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Simulation study of the next—generation cold atom satellite gravity mission
ZHAO Renjie

(College of Surveying and Geo-Informatics, Tongji University, Shanghai 200092, China)

Abstract: The simulation study is an important guarantee for the implementation of the next—generation cold atom satellite gravity
mission. However, the current satellite gravity mission simulation methods based on measured or simplified dynamic orbits have
limitations. Using measured orbits fails to achieve a simulation of various orbits, while using simplified dynamic orbits suffers from
inadequate simulation capabilities. This paper presents a full-scale simulation method for the satellite gravity mission based on the
orbit perturbation model and conducts experiments. The simulation results show that the gravity field model solved by the Y—Axis
single—arm CAI gradiometer in nadir mode is only superior to the gravity field model solved by EGG before degree 120; when its
sensitivity is improved to the ideal value, its accuracy of gravity field model surpasses the model solved by EGG in all degrees.
Finally, we conclude that although there is a problem of insufficient observation frequency, CAI satellite gravity mission has better
accuracy in detecting gravity field signals than EGG satellite gravity mission.

Key words: cold—atom gradiometer; satellite gravity mission simulation; gravity field; orbital perturbation; electrostatic gradiometer

LSBT R T (R A A LI R AN A

0 3 3 Fy el , SR TR T ) Rl B A

B A FE v 2 R I b Bk T I T 3
P Ak M I 5 [ 91 25 4 0 R A Bk i R A AR
PR ks B i i ) TR R =2 3 T
WAMSBHIFHLF A . F 2000 4F T4 [ 41
) TRAW N TE 25, i FE A TR 5 R0
FOR , p X TR IR R AT VR T
P ( Cold Atom Interferometer, CAI) 1 A 3 2% 1)
Y, A it 2% GOCE ( Gravity Field and Steady —
State Ocean Circulation Explorer ) 1155 FH %) 5 H B6
J£4% ( Electrostatic Gravity Gradiometer, EGG ) 7F4# J&

Wi AR 2024-04-29

U DR T AR AL R g Rl Y
THEHUR BT JAWFFON T op AR — U 2
T A BT AN AT B

TR EEASCRITY S B A T A2 T T 3 1Y
DT, 2010 45087 8 600 5 T #S & ) iR
AT TR LA, FF P T AR 3 IS R
R SRR 187 s S GER A R TR B 3l ) 2
18, LSO LS T RS S i B R A T2
R A BE LI (B 07 ;2017 AFRLAEAES O T
GOCE SEMBLIE $2 1 ff 3 5 1 2 28 B S Mg 7 114

EY W EFRERELN ¢ % 5.7 L5 2 A




86 B o /5 M5 MM

14 3%

PiF07 i O AR R — PR T B OS5 A
R BRI 2 B 290 B RS S AA SR AE
2022 AFHETFZ AT TEANTE 105 B FOL A2 ML 2%
KB T U U5 LA R 2 ) B 3808 B
Sy 3 I 5% 25 2 TR B0 1 5 R E A Uy
Douch 45" BEFRIZysh Jy 2l $2 4 T DR E S
TR A BRI 5 v IR R A S 2 A WL 2 2
FHES B DA B O I RO R 22 9 05 B AR 52
HRII AT T ZAT 55 X RO sk T ) 35155 1Y DUk
Trimeche' ™ 7EILIER_EHE AP HERE M2
FAVAf TR TR B0 s B | [R]$2 1T T kel b
PR I TR T B ORI 5 7 v JF A 7 2L
LR MR AME T BB AR KRR [ e B 0%
i E g A R ASCAF A 1 22 FRl UL 3 AN — )
Migliaccio 5 FIRKES Ry A AE , I $2 PS4
B33 CAL B REAL T — LR H LS5 JF ) 15
TR LZN) 32 B B £ AU R 7 5 A B AN 1R 2
05 L%, AR e D T AL 7 R R A i
FEME T R B

