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ABSTRACT

An experimental study on the practicality of vision
control scheme used for robot’s point placement task
in discontinuous trajectory

Son, Jae Kyeong
Advisor : Prof. Jang, Wan Shik Ph.D.
Department of Mechanical Engineering,

Graduate School of Chosun University

This study is concerned with the application of the vision control scheme for
robot’s point placement task in discontinuous trajectory caused by obstacle. The
proposed vision control scheme consists of four models. These are : a) the
robot kinematics model developed based on Denavit-Hartenberg notation, b) the
vision system model with six-parameters showing the relationship between 2-D
camera image plane and 3-D robot kinematics model, c¢) the parameters
estimation model developed by minimizing the performance index explaining
error between actual vision data and vision system model, and d) the joint
angle estimation model developed by minimizing the performance index
explaining error between target point and vision system model based on the
parameter estimation model.

For the experiment of this study, the discontinuous trajectory by obstacle is
divided into three obstacle regions. These are : a) initial obstacle region, b)
intermediate obstacle region, and c) final obstacle region. Each obstacle region

consists of 3 cases according to the variation of number of cameras that can

— VIII —



not acquire the vision data. Then, the effects of number of cameras on the
proposed robot’s vision control scheme are investigated in each obstacle region.

Finally, the practicality of the proposed robot’s vision control scheme is
demonstrated experimentally by performing the robot’s point placement task in

discontinuous trajectory by obstacle.
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Fig. 2-1 Correlation of 4 models used for robot’s vision control scheme
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Table 3—-1 Specification of experimental apparatus
System Specification

sony XC-E551

B oApolA Aew A8 gAE w Aaw 2@ AsE ¥ Host PC 27 3
)=]

Row, olo gt A|FAFYEL Table 3-104 HolErh A8 AA

CCD camera ="

MATROX black-white meteor2-MC4

Vision system s Resolution - 640 X480
y Vision board

Image level : 256

Maximum sampling rate - 30MHz

Library Matrox Imaging Library 8.0DEV
Robot Samsung SM7 4axis Robot
Robot system
Robot controller | MMC-S8DPO41PNE
@ MBBOOV for industry
PC @ CPU : 2.8GHz

® 512MB



Photo 1 Experimental apparatus
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Fig. 3-1 Experimental set-up
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Fig. 3-2 Dimensions of 1-cue test model used for experiment

Photo 2 1-cue test model for experiment



321 2% 544

Fig. 3-3& 2 23 2838 A4 SM7 B3R $EA%E HolFEn #FRo
)

7] 74 00l F AR AU, 2ol SEANES we o)

s
de B olE 2d 507 A8 CCDAMNHARIEH wA dolHE H5a %
de 992 270, 24, AF 5 V) FRIGon PR, 4 FoE G
ERE!

=
Plel A9z FRetel A8 T 5 AEF 2L SEALL

Initial ¢ ~, Obstacle (A)
obstacle — \\ E .
region (A) \

Intermediate
obstacle —
region (B)

Final
obstacle —j]
region (C)

(Target point)

Fig. 3-3 Types of obstacle regions in robot's trajectory
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System Initialization &

\ Setting of Camera focus /
¥

Setting of Robot's

\ Trajectory and Obstacles /
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1- Target point vision data
acquisition in 3camera

—

+STEP 1
+ STEP 2

+ STEP 3
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Obstacle region A

'
Obstacle A
placed in the
camera 1

| ObstackA
placed in the
| cameral?2

v
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‘ Obstacle region B
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| Obstacle €
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QObstacle region C
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| (ameral?l camera 123
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Move the robot according to the
predefined Trajectory

¥
Vision Data acquisition of current
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C-Parameter estimation in 3
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Joint Angle estimation
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A comparison between real
coordinate value and estimated
coordinate value
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END
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Fig. 3-4 Experimental procedure for vision control scheme used for
robot’s point placement task in discontinuous trajectory
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Table 4-1 For no obstacle, six estimated parameters of each camera

