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NOMENCLATURE

T Transfer matrix from frame {7/—1} to frame {7}
P! Position vector of the cue at the tool frame

F Position vector of the cue at the robot base frame
o View parameter

X X component of estimation model

Y, Y component of estimation model

F, X component of position vector F

Fy Y component of position vector F

F, 7 component of position vector F

J(C,) Performance index in parameter C

X! X component of vision data for acquired at step i
Y, Y component of vision data for acquired at step i
X' X component of estimation model for computed at step i
Y, Y component of estimation model for computed at step i
AC Parameter correction vector

A Matrix of 2¢ %6

AT Transpose of matrix A

w Weighting matrix

J@,) Performance index in joint angle

Ad Joint angle correction vector

R Residual vector

B Matrix of (2 x¢q) x4

BT Transpose of matrix B
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Abstract

Development of robot vision schemes using the
welghting matrix for the tracking of a point moving
target

Jung Sang Gu
Advisor : Prof. Jang, Wan Shik Ph.D.
Department of Mechanical Engineering,

Graduate School of Chosun University

Robots introduced for industrial applications in the 1980s were used for simple
repetitive tasks. Since then, research on robot vision systems by mounting
visual function, which is the most important element of human intelligence, is
conducted to cope with various working environments. Thus, this study is to
develop the practical robot vision control scheme for the tracking of a point
moving target. The vision system model used for this study involves six
parameters to actively adjust the change of relative position between the camera
and the robot, and the direction and focal length of camera.

Based on this vision system model, the robot vision control schemes using the
N-R method are presented to efficiently process vision data obtained while the
robot tracks the point moving targets. Especially, this study uses the cue to
minimize the amount of data without recognizing the whole shape of target.
The control schemes are classified into two cases. One is based on the control
scheme with weighting matrix while the other is based on the control scheme
without the weighting matrix. Finally, the experiments on the tracking of the
point moving targets are performed to compare and evaluate the accuracy and
efficiency by comparing the results of applying and not applying the weighting

matrix.

Collection @ chosun



1. A&
1.1 94+ =73

)
To
¢+

o]
it
o

e

239 Fas AA7T Y

T
R

4r

‘.__HO
)
o
N
o
!
&

=

H3rE7E A

T

R

gtk 2R &Y A7

BN
T

N

]
=

KelieN
"=

g

Jol shibe) %

¥

-
<

o]

i
1=

R

<)
gl

A}
, A 7}

=

=]

27

ol e AR A

Hogw Al

6]

-

1ol S1gH oz} 7]
!

)

Eeh

°]-8

[e]

=

6]

B2 grEoiq A
ol A5

©

T

R

u 5@

vpo}7hA
A, AEHeHE, B4 5 o)

=7

ol

%
!

of 1A -

R

2

23k

k)

Eeh

°]-§

=

=

AA1el CCD 7hvl 2

AN QEE An s}, oy X g

SRR

"o
NI

T

T

& AlorIRle] Aol

Zhd ol vE ARG A

o= #37H 9

HA R FH

S

<n
=
ol
e

94

AL

N

]
=

sfo] ofe] Ao

& oz

(¢}

e 4

I

1 }o]

94

Collection @ chosun



oHgH ol A4 wiiel 2R MAALFY AGE HSYH @l JgEa Ut
rtsl

19909 ] FHHEE W =oA] AZE ZEAEY e dEY =
Realtime Vision®l )3t A+2 AA A} d1E82e T4 22 Panoramic Vision®l
g A7, A9l AlZbel digk AFE AAA et 1Ela 20000 o]
2R AL o] &3 A4 FHo ¢4, ERAAE Fofs) A4 FRLR
A7, 239 AR 3x9 FAE, fAolE BAE FHEE Ve Sl
W we A7t Ay e

Kim"'e 24 7252 9% 71£9 248 7

RCRa)

&
T
A

AFHIE bds] AU de glo] & ojn| A9 ¥WIE dSetan HFH7F 3D 4

ol AFE A VEES 2R F¥e= SEH ATyt 2
AYPE 1 9tk Durmus'= 6R 2R U EolH A 2R J)F AHI AA
AAS 25 vetdls dikst @ oS AEEH Y H§ e HLsbslr] 913
Newton-Raphson ¢ #2423} whH 3t dwks)t oS Alo) darg]sol] djs] AHA3]
sigom, Jeon™e 249 olFEA  FH A

s =

oo, 2iel €7 Aol ¥ wUHYL et 2RuAL o] &F 224
=
(&)

