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Position and pose measurement technology of space combination
ground experiment based on machine vision

FAN Xing-xing', WANG Ban'?, ZHOU Wei-hua', GUO Ji-feng'
(1. College of Electrical Engineering, Zhejiang University, Hangzhou 310027, China;
2. School of Mechanical Engineering, Hangzhou Dianzi University, Hangzhou 310018, China)

Abstract: Aiming at the problem that space combination, such as the tethered system can not be measured in real time because of the char-
acteristics of complex and fast response in spatial operations. The measurement and control methods of object position and pose in the ground
simulation experiment system were studied. The machine vision technology of non-contact measurement was applied to the ground measure-
ment system. An improved multiple template matching algorithm was proposed to constitute a measurement system combined with rigid plane
motion position and pose algorithm in the perspective of reducing the computational complexity of the image search location and each location.
The moving target images and the coordinates of the targets on the markers were dynamically acquired. The motion position and pose of the
plane rigid body was calculated in real time by coordinate transformation. The experiment of linear motion, rotation motion and rigid plane
motion were carried out by using the developed ground simulation detection system. The results indicate that the maximum measurement error
of the position and pose measurement system is less than 5% , and the sampling time is 0.2 s, which can meet the requirements of measure-
ment and control of space tethered combination and other combinations.

Key words: machine vision; tethered combination; motion pose; measurement and control ; air-floating platform

WS H#A:2017 - 10 -22

E2TR: FEARRFEES R (51475411) ;#WiTT4A HARBHFIE A I A (LQ17E050011)

EEET AR (1991—) 55 BV XA B R A, RN F A SR AT H IS . E-mail: xingxing_fan@ zju. edu. cn
BEBRREAT 5 L5, Y. E-mail: bighan@ zju. edu. cn



. 546 - L B

T 1% $35 %

0 51 5

HAT, RSB RBORE ZWHTATE N Zx
X OB RS J A i AR D A TE 4R AR
HEWRZEETE P2 HR MR A4S, WnTe
i B R AT e Bl 133l BIR JELE AR AEAS
MELG s 2l AT 55 AL BNl Z 4 5k T (sl 45
3k 6 1 L LSRR St B i A T M A
PSS, 7625 [ 2 28 A1 AR 4 T A 0 552 46 v 5 20T H
bR NMT S5 A2 i o A R A T Sl

DA S () R B AT AR 1 328 3l A7 8 (R i) 02 3 3l 17
L) H SR N JBE T L % A% 2 i A (H ik U )
S AR i DR 2SRRI A At 25 iy 1 S 6 2 4
PRIMESE ) B IEAESR , AR 3 =X BIL 25 L5 L 7 L
e IR TR I eh I A TS AR SO
LTI B E T — B X = A I WUAR S AR )
M A AR T — R R B AR AL R A
YRR G AR A 225 0 i, 7 F R B R AR %
JUAT RS BRI OL T, R ARG kR, (A5 5 ]
MR s 4 745 LI R B A VR R 7 % B2 31 A hy
VUNRHIE , SRPCRHIE ) =ZE(5 B, SRR AENTR S A I
RSN 2 m B Z&AF T AT, BA —E RR
P, IXSEATFE PN H ARl A sas sh AR 1 i n
28 2 A5 M TR AU BTy v o 40 5 28 58 267 S 6 v A bR
B PR U 55 LR E AR R IYIZ S X
7 B AR BT FEAR A ST 4

EEXTLA ARG O, AR SCH H — Bl Bl ik 19 4 7 3% 24
HRVEFCSRE , ASE Iz Sl 2 S i

1 etk i 2B VT B 5%

A VR 7 FUBL S v 7 02 Sl {5 S
R E L B 2RI R R E A s S 5 BT
SRR, O T I R SR S T BRI A
SE TR LB AT, Pl 1 SE ks sh iR R AR A
PRERs S
1.1 ZERCE NS E AR

TG RRAR IT BC 05 i as 5 R RERT, — M 2
IIHEAR BB I DR S, T ) 14 3R A At
g fila B HARBEE AR IT S, SRR 24 L
= e I S o N LY T A SR s L R
YU S PRIN, B AT 45 vmg 1 DT O AS B2, 9K T e B 232 5
YR , SEF PR FORS BEAN 5

AT FE NI 1 2R A7 B N A7 AR A TR
HIE T LabVIEW BRAF BT — Rtk i 5 8 78
ZA F PR S I DR 303, A D 0 i 2R 506 1Y
— ARy, Z BRI B RGRIENIE 1 FR

