605 F6 N = S Vol.60 No.6
20194FE11 1 ACTA ASTRONOMICA SINICA Nov., 2019

doi: 10.15940/j.cnki.0001-5245.2019.06.003

ZT1 Mcps/siEiRZ g I R T £ X [a]
B (8] EE %1% 58 3 4

oAb EFHRLE AR R4AV TRgM
(1 #EHF R ERZHF QO E L 710600)
2 FEMRFREEMEE LR E L 710600)
(3 FEMFHRAFAXEEEM¥FK AL 100049)
(4 FEMFRAF L 100049)

FOEE T AR e A T X [B] 4% 1 (Two-Way Satellite Time and Fre-
quency Transfer, TWSTFT)EEAZ —. 1£20174E5 H LLRT, Z25UTC (Coordinat-
ed Universal Time) v+ 5 07 9H- B S50 2 2 1A EAT K B T8 XU m] i (Rl Al e AL i — B
ff1 /2.5 Mcps/stdidi 2, 77 5 h2.5 MHzB DY BENLES. S 1 FE A 200 I (] 45 28 44 338 M R 1
AT B R AR, 75 BRI 8] 1 AR A1 Meps/sTERIR 2R, 415 55 91,7 MHzHI D8 BEHLRY, 33t
AT MEBR T L b [a] 4% 3. FE(E A 2R GPS PPP (Global Position System Precise
Point Positioning)# i X0 e G B FEAT [ EARAE. 1P£20184F12 H M TWSTF THE ¥,
A3 HTE S MRS R B, BT ABS-2A LA, f# FH1 Mcps /sHf 8 2 04 2 /) T2 U s [A] b X4
% BT R A FEA B107 10, IR E FE AR T0.3 ns. 5 DR HERIGPS PPPRER i 3t
ATIRAE S HT, 45 3R B, 1 Mcps /sh5 i 28 3547 K BE 29 T2 0L i (Rl 4538 5 AR
IGPS PPPIN ML R — 3, SR T BRI, HRGUENK, (A 44281 58 vy AT 2
L B 5 7B o R R R

KR DENEBTEER, BEESEN, HEEEOE, HEESHT
FESES: P127; CEAARIRES: A

1 5|5

LB XL A B [a] 4% 33 (Two-Way Satellite Time and Frequency Transfer, TWSTFT) &
A A A B, 4 O BE LAY AT RS BE I TR A AR B I BOR, R
HREERIA NS &, HERR A IR ns, AR R AIERE RS IEARZ —,
F 199947 H 1 Yk 4 B br AL EE Js (BIPM) H F i3k 47 B Br i 7 B (TAD I 50 5 5
I o (NTSC) T19984E10H 5 H A FH 15 B 5 1815 SR BT 8 pr(NICT) @57 1 IE

2019-03-204 1 J5iHi, 2019-04-291% 22 ki

“H X B AR ARG (11703030).  H ERFARE PO HIHFF2E” (XAB2017A06) W H %

7122798857@qq.com

49-1



60 & x O % # 6 11

RTWSTETH B, I 20094 5 F A [ By X0 1] o0 i 3 ) 48 (5] B0k 140 3 1 AR BJF ¢
B (PTB) &L 7 % ML Lt 8%, IE 0 T TATI T4

KA BASK, T PH-RR M TWSTET— B A# FH 2.5 MHzI{) 45 58, BA2.5 Mcps /s i 2 5K &
ST BN, LEAM22 TR R AL LANT, AR I 43 % #1128 51 £ (CCTF) TWSTFT T4k
412 5 B[] 30 1 T B[] 56 0 5 06 DB 16126021, SRR 54526 i, 1 hiEL
SF20C, 1 dLEATARH 77 3R A7 L5 P BI I 1A f 38, 1 P I ] 3o O 491 R A il
29591015, S FEIIRF ] 77 25T e 1A 336 B R FE£ 2491 msl®). 2017475 1 B2 TR A
J1, AM22 DR B FIE AR RS K, H20174E6 30 H 2, A FHE LA TWSTFTH 48
PR TR A Y- L 1 G B IS R, A T MR RELE WA, SRR/ 9 17 S T
E IR TR 0 6 B S B B S T LA OB BUR, AT R W% SR TAT .
AT, Kl B AR X ) I [ B TAF 2B ABS-2A T2, BA1 Meps/shibig A, 78 T2
R AR E1.7 MHz N IEF 37

