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This paper is concerned with the application of the vision control algorithm with weighting matrix
in robot point placement task. The proposed vision control algorithm involves four models, which
are the robot kinematic model, vision system model, the parameter estimation scheme and robot
Joint angle estimation scheme. This proposed algorithm is to make the robot move actively, even
if relative position between camera and robot, and camera’s focal length are unknown. The
parameter estimation scheme and joint angle estimation scheme in this proposed algorithm have
form of nonlinear equation. In particular, the joint angle estimation model includes several
restrictive conditions. For this study, the weighting matrix which gave various weighting near the
target was applied to the parameter estimation scheme. Then, this study is to investigate how this
change of the weighting matrix will affect the presented vision control algorithm. Finally, the effect
of the weighting matrix of robot vision control algorithm is demonstrated experimentally by

performing the robot point placement.

Key Words: Robot Point Placement Task (2X & Hi%| Z¢]), Vision Control Algorithm (H|& X[0{ 12|
Estimation (M{7H54 4= £73), Joint Angle Estimation (& ZF £3), Weighting Matrix (7t & &)

1. M8

Q1Zto] FaY3}7] o2l 3D 37 (Dirty, Dangerous,
Difficul)?l ~F €4 2 =329 So] A8 =
Eol 2A4er =qse], A= e gddt

Hol & % =95t 9t

OIEM AEEL 1980 ol HxE 283 o

F ol *P?j AZFokd 2R HFS F53] Gk
El o1, 1990 At 7HA= ALl QAzbel] o] &3 &
AL ABHEE BH R 2UAY 5 A%

Id
o

&), Parameter

£ 2000 At o] 5 2ol HIAA SRS A s
AEAL TR ALY ]

A=
AL 2Roere @ 4 fle 1RAYs Asst

b 2ol WAAAE Mgl EEY



P USSIA M 29F 935 pp. 986-994

September 2012 / 987

ZAE FH3o] AAE Aot AFE T35

gon John® & 3 7)o HlA AAHZ o] &dlo] &
2 ol= gﬂ]«l A2 d=sto] uA A ZA
E Aot AFE £

7J°l 5atE 4R 0% A7

olgA <
a A= A o), e AR 44k
Hel g5 g *&%DJ% Soll mA Alz=gle] uf
A Al2EE
ﬁﬁ& R I
g BAgo] FetatA ol
AR 1A BAS sHA
_?_
o

Yo ook g nARAE sAs] 9
Ak 671e] WSS LYok R A 2
ahol Apelztel wxe] Al 919

21 Ael} e AA eobw Aojrt 7
{9 vl Al eSS AlMeH, A2
_1__1_./] A ] g = Qr=

i;{}\:ﬂ:ﬂoﬂ ohj].zqo 1;]__14 33;5
) oAl Az Ane e i bE
F A A S Pete] Aletd WA
o AFWA DG EAFAL.

O
=)
=
lo
rlr ) PN o

il
ko
o
:|:1 -
=
ol EE

IR R
I oo

N

A molgngFs

Section 2.1 : Robot kinematics model
Section 2.2 : Vision system model
Camera parameter estimation model
: Newton Raph: ethod isi
Section 2.3 : SHieN Rapisen meso Vision data
acquired in each
W: weighting matrix step during robot
operation
C-parameters (€} ~
Section 24 : Robot’s joint angle estimation model

Joint angles

[ Newton Raphson method ]
(6 ~64)

~Cy)
Target point vision
data

Fig. 1 Flow-chart of robot’s vision control algorithm
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Fig. 2 Geometric configuration of Samsung SM7 4-axis
robot
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Fig. 4 Experimental set-up
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Table 1 Specification of experimental apparatus

Apparatus Spec

CCD camera :
- Sony XC-ES51
- Avenir TV zoom lens

Vision board :
- Matrox meteor2-MC4
- Resolution (640X480)
- Image level (256)
Robot :
- Samsung SM7 4axis

Vision system

Robot system
Robot controller :

- MMC-BDPO41PNB
MBS800V for industry
CPU : 2.8 GHz

PC
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45"

33.35 mm
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Fig. 5 Dimensions of 1-cue test model used for
experiment
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Fig. 6 Robot’s trajectory
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Fig. 7 Experimental Procedures of robot vision control
algorithm
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Fig. 8 Effectiveness of weighting factor
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Table 2 Comparison of estimated target vision data in

camera |

Xt t (pixel Yt t (pixel
Weighting Arge ép i.xe ) Arge ép ?e ) Average
factor Real § l,_ Real § l,_ error

mation mation
No 515.856 289.680 | 0.257
weighting
0.05 515.701 289.524 | 0.214
0.1 515.639 289.435 | 0.243
515.5 289.75

0.15 515.600 289.382 | 0.270
0.2 515.575 289.349 | 0.288
0.3 515.546 289.312 | 0.311

Table 3 Comparison of estimated target vision data in

camera 2
Weighting X targe}t3 (Slt);xel) Y targe;3 (S;z;xel) Average
factor Real ) Real ) error
mation mation

NO. . 521.819 305.490 | 0.128
weighting

0.05 521.895 305.578 | 0.092
0.1 521.932 305.624 | 0.100

15220 305.5

0.15 521.959 305.651 | 0.111
0.2 521.977 305.668 | 0.120
0.3 522.000 305.687 | 0.132

Table 4 Comparison of estimated target vision data in

camera 3
Weighting X tar; fg (t;i)lxel) Y targ;t t(Vplxe:l) Average
factor Real s ) Real | > " error
mation mation
NO. . 509.317 299.453 0.139
weighting
0.05 509.395 299.524 0.126
0.1 509.418 299.568 0.162
509.5 299.4
0.15 509.430 299.594 0.142
0.2 509.437 299.611 0.169
0.3 509.442 299.630 0.181
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Table 5 Comparison of the actual and measured value for
target in x-y-z coordinate in each weighting

factor

RSy | |
No weighting | 563.790 | 240.452 | 132.355 |0.625

0.05 563.065 | 240.997 | 132.218 |0.328

0.1 563.390 | 241.456 | 132.300 |0.378

0.15 562.847 | 241.033 | 132.184 | 0.402

0.2 562.818 | 241.040 | 132.181 |0.414

0.3 562.792 | 241.047 | 132.179 |0.424
Actual value 563.390 | 241.456 | 132.300
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