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Abstract: Tt needs to reduce the daily variation (diurnal) in the two-way satellite time and frequency transfer ( TWSTFT) and explore
the reasons. Using the redundancy of the current Asia-Europe international two-way time comparison network via ABS-2A satellite,
TWSTFT links of different baseline lengths at different periods are selected. Firstly, the satellite time and ranging equipment ( SATRE)
TWSTFT results with the software-defined radio (SDR) receivers TWSTFT results are compared. Then, with different laboratories in
Asia and Europe as a relaying laboratory, the results of SATRE TWSTFT direct and indirect links are compared. Finally, the GPS
precise point positioning (PPP) time comparison, which is independent of TWSTFT, is used as a reference to evaluate the performance
of the aforementioned results. Experimental results show that the average gain factor of SDR TWSTFT for Asia-Europe and Asia SATRE
TWSTFT time deviation (TDEV) is around 1.75. For the baseline of National Time Service Center ( NTSC) and National Institute of
Metrology (NIM) , the gain factor of TDEV is 1. 22 for the indirect link via Physikalisch-Technische Bundesanstalt (PTB).

Keywords : two-way satellite time and frequency transfer; redundant links; software-defined radio; indirect links; diurnal

time, UTC) J& iy & By A /& J& ( bureau international des
poids et mesures, BIPM) FI| FH 4> BR 4SS 5256 25 1) 500 £
5 SR 3o FE R A ) X R 45— U = A A ]
H AT FE By i s 18] U 98 tH: L ( coordinated universal FEXH R e, 2451 S 56 78 5 o0 T A B2 6 2 1 [ A B

WieFa H #:2019-09-17 Received Date :2019-09-17
* FATH : HK A RFLAELS (11703030) | ERHABE PUERE 424" (XAB2017A06) 11 H % B

0 35

i3




5 10 19

TR A5 BT O LN ] He B % 1 102 X I 8] B X PERE 0BT 153

ARWFFEBE(PTB ) 22 [a] HE A 22 Ff Bisf [1] bE X % [, 3ok S0 5% fi
H N4 TEXUn R [E] FL X (two-way satellite time and
frequency transfer, TWSTFT) J2& H Fif f v A/ 37 5 25 st ]
xR Z —, 1999 4515t ] T UTC 34, B RT4:
BR A S I S0 AT A0 Ao R TR ) AR e R A
(satellite time and ranging equipment, SATRE) @47 X 1]
B ) B SR S B et v 2 B S TR P
I, SRR LA K BR 56 2Z [R] 18 2R 22 W0 1) i i b Xof 485 SR v S 14
TS SR H RO, JRL H RGO S TR R ] B[R] B X Y
FHRHE B 22 I8, . H AT XS T H B K8 A w1
Er

SN JE B RN XF TWSTET B4 5200, 2016 4, BIPM
{1y Jiang 45 I FHAS = s BF 4 8 7 T 492 6 1)y X% I
PP PR L) i 5 1 ) GO0 R AT T BIFST, e B TR S
TG 1) S VN S 35 3 AR Ay v e i BT, AU PN 950 RS 1] 5 % 1Y)
Jil F R0 x4 20 W W k3 5 [R14F 2 ), BIPM R [ B i 43t
HiZE 2 (CCTF) TRV TAR LR F e 12 T4k
2L ( software-defined radio, SDR) ff T3 &2 X [n] i+ [H]
FXF A ST, O AE 24 I 2 5 a0 %) SIZ Y R0 U o
DAV % LA KTV KR T IRR S5 T o [ i 8% 1 3] 1 [ SATRE XY
i A o Z DM Y B P RS . BT e BRI 4
2017 4,58 21 J@i CCTF K4 IE=G#E I T % SDR TWSTEFT
HITF UTC H5T R #F

HHi% SDR TWSTFT Filaj% TWSTFT [y 57 3 24
PRI AR A K IR S B s 22 18], LT TR S g 52 36 %8 7
2018 4F 3 H i kP WiHY ABS-2 A TLEF B 7. T Ku
BRI T XS] ) X B o AR SCRRAE H AT A% IE BR AL
Te] ISF ) B X6 0, 6 SIZ 9 B A B I BRI B 18] 7Y SDR
TWSTET FI%5 = 3l 4 #2214 [0 4% TWSTET 4 #% 447 5347
FERRE e Xt 4% S 6k TWSTET Hh JE H 2800 (4 B IR 3 17
I