Collection @ chosun



B ouAY gAge] AT sterd W T oA Ade wM FAel Aol
lete], 2BE o] &% olF B F4 @ vl 0@ Aol

ey A4 A AN MANLRS AFH ZRL o gete] FUe Syl
o Qo] bl AAE 3Ae BARE WA AAT F AFel FAH ok TEY
e

& ¥4 5 drk A WAZE, CCD7Htel sy dFd B2 Fel ol
¢ vlrefe] stE el AeEie] Astoltt ]
24 Aszte] RS M 33 FAA wmAolE 2R fAE 22d vt
et iz wjsgstr] He 2R #FAmAC Jhvet A dsate] dAd g
R} A o} f?}ﬂr—E Aotk Al MAZE, 2R g shvehe] 99x wAI
Zhet 2 A2 R el whyE Fhvetel e WS gl AlRtsor ek
AR E] Exgsh:}

upebA, ffolM Aet 370 EAR 2 sk vdA LY REd A REe AL
§ote] A olests BAS AAE FAskE 2RuE Aordel Jide]l das)
ot

um
td

N

14

Collection @ chosun



st7] of

S

K

)

A
L

1AL

)

&)
=1

171 4

Szks

o oM R W T HT

il
A
K
el
b

]

™ B =3 WW I X ] 5 KA N =
TR = < o E O B BT o I B/ o No T ™ 5
e O T N NS e S S O O TR
oo Mw EWAY S s Hy 7 X
"1 oo T O U= = o w7 M ﬂﬂwﬁpﬂ#mﬁ%
N = = 3 CRCE R R dp o %o Mmoo
_L —_
oﬁ o w2 Mo w H mﬁ G - S~ R = L S Nt - Wr
& X e A - - < =5 o NV
NN w No 2 T om o < X Na X0 8 EuCY
A T I T O W -
I e N R T e 4 & P o = d X
T I - B N R S S TR SO e
MM EM e LR N X I S wE 2 W N T T .‘_MLA T o o " o)
< T ztmm% AN ﬂuﬂn%ﬂmﬂmj ~ = 0 T ow B g w
Hfe®o ®e X BW (o nmag T 2T RFTD 0T
1o N o o ol el | illn T B m A o my 5 ! r ~ o < i o o
e oM = T Lo oy m 3 = o _ N
= Rejo ﬂ_p| TH & ~ =X B = 0 AT (s ﬁo i
TR FE RN i F " KK ST N g moaam oo P
TR I ol S A Ao o BB oo B AW T =
Ay R RAKLENPETNE s g FESRRDR S
o [T —— < X ﬂ_! a0 CO =T [rze) — o =
o ®° ot W o 1_A.ur — ) e oy B w% T ”_N oo o el ) M W e ,Mmm o - o.
K o W MH X 55 W A oj dlo = PP o b ¢ m 9% X o WH Y
W5 W = e o o Se B ~a MG_H MG_H & W S BN o mK o O B
nm =0 = 5 A]L AR o8 = ~ 0 e T O o) T ™R oF o -
T T oo T o= x B oz o o T T o o o B ox AR g
X =3 y X it < ) R oo X 1# X X
= LR e = e = 78 oy X ~ = Moo
G T N G R . A S O B LN S
S R I IV TR S A S O o
TV A s o= oo g g de NN E B BTN g 2
\.mwa ~ 3 EE = i 1o m T ‘HA_I 15 1 ‘mﬂ_ o] o Eo o
%@}%%Afﬂo_%@%m & S Mo o A
PEL s ME LA e RIS BER LS T g ®
= "R £ i "R R
CmEomo o Do ot T W LN = mso Toe o wﬁ 5 AT
K S T NN M= SRR S oS T S . AN -
%Mi%4@3?%&4Nﬁo%%%%ﬂ%x%%%fr@%
L U R B TR O RS N o T o %
il U SR RTINS : B O S ORI N . CC I
T R OE %A = % MW oz o T oW o T of B T T BT

Collection @ chosun



G

;O#v

(1) 238 A7+

(1) Zhviler W 2

3. A o]

o

=0

H

(1) dlele #e

¥

ool
M

| AT %

2

==
=)

el 7h

718 SN A

=

(D

B
ﬁa

o

-

R

Ho

(3) & o]

