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High-precision Time Synchronization for Collaborative Tactical
Data Link via Differential GPS

HUA Jiang
(Southwest China Institute of Electronic Technology, Chengdu 610036, China)

Abstract ; The precise cooperative combat is an inevitable development trend under the condition of infor-
mationization , so high —precision time synchronization is urgently needed between different platforms. By
analyzing the round trip time( RTT) clock synchronization algorithm and the differential GPS( DGPS) tech-
nology ,a time synchronization model is constructed by Kalman—filtering to obtain high—precision time syn-
chronization. Algorithm process is provided and algorithm strategy is simulated. The simulation results show
that the precision of time synchronization can be improved to 3 ns.
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Fig. 1 Sketch map of RTT algorithm

LR ] [R5 (0 2 R 2 AL IR A RS TR 28 5 )25
PREE=A IR,

(1) #LIH

YR RASE A 2008 RTT 30 5 , AR 98 RTT 41
AT A BB, YR E R BN R R
i ) Rz A ], RTT 8 S H B4 B )i i 14 52 1Y)
B ] [

(2) K5 [F]2

MR 25 FE R & 38 k7% RTT, SR )5 5%
RIS RIFEHESF- 75 B9 RTT Wi B4 SC, RTT 4 2 1) AT
I AE— A B PN 58

T,=TOA;~e=TOA +&-T,, (1)

T 9 RTT fRSCHYEREIS 1] TOA, 2 RTT 45 ify
SR F A ] - & B IR TOA, A RTT 3% [914)
SCEIFATF AT 6 BB TA] 5 T, Ay Hsf BT A 4] 2 ) 41
& N5 B IEAEAS IR R 25 2 Aif B ) i A% 1

(3) AR FF

K& R 20 05 R0 & St ) e 7 & Z [ AL T i
PR E R ARAS 0 T 4R R G RI ARE B [ 4
o LWL B b %) 1 BB AR Ak LA KOS [R) 25 o B2 ) PR 5
RGN ) ZR GEH B ) 1R 22 M T T TR, R BT
- 390 -

st 1] )5 FR s BE DR AT 1 AG: ARG IE | ] Bt 5058 T 4 [
LR,

HRPEFIE A & BRGS0 2 [5) 25 (R 4 RS B
Wit e BIERFFEAAE & B8 IR, A SCE R R 2 05
BAETER & & LA AdT,,, LA RS 6 2 18] 1 i
(6] [R5 25 B R R

TrEAG A, BT RTT B[] [ 25 f Bk ] 5 o
KIR T35 09 GPS WML AT , 75 20 GPS 25434tk
PG, AT DRI T AR ff ) i ][] 25 00 i, PR,
AT LUMEBY GPS 22 43 A I e 22 00 & DAl B 647
- £5 () Bsf 18] [ 4

3 DGPS Ff$hspE =5

FT 2RI DCPS FiARJE: GPS ok 2 il it
Jof FH ) E B ZE B 43, T Bl B Y DGPS R T
ST Z N T RHLAE Bl g B AT A o A
5 BRBEMEAE 10 km FELR K B PN 15 31 B K Y
EGT 2 RG E

£ 1 DGPS HiA M $icdl b 22 48 vl 3R A5-F & il i
e E AT B A7 B DA B A 2 SO LA 2 1 IR0 21
JSOT= A EIEIE R e .
3.1 HEBEMNESRE

GPS 24y /n N & 2 s, 7EHT I ¢ B2,
BlsEF6 R 5 LA TR S BRI AR A7 M o) |
&} Fa LI A A

Ay =ppte(dTy=di®) ANy =dy ,, +dy o, +2 (D)
Ay =p; +c(dT, ~di®) —AN; ~dy, +d) 46 (by)

