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Abstract: Traditional measurement techniques have low accuracy in measuring the relative pose of spacecraft. Aiming at the a-
bove problems, a new spacecraft relative position and attitude measurement technology was studied using the Rodrigues parameter in-
teraction model. Rodrigues parameters are used to establish the spacecraft pose acquisition model. The original vector, the rotation
axis, the cross product of the original vector and the rotation axis are used as frames to obtain the vector group obtained after the rota-
tion of the spacecraft. The quaternion theorem is used to reduce the calculation amount of the rotation vector of the spacecraft, after
observing the law of the vector change curve between the coordinate systems in the three—dimensional space, the relative pose of the
spacecraft of the interaction model is measured, and the structure diagram of the interaction model based on Rodrigue’s rotation pa-
rameters is obtained to determine Rodrigues. The distance H of the lattice rotation parameter model from the spacecraft and the phase
and pose errors of the spacecraft received on the ground. Calculate each pixel and grayscale of the spacecraft simulation image by Har-
ris corner detection method, perform conditional random field calculation based on the pixel and grayscale information, analyze the rel-
ative pose characteristics of the spacecraft, and find similar ones in the three— dimensional coordinate system for multiple searches.
After the nearest point and the second point are reasonably matched, the relative position of the spacecraft is determined. The experi-
mental results show that the accuracy of spacecraft relative pose measurement technology based on Rodrigues parameter interaction
model is 25. 88 % higher than that of traditional technology, and it is more practical.

Keywords: Rodrigues parameters; interaction model; spacecraft; relative pose measurement

515

AR, FETEN TR RESOAR . HLE A& J5 1 A Jig

REFHBAT A — L SC B 45 R A K+ r EE R R0, R AR
Ze—Z K, AR XU A s A7 45 Rk ™ R . B AN

S TR AR T T IOk 2, i K B A R K AR
FH A EZ BT AR K . H 3R FE TR & A
YRR AOR B 2 L T K AR B A N 07 2 I 45 R X T

Wi BHHE:2020-01-21; f{&[E HHF:2020-03-23,
TEF B H L (1981 ), 2, Il i BHOA 0 -, (U, 32 22 A
$ AR A A B R S B AR ST .

S8 X AU IR e AR XS 22 0 WS . DR R 25 B A K A AR
X A 340 Sk ) S R ORI BIE T A R A R A%
G50 1A U0 DK e AR X {7 24 000 7532k R R A7 9 A K e A A
P, TR ERTREN = MisE,. Kk
SR A B S TR AR 2, R E A A IR
B e 22 . ARSI MR E. U ETE
HROF H B RCR AN S O TP — [ A AR SO B



.20 TR AL S

% 28 &

FEHET Rodrigues 2 5 B A AL fiip K & 19 AR X5 (L 26 0
HooR,

Rodrigues 58 HAR i K 25 160 A0 X (07 2 00 2 AR 1
Se2 A 5 1 B e A A =R DY ST B B ST — A =g
B AEARFR s SRIGAE = 4k 25 (8] A AR R op 6T AT K 2 9 A1 R AiE R0
WG B R AR AT 4R IR, S 2R IR HS T K e 1) AH X o 25 Y RP AT
R 55 X6 57 2 7 AIE 1 AT AL R A B RE X 7 26 T . X RP AL R
L EDRIVA SN 5 N A A o A NVAE TR = v P B U Y
fRIfoE, SR T SCER IR ZE M BN, 2 — Rl O A R R
LisRORIAAVIIB €707 NI
1 EF Rodrigues SE X B REBFALERERE

J&F Rodrigues S48 H.Jy i & 3k F 2 18 BLAK e % 28 5K
SNBSS B S Bk . B2 8 B e i A SR T A
=273 ) vh— A [ 4 SR T i e % 4 o A B DL S AR B — A
B R A, XA NI A I R TR 4 TAE A R T
PEZESR . A AR 5. BERE Rl . T e 2 R0 e % il Y 32
XORRAVE AR SR F R L K A8 e % LUJS iy ) £ 20 . 19 m o o gk
FEF, W TE LR A R 1 i R

% 1 R T i o 2 R R

Rodrigues 24 ¢ = [g1;22;g3]
TEX N g = tan(§/2)n(1) [@D)

AXH n = [nl;n2;n3] . T, 0435 Euler fill F 5
Pk FIZE n TS FE

WM 18 g et A NS LT LUE I, X0 ik
F oo, g MG T I FIoos K. iR AR 1
B/ENTE, PEBEREAXNWITRERE 4K
ASCANA DY TCEC R T U TCHL g, X B EEAR e S8 ¢ AT
EHE L. XA T R AT AT R, # e BB K
MIZ5HR . ANREEAT M ST BT DA SCHE B Rl 1 R AT
PRy 2 15 AR e % S 8O HE ik .