.
w

Collection @ chosun



A2 =R 7Tsr 29 3 v dA2E 2l

21 25 A7+ =d

f
b
o
ol

Aot miel vlE pAzge] FolAL uw, =Y wolx A U
(e}

3 2R ZH 9x WEHE Tl zlolth
Fig. 2-12 ¥ A7 A olF A FHAHN ALET 45 271 B 229 o
A Aret #d Hx AL AL HojF, Table 2-19 2R 4719 #do] g

. az ~ | ai
,4 :fz L 01
s
Z, A ANZ,y
' . ”
o X, [ X, ]
\ A VA
ds
T Z, dy
A 04 Z,
P(cue) % T
o €

Fig. 2-1 Link parameters and link frame assignments of 4 axis robot

Table 2-1 Link parameters of 4 axis robot

Qi ;-1 d; 0,
Axis
(degree) (mm) (mm) (degree)
1 0 0 387 0,
2 0 400 0 0,
3 130 250 ds 0
4 -1&80 0 0 0
— 6 —
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Robot initial stage

Fig. 4-2 Robot’s vision control scheme of N-R method without weighting

matrix
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Initial stage for optimal weighting factor
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Table 6-1 Errors according to weighting factors in initial stage

Weighting Error Weighting Error Weighting Error
factor (mm) factor (mm) factor (mm)
0 0.654127 0.14 0.475014 0.28 0.414666
0.01 0.623803 0.15 0471511 0.29 0.412966
0.02 0.609363 0.16 0.462551 0.3 0.409519
0.03 0.595843 0.17 0.458679 0.31 0.410656
0.04 0.581789 0.18 0.4518 0.32 0.412755
0.05 0.568878 0.19 0.448073 0.33 0.418364
0.06 0.555766 0.2 0.442509 0.34 0.419316
0.07 0.54122 0.21 0.438437 0.35 0.420696
0.08 0.529616 0.22 0.434654 0.36 0.423176
0.09 0.518348 0.23 0.430114 0.37 0.428434
0.1 0.510623 0.24 0.425109 0.38 0.429727
0.11 0.499013 0.25 0.421871 0.39 0.432658
0.12 0.491428 0.26 0.420618 0.4 0.435796
0.13 0.483795 0.27 0.417283
0.7
0.65
0.6
E
E 055
2 os
L
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h o4l sk s 4%
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Fig. 6-1 Errors according to weighting factors in initial stage
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Table 6-2 Comparison of actual vision data and estimated vision system models
for 20 moving targets without weighting matrix in camera 1
(unit : pixel)

actual estimated error
target r.m.s
X v X v X v
1 3445 324.75 344 478 324918 0.022 -0.168 0.120
2 352.5 3245 352.624 324.433 -0.124 0.067 0.100
3 361 323.929 360.758 324.041 0.242 -0.112 0.189
4 369.5 323.667 368.874 323.742 0.626 -0.075 0.446
5 3775 323.5 376.967 323.535 0.533 -0.035 0.378
6 385.5 323.348 385.034 323.421 0.466 -0.073 0.334
7 393.5 323.412 393.069 323.399 0.431 0.013 0.305
8 401.5 323.49 401.068 323.469 0.432 0.021 0.306
9 410 323.571 409.026 323.63 0.974 -0.059 0.690
10 4175 323.75 416.939 323.883 0.561 -0.133 0.408
11 4255 324.32 424.302 324.227 0.698 0.093 0.498
12 433.5 324.667 432.612 324.662 0.888 0.005 0.628
13 441 325.357 440.362 325.187 0.638 0.17 0.467
14 4485 325.75 448.05 325.125 0.45 0.625 0.545
15 455.5 326.417 456.251 326.028 -0.751 0.3%9 0.598
16 463.5 3275 463.124 326.912 0.376 0.583 0.494
17 470.5 328.25 471.22 327.842 -0.72 0.408 0.585
18 4775 329.167 478.081 329.153 -0.581 0.014 0411
19 484.5 330.167 485.387 330.211 -0.887 -0.044 0.628
20 491 331.1 491.842 331.253 -0.842 -0.153 0.605
oS —S=—actual —E—estimated -
3 P
329 m/
328 J
E 327 '&ﬂ
= 326 E;ﬁ-—-
325
324 %E\U EH
322 T T T
330 380 )(—axi:BD 4830
Fig. 6-2 Comparison of actual vision data and estimated vision