Six parameter Camera No.l Camera No.2 Camera No.3
Cl 0.29726323 0.38315257 0.18842325
C2 0.41406745 0.45839119 0.32848477
C3 0.9894278 0.95320094 0.88611495
C-value
C4 0.9089278 0.88509762 0.81511724
C5 949.6244507 883.4371338 851.1001587
C6 -188.8627777 -154.0651398 -122.2458115
412. 23 A Az 4943
25 24d e A7 HRAFE Fohol wAol= E¢ Table 4-1914 €]
A A CE tem 25 i 54 Bl Atd 34 o838k
22X A A AdE e
B AR 22 FohBel Qe A%H £EANS gk 4 WAL S 53
S71918) mRol RRAgeR oFae W AA RxAHTHY FolE HuFte
2, FF 39 RGN R BALNA EALGL upE BEAHO
2 sk 24 WA 29 A, A AR Ahe £FE ww 2oR #88m
A syel T,
FohEgeel = =X A ARG A HxAACd dE FAH4E 2R 3
A7re] HAFE 3 A EuAHe HE e ¥ 59 Table 4-20] JE AT

AAa =R A ARG SR, B
B oRE R AAe S otk Ae A9

7}

Aoz o2 XZEZo A -0.130mm, YEI4 -0.082mm Z=o4 0.708mme L=
7 £0418mme] AAEH ALEE 71X
Folo] Ho]FT}.



Table 4-2 For no obstacle, comparison of the actual and estimated values
for target point in Xx-y-z coordinate

Average
Measurement data Fx(mm) Fy(mm) Fz(mm)
error(mm)
Actual value @ 559.229 166.815 112.8
Estimated value
. 559.099 166.733 113.508
with no obstacle
Errors -® -0.13 -0.082 0.708 0.418
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4-2 Comparison of the actual and estimated vision system model value
for each camera in the obstacle region A with case 1



Table 4-3 Six estimated parameters of each camera in the obstacle region A
with case 1

Six parameter Camera No.1 Camera No.2 Camera No.3
Cl1 0.29544234 0.38315263 0.18842325
Cc2 0.41230705 0.4583911 0.32848483
C3 0.996544 0.95320106 0.88611484

C-value
C4 0.912292 0.88509768 0.81511724
Ch 962.4054565 883.4370117 851.1001587
C6 -194.2825623 -154.0647583 -122.2456741
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Fig. 4-3 Comparison of the actual and estimated vision system model value
for each camera in the obstacle region A with case 2



Table 4-4 Six estimated parameters of each camera in the obstacle region A
with case 2

Six parameter Camera No.1 Camera No.2 Camera No.3
Cl1 0.29544234 0.3836982 0.18842322
Cc2 0.41230705 0.45927122 0.32848483
C3 0.996544 0.95133924 0.88611513

C-value
C4 0.912292 0.88404226 0.81511736
Ch 962.4054565 879.571167 851.1003418
C6 -194.2825623 -153.1468658 -122.245903
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Fig. 4-4 Comparison of the actual and estimated vision system model value
for each camera in the obstacle region A with case 3



Table 4-5 Six estimated parameters of each camera in the obstacle region A
with case 3

Six parameter Camera No.1 Camera No.2 Camera No.3
Cl1 0.29544234 0.3836982 0.1884868
Cc2 0.41230705 0.45927122 0.33040494
C3 0.996544 0.95133924 0.88309115

C-value
C4 0.912292 0.88404226 0.81336737
Ch 962.4054565 879.571167 845.2733765
C6 -194.2825623 -153.1468658 -121.9021835
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Table 4-6 For case 1 of obstacle region A, comparison of the actual and
estimated values for target point in X-y—-z coordinate

Measurement data Fx(mm) | Fy(mm) Fz(mm) Leimge
error
Actual value ® 559.229 | 166.815 112.8
Estimated values with
P 559.099 166.733 113.508
S N © 559.150 | 166.762 | 113.502
case 1
-@® -0.13 -0.082 0.708 0.418
Errors
©-@® -0.079 -0.053 0.702 0.409
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Table 4-7 For case 2 of obstacle region A, comparison of the actual and
estimated values for target point in X-y—-z coordinate

