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Fig. 4 Classic beacon timing of beacon device

1E Zigbee " {5 #R[EIFG BI=SD, X 2™ , 1% 3
JA CAP=SD, X 2% , Horprif [ 4 B 2 960 A4
S TENG B JE L 4 N A R AT BN 1% i i E
A3 B JE 1000 ek F 25 PR, - 5 4 AT R AR T 2 JE
399 e AT Fm Wi, — 1> it JE B T 41 & BI/CAP =
20070 A CAP. 4R W gh B W N R AT DL 2 N
2P07S0 — 1 A~ CAP X S 8 ) ¥y n] & B B FH Ok
K EAFARWL. LL—4 BO = 6,S0 = 2 [ R 45 A 4] ,
B F IR A B WAL Ar = 2 x CAP, &3t fE
s V8 B e 1 I R R A 18 % D) 1 £ s & 326 B
FUNE 5 Bis.

Zo b X RE AR AR 8 B 22 05 AN A e AR AR R YT



722 X &

B I X

¥ o R 52 %

A R o 2 9 15 0 1Y i LR T LA R
i B B ot AR 15 s ot 970 28 v 19 B 1] AR R 52
I FEAC e A 1 [ 2 o 38 B 1] 42 R ER 9 4% [R] 25 19
RO S BIAIL 7 AL 1 B 9 2% 1 [R] A HIL R 2D
T ] YA B B L [R] BAE I 2 R A R AR K
AR B0 AT PR IE — 5 B I T1] ] 2065 2

(][] 200 BE B GE 3T 25 28 W 7 BT 7R on RORER n

AN AR T 3 Ar 23 B ] AR 2%

Uik
Pt 1 ﬁ%’fﬁ*ﬂi
G
fep o WEE ﬂ i ﬂ
K5 RFE&GFHARTFXA
Fig. 5 Beacon timing relationship between child

and father device
3 BEScE A AE

A ] 7] 25 BV AE TinyOS™ #4434 w5
PR B o8 B WK B DLUTWIA-PA SF
#.DLUTWIA-PA V&34 LPC2136 1 H b
PRES R T R WA O, S o T A
A CC2520, 1%t 7 3% Zigbee M.

3.1 MR

TESL I = BT B[R] 2P 3R7A 7E DLUTWIA-
PA EINPLSC L, 3 %t 50 vk MR AT T S0 R0 56
UE. W24 3 Ry BV 19 4 FREIE 0 2% 2 Fifr . 76 BB 1)
P FE Zigbee W ZE U 4R L DR IR R b LIS 52 0K
A b 2 BWI 06 Ak O 8 T B A A i 5 A
Zigbee Ui U 25 F 4 W 45 . I 2l A 9 4% 2 i
B A 5 PRAT 7S St 6 B ) [ 28 5 1% | A A s
B A5 L, 58 155 T R i %) sF ] ) 25, 7 8 i ) ke
U sk 20 b B2 ol & — A 1O f0 B0 G 44 nT 3l ad R
PRSI AR oK W5 5 2% 1) 114 [7] 25 3 22 W )
ZKAHE 1 1 Zigbee PhIH 2% .3 DA 5 A
LV 2%, PIMIR 25 % R 1 A 1 R 36 A B L 2 i
WG AR, e 2GR B W W) 25, S T 8 S
AL IR TAE AR L 3 A 0 28 A &3 15 b ot 14 1]
IR 7E CAP BB AT GTS I B A& i B . 76 52 56
AR, R4 SLIE AT 12 h, A WG Tt I ] &%
T [ 1 IF ] g 22 . ELAAR S IR AL P2 4N 18] 6 9T 7.
3.2 HELEE

R ML d, 455 5 min REE— K F Y
SRR 5 TR] 1 [e] 26 i 22 5 5 R AE 20 /1 it
JE. SEAT 22 41 5L, & A5 4 1) B[] e 25 0F R
K )2 B E A 36 by i Ae e M. e 45 ) — AL

I WL 2
(himzs)  (omidn) (mss)  Cwhap) (i)
- INLTES
INLTES N
INCT ) E
. BRI | bR
L AR
T :
bR s ) 2 :
— B
[ | . - - =