(2)
Koy Fp; 433 FH RAL B TR S ML
fATIEES ¢ G, dT, F dT, 435 4 R AL 1Y
PRI 22 di® N TR S 8P, NS ALV, 23 31
& R L SRR ;45 B0 &) 236 R
FIL B H B JRAE S s dy R0 dy L S0 ROFTL
XTI JZIERT s & () Bl e () 4331 F-H R A1 L
(1R ) e 7

J
o en
A — B Lo

B2 GPS Z5m R
Fig. 2 Sketch map of DGPS



55 56 45

AL T 2250 GPS (14 SR B4 6 b B2 1] [] 22

54

MEA R 5 L AHBEI0 km DAY X3 2 SE IR
ITHL 5 )22 908 3R 3% 22 28 22 4 = vl 286 R it AR 9 =X
(2) 153 B R 22 B AR T RN

AAdyy = Apry—cAdT  ~A ANy +As () o (3)

[, 76 R 5 L AL TR J i, n] 15 3
BEX LA J B 2E B AR I R

MA@, =Api—cAdT  —A AN} +Ae () o (4)

VIR S AS 5k, Z W E A AL e 5
P65 R 5 L W20 7N
A VAGS =A (Adi-Adyy ) =

(Apiy-Bp7y ) -A (AN} AN}, ) =
VApi-A VANS . (5)
3.2 #hEESMNFRE

TE AN B R 55 F 7 RO 5 L | GPS T
SERETR T, AT LA 2 20 4 21 3505 AH A0 X022 WL
i B AS BN R ) R, AT LAMBDA 25705 1%
MR R AT R 55, SR 45 1) B0 22 3% S A
JEVANT, HERE, 2E A5 R 5 LAY HEf AR
AL E (6, 8y ,62) o

B2 BB AR UL J5 R AT R BR AT 65 ) 1Y
B LA 22 2203 10 AdT,, , HAl R T WA HL 4%
B 55 BR S [R]ZE A5 5 SR A B 21 AR G 2248, B
DITEIRIG 25 0 T AdT,  HARME S , B REAS 21 P A2
KCHL 2 [R] A e EL AR 2448

W, 7E SRS R 22 2800k AR o7 i B 45 SR 1) iy 1
AT B 25 B ARA 7 FR B AR 4, 15 B P T 5 FE L
Z ] 22 22 501
cAdT, =Ap,slR —/\AN?R+A8< bir) —)\Ad),SAR ~

Ap; ~AAN; ~AAD;, =
(- 5x+lf - Sy+L0 - 82) —AAN; A AD, .
(6)
b (8,6, FR L VPS5 TAE S ik m K555
Ty (1 - On+l) - Sy+l + 82) 5 Adp ME A, E T
BIREE S ESL MO AN, N FEE,
3.3 SEESTINTE

HRAE 3.2 19 2 B, O Bh 22 22 43 30 Ad Ty
5 AN BEE LA AR TR AN 1 H
TREMA , T ZN % AL D RO B i R vl 7 {5 6L T
XTEREEE -5 N FIR TR IR, stk 550
Pt Ak B ) BE SR A5 AV A SR St PRI e R o O FLaR 22
AR, e AN KRB EOL T, ok 348

AdT, , W HER B,

BYEE SR AL T, AN, L& AT A T
JUAE R, AT LLARAR HIT IS oG AdT, 1 728 A
VAT, TR I VAT, i 24 R 2525 53 T

AR

VAdT, =AdT,;(t+1) =AdT, (1) =
(- 5x+lj - Sy+l> - 8z) /e=AAD; /e, —
(- 5x+l_§ < Sy+l - 8z) /e=A A /e ],
(7)

4 Kalman g EESE %

HY T 858 4 B[R] 56 o 5 B I 5 FR 1 GPS
BB AEAE— g 1R 25, it — 24 e il ] [R) 20K B T
FEBARHET- 15 28 RTT B [H] [RI20 M 2 ) 5% 2% (5
i) 22 GPS 1y 8h 2= & R AL, S B AT @il A
RTT R HES 2257 GPS (5 .,

