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distance time transfer. In China,this technology traces its origins back to 1979, with the two-way satellite
time and frequency transfer experiment organized by the Shaanxi Astronomical Observatory in
collaboration with France, followed by a joint Sino-Italian two-way time synchronization experiment in
1984.1In 1993.a Two-Way Satellite Voice Channel Time Synchronization System was developed,achieving
an accuracy of 1 ps. A two-way satellite time and frequency transfer link with nanosecond-level accuracy
was established in 1998, enabling regular time comparison between the Shaanxi Astronomical Observatory
and the Communications Research Laboratory(CSAO-CRL) ,becoming a key link in the Asia-Pacific region
of the national time comparison network. Focusing on improving TWSTFT performance, China has
conducted continuous research. In 2012, it revealed the relationship between time transfer accuracy and
radio frequency carrier frequency, garnering international attention. By 2014,a two-way mobile calibration
station was developed, achieving a calibration accuracy of 0. 09 ns, while internationally renowned timing
laboratories could only achieve 0.3 ns calibration accuracy. In 2008, a routine TWSTFT link was
established between China and Germany(NTSC-PTB) ,achieving a comparison accuracy of 0. 3 ns. In 2016,
a TWSTFT system based on two-way satellite software-defined receivers was completed at the National
Time Service Center(NTSC) of Chinese Arademy of Sciences,which effectively improved the influence of
the diurnal effect on intercontinental TWSTFT links. Based on the TWSTFT principle,an original idea of
orbit determination called “orbit determination by transfer tracking (ODTT)” was proposed by NTSC,
achieving 2-meter orbital accuracy for geostationary orbit (GEQ) satellites. In 2015, this technology was
extended from GEO satellites to inclined geosynchronous orbit(IGSO) satellites, improving orbit accuracy
to better than 1 meter. In 2016, a two-way satellite time transfer method based on IGSO satellites was
proposed,and experimental verification was successfully carried out. The accuracy of time transfer reaches
0.4 ns,which improves the applicability of TWSTFT.

Keywords: two-way satellite time and frequency transfer (TWSTFT) ; equipment delay calibration;
mobile station technology; software-defined receiver ( SDR); orbit determination by transfer tracking

(ODTT) ; geostationary orbit(GEQ) satellite;inclined geosynchronous orbit (IGSO) satellite

9B R Jn] At R 4% 2R 4% 33 (two-way satellite time
and frequency transfer, TWSTFT) J&—Fiif i 8 5
T3 L ) A i g ) A S B2 R R A R I ] AR
RAGHL Y T vk . AR R U R A AL i AR
) X6 R P T N e 58 2 i v I () A% 3 v A BE L R
FH AR5 / 28 5 FH 57 D0 2t AT 52 300 40 B 2% B () 4% 38 K
JE o HAZ D T8 A I TE T s AR X R Y 1R 22 HITH AL
i LS B R R B D R R T TR

TWSTFT $ AR IET 20 4l 60 440, 1
TWSTFT il % T 1962 £ i XL H il E R LA
(USNO) F13¢ [ 5 524 #5256 %8 (NPL) 3 i Tel-
star TR S8 B Uk 1 IZ BRI a7 M, HOKS B2 3k 3|
0.1~20 ms, XMW EELE S I IE B A Wl )y H A
JG 8 R JEBE T B

B 4 A0 Ok Bl AL A% A g R TR X )
[B) XSRS B2 #E A 100 ns, B #1532 CE, 1999 4F
TWSTFT # A& H T H Br J& ¥ B} (International

Atomic Time, TAD 74, 2003 4F 1y P 34 i 5L
(Coordinated Universal Time, UTC) 118 #) 3 FL i}
] f5 3 F AR MR, A EREE 20 A SF IS H KR
F& TWSTFT M 43 £ TAT 3 K £ 15 0.5 ns.
R ) Bb R B 1 4 5 o A% 0 3R B oA 15 5 R T
1% 2 W ) 40 o) B 4> BR AL Wb I 5 g T

[ B 2 B B 8 I G (NTSO) ARy 3
I [F) 351 48 QR 1) A% 0 WE ST LA L Bk T 2 4F TWST-
FT £ RO R 1 5 % =0T 2 e 307 v
(orbit determination by transfer tracking, ODTT),
5 RS HOR SR A X 1) TR B[R] A 284 3 R R 1Y
B i VAl T i o I LA D 7 N 7 o |
FH b T 2 7 B B AR R RS S, 4 AN TR PR A A
il S5 o LA ) 28000 % 5 22 e — TR A B A s LR
VA% 5 i [ by T ity Sl 0 E R S TR R Y PR AR
TR o e M L T | BB = el T S S YN TR
B IE D E .



