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An Experimental Study on the Optimal Arrangement of Cameras
Used for the Robot’s Vision Control Scheme

Kwan-Ung Min*, Wan-Shik Jang"

L Abstract |

The objective of this study is to investigate the optimal arrangement of cameras used for the robot’s vision control
scheme. The used robot’s vision control scheme involves two estimation models, which are the parameter estimation
and robot’s joint angle estimation models. In order to perform this study, robot’s working region is divided into three
work spaces such as left, central and right spaces. Also, cameras are positioned on circular arcs with radius of 1.5m,
2.0m and 2.5m. Seven cameras are placed on each circular arc. For the experiment, nine cases of camera arrangement
are selected in each robot’s work space, and each case uses three cameras. Six parameters are estimated for each
camera using the developed parameter estimation model in order to show the suitability of the vision system model
in nine cases of each robot’s work space. Finally, the robot’s joint angles are estimated using the joint angle estimation
model according to the arrangement of cameras for robot’s point-position control. Thus, the effect of camera

arrangement used for the robot’s vision control scheme is shown for robot’s point-position control experimentally.
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Fig. 1 Samsung SM7 4-axis robot
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Table 1 Link parameters of Samsung SM7 4-axis robot

axis a_y oy d; 0,
1 0 0 388 0,
2 0 400 0 0,
3 180 250 d, 0
4 -180 0 79 6,
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Table 2 Specification of experimental apparatus

System Parts Specification
+ XC-ES51(SONY)
CCD Camera |+ AVENIR TV & =
* T56(H)x485(V) S} A SR
Vision - ZMeteor2-MC4
System|  vision Board | (MATROX)

- A - 640(H)=480(V), 256
. * Matorx Imaging Library
Library 8.0DEV

Robot Robot - SM7 Robot(4H4)
System| Robot controller | + MMC-BDPO41PNB
Main Board | - MB80OV(A2]-2)
PC CPU - 2.8GHz
RAM - 256MB
— .
tHost Computer Robot Controlfer
- J—
Carmera T
Ol
Carmern 2
= |-
Carmera 3 Tost Model Sasung SM7 Robot

Fig. 2 Experiment set-up
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Fig. 3 Experimental apparatus

Table 3 Cases of camera setting for the experiment

Camera Setting
Word\ | arrangem | position Characteristic
space ent # number
case #1 1,2, 3 1.5m &= HE x|
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Fig. 4 Setting of camera position
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Fig. 5 Comparison between estimation values and actual

values of camera 1,2 in robot’s left work space
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Fig. 6 Comparison between estimation values and actual
values of camera 8,9 in robot’s left work space
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Fig. 7 Comparison between estimation values and actual
values of camera 15, 16 in robot’s left work space
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Fig. 8 Comparison between estimation values and actual
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Fig. 9 Comparison between estimation values and actual
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(actual valuy S-S HHREEH0] Lol “get position()”
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Table 4 Estimation values of each joint angle in robot’s
left work space

e ] gy (rad) | (1) | o) | 0y (ra)
case #1| 7.024 | -96.581 | 147.866| 0.000

case #2| 7.245 |-96.133 | 149.131| 0.000

case #3| 7.179 |-95.997 | 146.146| 0.000
RoboU'S | case #4| 7.176 | -96.553 | 146.672| 0.000
vlfaf:k case #5| 7.059 |-96.539|147.326| 0.000
space |case #6| 7.530 | 96834 | 147.868 | 0.000
case #7| 7.152 | -96.434 | 146.768 | 0.000

case #8| 7.235 |-96.430 | 147.445| 0.000

case #9| 7412 |-96941 145913 | 0.000
actual value | 7.177 | -96.459 | 147.500| ©0.000

Table 5 Comparison between actual and estimated co-
ordinate values in robot’s left work space
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2% 302g AR st vRsto) Table 60] LRSI
Table 6] 3)87% 2% 47178 welo) A §3fo] B3x
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Fig. 14 Average position enor according to the arrange-
ment of camera in left work space