4.1 JRIKEE

wE 3 iz, LA GPS WAL St (D ik i kg i
e i@t RTT AR 7 X 6 R 5 L ZHByF
Jok st (6] 2208 Ad T, , 7)Ao 38 s 3800 AR 40 25 43 0 1
FAF- 5 22 (6] B ik AR X 157 A Bst 4h b 22 22 A (H
VAdT,;

dTyny VAT,

K3 SRRk o Lo lEl
Fig. 3 Comparison diagram of pulses per second of
different platform

RBECF- 5 R I E] s AR A7 & i %) L A9 F5
fiki 55 ROBRD K vh 22 6] 77 A B 5 UL [a] 2% 5 1 8]
PR AR i X (k) , T k-1 2] APIRES
ARHE X (k=1) Z 8] 5C R R RS T -

X(k)=AX(k-1)+6t(k-1), (8)
K X=[dT dT1",dT RZid RTT KERHEZ Ja 1Y
I IA] 22 (6L, dT R 2% 0 25 (L B 2L 5 RS FE B o

1 AT =
@Azb ]}ATﬁMTEﬁEﬁNEﬁh

[dT.8,dT 81" ,dT_ 6 i AT B[] Py F- & Ik 4o fy e v
AL SB I (A R 2% , AT R iZ N 1) 22 1Y — B 5

- 391 -



www. teleonline. cn BB AR 2016 4F
@l{\’pﬁi , EE?X:E AT Hﬂ‘ IETJ lj‘] dT?(S Bﬂﬁﬁd\:ﬁl ns TEREBEENBEKETEEE,
N NS bbb, ZuE), meonkg HERAEM, BB
H dT_8 JEs ) R oA, vDKE e 1 A e B e s 2 Uk DL I TR A R A
AbEE Q. ! -
J?ﬁ]ﬂh E" ﬁ?ﬁ%%ﬁ%ﬁ 0 D L IERTCM3 24R et , 3 ﬁggﬁ;}%ﬁ%%@%ﬁ
MBI 2T, R RTT HE47 i ] 33 5 70 PP B B " BPYERTTHY BERE o L
P AdT k) A1 DGPS ME{EVAdT, . ( k ‘ i B, 5
H‘Eﬁ o (B) A NRR R (k) T4 B Lmﬁ%@%@%&
WL [ Z (k) BD HAF £ 7
Z(h= [A (k) MW", (9) i
A Ae g (k) BEES kA6 RTT B E] [R5 2 5 (A ﬁﬁﬁﬁ%ﬁ%jﬁ{m AT EEEF-& RTCM
PR AdT, (k) 3 Ad (k) 9 Aty () HI—Br S5, 5§M¥niﬁﬁmﬁfiﬁ 328
e e 2 i . _
AL T 25 22 3 S AR BEV AT (k) L B Adyy (k) S BEERTTI B 2 —
VAT, (k) GABIM S EBE R, [  Kalmand i i 75
LR o BEERTTH BRAE R
AT (8) HAK(9) Biar, s =X (10) Fis RS Ta

AR AR 25 (] AR AR
X(k+1)= AX (k) +I54() (0)
Z(k)= HX(k)+£ (k)
K H =1, , RN WA B 5 £ (k) R I IEZR 43
A BT s M= 1,,, b e TR S RBUE R, 2T
AR 25 IR ] Kalman S0 4 (7 RTT
K 2L 2 JE A AE W ) 20 O 22, DA e — 20 42 5 s
BESV-6 2 (8] Ao Bf [R] [R] AR
4.2 RERBIEEMST
# RTT BOE PG AT 45 { A, H | 2 0] WL,
IF Ha FEMEFS U7 2256 05 Q 1115 1A, Q7" | tE A
[ & bRl 520028 X (k) 19 Kalman 38 A 5%
2T RS
T
E}A’I’I’T (A1)750 (10)
T NP A, T LA D8 B B R Ol — B 5E e T R 1,
A n AR B HEEL,
[ H, BT
::i;A’HH"' (A1) ">0 (11)
BAT, R IR A — e v e, g AR
PEEF 1Y) % Kalman S8R #5-2—B0ir e £ 1