WML R AR ARFE R FSH LR R r (0O WP 1E
WRIEHRSH N ¢ (O, SHLIRR r (0 RHFE (=
1y 25 3) DMARARHNIER: oo 1SR RIR R ASH BIRER r
(D) s AR RN TREESHLRRr O WP
EHERESROC N ¢ (D, Mg D H:

g(0) = [ql/q4 q2/q4 q3/q4]T
g(1) =[—q4/ql ¢3/q1 —q2/ql]T
g(2) = [—q3/q2—q4/q2 ql/q2]T
g(3) = [q2/q3—ql/q3 —q4/q3]T (2)

B X q21+ q22+ ¢23+ q24= 1 AT g1, q2. ¢3.
AN EASREAE, g (00, g (1), g (2) fl g
(3) WA 2 el i 2 Jo 95 K, A 25t B 58 B0 5K 4 4
AR R JE 55 K. B AE — A e IR LR A g
(0. g (D, g (2 Mg (3) HimEarF S8 —4ma
O Hih 3 52 E LR A AR

T TP SR G RBRYURE =
Ao [N AT R AR5 8 . 8 2 W8 = 4 25 [A] PN 14 A AR &R (A

F14 1) 2 P i OB, 0 Y S AR U K e AR R O
BT B ERAS I S B AR A BRI R S e %4
TESTR A S ph 9 3 00 i 5% A AL A0 = 4 1] 50 R 4 4 AL A
S FEMROR AR SRR B R HLIN 4 A 25 5 A 3% B st Rt
FLEs T By . FERE/DN . FAORE R f] AL Jy = 4 =3 (8] Ak AR AR AN
K1 RR .

WiRK#
z
P(XL, YL) ‘4 2.8 PR(XR, YR)
/ y
ZEAABL ‘ ‘\RT/ ‘ FARML

EHERGERM S
RSETHSEL

Pl 1 3T 248 AR e 5% 2 RO TR R 2 4 K]

B 1At RS =M AeRR O, — X Y Z, . ZERT R
AbR R OP— XPYPZP., REZRAAIR R OL— XLYLZL
OR— XRYRZR. ¥ il B Ar A8 %% & OL — xLyL L) & OR —
xRyR A A AR 2R OM — XMYMZM™ . = 4 25 [8] 1 [7] i
LA BB LG, R pL F1pR, B BAZHL
BBk 62 ot OL 1 OR FIAR AT LASH & — A P4k, P40
R 110 58 A R 2 A 14 O R ) R X 8 s )

B K8 =M A AR R OL— XLYLZL Jy I 4 A6 bR
F. HHLAEARR OR—XRYRZR, fL. fRFHFRRLE. A
KA BAEOLN G BT . TR A5 00 2 A AR R 2 8] 56 RAS
SCRIHREFERRE R FISF B 4E B T3R8, /o A7 10 & AR A
AFRA IR (L, yL) M (xL, yL), WEM KL p W=
e rp AT (X, Y, Z) BIAHREL LD,

Horf R, T R B8 02 5 18 BAS g i S 508 BT Y
SN ) AR AR O, 38 T AR B R S AR Ak, BHE AR
AT DL S R 45 B O 2 75 A N B A, dn SR A S B R AR
KL, BEAF N 52 3E 2 % 0 K 2% BE O AT B %, Bk
L KA 2 B IR

WYL RS =40 b (X, Y, 2) WM B ERRA
KATLIAG ), B EERTERE S B R SRS W H M
T U AR B ARSI BIR E R . KRR E A 2
[

20 /IN B S 2 X R A AR X L B AR KR R, T
A F il fef- 20 18 B A T T 2 OB R 5 M K % 1 S O R A
AR X7 24 o g T 1 O
2 fiRSFBHEIAZSFERK

