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Abstract: In this paper, the analysis model of computer clock is discussed, and the characteristic of the existing
synchronization mechanisms is summarized. Subsequently, a unidirectional reference broadcast synchronization
mechanism with low power is developed, and this mechanism can achieve simultaneously the offset compensation
and drift compensation. Its implementation algorithm is designed based on the principle of traditional phase locked
loop (PLL). In order to avoid introducing the extra hardware, a simple digital PLL is constructed. Finaly, the
validation is done on the Mica2 experimental platform, and the performance is evaluated and compared with the
typical algorithms.
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) . ,

, Berkeley Mote . ,

m, , . NTP(network time
protocol) GPS(global position system) , wsN B3
1
1.1
o(t) = k. w()dr +cfto) (1)
Lo(t) K it () , c(t)-
c(to) : , r(t)=dc(t)/dt=1, , OIR?
, 3
(1)
r(t)=dc(t)/dt )
2
0 1 (drift)p(t),  pt)y=r(t)-L.
—Pmax<P(N)<Pmaxs V't (2
, A)>-1, (p()=-1) (p()<-1).
; , Pmax€[10,100]ppm*.
(3)
&(t)=dp(t)/dt ,
_gmaxgé(t)S§ma><v vt (3)
1.2
c(t) . t c(t)=ci(t) , cG(t) t (correct);
* ppm: . 100ppm 1 100 , 1 100
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dc(t)/dt=dc;(t)/dt, cG(t) t (accuracy); ci(t)=cu(t), cG(t) t c(t)
(synchronized). , ,
, ( ) :
1 [l]l
@ o«
ci()=ait+b; (4)
, c(® ct) :
ci(t)=auck(t) +bik (5)
Qi b . (5 :
bi, c(t) b o1
\ ' Ck(t)
- ; Ideal clock ci(t). . co(t).
o,/ S0 o1,
V4 , co(t) ci(t)
s ci(t) . , 1 , ,
/ 0 | ’ ’
ci(O) ;
c(0) A Px t . ,
Fig.1 The principle of synchronization PP ’
. cu(t)
1
, : 1 ,c()
: ce(t) 3
13
(local clock) , .
, , c(t)=c(to)+a{ h(t)-h(to)}, h(t) :
a(’) , c(t). Mica2 , 4MHz,
64 © (ticks)” 1, a(-)=16ps, 62.5K Hz, 16ps.
h(t), cs(t)
2
21
2002 J. Elson Kay Romer HotNets
A, 10

RBS(reference broadcast synchronization)!, DMTS(delay measurement time synchronization)™,FTSP(flooding
time synchronization protocol)'® , AD(asynchronism diffusion)!”, TPSN(time synchronization for sensor networks)!®,
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TS/MS(tiny synchronization/mini  synchronization)!® LTS(lightweight time synchronization)l®®  Tsync(time
synchroni zation)!™". , : (unidirectional
broadcast) (bidirectional pair-wise) , RBS,DMTS,FTSP AD ; TPSN,
TSIMS LTS ; TSync ) )
2
B Tz T3
ToTs
Packet 1[] [T Packet 2
A T Ta
Fig.2 Bidirectional two-paired synchronization
2
A B 1, T,, T,=T;+D+d, ,D
d A (offset). B A T 2, T,
A T4 2, T4:T3+D—d. y
A (6) d D.
d= (M-T)-(T,-Ty) D= (M-T)+(T,-Ty) (6)
2 ‘ 2
B , T=TaTSIMSH ,
(6) ; (T, T2, Ta)
. (cluster) n
, , 2n , , (beacon) n , n ,
.RBS , '
. ,RBS
(4 DMTS FTSP :
,FTSP DMTS
] TSIMS : , RBS
FTSP : )
:TSIMS Tiny-Snyc 4 , ,
;Mini-Sync ,
, ;19 40
(phase locked loop, PLL) ,
3
31