2 DEXN @A EfRIERE
T X ) b TR A s D B G0 R s, e HR dep DR St T A5 1R D el A S A A B (L
W dp_ o 287 Hb T Sl A K SFF V248 INFAE, R ST & I S R IR T 2R [F]), dp 3 2 A1)
MO TG SIS G I AE ) das FHdsa 70 M AN By TR AT BE % 25 A% FE I 4E, dps Fldsp 73 il
ABE b RATHERR 2 (AR IR AT, ds oy TREE R AR AE. MG AL BSEI I UTCHY 3
H5ICNUTC(EA). UTC(k_B), H1PPS (Pulse Per Second ) [AJ45 5 i ok 1 il it 1
2y A7 R HE, BN 42 R 24805 (Very Small Aperture Terminal, VSAT) &
SR\ TR, 2T E BRSNS IEA /B NS 580K, 4K, B/ A&
TR KA /BURE{E 5, )G S AR IPPSIE 5 i, K15 A /Bl 2B/ Au {5
SRR E . P R AT e, SRR R mR R B 2 AL BB 2 BT T Tk
(1),
Ta —Tg = [(Tric.a — TricB)/2] +

{[(dr.a —dr.a)/2] = [(drB —drB)/2]} +

{[(das — dsa)/2] = [(dBs — dsg)/2]} + (1)

[(ds.ap —dsBa)/2] +

[(Tsaca — Tsacs)/2]
Hodr ) B B B SCH ST ZEAN, TORNBN 22, Trooe 9S00 R 8 1) A2 ] 4% R e T 3 P 2
Tsac NSagnacUN 5l I IE, ds aps ds pa 20 IR NABGRIBYS, Bl 3 Al i) T2 ¥
KA IE, 5554 5 VU TH AR S B TE 5 55 2000 B THI 3 15 4 I ZE ) TR AR, mTaE
T R A SR 2 R A R I S (Kou i B i vl 20 AN 1) L 5543510 TR 3% IH %
R LE, AT 5E AT ST Sagnac RN 51 N IR SE, A vEAf 508,

49-2



60 & T 0SS BT 1 Mcps,/sH3dt 5 (1310 KK T8 S0 ) i ) LG X1 6 40 A7 6

ds _AB
D i \
dSB
Satellite Transparent
Transpond dis
ds_pa
”’UT s dr o [ s
UTC (k_A) UTC (k_B)
SATRE (A) SATRE (B)
Start singal :| g:gﬁ :ggﬂ |: Stop singal

Counter (A) Counter (B)

Bl XA I A 3k P

Fig.1 Principle of two-way satellite time and frequency transfer
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Fig.2 Principle of GPS PPP time comparison
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Fig.3 The physical connection diagram of indirect calibration for TWSTFT link
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Fig.5 The calibration single value of TWSTFT link
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Fig.6 The comparison of time transfer results between GPS PPP and TWSTFT
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Fig.7 The deviation of PTB-NTSC time transfer link
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Fig.8 The comparison of time deviation between the GPS PPP and TWSTFT results
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Fig.9 The comparison of modified Allan deviation between the GPS PPP and TWSTFT results
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Performance Analysis of Two-Way Time Comparison
of Eurasian Satellites Based on 1 Mcps/s Code

WANG Xiang’?  DONG Shao-wu'?? WU Wen-jun’??  SONG Hui-jie!?
WANG Wei-xiong!*

(1 National Time Service Center, Chinese Academy of Sciences, Xi’an 710600)
(2 Key Laboratory of Time and Frequency Primary Standards, National Time Service Center, Chinese
Academy of Sciences, Xi’an 710600)
(8 School of Astronomy and Space Science, University of Chinese Academy of Sciences,
Beijing 100049)
(4 University of Chinese Academy of Sciences, Beijing 100049)

AsstracTt The bandwidth leased on Earth satellites directly affects the operation
cost of TWSTFT (Two-Way Satellite Time and Frequency Transfer). Until May 2017,
the Ku-band TWSTFT between Asian-European laboratories involved in UTC (Co-
ordinated Universal Time) computing had been using the 2.5 Mcps/s pseudo-random
codes with a bandwidth of 2.5 MHz. In order to reduce the cost without affecting the
performance of time and frequency, a pseudo-random code with 1 Mcps/s bandwidth
of 1.7 MHz is first attempted to transmit time bidirectionally between Eurasian and
Asian satellites in China. An indirect calibration for the bidirectional links by using
the calibrated GPS PPP (Global Position System Precise Point Positioning) links re-
duces the link uncertainty. The TWSTFT link data of December 2018 are selected to
analyze the link performance. It is found that the daily frequency stability and time
stability of the satellite bidirectional time comparison link constructed with 1 Mcps/s
code rate reach 1071 and 0.4 ns respectively through the ABS-2A satellite. The results
show that it is feasible to use 1 Mcps/s code rate for the bidirectional time transfer
of ultra-long distance satellites. Compared with the traditional methods, the system
has a low cost, and the time transfer performance can meet the needs of international
atomic time calculation.

Key words two-way satellite time and frequency transfer, precise point positioning,
link calibration, performance analysis
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