B B MO S
WIEAMRAE: | BEGHLR IS
BB e
g s
[rwrttges | [ p e
L BB | | g
T —
..................... | e g sz |
DR Sy .
gk P | deew |
N I B & NPy i
¥ 2
R | <R s A T
BHEL | 1 —
: i 2= :
: i [ e | ;

K1 2B o R G RE K

G RERUGii R/ N

(1) 4 R AR D e 350 200 RNl 1 28 40 HAth B0 7
— LR FACTH K HIL AL R A Y (1R 4 R R
AT 51 W 43, JH i it LR R R AR 4R 2% ) I ST
A~ B bRPbs b s BB 1, A 1 I AR 4k T
— R AL BRI 7 B SRR bR 7 ) X, 4R
S BT Wt G Y S0 AR S A R AT 55 B B As B Y F
B

(2) FEAR B TR I B 4 - 35 RGBT 9] 12 v A4 3
AR B 4 -3 T2 FF 4 DT e A % 43 )2 Ak BR S A RS A
B, % B HEIAE 0 ~ 1 000 AT V8 4 e /NIE i 43 BU(E 2
BRI A A UC IE A RS 0, ot 40 W A 4K 7 DC i et
A BONTTR S R AL, 40 545 5 5 1% VT T 25 DT
BC A3 R d5e /NG LR, PR A i 25 D I o5 42 L 451
WL 2T — )2 & FIE EGh JEAR S R, R AR
HEAT B 4 508 iR 2 R VEBC it FRA5 R TR I A1
1) Y T i s B0 4 T 2 a2 1R DG L A N80, AU AR
IRVCECRLT , ol T 4 8 4 IS D BC RS 1 B, ZE DT Fidad
R nT DLIE i el AR AR e B AR B X — 24, A
VIR AR P e 2 — 7 £

(3) RHZ LR GmBEHEA K 24~ B AR AR &
P VC RS TL B 1T M R AL AR 8 95 B TR



%55 4

AR A T AILAR DL A4 43 (1) 25 A T 5 6 5 8 0 ek R - 547 -

Tty KL 24~ B AP il DT i A 4 147 2247 ok
S v B R SR T ]
1.2 RETEEEHLEE R

A SCTE LabVIEW A rposh WL 58 28 Ge 9047 s BEAR
E L R B R H S PR B R Z (A6 W G R TR
FHEIVC HE bR A2 B AR AR B I, O 735 H A A2 (M
7)) B9z s 2 5 8 (50 11 3h K S8 Bl 19 %
) ,AWFTEAE HbR 2 R _EA RS R A B FH LA
T HEGE Sl ML S Herp A R AR
O ERREY BP0 AL B S H bR B R EAREY
g FF L BT R BRI AN 1AL 2 PR

K2 sshis AR R

Wi B2 A SRR A (xy,y0) B RLARAR R
B, (xp,yp5) , F—WZAFABRNA (2, 5,) , B HASR
N B (xy,yy) WA
Ax
YA T A (1)
AP oo, — HERHUE « B Ac— A5 PR bR
AT L AS s Ae— T A TR B 18] 5 2, —i B 2004 s
FLA T o AR BRAE 500, — I 205 5 A A 1Y o« B ARARAE
EELESH

X 4% ai

_ M _ YaiYa
DTA T N (2)

A o, — EAHE y Bl 5 Ay— B J5 I 2085385 A
ARy OIS 5y, —i I 2R KA B y AR 5y —
B ZbR G A A By FARARE
W H R HR R
v = A/(vi+vf) (3)
X o— BRE HZGHE,
15 ALB, T A B, JASHRZE 75510
AB, = (xBixAi’yBiyAi> Aij = (xBijj’yBijj)
QECEIDENE S
0 = arccos(AiBi " AB, ):
‘AL‘BL' “ Aij |
arccos( (xBixAi><xBijj) + (yBiyAi)(yBijf) j
()" + (Vpya)’

(xBijj )2 + (}’3/9’11,' )2
(4)

K 0— L x,— BT ZIFRE S B 19 « Bl AL bR

{8 300, — B ZIBR AR AL B 1Y o BARBRAE 5y p,—i B 20

SSCB I y BARBRE 5y — B ZIBR R 8L B 1 y Bl ARARIE
T [ A L A A R

w=1 (5)

P o— Feahfd e,
P332 H s 2 R s

6
n=_—

2w 2mA:

(6)
K on— Sl

2 S R G SRS R o b

2.1 REEHFE

DAZE ZR 4 A 1A b T TR T 5 S0 R e A
B, RGAEAF 2 AT 55 B (R4 AR) L B AR 2 (4
) IR UK R Tl A0 ML (acA2000-50gc ) | Gige Vi-
sion WIS AR (25 B EZAER A H]) BT EL KT
DL R RAE A, SRS BinEH
PME R ARER: A BV R RS B S HAr R A
KEARFE TG LATCBFERE, A<
B e RGN FZ RN B ARG R, ATX
[i) 2 ZR 20 B AR AT 10T PN B0 1 244 R S il it R A T
P, AT RE 7 5548 R AL AR 25 BT 12
O, ABFGERT B B4 i AT HEs 3 e TliERs s 8h
AN 72 Sl I

Horpr ) A58 A AL Y 7K S/ 38 B 53 HE RN 2 046 12
/1 086 & AHPLEME bR E J5 AR 3R 8 A 55 B R 5
(em) MBI RBOR 6. 1, FHPLL TR F B 1E L7,
B ATET A BB 2.5 m, W] I 3 B4
TEAK N3 m, 52 m WRTETA, W R AL
AT DARBUEA SR 6 L BRI (5 B .

2RI, I 2R 40 AR AR DG C A i B A s
AFRIT ST RIZE 20 ms Z247 ., 0 T ARE B AR 2 5 SER)
T2 R S R R 0 e R BT LA R AR B ot [ R B
JEIH 0.2 s, BV Ar =0. 2,
2.2 BEXESIHMWRERSHN

ABFFERT 4 A R iz 2l BE T 13z sh ) 1k 4T
A7 EE R B A, SR FH AR] Al R AL 3K 3 i A% h Y L
LSRG A2 HLiZah, S YRRE
TK6 emMITE 4 em BAFEIEIAE F, F R 2 b5
=W VA 8

MRS Rkl 3 s,



. 548 - L B

T 1% $35 4%

K3 Hiz sl s s A

AMFFE 53 5 W 4 0 27 S 20 mm/s,
40 mm/s,60 mm/s F1 80 mm/s A FEF7 525 | ) i 2%

mE 4 fis,
120 - ——20 mm - s ELE R
—+—40 mm - s ELE R
100 F —©—60mm - s"i‘ﬂﬂ%é.‘;ﬁ'ﬁ
——80mm - s M ELEHR

80

60 ers

v/(mm - s™)

40

20 005605069060 0000665000

0 1 1 1 1 1 1 1 1 1 J

t/s

K4 H&izshilss R

H b 52 1263 3 A 00 e (1S 2 S (L B 30 I8
3,4 40E (B4R mm/s) 20 9h 20. 109, 40. 186,
59.979F1 80. 966 , 7E 80 mm/s MM I (E L4 A, 1]
AEJR R SO Pz S s i R 8, T 4 4t
B R R R 22 00 0 R 2 4. TT% 4. 62% ,3. 02% Fi
4.25% , H&k iz ik KiR2ZE AL 5% .

2.3 TEHEEEHMNKERSHT

HESL i SSRGS IE 5 TR

| rva || mdm | | woses |

JER ELHE AL

K5 ieieis stk

o0 = e R T e N T S e 7 K ) R
gy, RS BB S BAR 5 om BB O RFRE
LR, SR AR A s AR o

TEML RGeS, AR FE R AR H AR 2 AR (5
r/min ) RGBT (— e TR AR 2R I Y 350 E e K 2
T iz ) | BRERE 07 H bR A1z Shd , a8 i ok A

PR AR B0 AR BB
Hs & 43 57 20 t/min, 40 t/min, 60 r/min
80 r/min 4 FRFOLT HYFE S 45 R ANE 6 Fios,

1200 —0—20 r - min ] g 25 R
—+—40 r - min" L5
100F —6—60 r * min i 45 5
——80 r - min" I F L5 E

AR IR AR AR A A
P o R0 00 020 P R B S 00,°09

v/(r + min™)
(=N o«
(=1 (=1

i

154

[}
>
>
>
B
3
D

(=]

t/s

Ko ERlee e R

H b B2 5 gl B ) S A E A R 4 S5 (H 4
ZH AR EIE (v/min) 4351 20. 032,40. 156,59. 858
F180. 447 , H T~ 2y 1A A8 ity J) 1 i 2 i By, ok E
A BT A A B RS RS e sh il i S8 {8 L 4 3
PIEAE R ERGR A B, T 4 AR KRR 2
I 4.76% ,3.11% ,3.83% 1 4. 41% , W4 A
5%,
2.4 NMEFEEZhMRERS D