system models for 20 moving targets without weighting

matrix in camera 1(unit : pixel)
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Table 6-3 Comparison of actual vision data and estimated vision system models
for 20 moving targets without weighting matrix In camera 2
(unit : pixel)

actual estimated error
target r.m.s
X y X y X y
1 2535 335.5 253.314 335.385 0.186 0.115 0.155
2 260.5 334.25 260.639 334.348 -0.189 | -0.098 0.151
3 268 333.429 268.136 333.399 -0.136 0.03 0.098
4 276 332.571 275.65 332.539 0.35 0.032 0.249
5 2835 331.625 283.228 331.769 0.272 -0.144 0.218
6 291 331.071 290.866 331.089 0.134 -0.018 0.096
7 299 330.5 298.56 330.498 0.44 0.002 0.311
3 307 329.857 306.305 329.998 0.695 -0.141 0.501
9 315 329.571 314.099 329.588 0.901 -0.017 0.637
10 322.5 329.188 321.937 329.267 0.563 -0.079 0.402
11 330.5 328.938 329.814 329.038 0.686 -0.1 0.490
12 338.5 328.75 337.827 328.899 0.673 -0.149 0.487
13 346 328.736 345.673 329.314 0.327 -(0.528 0.439
14 354 328.852 353.346 329.201 0.654 -(.349 0.524
15 362 329 361.423 329.23 0.577 -0.23 0.439
16 370 329.357 369.559 328.934 0.441 0.423 0.432
17 3775 329.5 377.902 330.013 -0.402 | -0.513 0.461
18 385 330 385.736 329.961 -(.736 0.039 0.521
19 393 330.571 393.787 330.454 -0.787 0.117 0.563
20 400.5 331.25 401.246 331.036 -().746 0.214 0.549
$35 —S<—actual ——e=timated
335 q

354

333

332

Y-axk

331

330

329

328

240 290 340 390

Fig. 6-3 Comparison of actual vision data and estimated vision
system models for 20 moving targets without weighting

matrix in camera 2(unit : pixel)
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Table. 6-4 Comparison of actual vision data and estimated vision system models

for 20 moving targets without weighting matrix In camera 3

(unit : pixel)

actual estimated error
target r.m.s
y X y X y
1 2255 327417 225.573 327.434 -0.073 -0.017 0.053
2 231.5 325.75 231.414 325.703 0.086 0.047 0.069
3 2375 324 237.35 324.036 0.15 -0.036 0.109
4 243.5 322.25 243.377 322.435 0.123 -0.185 0.157
5 2495 320917 249.349 320.801 0.151 0.116 0.135
6 255.5 319.333 255.696 319.433 -0.196 -0.1 0.156
7 262.5 317917 261.981 318.033 0.519 -0.116 0.376
8 268.5 316.5 268.248 316.701 0.252 -0.201 0.228
9 275 315.214 274.336 315.438 0.664 -0.224 0.496
10 281.5 314.083 281.034 314.245 0.466 -0.162 0.349
11 288.5 313.083 287.885 313.46 0615 -0.377 0.510
12 295 311.929 294 537 312.068 0.463 -0.139 0.342
13 301.5 311 301.154 311.427 0.346 -0.427 0.389
14 308.5 310.083 308.027 310.219 0.473 -0.136 0.348
15 315 309.357 314.662 309.027 0.338 0.33 0.334
16 322 308.643 321.647 308.206 0.353 0.437 0.397
17 3285 308 328.884 308.687 -0.384 -0.687 0.557
18 335.5 307.25 335.861 307.996 -0.361 -0.746 0.586
19 342 306.929 342.697 306.707 -0.697 0.222 0.517
20 349 306.429 349.766 306.233 -0.766 0.196 0.559

330

—»i—actual —H—estimated

325

320

Y-axk

315

310

305

210

MH-axis

T
310

380

Fig. 6-4 Comparison of actual vision data and estimated vision

system models for 20 moving targets without weighting

matrix in camera 3(unit : pixel)
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Table 6-5 Comparison of r.m.s errors between actual vision data and
estimated vision system model for 20 moving targets in each

camera using N-R method without weighting matrix (unit: pixel)