Xof L R 5 1) AR K07 26 D0, g R A BT i R
A R TURAAE LB R AR BT AN 8] 3 FTUR

AR SR IR B 5T & B 0 A R 2 2 R R AR R T



L. 4. JET Rodrigues 2 Hise GG R KA A O % 00 4k B AR .21 -

Xy X
P 2 BEEY H FIAR X % 9 18 2 ]

3 MR AR

B ORPHAREWLER . A Sl BILIE I A A2 o 0 2 [ B0 5 b T 35
U (5 R LR B o 0 K A B 1 22 02 LA MU i [
M Ky, TEJ5 RS 32, At WS AS B Y BE A7 (]
. R FHBEWUAR B O D K & 32 (6 BE . AR A0 K 4%
MIEH TAE. KEHREWLNCE % KITEMIETT . 8 75
SB35 AL R 48 9 AR XS 02 20— SR A B B WAL AR A0 A K i
J& TR AR R, 33 R m] LSRR R 9 SRR AE . R 3l
RILIGE A8 0 S22 9 0T 42 B IO I B e R 3 A TR AR E
REFBIA B AT LK A B0 5 R Z 2 MW AR . b
TR R ALK A (19 SRR, 30 A R 2 A O i A X o7 8
D SCHE . BT LA f5 RSN — 2 R 9 0. By 1kl 5 R
SRR o BRI R AR L R AE B O B A0 1 4
Ji7R .

ZERHBL

[P L AL

HrRBRER

‘ﬁﬁﬂﬁﬁﬂ%ﬁ@%|
}

P4 K A A A 8 R AE i B e

AT 75 L e 149 AR T S 25 ) 0 L A SO B A R

5 B TR PH AR MU AR B % . SR AT S B R
FU I A5 (ARG 25, 3 gk 4 UK PH AE WA Y ff SRR AE . 3
ATAERT A 22 00 W0 5 G SR AT 0 R B A AR S, 4R
TUAT TR A48 0o 42 [0 2 14 RS AE 0 47 0 28 1) o 8 )

K BHAE MR A i A o 2 = & 25 18] v ) = AR 1k 9 55 19
AR SCAR BUAD A B R AE 238 i Harris S0 I0 07 3% 35T
KA B R B AR R AR E Gl 3 18 R R K R 5 B
TR0 . Harris £ 580 5 35 2 ) g % 2%
A bR R PR R R B 2 1 O LB A R
PEREARIE AR B 4. b X — A REUE M M, 24T
R T AR, B A =4 bR R Y 1) o 19 5% B A 5l
SIHATI, BB A B A R AE (R AR K, IR A T A
A RRAEAL, WR R, B R R R M AL, EEST
PRECE R, ARG R BE ST 3 MEs I, ailh .

D RO RIEER /N, AR AL

2) RBUFREER A &AL

3) BRI — R —A/N s f SRR

o fa AL B EIE 5 TR

5 MUK A B

FE TR R ALK A5 M T T 5 AL A 6 4 (B R ) R AL £ B
SRR A AT 37 28 0 9 S B X R B PR R R . FEAR
SCHFFE I 2 T BAR e e S8 = e e bR R b, PRI R 2
BOIEAT I, A9 3000 52 B BR 4 AR AR R P R K 6
Ji7R

gl \[\"
0 L L . .

5 10 15 20 25
2 /mm

Pl 6 - AT A IR A R

WLEEF T AP AT B A I s TR R T LA A A I e 2
B Ceoe v MR Bl A0 R 2 Al AR AR b SO 2 TR R
Boeeg s e M IEZS A Jr ik 750 M 8 7 de £ s
AR R XA AR R A R 1 [ B AR R

AR A I (52 B 0 K B BB WAL AR B R AR o A A
UL AL 28 A B0 v SR R A0 K A 1 L S R AR o PR O X 3



. 22 . TR AL I 5 s il

%28 &

V58 A 4 I TR A A LA X B T A AR ST LSRR 4 X
B BR L 5 AL AR R B4R R 3 A Ak b A O
MIOL 2 DM A FJT AL . AR AR BROLAT S 8], m] RSR
X 1 B AR BR O o Dy T 5 4R BB A IR A0 R A AR
P s AR SCRMG R 23 D9 = A2 BIORTIIX . Hra] X
PRI . BRI 7 FR

