-efficient; time synchronization; repeat alternatively

0 3l&

To kb K 2s M 4% (Wireless Sensor Network,
WSND 8 22 7 Mot 0 DX 355 PN oK 2 1) Bt o 20 A I ot
TR, RS AE T B s — AN 2 Bk E 4l
LM g R, HH S PME R SR AR Ak 2
2% 7 % DX BN B A L T RS W g T,
Ej AL G5 I 25 R L, TG 82 A% 8630 0 28 (1) A1 g 0 A B
REm A2 B . DL bt . A ZURN 2 Bk 2%,
ot R 1 52 B 7 TG e A% I 4% 0 288 N FH 1 — S L9 1)
R, TSR] [R] A2 AR RUE A A 8 A R R R 4R
5 5 ) ) 286 R Y R ) OC B BOR 7 TR A v
YER . PRIk, B[R] D Sk d v e 205 8 21 2 J5TH
IR 2 1) el b k][R]0 | 5l ok (0 fe BV FE; 2)
PRI iy I ][] 22 K S LA 80l 2D 38 SG B e R e
oK 1) B8 L TH FE

H W O A 2 FhEE R TG 4 A% 12 2% 0 25 1) i) (1) [m] 22
Sk, FEALRE: RBS 51k TSN £1ikBl FTSP
G CHTS $yEER HRTS $1yE0), ix b sryk gy
(1800 4 v T [ 8 (R ORS B s A 1 T g 2>
A 20 4 SCA B R REAE o MO H (R A B IRl R A S IS
6] [ 25 51k (Repeating Message Alternatively Time

Wk H 1. 2010-04-12; f&1R1 H #]: 2010-05-21

Synchronization, RMATS), 7t fit & 1 ¥ Al [7] 20 K &
2 JyMEEATHTR, TR ORI R DR B T R,
A7 230 ek /> N T [R] 25 4 K 1) R T A

1 RMATS &%

T AT R e R RURS 5 AE TG 2k A6 T M 4%
IS ) [ 25 Sk rp S 1 ), RMATS S35 A1 H —
AT A7 4578 7 Repeat, SR ZEAS R & VK16 I 8] [R] 25
AR, TR A A I 2 T A R R T I
R~ S = Rt N T P S i Bu s = Rt | E =R R
il AR D TR D R T B A R Ik, R
ANBESET FE o S 11 S B K ) 2% e ik 3 B i
At 1) G JE M A0 ZE AR R I AR D 2
X (U AMB I GPS 0 8); 2) MW AT
WHRAME1 D 5, AN 3) ML
RN AT FEA W 2% R ;. 4) 7E MAC 2 |
A CAFT I )

RMATS &k 0 2 BB 2 J2BrBe (Level
Discovery Phase ) Al [i] 2 i Bt ( Synchronization
Phase) .

1) RMATS S350 JZ B Be i) 2 R an

(1) WA RNERAEIRE N E, RN AR

fE&Z WA B e (1966-), T3, TLPG A, A B AN 4 i 0 FLT T



5510 1

NG, G BER R RO A% T Al I 4% I T[] 2D A - 51-

WES ID SMHEMEE, BE - ANFAELE
(Bool Repeat) [MJfH, W ID 5 4 &4, W4
Repeat=0, 2 Jll4 Repeat=1, %% 4hH 7 Fr B,
RS B, s B FEAR Y S ID
FRE RS HAE T (2) AR AU — Bk SO BN 4
WALG, ENAET ISR S ID 5, B R R
H A s, B A AR A 1 2 R BE i —

ENAGIZREBE(+1), T HyVnie, o
() 1D A2 B W & A H O 1D R 2 R EE
WA EA) # R A O —Bkm e RIS Bk
W28 ), [r] INF AR 4R 25— 25 v il o 1R R0 T R AT AR A R
HIME: 3) MG hmEMNYTAESS 2 MPRE
Y RBEAML, LRGN AR T B S
SRAT I ID SRR R AE R, R
B BT A E AT AL, R sl B A
[ PR A5 JE A I B 19 8% T A IR T RN IR, KR
M /N E RS IEPEIATIE R, MEPah RS
S/ R IETT AR B AT B, K IR B
fEn—AEHR | W2 R EE, AT wmE 1,
IR N T OB AR B8 e D R IR T FR A e H 2
MERN 2, EhHESHSHE S AR S ID
o WU IR AN LA A7 4 AL Repeat [F1E