g b, Bk T2 F ) B 2 far L0 M S 2
AT WA T 04 £ B 5 i  ERXTT BR A
FIRR BE AR, 26 FR 05 L7 2 B T E A SR Y LR
155 19 SN A T % 35 17 29 3 07 2F 30IE 2 0 F S2)
B TE ) TR X TR R R B e O SRk AT
5 EASALL, T FH 7 24 20y g 27 00 38 D) T3 3
IR I3, 5 G AR R 22 5%
PR RSHMER WA E T KT X —
(B, AR SCHE T TR AR sl fin s BE AR A 45 L T 4 )
OB IFEE HRTE R A 00 2347 e
IR BE ASOUL I Mg P AL 50 | 0 — D Bt 4 RUBE
H TR E IR T, B i e B SOR A 2
IR FEALHEAT T 05 LSS i i X L 0 LA
R TR R R B MERE o — R i T
BEIIIHI I T Z Rt S %

1 eREBEFE

T 5, AR ) S R R S o AR A 4 R
JEEA7 L TURE AR LT AR A AR o e, 0 0 L
(R B 5 LU, AR L I [ B TR A3
1R IR R SR R I AR AR R T [R] R4
TS A A AR B SO R 22 , I3 0 )
AROERZE TR S B O s iR, 45 A
L0 TR U R 3 ORI 50 Sk B 0 7 14 oK
TIGRER

1.1 DEBHYPERE

TR RSN HIE A S B E R A Ty SR
TR RS IA AR AR B L, HLARA B .

(1) A DRI ERE B P K s i
FLE S () BN LIS AL AR LIRS BE o

(2) P S 5 R I AR A5 45 gl ok B AR A T
BRI ¢, W20 T2 2 B 0 B sl sk B

(3) I AT ERS 8 B o, T35 ¢ + s P %)
DREESPUEN E S HEEIFMCALTE(2), M5 A
Wi S AP (2) FIALBR(3) A5 3 46 I a) By T2
RN E

() ABBEMIMRZFF A (0,07) AR E
W MRS R A TR B sh B 7, A A B
(1) T2 U AR AR LA,

AR SCAEAGHY T2 45 3l I s 8 P ) 45 gl o ik
BRI H A £ 20 | BRI 0 A FAR X 8
BN, R 4 SRS s B T 99.5% L) R T A
Bhsgn, SCBL T B IS e R R S B H
1.2 WMREE T E
1.2.1 FA B R 25

it FH B — S AE R 28 PR i) oy B 1) ]
PEFRREMEAS R |, i 2 A A% 2L (R 0L 0 O B AF A 1
AR E N DEAENN DRSS T L, %l
SEAE [ N AN TR E R Uz A, X
TP A LI M 75 20 | AT 4E AN LAk 4 A
BAPATAD AR A MG ) 2 AR T o 7 2
AIINALE S, p(A), Fl p(B) , 72 A B Bifar M FH 7E
W f AL AR R AR T (1) 5

o2(B)
A, =— 1
aj(A)
P(B)f =

THA) +a}(B)

o, o2(A) Fl o2(B) A B BATLEMAR £ b
F MRS 7 2%,

B AR 5 (2, R FH A TR X e 74 £ 590 1
HEATIALALA

F(f)=F(A), - p(A), + F(B), - p(B), (2)

Hodr, F(A), F1F(B), 435Ik A B 4475 15
B £ AR BRI,

5L 0 L O B AT SR P (B

o

SRR T A SR AR AR R, B
BREEACABARIESAJE AL O AT TRBUL X RlidE 10 K



57

RS B — AR T TR T R B H A 87

I, Z Wi 2 IEr e 46E Y Bl BT 55 A P2
SRR R TR T B A 1A T AU Y il L
FAAEMEEIE, i LIS R o, AF(3)

o

aﬂ’
w=|a +o, (3)

o

Hrp o, (i =x,y,2) & TR UHELR W ES:
BB o, SR A AS SORLADL A £ o R WL 1R 25
1.2.2 RSN R 22

PSR Y T R T AR R A [
A TERL S B HE L N & IR, AR SC S ]
GOCE 1155 , il it UM RS T E, A5 (4) .

i = o (4)

Hrp, g BHGR T REES AT, o &
9 )