© PEBREBALTU bt/ www. jos. org. cn



376 Journal of Software Vol.18, No.2, February 2007
, FTSP
” (61 ’
: « )
MAC(media access control) 168
,FTSP  DMTS '
, , FTSP ,
. 30 (ZigBee ),
100 , ;
3 K hy(k) (k). : e(k)
: ) , (proportional integral, PI)
3 v(K) (voltage control oscillator, VCO) Ko VCO
,VCO f(k) e(k) f(k)
h, (k). )
Loop filter
i________________i Counter .
ha(k) ! ! [ g | =W
—e K1 L, KT@a+z Y| §° 1-z7*
Fig.3 The principle of clock synchronization based on phase locked |oop
3
3.2
3 ,
h, (k +1) = h; (k) + K v(K)T 7
T , T=t(k+1)-t(k);t VCO Ko ,
Kof t(k+1)-t(K)} =ha(k+1)—hy(K) 8
a(K) () (),
h, (k +12) = h; (K) + V(K)[h, (k +2) = h, (K)] 9
(9), 4 .
(9) : , ca(t)
c, (1) =, (t) +alh, (1) —h; (1)} (10)
1 h; (t| ) . ’ 1
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) h;(ti):hz(ti)'

| KiT(2+zh)| 3

Fig.4 Theframework of digital phase looked loop

4
33
, Kp Ki . 3 ,
, -1 LK T(2K, + K T)z+ KT -2K
G.(2) = Kp+K|T(1+zl ) KOTzil _Ko 2K, +K/T) & ) (11)
21-z7) |1-z 2(z-1)
p12=1. , ,
, 0.5,
2K —KT
z:#:l (12)
2K, +KT 2
2K,=3KT (13)
2(z-1)* Ko T(2K,+Ki T) 2+Ko T(K T-2K,,)=0 (14)
(13),
Z—2(KoKT?=1)z+1-KoK;T?=0 (15)
(15) , ,
A(KoKi T?=1)2-4(1-KK;T?)=0 (16)
KiKoT?=1 (17)
T=1s, Mica2 Ko=62.5KHz,
Ki=1.6x10"°, Ky=1.5, K;=2.4x10"°.
4
, Mica2 nesC
5 :MIB510 sink “ oo , : AB.C
,  sink ,
, sink . TinyOS
Serial Forwarder Sink PC . Sink
6 ,
, 6 , 7, ,
6, ( 15 ),
, , 15 , 1s
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Fig.5 Experiment Configuration
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6 7
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Fig.8 Theimpact of sampling cycle on synchronization error
8

© PEEREBEAD

http:/ www. jos. org. cn



379

TPSN LTS ,

Tablel Statistic of PLL synchronization error

1
Period (s) Mean (ms) Deviation (ms) Maximum (ms)
20 1.162 0.282 1.760
50 1.126 0.316 1.728
100 1.142 0.294 1.888
200 1.173 0.291 1.790
Mica2 TPSN 5s5,10s,25s 50s ,
9 2
> IIZ'.'Z'..'IZ'..'IZ'..'ZI'.'I'.'IZ'..'IZ'..'ZI'.'Z'.'IZ'..'ZI'..'II'.'Z'.'.'I'..'ZI'..'..T.‘.Fe.'.'I'..'II'..'ZI
S5 o R S
5|,5~,u.;.1_I "'e l*»"r'r Lk J{ |.'l Ty ,,.- 't‘i,hffm IR J'ﬁw.,n -.J'I',ﬁwm
100 200 300
0
5/
5 -
5 -
0 30!

Error (ms)

OOoORrENNW O_OH!—\I\J!\)_w coRRrNNW
(SIS RS

=

ONBMO®©O

800

Fig.9 Resultsof TPSN

1000 1200

Sample point

1400 1600 1800 2000

Q© - e PHIFF T

9 TPSN
Table2 Statistic of TPSN synchronization error
2 TPSN
Period (s) Mean (ms) Deviation (ms) Maximum (ms)
5 0.60 0.11 1.76
10 0.74 0.21 2.45
25 1.28 0.53 3.86
50 3.07 4.00 9.07
,TPSN , , 9 ,
, 9 ,
,TPSN
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) ) GPS

FTSP
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