(4) G 5 2 v BN Y R I TR P R O 2
5 84, %B’AT&E‘JEAIJ?:/BE MURIE A “RIRE
K7 AL, CHARET SR Rl R a5, R
HOREAF A, 3R SRR B D R IR T IR R
YerE F O AURE K.

O 5 A T L WZHG ERHART L

o 162.1) —'\'--.

J {\,ﬁ - tl(w\g 1)
: ".{8/2;)’ ( IIT i~ \.2

\ {)11 0)

N :‘ 0 (41#). L’ (31

AY
.. -(13 2;05*&—-

.(14,?1)

1l SNBRXSEEENITIRE

2) RMATS Sk 7] 242 B B i) 22 SR A0 45 «

(1) E5EWA }:B)IEXU\F R R0 T 4 ) %
PRI TR] [R) 28 B B, e T 3R 1 T8 AR 2 R 2P
wWHEH 3NN, %%U%J*E%,ﬁﬁ’a ID 5. [
RS CE—RZHMEAN 1D AR L)
HE T — B 2T R A BIT BRI RER T, RS

Y A AR R ) 2 R A [l R R, R
((n+2-REPEAT)/2==0) {5 & 2L, MR [0 AF &,
JRZMIAS BT, [a] A A R v 2 e 38 [0 20 A R R
g 1) T A [ 52 R A g i 1) T, b 4 s R
F A AEE BRMERT, .

(2) WRATAEARE X @) AR ST S
AR 5 A5 B ) (i B S R BRI IR d K 45 [l
ST AU R TR D SRS 2L, il 2 (BL 2 SRl
B> T AU T T A RS A T RS
VIR RO B Y U 25 B R I T S 4 4

T, A A% R i P, SRJT R A IR
B, A R R AT, T Ad, e
R R 35 45 S SRR T, T, R d A
Bl BCEAMIN BN T =T+ (T, -T,)+d» [ 3|

S, $AT AW 3, A e E S
SR SOE AR 4 ((n+2-REPEAT)/2==0) ) {8 ¥k 7€ J2:

e R AS S o AR, 2 W
S = (Tz _T1) — (T12 _Tz')
2 D
d= (Tz _Tl) +2(T12 _Tz’)

B2 RBEERTHITIRE

. *ﬁ% #o il b
“R2TN
(? (i\kﬂ) 3

B3 X ERSHNITIRE

() —BEWAHD LR, e g T B
F24, whEaEEim ID 5, FPREgK (it
BPEAE RS EAER D D FIE AT K% FT— i %)
T BRI bR &, R Bk it 2 ok B
TR FEDAE B, 2R B R RE 0 7 3 ) 2D A Bk
R D BB

(4) W2 R pTAT 1 R IR R, SE R
AW N BT R R 2



e52. X ai

529 %

(5) T SR D 28 H (1) LA T AR PN R IR B AR
RN T A EE R R, EaiA A H MR Ak
T RAORA, WEks 1 48 s 5 k3% “ R iE k7
£, MWL G B4R A S FE R IR S
ELi e IS RN, IR A SRR IRSEUN TN
AP RIRSE, 5EMALE M sE i E .

2 (FELW R4S

H T KK RMATS Sk ke, 18 M 415 B
T H NS-2 X EVEAT T B sL s, FEEdixHE
v 5 R 2 VR ) ) 25 Bk TPSN 3EAT L3 K 56 AF
LS . AE 100 m® I 75 T I A A B T 150 AN
AW AUEE R E N 15 m, MY AU B AR
g, HARTT MBI AT . N BE WY RE I A D RS
FE 2 BT T 525, HF W TPSN H kb7 T g,
IEI RMATS S35 R W SIC: AT I 301 i i H o6 5532
PEREHEAT T 0 b, LU 2 RunEl 4. Kl 5 FE 6.

