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Table 1 The magnitude of the influence from each factor related to u/ul on the

frequency shift (in the cases of time transfer for LEO-ground and GEO-MEO, the
altitude for LEO, MEO, and GEO is 400 km, 21528 km, and 36000 km, respectively)

affecting factors magnitude 1 (LEO-ground) magnitude 2 (GEO-MEO)
Mg 10710 10712
Cao 10713 10715
Cso 1071° 1071®
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Cso 10716 10720
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tidal effect of the Sun 10718 10716
tidal effect of the Moon 10718 10718
inertial terms 1072 1072
spin dipole moment of the Earth 10720 10722
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Table 2 The magnitude of the effects from the gravity-induced deflection of light on
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GEO-MEQO, the altitude for LEO, MEO, and GEO is 400 km, 21528 km, and 36000
km, respectively)
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AL 4 Y 25 B e
11 N . _
Appe =— =2 5(’03 —v)’+R- GB] [1 + —(vlz UA)] +
g (—va-ap+R-bg+2vp-ap) + cl4 [—Q(N cop)t + 2(IV - vp)20d +

202 (v5 - 0a) + (01 - V&) (N - )2 — (N - vs) (N - v5) (05 - va) — vt +

1
%B(N-UB)(N-vA)+2(N-vB>3<N-vA)+%A(N.UB)(N-vA)—
74 2 1, 5 2y2 1. 2 2
Toh — 2N wp) (w5 o) + £ (v —2)" - SR BN e L (1)
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{{(Igm +15q) - vB] [N - (205 —wva)] = [(Ian +1aq) - va] (IN-vB)}+

N-(vB—’vA)] _

1
AAB,g :g
1
2

E [W(Xp,tg) — W(Xa,ta)] [1 +

R 1 (GM, GM,
[UB.VW(X,tB)X_XBH{ © (508 —v3) — © (303 4+ 0d) +

3 ct | 2rs 2ra

1 (GMy GMy\> GMg  GMg

(TS (R TN

~ [vn - (v —va)] + 35 (N - vp) [V - (vp —wa)]} (12)

/H\:':PlB,M\ lg g~ lA,MﬁulAQﬁ%IJXTJ‘&{F(ZI)ﬁEPB"]leM\ lro el q,

ZQLCQ{[N'(UB —vp))? — (g —UA)2+N.(aA_aB)R} %Jr

L (2N ) o (o5 — )] (N ) (43— 02) — B - on +

AVN:R

6Rvg -ap — 2Rvg -ap — Rva -apx+ (N -va)R-ag+ (N -va) R-aa—
2(N -vg)R-ag+ [N - (vg —va)]>[IN - (6vg — va)] + 2RR - b+

A
’UA‘VW(X,tA)X:XAR—’UB 'VW(thB)X:XBR}E . (13)

(12) RAI(13) R, FEI R4 e R S 57

GM,
X
r3 + 275

3Ca0(T)G M d v,

VW(X,T) ~ —

y
|

X1 _ 5(X73)2X1
Y = X2 _ 5(XT3)2X2
3X3 — 5(X)2x3

r

i F(11) — (13) 3 e o I 0 i 5 17 1 o 4k TR G2 2R A, B XA, va, as, P
TEO ()RS FE T 45 HRH L 43T 3 (0% B 2225 F8 1 SagnacAUM),
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*3 Lk

R*v} R
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ar=ay ~ by + o [RUFL (v NV B,

Hrp, g7 ”fmaaﬁﬁ%ﬂgwuu* B 2 ) L 4 TR S B H e, R =
Xy — X3, JX0 R CURN, o T DURRAR I 20 Jo P HEHEAT (107, 245 p kU 48 2 )
FUR, AT CA SRR I 1 L b 6 B LRt x (S 1 TLURE ), B TR 1 B e 51 )
IR AEET Rty < 0.1s, PRI M AR 00 5] SIS B PEBER Gty < 1s), 3K A
— Bt U (9)3R, I R SR A b v MEAT VR, 58T LA E 45 5 6
TREGBY - (2 1)5@@ FH T -l A 125 (30K T 4 e B AT 5
KT A nss, FATFT LA A g (S ) 5 B0 5 160 40 FEE 1 82, 5 L P LA, 8 e 42 1
S REEATAH, ﬁ‘ziﬁﬁ&%ﬁifﬁ%ﬁﬁm*gE’JEE}? A o B Ik 4 15 75 o )
AR ELRIEAT (007 1408, M8 T4 08, i B B B 10 (2) W, HLE| A3 (g 3 0
Kk, T=F

