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Review of the research on the multi-physics field effects of space
pointing determination instruments
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Abstract: The space pointing determination technology is a basic and key technique in aerospace development. Orbital multi-physics
field has distributed-parameterized, strong time-variant, and inter-coupling features, which has become the major obstacle for significant
advances in measurement accuracy level. In this article, we firstly introduce the complex effects of space multi-physics fields. Then, the
research status of multi-physics field error is summarized from three aspects of analysis and suppression methods, on-ground and on-orbit
calibration consist of the facilities and key technologies. By accurately simulating and measuring the multi-physics field as orbital
environment, and creating an innovative milliarcsecond space pointing calibration system, the infinitesimal error sources caused by space
multi-physics field can be unambiguously identified, the inner coupling mechanism of space multi-physics field can be revealed and the
theoretical blank in space complex environment effects on pointing determination can be compensated. In this way, the space pointing
measurement accuracy is pushed to milliarcsecond level. Finally, some suggestions and prospects are given based on the key problems in
the research and engineering implementation of space multi-physics field effects.
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Fig. 1 The coupling effect of space multi-physics field

SR B, 24 B8 & VE T 52 5 A 0 o0 B
b, g R AR — IR B B B 1 SR A T
LRE TR, BTSSR B AR A 5 B ) AR A S kA M RE ]
xR,

JeEE S RO N S e Y B B xS i
BAUARLE T AT BOEE BT D o b S B
ML R, i 2 B, P S5 oM £ E AT R
i A R N T (< B = o e -
FUIELERINE BL S7 | BLAE 53 Bt AT o0 B 45 M s ko
W s B F1 2 o3 A 2 BERL RS 2B R R S 0 A L BEAIL
LB VAZA VTN i N 1 TR IV S e U R A €
SEHFROBRE (WIRE RN, RGEAY A SRR, LA
K JSE BTG BE 2RSSR (L AT BRI SR SR Bl T
FRHEVE AL BT B o

BT — AR BR

ra # \\
e/ WEEBS BT
T vl (R - 7
\\\ ‘/// /4 wE ¥
G AT
1 mA

K2 LYY RRLsG e
Fig.2 Comprehensive mode of multi-dimensional

physical quantity

PO HTARIEAT KA AL A RATIE S BT =
ISR, 25 S TR AR H5 1 I (SRR P T A T A



57

B B A a1 E RS 2 Y B RN BT R LRk 5

WA RE SOFEAT T R H4 T O g oL

W 2% B T P A 7 T 2 7 A A 45 SR AT AR B, ST

TEREGE A REAME TR AW EUSEMARICE  SCEREIHER,

B BEATHR 0 SRR A ST, SRAG EE R AL R 3 23 A

2RO ) 3 A R AR O ik AR AN ER 1 B R o

x1 SYBBHYMAITEREMF T E

Table 1 Analysis of multi-physics field effect and error suppression method

Y HeAR ST EE a7
REEY B sML A B AR AT POLRE IR R R P TR BT
PR SMERARSS AR AR LR RGBS ZOL R HOLE BT
1% BB (EERR L T LKL F1 A BRTTOTE FE T MR Bt
IRsh SR S Bl SR A BRTTiE BEH EhiaE pEifRik

A RO -

ML — AL B -

2 MEFREMIEIE

XFERZE PEAT B E FIE IE AR 2 B g g 1) ) B2 AL A8 G
B R AR . 45 [ P B AL AR S SR B AN A 3 TR, SL IR
BAE 2 R Y, TEfrhnE (AR IR T LS, A AR AR 2
AL BRI B 2 HTHE ], A R SRR A A B R 1], R
HS R SEIS M 2 ] AR 2R, SehR T LA
R R B AT IR R IE
S Frh b

bl -2
.