K6 HiExilmhk

Fig. 6 Process of algorithm realization

25

20r
15k
10 | o Mjﬁfﬁﬁﬂ
- BT )
0 5 10 15 20
n
H7 EREIeE RS KR

Time synchronization precision for star topology

At/us

Fig. 7

&L 7 W] DL, 32 DTS Tl 4 [ 0K B2 B e ]
AR AU SR 3 T R A2 A b K AR Ak 1
M. E X 28 T AR R v o A5 Am TR T 5 2 38 B [ 78
fF R . T Lk GTS A FL 5 F 8. MAT M GTS
S3TCE B8 23l R A5 bn Wt £ 8K BE 1 A8 k. F2 00y
HRBTE B8 B A5 AR WS A BE X B [ i 22 2 4 7
Ao 3R L AR B T B R BE Y A Ak 23 X i Ak
PRI ] 7 A= 5 e, 1 T 52 B W 2P RS RE. H T, %
7 M A5 T R (0 A R 22 L R4 T, =T,
o Ho T R i B R 0 S AR AR A i
JEE A B0t 1 — A A2 A . DDA a5 ) 1 B ] g
22U BB/ T Ry £ T A e TR B 4k A
[) — {5 A 0T T 8 ot B A X 45 DY i 1 R
P49 52 W R[] JIT 138 % ) ] A 25 AH 22 R K.

e HEAH [R] 09 52 380 7 06, e ih T 2 B T8 X 4%
H AL 1% PR I A 22 18] LA B 45 28 i 1 s ) 1 B[] )
w2 AE B G EE R A& 8 iR,

W 52 38 AR BRI B ] e 2 8 11485 SR N R
A0 5 R B AE MICA F & 528 RBS Al
TPSN F M oEAT oA 25 SRt 3 1 iR, A U



%5

BIBE, —HETHEWALE W Zigbee BB F & HEHR G LN 723

T IRUAS %) Y- 357 B [R] i 2 /0N 1 HC A o A B 9
9 25t T AN ] /N 118 s ) Al 2 76 T A5 i 2
TS E 4 L p.

20
-o- EMTT 8]
= MO ]
15
<104 ,
<
5 L
0 5 10 15 20

n
SR EATE S A NCE ) 4

Fig. 8 Time synchronization precision for tree network

£ 1 HERFRE

Tab.1 Error of time synchronization
ok T‘i’f‘JAHﬂL [i] ﬁ'ij(AHﬂL [i] i%ji/l\‘ﬁﬂ‘ [i] ﬂiz;i
M2E/ps W/ ps  W2E/ ps T Y%
RBS 29.13 44 0 64
TPSN 16. 90 93 0 53
Zigbee-Syne  14. 70 28 3 54
35
30
251
2 20
S5t
10t
5}

0 4 81216 20 24 28
At/us

(SRCI - N

Fig. 9 Time deviation between nodes

IFEXS Zigbee W 45 1% £ K B2 — AN IEH &
B R bR . AR S S PR Y 5200 PR BT 58 o 7 B
NS2 {5 FLAT Y 26 5 3 1 g AR M £2 1, an 181 10
Jian. BARI 5 B S50 B W3R 2. 38 i HL 2
AT LLE RS20 A B, 5 A TR A
Zigbee P £ , JL I 45 1% 45 BEFE R R FEAK 2 T M
25 AE R TE].

Zigbee-Sync B 5 % T RBS B ik 1y AR,
i B S =07 ) 6 A% 38 i (DB B, OF 3k 3 T 84y
R TR A5 K6 B2 . &4 RBS B3 ANl T 22 Bk I 2% 114 e
B AR SCl i 51 A bR 8 B AL, R K
Zigbee-Sync F. 1k 1E Z2 Bk W 2% Hh SE B, TPSN 57k

| o F R AR
- SR P A AR

E/]
O AN WSO N ®
——

E

2000 4000 6000 8000 10000
t/s

W10 4t &E

Fig. 10 Energy-consuming graph for nodes

k2 WEREK

Tab. 2 Parameters of simulation

B g
f5 E i [E] /s 10 000
B PR (1) 2515 456
ECEOEGL) 2
B/ (packet « s71) 0.1
HUHE £ KN/ bit 32
BO 6
SO 2
IR e /] 100
Bl R/ mW 35
RIETH/mW 37
NI/ W 712
MR ) 2R/ nW 1114

W5 I ) B PR ICAE MAC 2, 7358 16,9 ps 1Y
[7] 2 %5 BELY, Zigbee-Sync 2. B ¥ it 8] 8% ik 78
MAC 2 815 Fr i £7 2 b, F 6] 25085 B2 fl TPSN
BVEAH BN B EA REAR T E L R E R
B4 B YRR AL A ER T A i R 25 A ST TH FE Y
fiE B R R FRAR. 2% N I A 38 AT LA A7 42 75 (6] 45
TETCAT 55 A B 2Z 1) e ARIRCIRES 5 X 4 Hp D e il
BT 55 I, AT 42 R AR R ) 2% 45 2 J 08 4l 2R 15
PRl , 3 AT i — 20 FEARREAE. X TR EH M LTS
SR E T O (9 W] 20K B IR T Zigbee-
Sync k.