Axp —2; { ( - ]”3)2+ [a[LA—aL'g (2R+A)}}+612 [GM@ (1“113 _7«1A>] _

1 R+A
o [(on =)+ (o - )] (14)

/\I:':]
UJL—UAN vlllgsz-N, al_aA~N a{‘g_aB-N,

AT BRI Ly i o2 R M AR E A T IR Py, Py, 43P
P ENFHIERZHE, KEvad MiEP. P&, Moy = va - Py, vx® = va - Py,
e LR 10 7 0 R AT 4 o 5 o Ao 1 5 5L 3 o 6 F 10 B A 3K A3
Sy vt Aok W(L4) 3R AT L L AR 3% 5 4% 1 4 B 0 22 7F R — R 4, 9B T i 5L
AT AT LU S — R R A ey = 0. & m/( 24 ) 61//(%%1‘3)\

ov /(255 ) Fov /[ (c28se ), WTDIX stk TR AR IR, VRIS, EHR, BRI
W R AR AR T R o < 10 SRR, 3 3.
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R3S/ < 10T BEHTHTIEEHRE. SWMEBEHRENELERFEENAR(ULEO-HE
i, GEO-MEO[ER & Af). RPHLNEHTHBREREEHLEERER L, BRHIENT
T & §HR45° S B AR, EIEX s BRSFARE, BET o =vi2 =0

Table 3 Constraints on satellite movement deviation, station movement deviation,
and transponding interval deviation in the condition of év/v < 107'® (in the cases of
frequency transfer for LEO-ground and GEO-MEO). The estimations listed are given
provided that all events are considered on the equatorial plane, and the relay
satellite is assumed at an altitude of 45 degrees relative to the emission source. To

conservatively estimate the constraint for 51)11‘1, we have supposed that vl“\ = viz =0

constraint terms LEO-ground GEO-MEO

sl /(m-s71) 2%x107° 7x107°
§R/m 0.01 0.5
5(ta —tar)/s 1x107* 2x 10710
Svxt/(m-s7t) 1x107° 3x107°
sl /(m - s71) 2x107° 7x107°
6ak* (m-s~2) 0.6 0.6
sall /(m-s~?) 2% 1077 5x107°

* The estimation is given by assuming ta —tas = 1 ns

N T g MR RSB AR, X BB T — AR L, BIFERE Ao RE ok LA
BB, 2R EZOR B3R5 77, (A8 Aa5E VE DAL I &R 22 55 s AN T
TEXPEIOBRYE T, DURELH 5% R R R AH S I I R TR 5 A TSR 00 25, AR
T o 5 2 (R A0S T B e ) AV T N P PR AR AL S TS IR BAS , IR LT 3 33 {8
NI FE 3, 15 (14) 204 BLUR ki

2¢2

1 2 - - -
{—5@ —oh)" +6akA - salA ~ (A + R) -

1) [(Uil — v§1)2 + (Uf 71%2)2] }

1 ~ - -

< 2 {2(7"Aw12\ + rpwd) (rawa 4 rpwp)A + rawl A? + rgwi A% +
4(rawa + rpws) [TAOJ%AQ + rBw%AQ} /R}

=V,

Hr way wpAllE 4k TR AU SFIRAEAL bR 229 I AT R/, 2V < 107180] DL
13 3 % T8 1A B I 20 R (0% A% IR T 26 4F): X T HLIEI-LEO, Bty — tar <
1.3 x 107 s; Xt FGEO-MEO, fty —ta < 1.7 x107°s. FHEUWHZ, BT LY
W AERF 8 S N 45 I, T H A2 25 RS — 0 43 S MO RS 1 S e i L 45 e RS B, BT
PLELAG B — M AB L B X QR &R A5 1, SN s BN ER AL A—
[fil, DuchayneZs 2241 X ACESTH B rf AAA) 7Y I [ £ 326 i 6 11 75 SR T 82 s UK i %
RS HE K BE B SRR Fe AR 8 T LR KA, 2L AT 1R 2 B =K B (< 0.3 ps) A4
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FREE (< 10704 0, @it Ex PEMEAHCERBMNARTRES, S TR
RN IE J A 22 1 LR 2r IAEL0-0 sHFI10-7 stEZR, 5 A 3058 4 110~ S 40 k i 1
SE [ 2 R 2% A AH L SE AT DR IR, AR SO T J D[] ol g 22 1) 4240 BRIZ8 328 P A - A 0 22 K
FE< 0.3 ps#h H I ZIR.

