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Fig.1 Compose of space robot system
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Fig.2 Compose of teleoperation subsystem
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Fig.3 Compose of predictive simulation sub-subsystem

=
SR
o=

H

o+ [TET S

Tl Ju A BT R

i EFREARHE.O AR REER . =
HERIRIEI (D 2 3h2E B ) R RLEOE BB @
REFE A I BLIR () MG B © AbFES| SR, 4b
P | S AT B A 1 B TR A O B IR, T4 R
S0 B ERUIR BE P B R B £ T AR AR
#UEATAE H SR AVE AR A8 B9 AHL A 2EAT R
A5 B0 0 R 5 Bl A R R A B R R I &
AR A B A R 5 TR B R ) s S e LB
NBYIE Bl = 2 AR Y A B i 0t 4 (8] L 28 N B 25 ) 2R
BEm) = HERIRY R P 4R N HLER B AR 45 B9 B
Rz BheE | Bl o AR R RORE Y R E BB A R 4
R A% Co BB, RS2 o) 7 B A A 4, X A8 ) BILER A
Bz AT RS AT WO, DL3K B B R, il e G
HE e 67 BT AT A 1 A K I, OFAE A fE B & R e &
ROEMES . MBI G5 E AL FREMB) T
2R T 0915 B A

T 45 B 5 5 48 JF R T ) X 42 A g R
@S T TR HURRT ARPL M ER R PH R A i 2
SRR RX R, A BT E LA R AR
(M A ) R 8L b BUBCR 41 R%, A R Y

HMLEE A 25 Robot Il T2 AL 25 Satellite 4 A W %5 6] HL
#r N J& SpaceRobot. [HI [a) Xf 52 114 AR {1 19 R 40 38 oL
Ak A S AT DL HE AT TR ML g AR A a] L2 A
(05 5, BA BOREY R
2.2.1 HP R EEER

FRGEFRA T MVC B, BB Z FIRER 2 1T T
AR 58 FTARIE P S A R

MVC( Model-View-Controller) i Fi 2 J7 i1 # 5X | #
P Tl i = 0 2 2 . R R A 4 B8R O 4 I
a5 77 18] T i, A0 1] &4 ol S Y ) 8 o SO BT AT B4l
A FT AL E, of E ok AR PR R 5 R R AT o
BRAEE IR, R WA LER, A RGN AW
J ] Al RRAS R B — R (M) B, 42 ) 22 w4 & A
WA JZh, Hoh R 2 A8 B AR Y 09 &CE, i A&
PGS S 20 R bE A B R e T A A e A
o 2% 450 498 318 Bh 1 5z 15 28 3K Bl = i 2 e g AR R AR R
A, MBI R ARG, EE e, A%
PR RY B B, 65 = 4k P B MRS EEE i 2
N B R A 48 7S B R AH 1 M S R R
TEAS B BE B w8 i 58 R0 S, AR AT T Y 8L AR
BIFW AR, =4 EE 28 d Java3D H sh LB,
(RIS €/ TN S ANL § a5 1 R

AR FZ G TR AL E B AE D) RE HLAF AN VI RE \ 3h
B 5 < ThEE, 2R H JIntemalFrame 1 038 28 77 A
(T, D AR TT LA R 9 o S R R N AR
B2 2t i A 55 £ A TR WorldWindow 7 — 4 ]
T ; TeleOpwindow A 78 45 75 422 1 181 2, 5€ 5L & #52 1E 2
AE ; StateWindow 4 R 24 & 7R 1 M, A& 8 on Bl 4L
45 BB IR 75 B 45 5 AdjustWindow A 8 % 1 4z,
AT Y 5 % BIL AR 19 965 £A1 5 ControlWindow A 1%
‘f"JJﬂHE A8 WA B RO A I i U4 R LT RE

R RS Bh . 5 1k DL R A B A RO U,
_sc.u.if%ﬁ BB T AER , Console N F Y
fiE o,

T 15 1 AR AT DA AT 55 A8 A L TAE 5 G dE
A VB Z RN A, 184 B0 T 4 S O Bl
FBLB R A st 7 B A B M A X, (R B T A Y
ol #5 AE BE o ) AT P R D) e, fRIE & B2 1R AT 55
2.2.2 =HEHERIELER