Taget cam 1 cam 2 cam 3
1 0.1198 0.1546 0.0530
2 0.0997 0.1505 0.0693
3 0.1856 0.0985 0.1091
4 0.4458 0.2485 0.1571
5 0.3777 0.2176 0.1346
6 0.3335 0.0956 0.1556
7 0.3049 0.3111 0.3760
3 0.3058 0.5015 0.2279
9 0.6900 0.6372 0.4955
10 0.4077 0.4020 0.3489
11 0.4979 0.4902 0.5101
12 0.6279 0.4874 0.3418
13 0.4669 0.4392 0.3886
14 0.5446 0.5242 0.3480
15 0.5980 0.4392 0.3340
16 0.4935 0.4321 0.3972
17 0.5852 0.4609 0.5565
18 0.4109 0.5212 0.5860
19 0.6280 0.5626 05172
20 0.6051 0.5488 0.5591

average 0.4366 0.3861 0.3333

.. %%W

T — T T T
1 23 4 5 67 8 2910111215314151617181920

target

—H—camera 1
—<—camera 2

—&—camera 3

Fig. 6-5 Comparison of r.m.s errors between actual vision data and
estimated vision system model for 20 moving targets in
each camera using N-R method without weighting matrix

(unit: pixel)
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Table 6-6 Comparison of actual vision data and estimated vision system models

for 20 moving targets with the weighting matrix in camera 1

(unit : pixel)

actual estimated error
target r.m.s
X v X v X v

1 3445 344.825 344.825 324.75 -0.325 -0.397 0.3628
2 352.5 352.802 352.802 324.5 -0.302 -0.174 0.2465
3 361 361.335 361.335 323.929 -0.335 -0.362 0.3488
4 369.5 369.874 369.874 323.667 -0.374 -0.329 0.3522
5 3775 377.863 377.863 323.5 -0.363 -0.182 0.2871
6 385.5 385.798 385.798 323.348 -0.298 -0.323 0.3108
7 393.5 393.801 393.801 323.412 -0.301 -0.229 0.2674
8 401.5 401.81 401.81 323.49 -0.31 -0.21 0.2648
9 410 410.098 410.098 323.571 -0.098 -0.274 0.2058
10 4175 417.883 417.883 323.75 -0.383 -0.329 0.3570
11 4255 425284 425284 324.32 0.216 -0.179 0.1984
12 4335 433.235 433.235 324.667 0.265 -0.139 0.2116
13 441 440.792 440.792 325.357 0.208 0.058 0.1527
14 4485 448.264 448.264 325.75 0.236 -0.128 0.1898
15 4555 455.646 455.646 326.417 -0.146 -0.225 0.1897
16 463.5 462.935 462.935 327.5 0.565 0.209 0.4260
17 4705 470.125 470.125 328.25 0.375 0.126 0.2797
18 4775 477212 477212 329.167 0.288 0.126 0.2223
19 4845 484.193 484.193 330.167 0.307 0.126 0.2347
20 491 491.39 491.39 331.1 -0.39 -0.123 0.2892
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Fig. 6-6 Comparison of actual vision data and estimated vision
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system models for 20 moving targets with the weighting

matrix in camera 1(unit : pixel)




Table 6-7 Comparison of actual vision data and estimated vision system models

for 20 moving targets with the weighting matrix In camera 2

(unit : pixel)

Collection @ chosun

actual estimated error
target T.m.s
X v X v X v
1 203.5 335.5 253.841 335.207 -0.341 0.293 0.3179
2 260.5 334.25 260.803 334.163 -0.303 0.087 0.2229
3 268 333.429 268.34 333.21 -0.34 0.219 0.2860
4 276 332.571 276.362 332.349 -0.362 0.222 0.3003
5 283.5 331.625 283.836 331.581 -0.336 0.044 0.2396
6 291 331.071 291.297 330.905 -0.297 0.166 0.2406
7 299 330.5 299.32 330.323 -0.32 0.177 0.2586
8 307 329.857 307.276 329.733 -0.276 0.124 0.2140
9 315 329,571 315.402 329.436 -0.402 0.135 0.2999
10 322.5 329,188 322.712 328.933 -0.212 0.255 0.2345
11 3305 328.938 330.164 328.824 0.336 0.114 0.2509
12 338.5 328.75 338.234 328.908 0.266 -0.158 0.2188
13 346 328.786 345.602 328.658 0.398 0.128 0.2956
14 354 328.852 353,711 328.956 0.289 -0.104 0.2172
15 362 329 361.61 329.02 0.39 -0.02 0.2761
16 370 329.357 369.41 329.278 0.59 0.079 0.4209
17 3775 329.5 377.207 329.629 0.293 -0.129 0.2264
18 385 330 384.694 330.17 0.306 -0.17 0.2475
19 393 330.571 392.777 330.715 0.223 -0.144 0.1877
20 400.5 331.25 400.79 331.004 -0.29 0.246 0.2689
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Fig. 6-7 Comparison of actual vision data and estimated vision

system models for 20 moving targets with the weighting

matrix in camera 2(unit : pixel)