THEAAT) G i 206 B A AR ARAE R 1) B S 25 DU T
B gy, WA (4) B 2 TR S I eHL, IR
P (S) Fe MBS A,

é atan2 (2(q,q, + q,q5),1 = 2(‘1? + qi))
6 | =|asin (2(qyq, = 45q,))
¥ atan2 (2(qyq; + q,9,),1 - 2(q; + qi))

(5)

Hep, (@,0,0) &k D REES WK A,
(Qo+q1 12 »q5) XTI A DU TCEL

A PE R S AR RO A TR UL 58 22, DU T K

S bl RO U 3 0 v OB 1 25 BRAR . ZEIRAK

() TRATSS o, R ORIE S A IR 24 L /N, DA

P R G il i 45 RO SRS A TR AT

IE, S MIRERERITERA MR T k%

W2 BT ARSI JCIR Z MBS I, Z 1

HAEEAS M IE B AR v 30T e 7, AT 3R A5

DR oS UNITEIEM

R T R

RE = | 2019, + q095)

2(q195 = 4092)

Hrb, g =(90.91,9,,9;) RTRLERIICE,

2 LIf
21 HEFENE

TEEE ST S5 (ERIN J5 8 £ B 4 Ay R AERL
TR, AR SCHED B R A U 28 ey , £ 54
JEEASCRIAR T O 2 Ay, 1 A 1L 45 3R V% T

2(‘]1% - qo‘]s)
q@ =4+~ q
2(909, + 9295)

1.2.3 H R REWLI 5% 2%

T30 B i 0 UL 35 22 R U T B S A B AR
B a8 2R G R L R B IR IE IR 22, AR
F G R 2548 1 2 T BRI AT HL ]
AT RE G LA R R BRAES R IR S,
PR BB A A 1 O R RN L B S A
ASCIM S — S A, X 0 5 g o sl 8 sk 3 ok
B B VEAT B IE (03 — 3 AR N B O IAS IE T 7
SIS T 15 25 DU J2 A A 1 T g s i LU (B
T R A E I S 2 iR 22 Y B TR I
RERE AR (6) M,
Vo=V, +0l +o’ +0, - (0, +0,)" -

2
(0, +0,)

17 2 2 2
V=V, to, te. +o, - (0, +t0o,)" - (6)

2
(w, + a'w:)

2

7 2 2
V.=V.+ w0, +o +a'zz—(wx+a'wx) -

2
(0, +0,)

o, v, SRR (UAARHES T LI T ) Bh )
ORI o, JEN AR o, A AU
W o, s CAL BEEEAURIIEINNR2E (i = x,y,2),

1.3 IDEEHNGERMNERL T E

JRRARAL AR bR AR T HE B R 5 A ] DL S AT S
el 22 (ELPR Sy 5 T B R i ORI {1l ¥4 D
JEEASCLE A8 T2 ASC A2 A AE L v 00 R A, AR SO A X
(7) SEBUE 45 B s Y s ) e 4
Hy, = [Rgfsﬁ Rzl;s REI{E)F] Hyor [Rgiﬁ Rgqus RZ/Q)F] ' (7)

Horb ) RS 37 i B A AR 2R A8 48 2 06 A3 Al
br R I BEREAE RS, Rep F1 Ry, [FIHE,

TEARTHIBE (AR AR 28 T RO E A6 HE sk, AR A
2 6) BEADUR W5 222 RV AT 45 BB LIAR BRI

R WA UCEAS T A(S) |

2(’]0‘]2 * %’]3)

2((]293 - (Io(h) (8)
% =9~ ¢+ q
FEASUR22 X IR BA A, 78 R 25 Tl ) R 85%
TR SEELEAE 3.5 mE//Hz (UL R A5 0.2 Hz ()
SR [ s 3 I UL A3 %5 1 Ha B4 F A AL
YERXT eI, LA A e R4 GOCE 14510 .

FRAE JE LR R NASA 45 H s — ROl i
107 %, He g BB ASC A WL R A BE 1R 2 N 6.8 % 107°



88 oBe

2N S| S I V4

14 3%

rad/ (s + +/Hz ) ; R BUEAEA RO B AT AN TR 14
K, WES GOCE AT 55 #5201 2 A B s A RN Y

H
WL R HRARS RO 1,

R1 BB A EIERR
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