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Abstract: For the assembly requirements of special satellite components, robot assembly technology
based on visual guidance and force feedback control was studied. This technology gives the robot flex-
ibility under different working conditions and offers high application efficiency under variable satellite
assembly conditions. A robot assembly scheme that combines visual and force information was presen-
ted. Auxiliary pins were installed in mounting holes, a component was guided to the taper area of the
pin by the robot using a visual guide, and a force feedback control was applied to the robot. The com-
ponent was then accurately positioned based on the pin guidance. Infrared cameras and cooperative

targets were used to achieve stable visual recognition and target positioning. A probe-type measure-
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ment tool was designed and measurement methods were developed to achieve flexible and convenient measure-

ments of target points. A method for calculating the pose transformation matrix and target position of a robot

was proposed based on known spatial correspondence point pairs and was used to achieve compliant pin guid-

ance control. Experimental results show that the measurement matching error of the corresponding hole was

within 2. 9 mm. The robot can convey the component to the pin’s guiding range through visual guidance, and

the component can be accurately assembled in place through pin guidance and force feedback control. The

force control threshold was determined to be 30 N. This technology can meet the engineering implementation

requirements for satellite component assembly.

Key words: visual guide; force feedback control; pose transformation; satellite component assembly;
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Fig. 1 Block diagram of robot assembly system
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Tab.1 Position of holes (mm)

P TAFALAL AR Psl

LA AL AR P2

(—525.3, 86.9, 271.8)
(—395.9, 85.9, 285.7)
(—266.6, 84.8, 300.0)
(—137.1, 83.6, 314.4)
(—530.6, —332.8, 288.2)
(—400.6, —333.5, 302.2)
(—271.9, —335.2, 317.0)
(—142.7, —336.5, 331.4)

o N oy Ul = W DD

(—987.7, 96.4, 460.0)
(—951.1, 101.0, 584.9)
(—913.8, 105.6, 709.2)
(—875.8, 109.6, 833.9)
(—996.4, —323.3, 477.6)
(—959.0, —318.9, 602.2)
(—921.5, —314.2, 726.5)
(—884.0, —310.1, 851.0)

®2 NBABRUEHEER

Tab. 2 Target pose result for robot

it H

BUH

0.391 8, 0.045 0, 0.919 0

BEFE A W B R —0.031 4, 0.998 9, —0.0355
—0.9195, —0.014 9, 0.392 7

FE & T/mm X: —698.1, Y: 20.9, Z: 383.0
X: 1955.7, Y:287.2, Z: 511.8
A: —98.9, B: 0.9, C; —89.8

Pl N B AR/
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e BT T 08 2 25 AL DT Pl 5 22
AP=R -+ (Ps2—0s2) +T— (Psl —Osl).
(45)

TFRSE R I K 3,75 2 8 21 XJ hif L o7 78 il &
AFR AR XY Z B VEBC R 22, Z In) B9 DR C 1% 22
BRI KIEH] 2.9 mm, il X/Y AR 2E 5N,
HRRALH 0.8 mm, 3 & 1 T 52 5 b AH LR Hh A
BT caniE 8 fras) 76 B 4 AN AHALH B F
TR A7 b T 88 77 1) ) 15 2 A R T ) i A1 B R
ML Z By ) 5%y I, R Z b
HIREBK,

ABETE e 51 5 RSk A S BT
SN AL EAR N 7 mm, Fo i B K 25
3.5 mm, H L 2. 9 mm AYUCEL IR 22 RE S AR I
LA HEAT o 3 Z Wl T5 18] A5 2 2 TV ) A T
] 23T, X/Y [m) A4 DR IC 1% 22 2 52 W 4 5T 0 1 Y 32
B ORIE 1S TP B BT B A X

F3 FAMUEERRE

Tab. 3 Macthing error of hole couples  (mm)
F5 X Y Z
1 0.7 —0.1 —2.9
2 0.5 0.0 —1.5
3 0.2 0.1 —1.4
4 0.4 —0.4 —1.8
S —0.2 0.1 1.8
6 —0.8 —0.4 2.3
7 —0.4 0.4 1.8
8 —0.4 0.2 1.7

3 MDLTC U 22 W] LLGH 5 o0AE A AL AT Y
J7 AHEAT R 7R S0 A T U B B 9F 9 T SR Y
WATE. i, TR S ) A A A
(77 % 5 FEAR T X LB 51 5 T A9 K B A 22
F4 R 57 4 HE A2 BE PR JIE 2 TE Ao 1 1) WA 247

L IRAF B A BLAR N H ARG 2 80, Uk PL A%
Niz g Ae T RS AL & AN IAT B Sl 1 e 208
TAFIE I8 3 22 A B 1 22 2 T U O A 22 5
FLAL AN 9 Fros . 7e5 89T H il iy . BLAs A TERL
oM s s AR S ET R L R G R T
52 J3RUE S 528 B E ) B L AL A
DI g 97 B A 4 ) 1 8 v B E A I AR 30
N g B4 il vb 9 g we B R A 300 N, g Wi
PLBIE A 3 N o« m, 89475 TR M7, T4F &

B9 e icid 2 ML &

Fig. 9 Video snapshots of assembly process
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Fig. 10  Video snapshots of assembly process
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Fig. 11

Data curve of pin guide process
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