Table 6 Estimation values of each joint angle in robot’s

Camera estimated value average central work space
Placement | Fx(mm) | Fy(mm) | Fz(mm) | error(mmy) Camera Placement | 6,{tad) | 8,(rad) | d,(mm) | 6,(rad)
case #1]398.928 [-201.081| 119.634 | 0.904214 case #1 |-13.433 | 63.526 | 146.042| 0.000
case #2[401.660 [-199.508| 118.369 | 1.373345 case #2 |-13.278 | 63.670 | 147.964| 0.000
case #3]402.012 (-199.958| 121.354 | 1.404833 case #3 {-12.860 | 63.053 |148.238| 0.000
Robot’s | cage #4399.464 [-200.256| 120.828 | 0.588525 Robot’s | cage #4 |-13.709 | 64.152 | 146.603 | 0.000
‘}fjﬁk case #5]399.237 -200.833| 120.174 | 0.659894 cj‘;il case #5 |-13.283 | 63.403 |146.820| 0.000
space |case #6]399.587-197.563| 119.632 | 1442518 space | Case #6 |-13.163 | 63.899 | 148.093| 0.000
case #7/400.021 |-200.179| 120.732 | 0.435161 case #7 |-13.569 | 63429 |145.913| 0.000
case #81400.331|-199.597 120.055 | 0.302436 case #8 |-13.133 | 63.350 |147.813] 0.000
case #9]398.713 |-198.390| 121.587 | 1.504882 case #9 | -13.015 | 63.160 | 147.871| 0.000
actual value | 400.000 [-200.000| 120.000 actual value | -13.234 | 63.256 |147.500| 0.0000
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Table 7 Comparison between actual and estimated co-
ordinate values in robot’s central work space

Camera estimated value

Placement

average
error(mm)
1.120596
0.908061
1.797130
1.803502
0.457869
1.973503
1.819938
0.785195
1.082995

Fx(mnmm)
549.442
548.689
550.017
547815
549.595
547.713
549.997
549.510
549.937
550.000

Fy(mm)
98.847
100.735
103.024
97.956
99.941
102.470
97277
101.229
101.838
100.000

Fz{mm)
121.458
119.536
119.262
120.897
120.680
119.407
121.587
119.687
119.629
120.000

case #1

case #2

case #3

Robot’s
central
-work
space

case #4

case #5

case #6

case #7

case #8

case #9

actual value

B
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Fig. 15 Average position enor according to the nangement
of camera in central work space
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Table 8 Estimation values of each joint angle in robot’s
right work space

Camera Placement| 6, (rad) | 6,(rad) | d;(mm) | 6,(rad)
case #1 | -7.386 | 97.098 |146.125] 0.000

case #2 | -7422 | 96.237 | 146.310| 0.000

case #3 | -7.343 | 96.679 |146.347| 0.000
Robot’s | case #4 | -7.493 | 96.509 | 148.791| 0.000
r\:ﬂ case #5 | -7.367 | 96381 | 146378 | 0.000
space | case #6 | <7327 | 96338 | 146.580| 0.000
case #7 | -7.450 | 96.582 | 146.386| 0.000

case #8 | -7.013 | 96.856 | 147.267| 0.000

case #9 | -7.312 | 96326 | 147.053| 0.000

actual value | -7.177 | 96.459 | 147.500 | 0.0000

Table 9 Comparison between actual and estimated co-
ordinate values in robot’s right work space

Camera estimated value

Placement

average
error(mm)
1.650277
1.604060
0.961283
1.556920
1.158403
1.006476
1.290125
1.498016
0.854429

Fz(mm)
121.375
121.190
121.153
118.709
121.122
120.920
121.114
120.233
120.447
120.000

Fy(mm)
198.576
198273
198.862
197.801
198.671
198.953
198.107
201.161
199.057
200.000

Fx(mm)
397.938
401.822
399.615
400.878
401.000
401.047
400.410
397.691
401.049
400.000

case #1

case #2

case #3

Robot’s
right
-work
space

case #4

case #5

case #6

case #7

case #8

case #9

value

actual
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Fig. 16 Average position enor according to the amrange-

ment of camera in right work space
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