T {7 B 28 40 o L b L 4 B0, B LB
SROUARI A AY Y 37 BRG . AR R G0 b 28 ) Bl 8 B
RISRH Java3D #1 3DMax 5 [F] B0 7 X, LRy



EEE |

FAE A H R CAT A3 8] HLAF A& $R E = 4 1007 IO R e 5T 405

ZOL3CHR[9]), A 3CH M A 27 75 ] 35 5% Yl 062 22 A
PREEFE R, X T A a] 3R B8 A @ BEAE Java3D 58
B, AL ER BLE KRB R, @l X — A
JEE AT 3R 4 77 085 P of A 7 M R % JL T B A, R
b 0 3E 7S AR BOK i E 0O 9 07 R AR, SR S it
LineArray J$K 52 8L, [A 2 K BH 31 b R =l 4 J2 =5[] L
o N Y 2930 0L 0 55 G, AT 40 58 3% B OK P Y
PR S BEAT O, T DU B O R A A4
B R BR R, T A0 BRI 7 1 — A e R R E, K
BH G 2of [7]— o kG 7 Oy e IRk S B, KA vh iy
JRR R AR IO b BOE N, e E A
O ABE A A AR 28 X I 1Y R 5 O 0 A B R F B 3R
Fp AR B HR IR AR AR R A 4 B, ) PointArray 25
HEAT 2, MG 09 R R B RT DL A [R] Y 2
%, W AR B

i L bR AP IR A ST T A (AL 2SO L AT A5 A R
A2 PR LR Y Oy 0 4 S AR A kG, Oy T
7 AE W i 0 L, 7 2% 45 A4S B A g ST O W Y A bR G
F. WM THABIEARR S FFSR 5L
HARR S LA R O, 7 A
W, O,z &7 5 fhEE & T R i, 5Bk A
PMEE RS 3 Oy WS O #A O, fihiE
H,H Oxye WLEMEER, B THLW T2 3
HRSERRERN O RET, ETEEY 4
FFSR MIARE A bR R >0, SARKEE, HEkis
FHLFZMAE 4 B,

A b 4

S S B R FFSRELIE A 17
P AW R mar  FESRER - TSK(E
LT S (75

B4 W5 A LR R E
Fig.4 Coordinate relationship of the subsystem

— R N R R M R S Java3D i AL B &R
Ay, (B L8 ATE O 150 AR AR RN B9 A8 #1107
Mg, WU TR E A, £ W Java3D A

WRRR R, fE0FHRG R T bR ay )y
¥, ¥ FESR HYHLE 4R R 5 Java3D R R E S,
LB A bR R DL A A7 R AE 350, Bl K BH R
L 23 10 A bR 32 30 A 37 7F Mo o0 188 % 24 R &R P FFSR
A A B R A TS A P A d5 &R A 7 7E FESR BE Ak
FRFR P, XA kAT Lo i R LS R 22, KRR
T U EAORE R, MR A B o R TR R
Aoy b ey 2 B Y RO A W se et T, KB
X OB A b R B R At B IR
), [ B 1] 6 IR 5 A B [ % 15 AR F] A9 5
Al #EAT A K BH B9 L,

2.2.3 mdhee B KB R ROE B

12 B 2F | Bl 127 Kb R R T R e R A BT
RGO BEE, 32 Bh 2 R Bh g 2 R Ok i AT 4
FLAK Zh, YRR 55 B 90 2 40 1% 22 88 ok B o s
BRI HEAT BEIE . JUAr B8 A9 Y 1 R 0 2R 48 FL 47 1
PEFR AT WA = 4E &, X T LA R AL il 5z
B AR 5 R GE 0032 sh2E I Bh 1 # AT 3R sh i

A i AT S [ HL A A B AT =R A K A
BEEVZE MEBAZEEEZHE (A B CITH
) A BREWARZE(AHEFEER), Fliadr
T A E LA =R PR T Rz shE R, 45 )
BLAS A — iz 3h iy B I N0

v, W
{ Jz J{ J+ J, 0 (1)
, (&)

Jerp v, F e, 5390 S WU A i 4 32 B2 R0 A S REE
vo R ey 730 A BE PO ) ARG BE RNARGEEE, g, M5 AL
Ji iz EhAH O 1 e AT FE AR G, i g, 5 BLBRORY iz sh AH
KBHERT HLHLBE, @ S HLBUE Y 5C Y A [ i

(1) M BBEYZER, v, o =0, 18
GIWE PN

[ ‘} 1.6 (2)
a,

B, g, 5 [ 5 S ATL 2 ARt BT L AR [

(2) X F H B CATE R, R AL st <71, If
BERFENWWIHLS N 0, FF BB TREEEZ
7, RENEEMRD, B o ~0, RENIEZHHE
TR .

