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Development of Vision System Model for Manipulator's Assembly task

Wan-Shik Jang*, Eun-Sock Back**
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—__ Abstract ]
This paper presents the development of real-time estimation and control details for a computer
vision-based robot control method. This is accomplished using a sequential estimation scheme that

permits placement of these points in each of the two-dimensional image planes of monitoring
cameras.

Estimation model is developed based on a model that generalizes known 4-axis Scorbot
manipulator kinematics to accommodate unknown relative camera position and orientation, etc. This
model uses six uncertainty-of-view parameters estimated by the iteration method. The method is
tested experimentally in two ways : First the validity of estimation model is tested by using the
self-built test model. Second, the practicality of the presented control method is verified in
performing 4-axis manipulator’'s assembly task. These results show that control scheme used is
precise and robust. This feature can open the door to a range of application of multi-axis robot such
as deburring and welding.

Key words : Vision system (HIHAIA®]), Kinematic model(7|78 =), Estimation model (F47d),

Performance index (4%219°). Assembly task (2@3ze])
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2. HIFAIAH 29

B =RdA Agtg 2de 6749 BHAF A7} )
M HEE Abgate] B9 4% WU Ed Y AXE
221 Jivlel AEA YA HEAI = e 2do
ot 6709 diA¥sE EEste 34 R4 dyEd
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2.1 4% ojUEHOIE 7178 29

E Ao AMEHE 4% Scorbot WU EHHE
Fig. 191 HolFd 23 g g3 Axe Table
194 BodFth Table 1& AHE3led o] Az3EA
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St = TiTiTiT =
lx mx n:( kX
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3714,
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Sito+3 = Sin( 6.+ 62+ 83) ok
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fr= Ci Sp4344 Pytaz CiCoys +a,C Cot+a)C
—S\(dy+ dsy)
fy= S Seu344 Py + a3 Sy Cony + a2 S Gy

+ a, Sl + Cl (d2+d3)
fo= Corseq Py—ay Sypy —ar Sp+d)

Table 1 Link parameter of 4-axis manipulator

@ i ai- di i
1 0 0 358.5 g
2 - 90" 50 -35.3 g2
3 0 300 0 0 3
4 0 250 0 6.4

“1
~ iy
Xy
€, - Ty T ‘
> : ‘
V4 23 Z2 ' /
! 1 (s J !
S — ( [1
Qe
0
T,

Fig. 1 4-axis Scorbot manipulator
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Fhiet 292 67) EEd Al W] o
A vEbdT ol @ WiANSES Wy By olEd o
Fhlet 91X, e 2 24A2e) BEAAE dug w
T ookdal, 3k FtM gFole ojuyEyely
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AHgste] siiet H mde oy Zo) yehig

£
Xl = [ En(C) En(C) Eg(C)] | %
[v] Ex(C) En (C) £m>(2W“

A7, E|=Cl*+CC-Cs* Ep=2(CaCs3+CiCy )
Eyy=2(CoCs-CiCs ) Ey=2(CaC3-CiCy )
Ep=C1™-Co*+Cs™Cy° E9=2(C3C4+C1Ca)
Fhvliet Heel] gt ofuEole Yx)e] B3NS
Bebsly] 93 X (=Cs5) & Y, (=Ce)&
4 (4o H7HAFIHE vpAA 2Ele] sl vde o}
=% 2o
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Fimg} 2do] 4% e
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o714, = 7} d (Weighting matrix) o] 2,
2 kx1 37NE ZE F59E (Residual vector) K&
ot} go] FojAL
RZi-—l = Xr( tl) - Xc(tz)

(8)
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(9)
R2i= Yr(tl) - Yc(tz) (10)

T 2kx6 848 Ze FE A= H01DH (12)
CIPERIEE LS
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q714, i =12,... . k°2j = 1.2..6 o

2.4 UBOIE| &z 35
WS 34 At s iAES O7h dolAE
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o}, W ¥ A283g Yedth E£% 2n x £ 9
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(13)

Bon1x =0 g5/0 6 2 (15)
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(16)
ole, kv wpUEHCEY AR F& YEhAT( £
%

Bonk=0 g;/a i) 2

=1,2,... ). B 2nx19 271 ZE &549H
St
S2n—1 = it - gjt (17)
St = Yu — & (18)
3. HEEA ¥ Ay IF
3.1 AEzA

Fig.2v £ A7A szl 48 Zxo g dH
Aol BE Mzoltd B =84 AAE Aoy e
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Fig.2 Overall experimental schematic diagrm
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Fig. 3 Test model for vision system
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Fig.4~Fig.63 2t} o] 18X HolFE i} 2o
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Table 2. The estimated six parameters in three

cameras
Camerz| C), Ca Cy Cy Cs Ce
1 1.4985¢| 0.86506/ -0.01220|-0.03135| 248.795| 137.566
2 1.4758¢) 0.84841| 0.17142! 0.31670:| 236.663| 161.456
3 1.7193(] 0.96974 0.43689¢ 0.61139:| 100.418| 73.1105
4505 [0 Actual measurement
4007 x Estimation model
50 4
1O o
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00" TG TTan 10 200 280 AD0 AB0 400 450 H00 BA0 w00

Fig.4 Comparison of actual measurement and
esimation model’s fit in camera 1
coordinate,

(X : pixel's horizontal

Y : pixel’s vertical coordinate.)
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§0 o
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Fig.5 Comparison of actual measurement and
esimation model’s fit in camera 2
coordinate, Y :

(X : pixel’s horizontal

pixel’s vertical coordinate )




2 3AAV e Al 6 A A 2 5 1997. 6

150:1
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X Estimation model
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Fig.6 Comparison of actual measurement and
esimation model’s fit in camera 3
coordinate, Y:

(X : pixel’s  horizontal

pixel’s vertical coordinate )
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dol X BojZ wlHAA2Ele] Rdo] AP ZA 3
Photo.19]4 Hod&E Az Zol 4% Scorbot s & ]
Bl & A8t Fig.7 oA BAE A3} Zo] sy E ol
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Fig.7 Assembly task
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3.3.2 AlEZE ¥ BY

21(13) ~ (18)& A}g3ted ojyEYolelrst & A
AE &df olFste B¢ iU EIEY IHzo] 7
Aol FgHed, o #g 6" & A el
z23ge Q2e dolHE AMgstd AEA AtE
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Ao 2% dlolelE Yehied, Fig.89 (a)(b)(c) ol
N Rz me 2 A7 ol 349 diolBl g L,
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ot Mgt dgolA EFE AHE Y, & sy E
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g.89 (a)olls o] o] & 7Hed A& 5749 &4 wol
B E Abgata) AME G~ G & C= (0.7723
76. 0.656530, -0.704598, -0.563902, 226.7315,
-43.66831) °|t}. Fig.89 (b)el #o] 37he HZE
23 do|HE F7istd Add Co @& =009
71208, 0.716855, -0.499657, -0.477438. -272.9
074, -237.2753) °|H, Fig.89 ()} Zeo] 12749
27 dolg & AHgsted C= (1.152746. 0.779963
-0.339650, -0.398296, -699.3565, -406.1295 )
2 Axslgoh. Fig 99 Fig.102 247t camera 2 <
camera 3 QoA wjEdole] Tule o|F FFZ
d&Moz HoFn ztzhe] afoM BoFe T3
g AL Fig.8% FYsict.
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A 7ML SR 228 & deds RaFEg L0: M Past measurement
ol #MH9 70~80% =2d&ul Table 304 %93 [ Future measurement2 .
4% A% wol F3E wFclY 47t 6 gro " e pmmaedvale
E AN ofu el =t 49 dxe A4 2% o e
A4 A9 F F 1mm oo xghE WYX 7IT)H Y o5 —
oj2late] wjuEgolE7} BHxHe| Frto] HZeHA 0 - '
F. A4 AR 70-80%01F oW oz AA e
iy EdolH T Edo] sz 2de RE e 02 .
UkEUE Ad Aol PHe ddte 2L $§9
FI& + e A& Fig.8~Fig.109 (o)l = T TR TR o O Y T )
BoFa gich
(a) 4 measurment
Table 3. The sequence of estimated manipulator " B Past measurement
joint position o [0 Future measurement -
89 x Estiamated value . .
Steps 4-axis joint angles w7 . @ Hole .
6 ‘B 03 84 Y 0s 7 - .
4 | 032811 | -0.48257 | 1.18044 | 2.20777 i e F
6 0.27029 | -0.35456 | 0.84502 2.63638 0.2 3 :
ot 4
9 | 023790 | -0.36199 | 0.87798 | 2.59449 N T YISO LU RIN DY
FEAH | 0.24303 | -0.34147 | 0.84690 2.61123 (b) 6 measurment
ee 4 [ Past measurement -
4. 28 083 [J Future measurement -
071 X Estiamated value .« "
B ERolA ANE Ao] o] syEdolEe 23 vei @Hie o F
29 S gated oA then g A8S 9 Yos 3 .
(D AE Z¥S AMgsld 238l 9 39 24 1 S
AXE 224 Fhle AEAR WEAT e A} N
R NP L BIEL S ERTEY
(2) 370 FHElE AL8& 45 Scorbot iU &0 N .
0.0 0.4 0.2 0.3 0.4 0.5 0.6 n.a 0.8 0.9 1.0

HE AR 2¥AY 488 3o v & o)
E7F SRAHY 70~80% =2@u7] 7ivet
SAdclelE et 1 olF 3 uclg glo]
= 2PAE FPE # U

(3) 4% o4 tF njyEdoled daixz 77
o Zdk AR Ao Aoiye E4A A
&5o] Aot
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(¢) 9 measurment

Fig.8 Predictive sequence for assembly task
from camera 1 viewpoint
(X : normalized pixel’s horizontal coord.,
Y : normalized pixel’s vertical coord.)
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-
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2] t
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0.1 9 .
0.0 L L ) L ) . P -
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X
(b) 6 measurment
1.0 5
]
0.9
0.8 ] -
0.7 ] . B Past measurement
0.6 3 . [J Future measurement
. . .
Y X Estiamated value
0.5 4
» @ Hole
0.4 3 .
™ [ ]
0. a
0.2 § 9
0.1 4 ]
0.0 4 L L 1 1 z ! i il 1
60 01 02 03 04 085 06 07 o0& 0§ L0
X

Fig.9 Predictive

(¢) 9 measurment

sequence for assembly task

from camera 2 viewpoint

(X : normalized pixel’s horizontal coord.,

Y : normalized pixel’s vertical coord.)
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. M Past measurement
. [0 Future measurement
. X Estiamated value
- @ Hole
&
lr\
* e
Cer et
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(a) 4 measurment

L ]
. B Past measurement
. [J Future measurement
'. x Estiamated value
@ Hole
| ]
£
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(b) 6 measurment

3
!
1 1
3 * M Past measurement

* [ Future measurement
3 .
] . X Estiamated value
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1 -
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3 1 i 1 4 1 1 1 i H 1
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X
(¢) 9 measurment

Fig.10 Predictive sequence for assembly task
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from camera 3 viewpoint
(X : normalized pixel’s horizontal coord.,
Y :normalized pixel’s vertical coord.)
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