5 BERFERIESSH

5.1 BEXRFENE
TR G S RTT 87, 76 @A B
25 DGPS ) RTCM U35, F ] Kalman U8 %
AllS RTT ARSI 5 DGPS Al 22 A8 5 8L, 15
P P AR # i PR e T AR B A B UE 1Y
LB 4 7R
- 392 -

El4 SIS uEALE
Fig. 4 The frame of algorithm assessment

Kalman 3§ B[] [7] 20 B i A Al 5 i
[ 2076 23 AR I T B UE T & R 5T 6 B RD kol
G AR NS |, $2 JE RTT B 451 7] 3% 7 16 3R 15
PR AdT (k) |, [FIRARYE DGPS 18 25 AH 7 UL
522 A RR (7)) A VALT () 8K
JaETIRE SR AIR (10) £ Kalman 87 Fl&
S BPAT AT [R) 257 65 A s AR 4

FREMY LR FAERY 6 AT
] |
WA LR, maae | | ETEEHOASRE, KT
| mmugﬁﬁﬁﬂﬁﬁ&ﬁﬁ,ﬁﬁ%ﬁ;ﬁﬁgﬁX
|

[ B m, wEA

&5 Kalman J8 3 A i) [F] 20 3803 i F &
Fig.5 Flow chart of time synchronization based on

Kalman filtering algorithm

5.2 XWEERIW

fBI5E RTT Asf (6] ) 25 Ach B | SR AR i o 331 23R oAy gL
RIE100 MHz, 4546 58 SR B8 6 P2 4t i o R 48
FR, AdT, 5 BOR 22 /N F 30 ns, 78 2E 47 B 8] X 55 78 4%
J& , 2310 ns AR BE B RD DK ph ek 22 BRBR i, W ER S
22450 ns, WIRBNEN 2x 107" Hz, U8 IERAE [ B8
1 s, i BRI RE 2R200 s,

TE RO BT R B8k RTT B[] [m] 25 7
PEAT A [R] 25 ) 2 5 S o [ g 2 1 5 25 0 L5 2R
WE 6 Frw , 5 6 A B B F2 A1 (%) B[] ] 25 K5 2 4



55 56 45

AL T 2250 GPS (14 SR B4 6 b B2 1] [] 22

54

2, ][R 24 BEAE30 nsEAN

30 — 4
201% k- L JA
10 ! :ﬁh Bk -,

0 Ll e
-10 4

-20

i 18] 2=/ ns

2.3 3 - ¥

_3()0 - *

200 40 60 80 100 120 140 160 180 200

Fi7/s
K6 RTT mf4hfE L2

Fig. 6 RTT time synchronization errors
MIVAdT, , 115 22 (H B T DGPS 197 & 152 2%
FNEPAAL I 5 3R 22, e 5 I W R iR 22/ T
2 ns, MKHEEE 4 15T AT Kalman 38 % #5578 Je Bk
TRAREHEATF- 63 AL RD [ i [ 22 B9 il 5 315, Rl
PWeARMNIE 7 B, MR UE AR AR5 I A
30 79 i ] i 22 ik T (ELHEA 7 IR 350 ¢ | Kalman 3835 il

B 5 B9 B R R D R 22 IR 8 FR

40,

it [A] 9 22 £ 7B/ ns
2583

0 20 40 60 80 100 120 140 160 180 200
Pt/
&7 FhE RS B A e 25 A HHE

Fig. 7 Time errors estimation after Kalman filtering

35 T T T T T T T T T

_50 20 40 60 80 100 120 140 160 180 200
Fie/s

K8 RlE BN s At b R 2 R 22

Fig. 8 Time synchronization errors after Kalman filtering

Pl 8 By ELA SRR B 15 18] R FH AR SC
PR Sk AT RSB S | R AP B e 2 20 )
JLBCSRIT [a] i, B8] [R] 25 0 22 35 € 763 ns LA, 1
KM s 1T RAEHEF- 5 B 8] [F) A B