Table 6-8 Comparison of actual vision data and estimated vision system models

for 20 moving targets with the weighting matrix in camera 3

(unit : pixel)

actual estimated error
target r.m.s
X Yy X Yy X Yy
1 225.5 327.417 225.86 3277.208 -0.36 0.209 0.2943
2 231.5 325.75 231.903 325.558 -0.403 0.192 0.3157
3 2375 324 238.003 323.89 -0.503 0.11 0.3641
4 243.5 322.25 244031 322.291 -0.531 -0.041 0.3766
5 2495 320.917 249.802 320.607 -0.302 0.31 0.3060
6 255.5 319.333 255.834 319.198 -0.334 0.135 0.2547
7 262.5 317917 262.817 317.806 -0.317 0.111 0.2375
8 268.5 316.5 268.896 316.785 -0.396 -0.285 0.3450
9 275 315.214 275.286 315.435 -0.286 -0.221 0.2556
10 281.5 314.083 281.739 314.257 -0.239 -0.174 0.2090
11 288.5 313.083 288.251 313.251 0.249 -0.168 0.2124
12 295 311.929 294.819 312.218 0.181 -0.289 0.2411
13 301.5 311 301.793 311.258 -0.293 -0.258 0.2761
14 308.5 310.083 308.113 310.173 0.387 -0.09 0.2810
15 315 309.357 314731 309.561 0.269 -0.204 0.2387
16 322 308.643 321.593 308.624 0.407 0.019 0.2881
17 3285 308 328.295 307.762 0.205 0.238 0.2221
18 335.5 307.25 335.233 307.376 0.267 -0.126 0.2088
19 342 306.929 342.205 306.665 -0.205 0.264 0.2363
20 349 306.429 349.207 306.631 -0.207 -0.202 0.2045
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Table 6-9 Comparison of r.m.s errors between actual vision data and
estimated vision system model for 20 moving targets in N-R
method with weighting matrix (unit: pixel)

Taget cam 1 cam 2 cam 3
1 0.3628 0.3179 0.2943
2 0.2465 0.2229 0.3157
3 0.3488 0.2860 0.3641
4 0.3522 0.3003 0.3766
5 0.2871 0.2396 0.3060
6 0.3108 0.2406 0.2547
7 0.2674 0.2586 0.2375
3 0.2648 0.2140 0.3450
9 0.2058 0.2999 0.2556
10 0.3570 0.2345 0.2090
11 0.1984 0.2509 0.2124
12 0.2116 0.2188 0.2411
13 0.1527 0.2956 0.2761
14 0.1898 0.2172 0.2810
15 0.1897 0.2761 0.2387
16 0.4260 0.4209 0.2881
17 0.2797 0.2264 0.2221
18 0.2223 0.2475 0.2088
19 0.2347 0.1877 0.2363
20 0.2892 0.2689 0.2045

average 0.2699 0.2612 0.2684

—H—camera 1
—<—camera 2

—&—camera 3

I B e e e e B L S B m e e S e m |
1 23 4 5 67 8 910111231314151617181920
target

Fig. 6-9 Comparison of r.m.s errors between actual vision data and
estimated vision system model for 20 moving targets in
N-R method with weighting matrix (unit: pixel)
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Table-6-10 Average errors of vision system model in N-R method without

weighting matrix, N-R method with weighting matrix

cam 1 cam 2 cam 3
no weighting 0.4366 0.3861 0.3333
weighting 0.2699 0.2612 0.2684
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Fig. 6-10 Average errors of vision system model in N-R method
without weighting matrix, N-R method with weighting

matrix
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Table 6-11 Comparison of the joints angle for 20 moving targets in without

weighting matrix(unit : mm)

Collection @ chosun

Target 0, (degree) 0 (degree)