Measurement data Fx(mm) | Fy(mm) Fz(mm) Leimge
error
Actual value ® 559.229 | 166.815 112.8
Estimated values with
P 559.099 166.733 113.508
SRS e © 559.177 | 166.798 | 113.498
case 2
-@® -0.13 -0.082 0.708 0.418
Errors
©-@® -0.052 -0.017 0.698 0.404

3) 3709 Aol A wolE7} B5H

)
&2
rir
o
—o
O
&

7

o

w

g Bietel BRAHOR 2

2ol oBs: Boh WaF 2R FHAZe uAUsF FARLS o5 And
Q2
[

ASQe W 2% 4wy AR FrAe] sl FEE 23 57
An g AABEAHY) AX 7 D FhEdelol g Aee =R Fd7e

rl

P
o

H, B £0414mme] FHEEE ThA A 2R wAAd S S ¢ v
de Foto] HoFlen, FojE gy ol ?

A
B a7k +0418mmE A9 Hlghe & 5 Stk

2o



Table 4-8 For case 3 of obstacle region A, comparison of the actual and
estimated values for target point in X-y—-z coordinate
Measurement data Fx(mm) | Fy(mm) | Fz(mm) btz
error
Actual value ® 559.229 | 166.815 112.8
Estimated values with
no obstacle 559.099 | 166.733 | 113.508
Sefitioniizd viliey L © 559.129 | 166.753 | 113.507
case 3
-® -0.13 -0.082 0.708 0.418
Errors
©-® -0.1 -0.062 0.707 0.414
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Fig. 4-5 For each case of obstacle region A, comparison of the actual and
estimated values for target point in X-y—-z coordinate
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Table 4-9 Six estimated parameters of each camera in the obstacle region B
with case 1

Six parameter Camera No.1 Camera No.2 Camera No.3
Cl1 0.29767594 0.3831524 0.18842325
Cc2 0.41241777 0.45839122 0.3284848
C3 0.9897359 0.95320141 0.88611495

C-value
C4 0.90968496 0.8850978 0.8151173
Ch 952.0198364 883.4378662 851.0999146
C6 -186.8059845 -154.0657349 -122.2456741
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Fig. 4-7 Comparison of the actual and estimated vision system model value
for each camera in the obstacle region B with case 2



Table 4-10 Six estimated parameters of each camera in the obstacle region B
with case 2

Six parameter Camera No.1 Camera No.2 Camera No.3
Cl1 0.29767594 0.38209525 0.18842325
Cc2 0.41241777 0.45678326 0.32848483
C3 0.9897359 0.9565323 0.8861149

C-value
C4 0.90968496 0.8869763 0.81511742
Ch 952.0198364 890.4043579 851.1002197
C6 -186.8059845 -155.7332611 -122.2457581
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Fig. 4-8 Comparison of the actual and estimated vision system model value
for each camera in the obstacle region B with case 3



Table 4-11 Six estimated parameters of each camera in the obstacle region B
with case 3

Six parameter Camera No.1 Camera No.2 Camera No.3
Cl1 0.29767594 0.38209525 0.18897673
Cc2 0.41241777 0.45678326 0.32783145
C3 0.9897359 0.9565323 0.88526517

C-value
C4 0.90968496 0.8869763 0.81501681
Ch 952.0198364 890.4043579 850.6452026
C6 -186.8059845 -155.7332611 -120.527565

A% $EAH0 EASE A 2Rl of AHL w
d BRARORE ofF @ w PN sl GFL Wi A A5 wahe] we
% vk ol= old] Aoty 2R WA AolsMe] oW

: o}

f

() 1709] Fvletel A dolel7l A58 @ B35 : Case 1

WA FR el o)s] e Table 4-981 A7l AWEE 2w 347
FARAS Agetel BEAMY 2R AA4L TN, 4714 F4E TEAY
o 2% HA4L Agstel FARIY BE TIF AL