-

| \
T p— 1'»*' 5 '—: :
sgﬁe——l—_-)

)
~

i

> 4

/

B3z (s i R A A e S

Fig.3 Calibration principle of space pointing

determination instruments

2.1 kREFHEFEDR

8 i AR B BRAR B R A /NFLU AR T, B2
T R G AR BRI 2% B R BB, B A A 2 R
A ARRR AR T HARAR R (2, ,2) , DRELBE O AR BRI 257 A2 A
AT HAFR A (w,v) , E R A7 KR TE R BURER L FR R
T HIAAR R

=

1
VAT i
K of N RGBT Rrn e (s B _E A
Ja MR R JBE R Ot AL 7 FREATD A7y il 45 21 0 B2 X AR A

S, = (1)

BAR R T IRIKE, 2 A BB UE 5 {0 2 =22 8] B 22 2R
W B, AT 4531 2 5 Ok A AN A AR PR AR AR R 19 1Y
Rk

A 5 A TR R T B A A I R A BRI 4 1] 2
I HSC 2R , TSR ARt Am 2 R Ko i 2R B0 T RAXHY
R RGREE I BB KRR A B A4 0
RZVHATRE , (6 TR LB AR R B, il A AL
(ORI VAR B A R R IE ™ o R B %3 F AL
oA , — s i i T LA A P37 Rl A e T,
B RBOE N T R {3085 i s 0 B A, ) o
PR iRZE SR E MBI D BRI A OGO T I AR R
Gy AR NS 4 (19 45 S R B R 5K, 7T LKA #5037 %)
RN Ko 7RI A K IE R B, AR
FRZEAMH T RAE s B 0 O BE B, 2R A5 oK BE HY
PR REARE SR, SCBUNA R Z S B AL IE , 1R R 38
I RS
2.2 HRERE

1) SR

AR AE B E B AR R R OCIR, B
REHEERURG R EHNRE. BERUSGEEMT
B E 2 RDGIE RS, AT LI S B S S 2
RIS F R . B R BRI
HEEERE—, ZH TR, 3h785 2
AU BEAR , T SC B2 B R SEARAL , TR i D BRI
o T RS R A BB SR R, SEmh R AR
AN B e R R R

KEERMI RG] LSS & S8 AU 3h 3
EEAGAULAR AR DIE A5, [ P S B0 R B8 R S A £ ) 2 R
Mo ESME 20 22 90 FRE TR S HHEBUR L)
e, EEA 4 BRI R A ARSEELN RS,
BEARSHELAURE EYEAXRSHEKD RS
FZEH RS HEBRSE ™,



6 oA & 2 M

F44k

2 BB 4 T K 2 W ) B 52 55 = ( The Johns
Hopkins University Applied Physics Laboratory, APL) , # 7.
HINBIRDEL RSB R G NE 4 i, Z R G FE
RS G548 DGR R DGR SRS 15 ShiE H L
FESCH ST REHM . HEZA 1 m, %A 100 M
LR &L R/ R 2 SR, BN dE R TR
WIS T 2 AR EEEMUR S, REXRMZ
MABEEHEN T AEEMER B, FR R R ELE
KB GER | SCHE LA G IR 5538 43 2, 45 4 7 2 1
Bl S Fraso

K4 AMELSHRACAAREEURS
Fig.4 Optical fiber dome simulation system of Johns
Hopkins University

Ei
Bz

| |
BS Jbmcr TR 2t R S A R G

Fig.5 Optical path dome star simulation system of BICE

BRI IR S AR R GRS B2 FR T hn T
TEMTAR R, AL RO A S, REMKE
ICESat-2 fiii K He 8 ) ST2E M B SO6 I e A SR B o
e BE A B B WOk B RTA B 4% 0. 1794
T U B R, A R S 6 2 O e BT T AN 6 R
BOLHE S EAMEI RS ™ o BALL A7) R HXUEHL

SRR E AR, ST 30 mas {) HARBERUE B, R4
ST 7 BT o b st TR S T 0 A A R
FERI SR e B A 22 M T A TR A Y, B
RATERSEILT 10 mas , RSP 22 44 1 ) B2 37 3 DL s
AR R HIFRAE o