6 ZRIE

ARSCHE TR B 85 F A Z 181 F A Kalman
UEPERL A GPS $h22 24 43 W AR 1 5 RTT W [a] [/ 45
A, ST 18] RS B s el 6] 25 0 5 vk, 1 B 5R
WEFE I 1Z 7 iR IR 6] 26 RS B v iR 303 ns, ML 58
R BT e st T () 260 12 Ao 1] ] 205 R R R

IeAh , FEREBE A SE PR S, Bk A B
FE A5 SALHE A58 1R A8 PR H B R4 ]
AR B i B T T A T S )2 T A A X
o7 (B JIE MR | DA S IR ) A5 K B s

SE

(1] BOREE. il R G8m R E R AL 75 (0], e
A ,2014,54(6) :830-834.
DUAN Qiuhui. Ahigh precision time synchronization
scheme for avionics system[ J ]. Telecommunication Engi-
neering,2014,54(6) :830-834. (in Chinese)
(2] M. SOREEE R 2 [ DB B — Mtk )]
PR 505 5, 2013,35(5) :27-29.
TIAN Yu. Animproving network synchronization algorithm
for tactical data—link [ J]. Command Control & Simula-
tion,2013,35(5) :27-29. (in Chinese)
(3] 2R, BRECAN. S0 E —fF B AR A i L sk &2
[ M. 2 i BT B Tl i i, 2008.
LI Yue, QIU Zhihe. Navigation and positioning — beidou
navigation system in information battle[ M ]. 2nd ed. Bei-
jing: National Defense Industry Press,2008. (in Chinese)
(4] B5KSFAE. GPS SRS M. dbst: B Tl i bt
#,2004.
ZHANG Shouxin. GPS technology and application[ M ]. Bei-
jing:National Defense Industry Press,2009. (in Chinese )
[5] Z&ikot, skutel, FE L. Kalman I35 H G S AUR
LML PU% PEAE Tl K2 i hikE 2003,
QIN Yongyuan,ZHANG Hongyue , WANG Shuhua. Kalman
filer and integrated navigation principle[ M]. Xi’an: North-
western Polytechnical University Press,2003. (in Chinese)
(6] M3CHE, 82381k, JTIDS/ Link16 U4 HE[ M. Jb 5. (5
B7 Tkt it 2007.
MEI Wenhua, CAI Shanfa. JTIDS/Link16 data link [ M ].
Beijing ; National Defense Industry Press,2007. (in Chinese )
[7] 3KE. GPS #AHNE M LM ST H[D]. WK
B IR R TR, 2007.
ZHANG Xu. GPS carrier phase relative positioning algo-
rithm and simulation[ D]. Harbin; Harbin Engineering U-
niversity ,2007. (in Chinese)
[8] KAILATH T,SAYED A H,HASSIBI B. Linear estimation
[ M]. Upper Saddle River,NJ;Prentice—Hall ,2000.
(97 AAFED XEGLL, FIFIHE. Kalman 3835 316 K HAE 5
MRS RN [ M]. JE5 B R, 2010.
FU Mengyin, DENG Zhihong, YAN Liping. Kalman filter
theory and its application in navigation system[ M ]. Bei-
jing:Science Press,2010. (in Chinese)

EZ BT .

e SL(1973—), 55 PUJILHB A, 1996
(P AE TR LA o, B o 4 T
ili, IS5 1 A s A AR AR

HUA Jiang was born in Chengdu, Sichuan
rovince,in 1973. He received the M. S. degree
n communication engineering in 1996. He is
now a senior engineer. His research concerns
aeronautical communication.

Email ; 15328000188 @ 163. com
- 393 -