=
A T:’r7} 01%6}% st Felzol 170 FprEtel e VA= A

£ i
>
=5
5 o
.
—
[\)
=
=

AA #Hx I FAdE #Ax g vastd XFelAM -0142mm, Yol A
-0.087mm ZZFelA 0709mme] L5 A1 28 o HAFYL S A



Table 4-12 For case 1 of obstacle region B, comparison of the actual and
estimated values for target point in X-y—-z coordinate

Measurement data Fx(mm) | Fy(mm) Fz(mm) Leimge
error
Actual value ® 559.229 | 166.815 112.8
Estimated values with
P 559.099 166.733 113.508
S N © 559.087 | 166.728 | 113.509
case 1
-@® -0.13 -0.082 0.708 0.418
Errors
©-@® -0.142 -0.087 0.709 0.420
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Table 4-13 For case 2 of obstacle region B, comparison of the actual and
estimated values for target point in X-y—-z coordinate

Measurement data Fx(mm) | Fy(mm) Fz(mm) Leimge
error
Actual value ® 559.229 | 166.815 112.8
Estimated values with
P 559.099 166.733 113.508
SRS e © 559.077 | 166.714 | 113.509
case 2
-@® -0.13 -0.082 0.708 0.418
Errors
©-@® -0.152 -0.101 0.709 0.423
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Table 4-14 For case 3 of obstacle region B, comparison of the actual and
estimated values for target point in X-y—-z coordinate

Measurement data Fx(mm) | Fy(mm) Fz(mm) Leimge
error
Actual value ® 559.229 | 166.815 112.8
Estimated values with
P 559.099 166.733 113.508
SRS T e © 559.093 | 166.730 | 113.507
case 3
-@® -0.13 -0.082 0.708 0.418
Errors
©-@® -0.136 -0.085 0.707 0.419
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Fig. 4-9 For each case of obstacle region B, comparison of the actual and
estimated values for target point in X-y—-z coordinate
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Table 4-15 Six estimated parameters of each camera in the obstacle region C
with case 1

Six parameter Camera No.1 Camera No.2 Camera No.3
Cl1 0.29236016 0.38315269 0.18842332
Cc2 0.43173742 0.45839101 0.32848474
C3 0.98298204 0.95320094 0.88611495

C-value
C4 0.90049726 0.88509768 0.81511736
Ch 919.9494629 883.4370117 851.1002197
C6 -208.424118 -154.0646973 -122.245575
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Fig. 4-11 Comparison of the actual and estimated vision system model value
for each camera in the obstacle region C with case 2



Table 4-16 Six estimated parameters of each camera in the obstacle region C
with case 2

Six parameter Camera No.1 Camera No.2 Camera No.3
Cl1 0.29236016 0.37952957 0.18842319
Cc2 0.43173742 0.46426046 0.32848477
C3 0.98298204 0.95654935 0.88611507

C-value
C4 0.90049726 0.88392723 0.8151173
Ch 919.9494629 881.6694946 851.1000366
C6 -208.424118 -166.9514618 -122.2458572
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Table 4-17 Six estimated parameters of each camera in the obstacle region C
with case 3

Six parameter Camera No.1 Camera No.2 Camera No.3
Cl1 0.29236016 0.37952957 0.18987493
Cc2 0.43173742 0.46426046 0.32974213
C3 0.98298204 0.95654935 0.87816584

C-value
C4 0.90049726 0.88392723 0.81157833
Ch 919.9494629 881.6694946 839.3745728
C6 -208.424118 -166.9514618 -116.5180512
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Table 4-18 For case 1 of obstacle region C, comparison of the actual and
estimated values for target point in X-y—-z coordinate

Measurement data Fx(mm) | Fy(mm) Fz(mm) Leimge
error
Actual value ® 559.229 | 166.815 112.8
Estimated values with
P 559.099 166.733 113.508
S N © 559.075 | 166.794 | 113.592
case 1
-@® -0.13 -0.082 0.708 0.418
Errors
©-@® -0.154 -0.021 0.792 0.466
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Table 4-19 For case 2 of obstacle region C, comparison of the actual and
estimated values for target point in X-y—-z coordinate