[vr] i [— Tdi T o o

(o)
‘ JPHCU

(3) T A el B AR, R 7 BN B AR R




406 F LS

2 530 &

S, RGO Lsh B R sh & TR, JF BUE R AR
ek s ik M ikl 0, REM iz sh TR &R R .

v, W Je .
L J = Jb [ J + J,,;@ =
, o 2w

JILP J, RS B HLAR B ) SCTE AT HORE S, B 2k e
& HUBICES 579 A1, DR 25 M A e 16 ) e
?ﬁiﬁﬂﬁzﬂﬁ%iﬁfi%mﬁ%ﬁﬂﬂﬁﬁﬁ,&T%J:

s Cy F,ﬂ; JI
H|. |+ + | L |F (5)
(; e CPN r’N j m

Ho, F, R F, 4350 Sk 5 BB T R o BT AR
HYSMER 1/ 1/, <, IHUBRT & L 4h 1d . ¢
€ R, o, € R 48 3R 0 535 ML M €
WAL AR IR g kR 0 e S LA B, T MR
FE 09 M v bR M, H O SR B L
T 45 31 R GEAR I Z Bl 27 B AU RN Bh g 2 R
POE L NGRS #ﬁ%ﬂﬂh L, K &5 558 o A
TR AT B R 38 B E B 2 A R b
PR A9 7S A 2G5 A LT TCRY £ BE 58 38 09 7 1 RN S
TE =4 BT s
150 Y b TE AR BROR A O i JR X iz Bl 1 U R B
J1°¢ $ I 2 B AT BEAR, SR S X B A HE 1T R OE
A B ST T % 23 B HL AR N 32 Bh 2= LR B 8O R AT T
WP TAE, BARNAES W(10], 31 1% S 500
N TAEIEfEF RS,
2.2.4 R EERG IR B
il 49 G 0 S WL 2% N Az Bl 4y B R 4 b ) T A AR
43, PR A A A B RS I T R K R R S
RO G RS I %) [ O WL R A A () Y 9
AT 5 B2 AR P B Bl 8 L R T 5 E A A R G R
$E, 24 R A= AR A A R Ry AT R AT
A% Z2 G0 R Y 9 e = AT R AR A L 43 00 Ja-
va3D Fié 1k Al 488 S 000 24 B 0k 2 R 4 A I 2 Ja-
va3D B A T RO =X AY B AR I 3E, USE . BOUNDS
Jr 2 R IE S B P {HORE 8 PF K 25, 1 USE. GEOME-
TRY B XA RE AR ok, (Bsem ik K2, AREFR
MR REIE T & F & OBB (Oriented Bounding Box)
B RIEARE A 00 o, HE AR A R B s AT LT
R TRT B 019 £ P ok T LAY ik 2 2 0 JL A e 42,
miﬁajjimﬂug%k b AT L ok 38 I X R A L ] B
B ELEI LT 58 4 4R A5 0 20 JL A 454k, AT 2% X
ﬁmﬁmﬁn’ﬁﬁ Gy AT HE— 2 B 2C ik, OBB i
K SRS 7 [ BB, 3 45 & T DA IS B

o

L} 42 B4 T2 AR A o5 0T Al 5 8 b R o 2, L[] e
fES TR M ARG & A BH0 23 [ BL 2% A B9 4
ML ARG T T 1 A Pl £ 0 R G 0 2 ok S A L
IREE T & az s 43 2 [a) 1Y il 15 A5 I

2.2.5 [M#REH

Xt T 9 48 B (9 42 CR A D B, H A 2
AN ST, 1 B N 5 B T S B o A A Y K
gy, TR I A A A TR R UE A B, BOCR A
TCP WM H#E 1715 3%

AT HRE RGN E M,
tocol JTelemetryProtocol 2 43 Bl X & 25 % 45 1 &
i AT HE

ST N B W A B, B SR T R Y
RN B K B MR SOR 2 B e gl
T B, O A AR R A ORI R (1 2
BOm S O ok He n U AR R 09 0% 5 AR O IR R B
5, /BT RO, BRI M & A AT EMA
T YRR, K ABER R E S 0.01°, 18 H
M 3500, BT 2" = 65536 FL24 K 0.01°, B L A4S
F A LSS R T
2.2.6 5| HEEH