FE3HNS TR SR DA R e o NN B A 2 I 20 SR L s s 1 FRATT 51 237 B2 DL K
TR PEETE NAZIA BT ARE (PR B R, MBI b mT LUK IRTE S e SR AN 2 FE R X T R 4
TEINTE P i 22 2 B R PR, i B AT 2R T ER E 135 MR R IR (GOCE)
Y P I P T LI AT N 0 R N2 < 1072 m - 572 - Hz /23] T [E
FMURJE (NASA) FRRI AT =4 1 55 R FAS I B2 (STEP) v Xl o 38 B2 1 1) 1
THRGE 10718 gl Hodp g o g IS B, 32K R AR ST R 96 T Il I = oK. 75
feH, X T(11) W R B 1) R IR LR BE I — [y o Sk, & v SR 3 I 2 1
LIRBRNTERS, b AR f o 5 5C (I AT Z0E AT 06 T R 4R, X5 T Hii-LEO I 1% i,
T Eobg <1 x 1079 m/s?, X-TFMEO-GEOMIIEM, ExRobs < 1 x 107 m/s>.

3 RS

FH T 3 — AR 7B S FH T 25 [ - b T B 4004 328 S 56 R B 45 5 003 AN A e T
THEEN0-Y Ty R 5y, R FRA] 75 BEAEIX MR B 2 A A o7 () B AR B A Y T X ks
B HT AT RS B AL BT ZE Loy, Hh BRI, KA B 7T, F A i AR 5 M
FOLA ST ORI R B6E 56 B LR 54T 55, X TR EJFRAH R it B F — e %
B T EE AL XA I A P R B A S AR SO HESE N AT B 18, T IX AW
JR IR, AR SCARHETAUT-20004F il 52 A KA R LS % RN, FEGCRS FH % T
HWER R E 2. BiE. HAEWH. BESE 5 IR SR R ARG S5 I8 T R Xt
B [P sz B g, AR AN BEIA 21018 4 H Bt B 1) F ARG 4 B 10032 08 S i AH
YW RN HEAT T 8T, HAE R -LEOFMEO-GEO M AN 1 H AR 5 45 5 08k 12 &1
X R EPRE R R A R BRI R B bR T LR %A

5Linet Ml Teyssandier{E20024F# H 1) 5¢ T ACESAE 45 i AL FEAR TR AH e8] A S #
HH AR AR SR (AL T SR FE LS T ACESAT 5 I LK, I H AN & 78 Bl Bk Jie e IS A
Z AT AT, T ARAKIEIAU200045 H AR U5 18 1 BE 22 B 52 (Wi ROV 15
PRI, AEHXFRAR R R 5] JIAHFAE), BARMZEEAP K B 5] 35 M AR R, (H H TIX
TR T 5] JTHEIR FI52 0 R 05 /)N AFA5 FRATTHE . FH ) 18] 4% 326 o 20 o] DL AR A AR 28 3
HEATAEEE oAb, E 2 FE I A TR B A 2540 1 X6k T ABE It A B i s K P A HH T AR R ) Ak
B . A0 Z B AR A () I AR R N Sy R DL R AN T I — T, R B S
TR [E) B A% B I FE A EE R R T AR AN B S v BRI T AR A D05 RS TR AN IS
T Hu I S 0 Ab 51 2134, 55— 51, X 5 5 7 R B A LR AR SR A T B
B AL FE )T S B i AR B B A AT A
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LiE