Bl 6 RTA BLE GHOL HITEIL R S

Fig. 6 Single star point laser target simulation system of RTA

K7 BALL ARIUCHHOL R GRS

Fig.7 Simulation system of laser star field with

double optical of BALL

2) fh L UE

A RESEE— R FI % 5 SR 26 AN, (B FE L RIS 3
AR RS . X T RO B A AR AR A R SR , AT S B Y
fR s R 6 5RO T W E SR H G &K, FIH
TSN & M RLAZMD RS H AL,
BALL 73 w] 1 ot R O T O 5% & 48 2
MI7%. WE 8 R, Bt TR RG R TIEZME
I, A I B O 22 5 A KT RIE KB 5
A5/ BBl N 0 BEAR A R B TT LAGA 5 40 mas™ o b3t
Pl TAERT IS BT A ISR BOL Tl B R #5821 B
THWMERG, WE 9 PR, REmBEOC T A
BNV SCHE SR AR o A Ao 108 3o U B AN S A A E
et HEBR TR RN IR R AR S PR AR AL R £
RN A R GE 0] 10 mas A —4E M IR



57

B B AR A R e IR ) 2 Y B RS AT T £ 7

=4

K8 BALL AR BHHOLTH ARG
Fig. 8 Single-frequency laser interference system of BALL

Ko IEOtEZ TWINE RS

Fig.9 Dual-frequency laser vacuum interferometry system

3) z= [0 Z Y B

XTI A AR B0 i 1 I B ASCER T  , AR T B M T A
FERE S TR R BAIAIRZEARE . 2 BLIE A
AR FAIRIE — IBOR FH L 2 AN PR TR A ADL , 780 ) 2 L
TEEZSHE ARUESLIR e B R GE 95 U B AR B 5 %
BALL 72 &l 3 B A 10U A b s 42 ] T AR D5 B i
IR brE g 4 B A & 10,11 Fros, T xuhh s
RE ANPGRS HEAT AR R 204 o [ P 803 Bir | v [ ) 22
BE A R 2P B U 55 ) BRI 50 S5 Bt AR B4 2 B
HOIELRE AR N B

B 10 BALL 2~ ] i BE A U1 B
Fig. 10 Temperature field simulation facility of BALL

BT dbsts i TR ST P i B T hm 2 X e
Fig. 11 Temperature field calibration facility of BICE

S AP GRAR AR ) O AR S AR 0 96 UE 75 238 1ok
BRI Y S 06 2 R SR

FRHOCIBIL I IR B 4y 2, 56 1 K2 T
BERREREI e B o AR R B U 0 3 s oy LA,
PARE SR FH PR 68 A LIRS A 380 ol A BE RIS . 40 BALL 24
AR RO EE, mE 12 s, mEEX
Operation Land Image B2 37t 5% (1 24 0t 7K F #4700 1,
PST PR EEA S 1077 0 45 2 22 R FX It s 2L
23 B 7 2ORAERIZLRO G R 0, A& 13 Bz, 40 H A i 37
H REE IR KA S 5256 P> ( Centre Spatial of Liege, CSL)
N3 [ A5 75 /R B 58 # 0> ( Breault Research Organization,
BRO) B2 IR 3B . ENTLEHT KL
PR E85d 2 AR BO LI R BRI ST, B N — R AL
FBOCHTEST S BT IAR R , W35 3 A B35 Bt
PR EELOGE, PST MRS T 1077,

(b) fURL A
(b) Side view

(a) Vertical view

K12 BALL AmAZOLMAAE
Fig. 12 Stray light testing facility of BALL

e T P A e T 3 (B IR Sh 3RS A BE F 6 A #h
JEWAIRAE BN Stewart -5, WM& 14 f7R , BT 2R
SOBR BCBE, EEE VT FEIRREFERA 6 MAME
B ERPLA , A R B2 450 K B g iR 22 /A
AU S s AT SR AT R A R A
BFSE i P BRALA HEATRRAR ", Bas SR Stewart F- £
P B ez 18] b (RS 1 9 1 3088, 25 1) 7R s A7 4
[B] , 3227 7 3l UL I 4SS B XT3 O PO 8 o o [
WAL R TR BT | LA KA 2N Stewart -
BT TIRABIIE, IR TR ) B ik R 2 30



8 oA & 2 M

F44k

B 13 Eas il A R A B
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