35 —— TPSN
30t —— RMATS
g 25 —— RIS
_:‘t;{
= 20}
515
a5
2 10
5
0

2 4 68 10 12 14
A R AKH

4 RMATS &%[F TPSN E£%0 RBS Bkt 2HFEXT L

100,
90}
. 80t |[—=— TPSN
£ 70 |~ RMATS
J 60}
3;‘,5 50t
=40t
,JL\ 30t
= 20t
10t
T 51 5¢ 789
T EER
E 5 RMATS EJ%£[E TPSN B A E S E X Lt
0 —
R
8O} [—— #2441
TOH = #1463k

F % £ /ms
L¥ ]
[

012345678910
'I?.'.[-?\fz:':ﬁl
E 6 RMATS & xugsnte
ME 4 FaTLEH: ER%ELET, RMATS
SRR B R AT TPSN Fl RBS HikZ
M, [P 4%%5 BE ok, RMATS 55355 TPSN /b % 1% 4k

P B R, KK T & AR R T, &
S RMATS #n 7 P b b s, Hi Tk
AL BRAR M 2 T RERE B K RIS, /D
IHEREA ST MR EAE, Wik, RMATS
RE AT R0 L9 fig = 1 FE

M 5 AT LAE H: RMATS 595 1 [ 25 K 15
bt TPSN &3k 2i%, Kh RMATS BiLRIUT ft &
FURS B 4T B Sk ms, TPSN Sk rh AN SR 1) -
G SRR A B ACHe, 1T RMATS Sy Hh &R 42 1A
5 VA R 43 1 05 ) g AT ) s B A e, [
M FE RS AIG

ME 6 Al LAE . RMATS 53 1 bR e 84
PEo ZBEE T RS RIEHAE, A SRS
[A) b 1 i 2 TR AT WU A B AS 3 A28, &0d 34
BRI ][R 2 5, RMATS S35k R5 B B 1n) TPSN &y
WS, [, ATPAA Y RMATS S35 1048 7 0] 5 AL
Tl AT DA 255 Y 1 45705 A TR) ) RE BV RE, kb
AN R A A B R R 2, K Y 45 ) AR
A, I (R AR S S 4 R — B

3 HRIE

PRSI R Y], AR REAE A DR € N[ /) 22
FEPEMIAT$2 &, A7 ok /b i 1) ) 20 o R v Kl 4o
AL &, RRTT LI A [F 2D Aok I RE BT Y, JF
2[R 25 I A% rh 21 B R BE R A, AR IS
TR\ TAEM N ARG

2% 3Tk -

[1] A&, FEF, Ry, LEAEABERE[M]. bxw: &
4 X & mioAt, 2005.

[2] J.Elson,L. Girod, and D. Estrin, Fine-Grained Network
Time Synchronization using Reference Broadcasts.
Proceeding of the 5" Symposium on Operating systems
Design and implementation(OSDI12002)[J]. Boston, MA:
ACM Press, 2002: 147-163.

[3] Ganeriwal S,Kumar R,Srivastava M B. Timing-sync
protocol for sensor networks. In: Proc 1% Int’l conf on
Embedded Networked Sensor Systems(SenSys2003)[R].
Los Angeles, CA. November5-7, 2003: 138-149.

[4] Maroti M,Kusy B,Simon G, et al. Flooding time
synchronization in wireless sensor networks[J]. ACM
SenSys’04. 2004.

[5] Seena Bandyopadhyay, Coyle E J. An energy efficient
hierarchical clustering algorithm forwireless sensor
networks[C] # San Francisco: Infocom 2003, the 22nd
Annual Joint Conference of the IEEE Computer and
Communications Societies, |IEEE, 2003: 1713-1723.

[6] H Dai, R Hanl TSync: A lightweight bidirectional time
synchronization service for wireless sensor networks[J].
ACM Mobile Computing and Communications Review,
2004, 8(1): 125-139.