T4
K7 IR A X A5 R 1R

FEMG I 1 3 AN XS, Jai 0 A A B R R X g X
WA RS IEAT UGB, AR AR = AV EC A5 R, IO AR (R AR
fERE . K RRIE R A S AR RE A R0, A TR 28 0 A X
DL RAE
3 E T Rodrigues & #[ 3% B % I fif X 28 8 3f L &
AR

F:F Rodrigues 25038 B AR R R 45 AH XT3 2200 & 5 R
I A ROBEANAR RRAE AR e 7, B b IR 4R BB 19 S SR AE F
FTHEAE T ALAl , ROBE AN 75 R i A5 e 325 K 482 H0AY £ 45 A 0 A
58] 5 1E -5 07 K A5 B A = 4t 2 [R) A bR B R B9 7] 2 R AE SR AT
IR L VC L, 58 2 76 = 2 Ak AR FR Hp A FROH B A% 5 30 I 3
UG I &, JEAT A PRVCFL . 0 SR A 5 AF 31 1) & A9 5 B A0
A [ R 81 1) o 0 RS 0 EL AN TR SCIR B S, A
XA ) o R VE L P RRAE ) i, A AR FIRE M S
DUPAS 2 UG e A1 1) oo S TOKG A 00 K 2% 04 KR X 67 2
T BV E /D 5 MRRAE R, LRI AR E A 8 R .

Tk

RHESZEX

l

I ARAFAER B2
frgsiie

|
frs%

RFAIE

PRAE IR
NSRS

iR

Pl 8 A X Ao 22 0 3 e

D) i B i B e e 24 xR DY o B S = 4 2 R Ak
FRA

2) A HeE A SR UL R A 1 A R AE RN R AR A

3) B IRUE B ARG 15 R AE A0 A R A g ROBE R A R AE T
5T R B = 4 s ) A AR FR I AR E AT 0T K 8 B AH X 3
AiE DC B 5

4) ¥ VU B AY AT K A RO i 2 45 AT 1 B 5T Ro-
drigues Z: 80 5¢ HASE BT K 25 B AR X A7 2800 12 07 5 44T T i 5

5) CSEMRLZE R, T8 BURE L 0 B
4 LR
4.1 ZWHM

KT BAEA SCWFIE T Rodrigues 25038 B T i K
A A7 200 B2 B AR LU A% G2 8 0 K 45 A R 2 2 R
AR, TR
4.2 ZIgitiE

AR AR EET Rodrigues S 3038 BT 14 26 47 5845 HL
M5 HEFE N 2 048X 2 048 K, RITTEEN 7 pm, LAHE
BHLEERE R 200 mm, A A7 BEAR AL A AR ARG AL L 5 5 v e
e 1 AMRITI MR R 25 . AR SOBERLH AN AH IR AL R 2% Sk 2
mX 2mX 2 mM—A3 I, H 8 AT S b F G AL AT
B0 TO0 o83 A R R T A ) — B T 4 A0 T 8 A R A o 2
i, Pt 8 il EM B R, BRI A TR B ATH R
X0 2 2 R HE AR M AT
4.3 ZWHERHW

Wi ORISR R, Bl R e h 4 R
ANGUHERE S, A BCOF A, PR TR mdl, AR
IE R AT ELE A 9 fis .

X /ews (0> 7002 0/9u|0|

I

ILJ] |

u:a._‘—.
=)

1]

L]
<
Jeid
=
S
=

9 B 14 IR A AR N 0L 5 I 5 R

WAL 8 T3 125 9 J0 R e A RS A 48 00 4k 45 2R TR FIRE T Ro-
drigues 2 $ a2 T RY {4 i K 48 AH 08 007 3 )k 25 SR 140 mT DA
5. JET Rodrigues 28 5¢ HAS R it % 4 AR S 0L 28 0 4k
H A I RS BE T A 99 %6 . I LI B[] 4

WL PP 5125 B AT A X a2 5 ) o 445 2R PRI R, 23
]y 40 Zp Bt . kT Rodrigues 2 #0538 B ALK 4%
F0 A X 07 280 L 0 0 o B R AR 8 00 o 8 N A
17 —2F o P AR SO0 K A B4 A 6 o7 28 I B R B A% 0
MUR A FFAEDCAC . MRS R, A& TR, K

CR#4 33 50