5| 8 B Y 10 4 B B RS R L, Ok
LR R S B R, TR T RAE M
AR AY | S S 3 5 e A AR AR A5 R B 11 4 AL

3 KRWR

# 37 TelecontrolPro-
i I %

3.1 TR UESIE RGAH MK

ERRIESRES TREWMBE RN TEEMN
EH 7 RGEHUE 55 AR 7 R RO REA T e
NAE R S P07 B RGN . E R
K Joystick 10 T a8t A™, 528 Joystick 219
JoystickListener £ 11 3k 75§ A B0 4#6 ., SR £ w5 18] (] b
A 100ms, I 4% 8 1Y 20 5 52 B0 5K 9 52 3h R K i
i fﬁ,ﬁ‘&tihﬁ?ﬁ?ﬁ%ﬁﬂgﬂﬁiﬂﬂﬂl,J‘Eﬁlﬂ?ﬁ
AR AR B

T < [A] ‘HL%‘#A E*Tﬁﬁé’f\ﬂ_.ﬁ)‘ ‘ﬁffr\?ftﬁ’lﬂéﬁ'i‘
B s E I & I’Lﬁﬂ:ﬂ_.ﬁ'hﬂ: 245, %&R
GeHLTBh Jy e Bz g AR R0 A A A Y
A, R AT C e B AL 25 TR B 28 9 K i 55 B bR
ZE Az g, ZREHERE T T HE 7
F YRR £ 0 B 0 e, PR R N8 B AE 2 RS
IR 5 B 5 76 2R A8 R X & 3% 1Y i A7 3 24 A &
HEAT S I 360k, AR IE 2 R AE AT 55 09 0 5E A .



EEE |

FAE A H R CAT A3 8] HLAF A& $R E = 4 1007 IO R e 5T 407

3.2 GEARAE RS UE 505
3.2.1 LERFEAMF

H FRIIH b 2 | bLgs A CATSE AL T A AT
R (B 8 % B Z 15), FFSR % 25 % W R £ A
£0.5°, BERERE £0.05/s, LEWHPEETHA
FERRATE, BV P £ O B AARFR B IA A B,

MPLRF AR MR R SR TFWHALRRES
(B3 PO B AR 7 8 A 25 ) A 3 — A 8
PYE, BIA R B AR B2 . BT 0 IR, 76 {0 4
T LY [ 3 MR B S B 0 25 SR
3.2.2 EBELEEE

FHZ-6, 4 BT M (4 rE B TR # 5L
SRk TR B ) RPG 2 (7 A6 T alk K27 i K 2% b))
HEAT T 0GR R VE S 50, LG UF BT BF 0 A9 000 4 2L
F ARG AT R,

P AE 3 1E = 4 BE 0 5 7 40 b 5 AF 0y UL AY
i s BT, Hev S HE R Ok T AL 88 A, SC P s A
HRRBLER N o BRYE R 45 25 % S B 1 AL
a NIEAT H AR B9 R, 2 0 4y 4 28 50 19 25 1% 3% 45 4
T 360 T R4, i %5t 28 o S v S AT, SR R
WmE 6 iw, T & RGN % e, MR H
s B B N T 4 4 B R O 0 R T R A O

ST AE R F R A] L% 4 ik H AR E, B 1E
AT L S HE AT, AR R 4t B2 8 40 4 9 A
BAE R KRR R TRE,

A5 DB GE 4 90 90 1 0 Oy B

Fig.5 Graphic prediction of master-slave experiment
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Fig.6 Results of master-slave mode experiment
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Study on Three Dimensional Predictive Simulation System of
Teleoperation for Free Flying Space Robot

WANG Xue-qian', LIANG Bin"?, LI Cheng’, XU Wen-fu’
(1. Harbin Institute of Technology Shenzhen Graduate School, Shenzhen 518055, Chinas
2. Institute of Space Intelligent System, Harbin Institute of Technology, Harbin 150001, China)

Abstract: The 3D predictive simulation technology is an essential method 1o solve large time delay problem, which t is very

important for the teleoperation of space robot. A three dimensional predictive simulation system for free-flving space robot 15 devel-

oped, and the system has been verified on ground. Firstly, the space robot svstem is introduced. And the eleoperation subsvstem,

the kev device to control the space robot, was designed. Then, the predictive simulation sub-subsystemn, which is an important

part of the teleoperation subsystem, was developed. The sub-subsystem software was programmed based on the oriented object idea

and MVC ( Model- View-Controller) pattern, using the language of Java and Java3D. The simulation is driven by the kinematics

model and dynamics model, and has a fast, accurate function of collision detection. Lastly, a ground telecperation demonstration

and verification svstem was set up, and many experiments were done on the system. The expeniments verified the effectiveness of

the work in the paper.

Key words: Three dimensional predictive simulation; Collision detection; Space robot; Ground verification; teleoperation