VETo 22005 5 11 X0 A % P 0 310 6 - X R0 (2 0 £5 5 BB 0N T), i =
X| = VE T, 10 = | Xo| = VBT 52, sHBUMERR, n o= 19X g,y 5Bk 2k B
IR, AT TSR, FH 59 SRR T80 T

(1) MR 5% 550

2G M, d; d; 2G M, |
li == - - ¢ 5 1
( )R7M c? {(ro +3s0)re  (r+9) r} rc2 " (0.15)
2G My, d; d; 2G My,
l; = — nt 0.16
( )EM c2 { (ro + s0) 7o + (r+s) r] roc? ( )
(2) HUER R B DR 04
G 0 -0
l; = ——M;, —1I; , 1
( )R’Q c? (8(1 ot 0s’ k) (0.17)
G 0 ;0
/\I:':‘
d - 3d;s  (s+2r)d; 2nI8k  6nldyd;
T =< —nink | = _ _ i v
adi gk { wn l 7"5 7"3(3 _|_ 7')2 T3 + 7"5 +
g S8 s (s +9r) (d;6% + did?) (s +2r) | |
7 r5(s+r)° (r+s)°rs ’
EN)
. GGk o2 iy g i
nlagjjk :3n nsn s n 6n nsdks L 3d]aikn ’
s r r r
niifjk _ <3n njsnks% N 6ninj5dk80 N 3djcikni) 7
0ds¢ ro ro T

T2 BT A5 8 2 6 (B 0 SCRR[17]), M 1 MO ER FR IR B PR )
(3)HUBR F1 He 543

(0.19)
2G 1 (sg s
(li)gs=— S(SExn)id2<T0_T)_
2G 2 (s s 1 (s s n’ 1 s?
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Hrp SpAERI A RARE,
(4)1% TR

~ GMg
2
Arin

[3(n - ysE) yge — n] (s* — s5) + n* [ (yBE-d)Q—d2]+

2n%s [3 (yBE . d) (n . yBE) - (n : d)] + n“52 |:3(’I’L . yBE)2 — 11| } 5 (021)

(l)r, = {2[8 (yse - d) ygr — da] (s — s0) +

~_ GMsg

S erdy
8 (- i) iy — %] (s° = 58) — n* [y - )* — ] -

250 [3 (ypr - d) (n - ypg) — (- d)] — n®s? [3(n-yBE>2 - 1}} . (0.22)

(li)E, {23 (ypE - d) ypg — da] (s — s0) +

X HAN T SR B AR R T, He op Mg Ml 70 30l f2 2 A0S R AR B R JoT B M1 8 3 o Y
PEES, yppot HAMBIRAABK BTG R [ O 1 5 AL T ) R

(5) 164
1 1
(li)RI = —*(’TL X Qiner)i(s — S()) — N (d X n) Qiner s (023)
’ & &
1 1
(li)E’I = E(n X Qiner)i(s - 50) — En (d X n) Qiner (0.24)
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A High-precision Relativistic Model for Two-way
Frequency Transfer of A-configuration in GCRS

CHENG Ran'?  HAN Wen-biao?>  HE Ke-liang?

(1 Shanghat Astronomical Observatory, Chinese Academy of Sciences, Shanghat 200030)
(2 University of Chinese Academy of Sciences, Beijing 100049)
(8 China Academy of Space Technology (Xi’an), Xi’an 710100)

AsstracT It is imperative to take the effect of general relativity into account when
referring to the realization of time-frequency transmission in space at an ultra-high
accuracy, so in this paper we consider a theoretical model of frequency transmission in
the geocentric reference system at the level of 1/¢* under the ITAU2000 resolution about
relativistic reference frames. In order to develop this model, we adopt the method of
time transfer function which was once used to establish the processing model for ACES
(Atomic Clock Ensemble in Space) mission, and to evaluate each possible relativistic
effects on frequency during the period from the emission to the reception. Besides,
the constraints about the accuracy of orbit determination and the interval between the
reception and retransmission of the satellite in the link of A-configuration are valued so
as to meet the requirement of the given frequency uncertainty. It will have a potential
reference and application value for realizing the high-precision spatial time-frequency
transmission, and carrying out related scientific researches and tasks in China.

Key words general relativity, frequency transfer, geocentric celestial reference system

(GCRS)
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