Measurement data Fx(mm) | Fy(mm) Fz(mm) Leimge
error
Actual value ® 559.229 | 166.815 112.8
Estimated values with
P 559.099 166.733 113.508
S N Ol © 558.986 | 166.689 | 113.648
case 2
-@® -0.13 -0.082 0.708 0.418
Errors
©-@® -0.243 -0.126 0.848 0.514

(3) 379 K= FhvlEtel A Hlelg7t B5HA &= A% : Case 3
Table 4-179] wi7/fH sy FAHZ A o] AitdE Al

7 FARREE AMgete] ERAHY] 2R IAAE S
2R 3 A4E AHEsle 2R EFH F7F FelEAY CE 2@ BAEHHA &%
AR e et o]FshE Eek B Ul FejEo] 379 EE Jhwete] dFE vA =
Ao 2R A wA Ade FPsAT

Ao Eo] 3719 BE FhvEe] Fag wAA wA"H FoEFd Co 2R A
A2 As Sste] xR dis] 49 28 s d4e] #Ax e AA
BRAAY HE g € FojEol gl A% FAHA HAE w3 HwskY Table
4-20° ‘FERA A TH

Case 3914 2& A A ZE2 X4 -0578mm, Y=o 4 -0.441mm Z=¢]

A 09mme] 2.xeF Hir +0.668mme AEEE VA 3 F v Ae A



e Tt BoFEdeh &3, Aelzdeel f A
&2k £0.418mmet Hluldke] F02mmA = B E At A ehe

Table 4-20 For case 3 of obstacle region C, comparison of the actual and
estimated values for target point in X-y—-z coordinate

Measurement data Fx(mm) | Fy(mm) Fz(mm) Leimge
error
Actual value ® 559.229 | 166.815 112.8
Estimated values with
P 559.099 166.733 113.508
ESImElS0 T e © 558.651 | 166.374 | 113.700
case 3
-@® -0.13 -0.082 0.708 0.418
Errors
©-@® -0.578 -0.441 0.9 0.668
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Fig. 4-13 For each case of obstacle region C, comparison of the actual and
estimated values for target point in X-y—-z coordinate
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Fig. 4-14 For camera 1, comparison of C parameters in 3 obstacle regions
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Fig. 4-15 For camera 2, comparison of C parameters in 3 obstacle regions
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Table 4-21 For all cases, comparison of the actual and estimated values for
target point in X-y-z coordinate

gagsig?lz Fx(mm) Fy(mm) Fz(mm) e?;il;?ng;)
No obstacle 559.099 166.733 113.508 0.418
Case 1 559.150 166.762 113.502 0.409
#A Case 2 559.177 166.798 113.498 0.404
Case 3 559.129 166.753 113.507 0.414
Case 1 559.087 166.728 113.509 0.420
#B Case 2 559.077 166.714 113.509 0.423
Case 3 559.093 166.730 113.507 0.419
Case 1 559.075 166.794 113.592 0.466
#C Case 2 558.986 166.689 113.648 0.514
Case 3 558.651 166.374 113.700 0.668
Actual value 5959.229 166.815 112.8
184 - L% Average position error|
L e —

9

0.6—- rrrrrrrrrrrrrrr S e

] f—
S F—— K H—— Nk
0.3 e B
0.0 T T T T T T T T
3 O O O O O O O O O
o) o) o) o) o) o) o) ) o)
o [7] [7] [7] [7] 7] [7] [7] 7] [7]
o (0] (0] (0] (0] (0] (0] (0] (0] (0]
ﬂ - N w - N w - N w
3 S S S S S S S S S
© * * * T+ T+ T+ * * *
> > > w o] w (@) O O

Obstacle region

Fig. 4-17 For all cases, average errors between the actual and estimated
values of target point in Xx-y-z coordinate
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