1 T E XU i iE bk 3 &R 38

H AR T B X w15 6] L XS 4 % LA TMeps/s A3
B PR R 1.7 MHz FIER 817,
1.1 7##E{4 SATRE Fn#k{4 SDR TWSTFT JF I8

TWSTFT F Jf b 3k [7] 2 i {5 T & ( geosynchronous
earth orbit, GEO) % % i Th] W /> <7 I 52 56 25 (1) 32 4 1] [)
LA T R . TEHBTET G 1, K 5 A M [ 20 1 £
FEHLAS ( pseudorandom noise, PRN) {5538 1 — gkl A #2
#45 ( binary phase-shift keying, BPSK) 2 27 il £1] Ku %
B B B% 1, 1 BE /I 17 2038 (very small aperture
terminal, VSAT) & 45| T, 28 T A 1935 W] 4% K v i &
) by T 2, MG 2 HROE 2 TR R 1l T Tl
S S S A H I B0 S A H A R A b T 2 AT

S hbaivk 1 A0 G941 , 30 13 R sl B 22 4, 75 21 79 s [a)
YRR BERT 22 0BRSS 5 00m) L B SE 36 2= B0 R E 1Y
PHBENLES F 155 & 9. HHEIBL & T SATRE TWSTFT
F1 SDR TWSTFT At H] SATRE & 438 18 , & 4115 5 #F th
SATRE (¥ RE {4 A S 30 38 7= A= o 1 42 W0GE 38 23 ) 1 47 e
B REEEN G S T AR AL B S 73 W, —
A SATRE R 4422 e 38 SE A7 i 8, 5 — B A SDR 4K
PEESHLIE I , 255 HOCFIE N A/ D 465 #Rae A7 Ak
. K, SDR TWSTFT #1 SATRE TWSTFT ®] 45 %1 7
ST AT B K S A R (A S AR s ), B B R
AR

Y
¥

I__I_ _______
e

R

B 1 T3 A A a] b o) 53
Fig.1 The principle of TWSTFT

ufi 1A 2 ) RO (8] 9 22 (33 A X=X (1)
FoR

T, =T,=0.5%X (T + Tourr + Tospmrs = Trwn —
Teure = TESUVAR2) + Trwror = Treroir (1)
s T, AR I REE b Rl 1.2, T Ty AR
M2 A AR5 BIE IS AE 5 T, S XLIE] HEXS TP A B
TE A 5 T g0 A TLEE X [6] 55 B0 5 J F) M T 3 ) 228 728
s Trrony, AR LI ) 2275 3 0L 5 5 A R 42
1.2 (g% TWSTFT [RI8

1) 42 B B 2 4 A A1 i 3t Ohy vh Ak i, o3 il i
73 AP ML T 3ty 5 20k ol f9 0 1a) IR R BE X 55 2R R
T4 b 4k S o 22 I i R A W 2 22 D
PRONIEL 2 B M uh A FH T Y B2 JE] O e BE
e HBTE G C R gk, (A -B)" = (4 -C) +
(C - B) FoR Ml A A5G B Z [H] LAl C ok
Rk A )24 %, 40, DL PTB kR 4kl , v R 2B
FE G20 L (NTSC) Al [ 3 R = BT Be (NIM) 22
[ T 42 T 2 2 (NTSC = NIM) Y™ = (NTSC -
PTB) + (PTB — NIM) ,



154 %/ L £ ¥ R

F40E

HuHT s A B
O O

HEEEH

Hu TG A HuTH B

HUTHI % C
IF] 2

(&2 [E]4 R ] i B] Loox J 3
Fig.2 The principle of indirect TWSTFT

2 RARBEAMENERTE

HEIrZ5 UTC A AR ] Lo X4k % 2 224 TWSTFT
FiE 1k GNSS it 22 45 114 B [B) b X 42 15, #F PR 3l =2 [A] [+
A Z2 A0 R) LB B S BT, B AT B R T4y, 2010
AELIET, A TWSTET #1 GPS B} [a] e %) 4E 1% i i —Fh
F UTC B35, M 2010 4ETF 4G, I sF ) L X % 86 114
TU43 1, SATRE TWSTFT H1 GPS %5 Pt i 52 v ( precise
point positioning, PPP) fif ] Fb X} (¥ il 1 4 FH F UTC 1f
el R SRR TWSTFT (9 T04 4 B R T e