514

1 0 18 A5« T2 X 1) I ) 50 24 1% 388 4 R O e 71

1 1979 &, P EREX TWSTFT iX1&

7E 1979 4E 6 A 18 HZE 27 H b E B BB v
RIXE (2001 4F T 4 Sy op [ B B [ B2 6 epoey)
S A ) FH 7 [ B S R o A 5 i) S TR T2
B TP T Rk B ) TR LT ) A% 5 1R 5
5% . v ERR 2 B B 7 K SC & o 7F 2% 13 460 R -1 AL
Mo G A B AR TR Mk (i B R LR
D Z [a] 3 4 T AL XL & 53 bk e B 6] 45 5, 9 0 o
ARG S SR B R S 1B 22, B 58 e
s AR L 5 20 P9 b T o B 22 L AE b L R
iz SRR 22 B HE S 1 7 2 LR T A b T
S 5} 6] 5 B2 VG K SC B R R SC A R ) 22, ik
] 36 o T U5 R A () 28 RN i b bl X RO SR AR
H B 5 MR R SCH R R 2, ik
ZIACH R R G AR BETE R LA 5 E R R ICH W
mhf) 22, 2ot 5 [ PR AR JR (BIPMD 9 %5 X L .
B 2 R 3 22 ) B T Bl % 9 B BE A T 100 ns R B
HF 8 ns(1o)™,

2 1984 £ . HEFEIEXEEERS

i 3= SN )

1984 45 H 23 HE 6 A 11 H.FIJH 1983 4F 2
K ENEF FaSH Sirio-l IR LE . HFRERT IE
X [ B[] A% 3 i 56 o abb vk it 6 SR P 7 I ) Oy B
7 A4 (Mitrex)" 7 |

T DR S 2 REEHRE RN 3 m WD
T3, R AL S A AR BT, B AL B R R (B4
FE R CEWIMEN 529 17 km, 707 T8 H i o
WAEK L R 16 m. B & B K i 0 58 i
(IEND#h 525 300 km, PEfFiERHTFERRSLS.
FATHA 17 GHz, MATHIRE 14 GHz; A — 1l
65 A 0 9 ) B T O B T RS DAGE T
il I 0 R RE M, R Oy B R R B e R O kAR
FHER 0.5 s S5, BT I R S EME S X Rl
] 7k B — A DR R 2.

FE S 56 A B YE K S H (CSAO) (b5t
RILH (BAO) ., B R CH (SO AR I B R uh
(WTO) G, ERA S mA IEN, B %40t
58 B BT 2 25 1) 3 Ry CCNIR/PSND 1 23 (] 38
N F) (TE/ESPAZID) . A< Uk B (8] B X (9 05 B 29
28 ns(1e) . ERABELI N 76 ns''? |

3 193 &£ AHHEIENEEFEBES

TEZ I B[RS 25

I 38 A 10 R A7 1R XL pa) I A e % 2 S B
SEG A 2 () [ PR A L O 2 — . Al
F Mitrex th B B A% 2 s, W 5] 25 RS B vl 42 5 3]
1 ns, [0 #EWH B — Al 3] 50 ~100 ns, X F Lk
X7 o AN TR kA A R EE A TR K
HA R HmAZ IO T, 76 B N R X Fh o ik
HEAT B[] Eb X 3 B A K

Yt E S T — 4t CVSD/PSK/SCPC (& 4%
A ok o3 e R /AR B R /B A I AR A 1
rh/INTEY TR M T3, — PG L I BT R L
I AR T T8, B PG R SC 5 4R R G L
TN B i [R5 5 14 0 12 38 3 43 A /N R TR b T
Sl A A LSOR T AR BB, & B CVSD 51 A i 22
KL HETM ] E TN PSK R 1 28 55 A A PSK i
P B O T £,