ARG T R 1) T W 4 % [R) AP BRIk
M RE AT T B0 ik, ZE AR T g M AR 2215 A LR R
D) &% v S B (] A0 BAL 1 L D) B 2 T | A A i
R BEAIL R DR E B FR T A5 TR B AE A AR A 2 &R
g, LAATSE M A% 5 ) 2045 5. — 1> v ) i e i 4
TEFEWCR HACE # AR ARl 4 B B 5 A0 ik
2 22 () %) B () g % it A R s ot v g s ) B A5 6
e TE A b I A, DA S H B AR A I
Ry i ER A RN A B A 1] A IR T i B B R — S TG



724 X % ¥ LT kK ¥ ¥ #H

%52 4%

3 TiC F) 18] 7 (L {0 %) A 300K 1) () 20 RS BE S 2 3
AT S ) 2 B IR0 4% v B i A S AL s A
Z A AR RS TR AIE B 0 19 1] 26K B2 7T WL7E 5T A
fR AR T BE AL A5 B0 T A [R] 25 B A A 221 A
AU (1 TC L6 190 285 P A SR 2 T AT 1 AT AN

4 & i

ARSCHE W T — BB TR WAL E S AT
Zigbee M £ (B [0] [7) 20 530 % % B 06 A RO RRAR T
[ 25 2ot A v 9 5 B 3 40 DB, B AR T T 6% P9 T A
REFE. JF HLHA R4 fa e . B Zigbee-Sync 57
BRI PRF & DLUTWIA-PA b #E4T T 5256 56
UE o 38 3 S 56 2% 5 0] 1 HL AT 3k #) 4  1 [R) A0 A E
HAZATRE . A SCBE T 9 3 o 50 o b i i i) 28
1977 3K, T2 F T HA G 2k 58 2o b B AR L R
5 BE B RE R

2% SCk -

(1] gAAMA EBH . BEE. R AHEE BN L H B &
#w[J]. HHEHME 5 =4, 2005, 13(10):1021-1030.
KANG Guan-lin, WANG Fu-yun, DUAN Wei-jun.
Survey on time synchronization for wireless sensor
networks [ J]. Computer Measurement & Control,
2005, 13(10):1021-1030. ( in Chinese)

[2] Zigbee Alliance. Zigbee Standards. [ 2011-04-02].
http://www. Zigbee. org.

[C] // Proceedings of the Sth Symposium on Operating
Systems Design and Implementation. New York: ACM
Press, 2002:147-163.

[4] Saurabh G, Ram K, Mani B S. Timing-sync protocol
for sensor networks [C] // Proceedings of the First
International Conference on Embedded Networked
Sensor Systems. New York: ACM Press, 2003:138-
149.

[5] Jana V G, Jan R. Lightweight time synchronization
for sensor networks [C] // Proceedings of the Second
ACM International Workshop on Wireless Sensor
Networks and Applications. New York: ACM Press,
2003:11-19.

[6] ZHOU M, ZHANG L N. Analysis and design of
Zigbee MAC layers Lcl // 2010

International Conference on Future Information

protocol

Technology and
Piscataway : IEEE Press, 2010:211-215.

[7] Cox D, Milenkovic A.  Time
synchronization for Zigbee networks [ C ] //

Thirty-Seventh
Symposium. Piscataway:IEEE Press, 2005:135-138.

[8] Ahn S, ChoJ, An S. Slotted beacon scheduling using
Zigbee Cskip mechanism [ CJ] // The Second
International Conference on Sensor Technologies and
Applications. Piscataway: IEEE Press, 2008: 103-
108.

Management Engineering.
Jovanov  E,

Proceedings of the Southeastern

[9] Levis P A. TinyOS: An open operating system for

wireless sensor networks [C] // Proceedings of the

Mobile Data
Management. Piscataway:IEEE Press, 2006:1-11.

7th  International Conference on

[3] Jeremy E. Lew G, Deborah E. Fine-grained network

time synchronization wusing reference broadcasts

Research and implementation for Zigbee synchronization
algorithm based on superframe mechanism

GAO Guang-en, LIU Quan-li", JIA Ling-li, WANG Wei

( School of Control Science and Engineering, Dalian University of Technology, Dalian 116024, China )

Abstract: Time synchronization is essential for almost all the wireless sensor network application.
Because of the multi-nodes and low energy consumption feature of wireless sensor network, the
realization of a proper time synchronization algorithm is especially important. Based on a self-
developed hardware platform, an appropriate single-hop and multi-hop time synchronization algorithm
of Zigbee protocol is presented and a detailed algorithm analysis and implementation flow are given.
The experimental results show that the time synchronization algorithm has a favorable performance in
the single-hop and multi-hop beacon networks,which ensures a high synchronization accuracy and the
low power consumption. At the same time of implementing Zigbee energy-saving mechanism, the

algorithm provides high synchronization.

Key words: timestamp; time synchronization algorithm; Zigbee networks