Gt rp— Ak B I S A T A 20
R 22 A% T R s R BT B A B R B A, {H LR
2 AN 5 AR AE 25 43 A B I 50 T, 92 0L ) i ]
e e JE] BN L 0 R 7 X S e e i K
WM () 4224 6 T L B ) H O A A AR A 2
T34, TR s [ XS I 2 g B AR 1, %A N AT
SUSLES M TWSTET %5 M E Z 2 N(N - 1)/2 4%
BF ] LU XTBE 6, T — M A N - 1 S8 s T UTC
FIHAL, Hiz N - 1 4% UTC SR AT LUE S R N - 2
553k UTC B [ 1 v 2k ool ) 245 1 1 O =045 21, P
SDR R i) B4 fi , 19 X i) i ) B3 1) v ) TO AR B 6 B 2
W] 7643 R TUAYHE RS LU 3R 5 TWSTET By %5 1 A il 45
P2 224 i B B s 22— o AR R UL ]
XTI A 5], LT R R 6 A0 s SR TR T R T
XL 55 AR 15 45, Horp 5 452 BTy UTC 1585
%, 4RI KRR B[] EG 6T Do B4R ZS AN B 3 T, o R 46
ki UTC JTHREBE R, S22k AR UTC 3T BERS

GPS PPP [[R] EXT /& 5 TWSTFT 58 el (A, H
AR5z JE B Rk RE R, TR S8 TR B AT Lk E)
0.3 ns'"™ P, ASCH GPS PPP A FLXH/E R SATRE
F1 SDR TWSTFT LA K [] 422 5 1% (1) 2 2% ¢ il — L 26 1Y
SATRE SDR L) % ]38 TWSTFT By45 55 GPS PPP Hi i)
X485 BAE 2 (double clock difference, DCD) , Hy T2 4H [A]
LR, FTLAF] DCD 1] LA TR B 79 M S5 X6 S ) e %
i) FE X2 B4R . ) DCD 25 5 (kR 2 o 1R WiFh
R — SR PN AR AE, o RIS, U)o e s — SRR
JHBF M 2% (time deviation, TDEV) o, FF-Ati £ A [7] st 7] ]
B 7 AN RIS T LG B A 1, A RIS IE) P o, /N,
AR E . I HA(2) 8a(3) BN+ ¢ kIR —

NICT NTSC

PL KRISS

I3 S RTIERROU ] B[] X R 2
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Table 1 TDEYV for SATRE and SDR TWSTFT of NTSC-NIM and NICT-PTB links and DCD statistics against GPS PPP
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link and DCD results against GPS PPP
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Table 3 TDEYV for direct and indirect TWSTFT of NTSC-NIM and NTSC-PL links
A ) 4 PTB B] 434k KRISS [EIEE5E PTB B 422450 %
o i b HEEEE [ 4555 8% (PTB) V1) 2 B 1 ) IETH% J;Eﬁ( ) [i) 4 ﬁiﬂi‘
TDEV/ps TDEV/ps TDEV/ps 1635 K 7 (KRISS) #2517
2 400 372 451 1.08 0. 89
4 592 492 667 1.20 0. 89
8 1265 946 1321 1.34 0.96
NTSC-NIM

16 679 517 690 1.31 0.98
32 459 393 466 1.17 0.98
Rl 1.22 0.94

AL D R [E] 4555 8% ( PTB) (i) 22 1 ( NIML) [E] 42255 8% ( PTB) [ H55

A TDEV/ps TDEV/ps TDEV/ps 35 AT (NIM) #835 HT
2 470 465 439 1.01 1.07
4 809 789 701 1.03 1.15
8 1515 1 520 1312 1. 00 1. 15
NTSC-PL

16 737 817 759 0.90 0.97
32 623 581 733 1.07 0. 85
35 H(H 1.00 1.04

72 2 DCD 45 5L bR 2 Fb A nT 0, BRI Y B (] 5500 9 9
o PR B L NI P 52 560 % Sy o 2 s B IR 52 5 2 Ok v 4k
i, #0 2 /0 AT LI B 5 e PR B AH 2 Y [ A B XL
][] L X 45 5 . Hor NTSC-NIM 4 #% LA PTB Ay 4k
B, T B 0T L I8 1 1 B 4 A A K, DCD 25 R A
EZE Y 18 25 IRk 1. 33, B [ i 22 0 S 34 38 25 9T
1.22,
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ZAEF S0 ) 2 2 BE TR 4 AN 5250 = 2 5
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AR BRI A ) i 5% 235 R o %) J 280 3 A FG Al PR 3R
A Ko
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