F 5T H 22 SR A ASTR ) 0, DR Sy 3 33 F N - 43
PEA AL ARk T 38 A5 19 PSK A 8 25 A e AH 4L
PRORA (LR S AR 2> 52 il B ) 4% 33 P i . B D K SC
SN EONGR a7 M EEVAIE B AN N ) B2
59l I I ot B S R A 1) A 62 A Ak, DT A e T A A7
SR 0] L, foff 35 5 30 0 1% 260K %85 B R) 45 5 LA AT RE

I s AR ) T A 6 1 L 4R T 52 R A T s (]
FARG ., RS SCPC v 10 i {5 H 1 o
M) — A O SEAA 45 kHz, i 1 A b
I 1~62 MRS AR . A MRS RSB 3
s, A 8h o . %R GE R A R B DU IE
T RS — X 2 R R 2. R G
LAY TR IR, B STk MR L A B AL AR
SRR E Sh £ R A R R e AR /1R
7N T TR BT T R A R R P R A
ZARGT 1992 4F 7 Al %, F 1993 45 5 H IE
Ve /Nl I G W ST i N A A N 7 e
1 s s 1T 07 25 3 T8 R AN — 350, A 31 4 3 T 9
JEAKT 1 ps fHIETF 2 ps.

P TR e i I A R R R



72 I [l 45 4 27 4

49 %

4 1998 &£ ,# H TWSTFT & FiE. 15

EiEMmFh LR

BiE DEMERHAN KR, & H 5 A7
B B R B T 5 LA T R pa) B (8] A% 33 B8 R
v BE . BRASRE JR) g B AT A ER M Y TR B )
R [0 4% 328 P90 A9 A 38, JEL IR L WP 36 = KM 3 Y SR
A S 50 28 1) B R aE AT 34 B, o A A v R R T
B 04 PR B L A 0 45 2 0 3 i 0 R A b ) A R
PR

HH TR R B ] A 3 R A R X S R ER G AR
TR E 2 — R, el B A E LR OK R =
el B A S 3 K DX 3 1 B I L oo 4 4, v L — 2B
AR Y55 R 9 B 42 . [ B 38K ) I 5 B T
Mo IX 538 A B B2, N B ST RO R SE BE L B
58 4 BR A XL ) vk TR ) HE A R GE . P E R
BBk PE K SC 5 (CSAO) 5 H AR {5 25 4 0 78 i
(CRL)TE 1998 4E W) R b %, 10 H 31 H &1k, i
] L XA B 0. 2~0. 3 ns, BFE] L X HERGE 1~2 ns,
KRG 2X10 " ~4x10 ", HTFXEZRS,IT
T CSAO 5 CRL B HLEL X, DL KOG T3 B ]
8] BE T Fr) B8040 Ak 3 7 9 iR 25 S HE DT VR I 5T

] PR A BE Jag 32 20 JF J 1 T8 AL R Ji) B ] At
AL Y He X BHE g A B B R B AR R TR
FE B2 B 0 (NTSO) 48 J5 7E 2006 4 F1 2007 4F 5
fif 2 E 4 B (VSL) 3k E MR K36 (OP) g7
TEEREVES T ARG A Fe X g SR Z= e, [ R R
BB A A R T] EO6E R e 9 4% TR BLTa] ] 4% 338
B AN E 2 R

B B2 B o 8 AR — A IS TR XL )
A R e N VA 1 LA 5 ol 61 B G N
PR 5 =2 B Br s e A AE . an ot 3R X PR
R B AR TR BTk, B T 3R E AR [ B A
3B HLAE

2001 4, B K2 e 00 7 bR DR X ) i
(] {388 TAE 233, [Al 4R, B K42 i) e & 3Rk
“ TR i) st i) B R JER R L X R 25 A LR T
TR G pa] B[] B G A BE A B X &R G 45 TR G
PR2EH AR K A6 3 U TE A i E AT TR R
li 32 BsF 18] B 6 A9 09158 3705 2006 4E 7R CFE AT
T AR ) Sz 26 18 30 T35 WU 1h) s [ 45 451 o5 4% 326 YL I
BB s 43 BT T 90 5% B 6 X 1) B (0] A% 338 6 B Y

AR
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