7R B LR b | A 506 S e % S
PEEE R HE TR L, TRV HE S,
MRS RGN 7 iR,

K7 Pz sy o

P PRSP 5 R & K 8 em IEJTE
MBS em BUESRAE A, 200 i e B s B &1 -
P J5T o R THT A5 AR R

HR A5 2 2R 25 A b T 47 B S50 T A0 R FE 0
FH B ULH bR R B N 20 mm/s, 40 mm/s Fl
60 mm/s, FEENHE N 4 r/min 3 FHEH AT T,
DAL 20 mm/s, 55 il 4 v/min R ], 3R 45
RNE 8 FiR,

AHIFFE R KA - 1 32 2l 3 200 3 50 i Ak B S T
15 B2 B B B H (mm/s) 430 R 20. 223,
40.794,60.802, fix KAH X% 22 0 4. 84% ,4. 80% ,
4. 74% ; Jie e o B2 D 12 Y49 {6 (v/min ) 5397 2 3. 988,



555 1) AR A T AILAR DL A4 43 (1) 25 A T 5 6 5 8 0 ek R - 549 -

30 " Q12
—6—20mm - sl L5H
AR

25k —=—4 - min”

410

n/(r + min™)

v/(mm * s™)

t/s

K8 iz sl ik 4s R

4.063,4. 021, ;| KA X IR 2N 4. 85% , 4. 87% ,
4.72% 7 I 4 AR LA 45 rE A, HL B KA woF
IREAMIL 5%

3 ZERiE

FETHLARRE B A 5T 52 1 ek 9 2 1A
TR IR BEAS AR DT C 5 0 MM (- ThT s gl ot ] 22 5 38 J3E
SR i 2R G, R AL F AR AR AR G RA
Bk AT SR B H AR B ia sh A R R, T
TP 6 RRLE FEA IR 0 F H AR iz sh i
SN A

T BRI 2R G 0 S R FORS B AR 5 R
L2 HUAITC R LU ML Sl [ 4 g #4536 Ik
Vo, AT AR Bl L WA Tz s, S g
SRR RN e KN R R 2E AN 5% |, 4G
PR RS ES S,

TR, 1200 28 8 PSR 0 X A 55 22 50 28 52 Pl
BHIKIZEN LR ® BASE L,

AR5 AR

5% Lk ( References) :

(1] 3¢ ¥ WA EBCNE R s A28 [ D], B AL,
B A R A5 T4 B, 2008.

[2] MEME, R/ ok, 5. 25 28 R R G2 3 Rk
EPRadEdil[ 1], et miss i R K224 ,2016,42 (4) .
694-696.

[3] XD, sk, A 51, 55, 48 F 406 R B St 7 R 433
ks [ ], BB R 4] ,2014,36(6) : 164-168.

(4] XUESE K, T4 ok 6T s - 1) S e AT
gt EE R TR [ T]. FRAR, 2001 ,22
(3) :21-23.

(5] X #,% i DESIPFEEUWENEREMT[T]. %
FTHEHUE B, 2008 ,24(4) :124-126.

(6] #3cHm, B sk, 2 A, 5. LTS MG A UK 25 AH T
DLk 50 B [ T]. FMi4R,2009,30(4) .
1421-1428.

(7] #scws, 3 ok, 2 R, % SEPEE A RIEAE iR
I SR i [ 1] HLER N ,2010,32(1) :61-69.

(8] GRIMAS, Wi, B ). JEAVEMT IR 48 8] A X 6 45 ) B
HAER e 2 [J]. m et B TR 2R 244, 2006,30(5) .
564-568.

(9] # 7, Wi, sKEl, 4. B Far AR e i 2 (B ARG 1
WIRAARS AL | MR [T]. 2Bk % T/, 2017,5
(5) :1332-1336.

[10] T B =5 (A48 M5 28 R A A iRak il F AR 5T
[D]. B WL R 2 S TR 2B ,2015.

[11] B 0B, K B2 QUL e i sl S [ 1] 5L
4 Bh TS5 B 22244 ,2005,17 (5 ) :966-968.

[12] Xl ¥/, 357550, 3T ICE /RTHL A 30 H bx
WRIEAILT]. = T. 4 3h1k,2016,35(7) :4-6.

(AT O

BEE T PE, AR, A ST AL Y 23 ()4 A (A I S8 A7 I s AR B GE [ )] HLA TR 2018 ,35(5) 545 - 549.

FAN Xing-xing, WANG Ban, ZHOU Wei-hua, et al. Position and pose measurement technology of space combination ground experiment based on machine vi-

sion[ J]. Journal of Mechanical & Electrical Engineering, 2018,35(5) :545 —549.

CHLH T#) 2435  hitp . //www. meem. com. cn