No. actual Estimated Error actual Estimated Error
1 0.634 0.430 0.204 23.823 24.219 -0.396
2 0.393 0.322 0.071 25.194 25.306 -0.112
3 0.151 0.111 0.04 26.564 26.627 -0.063
4 -0.090 -0.140 0.05 27.934 27.984 -0.05
5 -0.331 -0.362 0.031 29.305 29.287 0.018
6 -0.572 -0.831 0.259 30.675 31.185 -0.51
7 -0.814 -0.970 0.156 32.045 32.316 -0.271
3 -1.055 -1.101 0.046 33.416 33.468 -0.052
9 -1.296 -1.402 0.106 34.786 34.925 -0.139
10 -1.538 -1.680 0.142 36.156 36.398 -0.242
11 -1.779 -1.874 0.095 37.527 37.598 -0.071
12 -2.020 -2.057 0.037 38.897 38.867 0.03
13 -2.261 -2.376 0.115 40.267 40.415 -0.148
14 -2.503 -2.662 0.159 41.637 41.857 -0.22
15 -2.744 -2.803 0.059 43.008 43.044 -0.036
16 -2.985 -3.018 0.033 44.378 44,309 0.069
17 -3.227 -3.288 0.061 45,748 45.730 0.018
18 -3.468 -3.501 0.033 47.119 47.034 0.085
19 -3.709 -3.812 0.103 48.489 48538 -0.049
20 -3.951 -4.019 0.068 49.859 49.806 0.053

Target dg(mm) 0, (degree)

No. actual Estimated Error actual Estimated
1 119.595 119.817 -0.222 0 0
2 120.090 120.180 -0.09 0 0
3 120.585 120.637 -0.052 0 0
4 121.080 121.133 -0.053 0 0
5 121.575 121.574 0.001 0 0
6 122.070 122.383 -0.313 0 0
7 122.565 122.800 -0.235 0 0
8 123.060 123.116 -0.056 0 0
9 123.555 123.715 -0.16 0 0
10 124.050 124.168 -0.118 0 0
11 124545 124.633 -0.088 0 0
12 125.040 125.018 0.022 0 0
13 125.535 125.717 -0.182 0 0
14 126.030 126.274 -0.244 0 0
15 126.525 126.500 0.025 0 0
16 127.020 127.006 0.014 0 0
17 127515 127.573 -0.058 0 0
18 128.010 127.982 0.028 0 0
19 128.505 128.658 -0.153 0 0
20 129.000 129.048 -0.048 0 0
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Fig. 6-11 Comparison of the joint angle for 20 moving targets in without weighting

matrix(unit : mm)
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Table 6-12 Comparison of the actual and estimated values for 20 moving targets in

X-Y-Z coordinate without weighting matrix(unit : mm)

Collection @ chosun

Taget | X-Y-Z )
Actual Estimate Error(mm) r.m.s
No value

X 627.543 627.209 0.334

1 Y 107.931 107.264 0.666 0.4490
Z 110.905 110.683 0.222
X 625.474 625.399 0.075

2 Y 110.710 110.378 0.332 0.2033
Z 110.410 110.320 0.090
X 623.311 623.267 0.045

3 Y 113.447 113.256 0.191 0.1174
Z 109.915 109.863 0.052
X 621.054 621.055 -0.001

4 Y 116.141 115.787 0.354 0.2069
Z 109.420 109.367 0.053
X 618.704 618.807 -0.102

5 Y 118.790 118.384 0.406 0.2416
Z 108.925 108.926 -0.001
X 616.263 615.687 0.576

6 Y 121.391 120.536 0.855 0.6217
Z 108.430 108.117 0.313
X 613.729 613.453 0.277

7 Y 123.944 123.282 0.662 0.4361
Z 107.935 107.700 0.235
X 611.106 611.085 0.021

3 Y 126.446 126.148 0.299 0.1753
Z 107.440 107.384 0.056
X 608.394 608.298 0.097

9 Y 123.897 128.276 0.621 0.3743
Z 106.945 106.785 0.160

<continue>




<continue>

X 605.594 605.319 0.275
10 Y 131.294 130.662 0.633 0.4043
7 106.450 106.332 0.118
X 602.707 602.676 0.031
11 Y 133.637 133.206 0.431 0.2548
7 105.955 105.867 0.088
X 599.734 599.897 -0.163
12 Y 135.923 135.438 0.485 0.2955
7 105.460 105.482 -0.022
X 596.676 596.553 0.123
13 Y 138.151 137.469 0.682 0.4135
7 104.965 104.783 0.182
X 593.535 593.319 0.216
14 Y 140.319 139.410 0.910 0.5579
7 104.470 104.226 0.244
X 590.311 590.355 -0.044
15 Y 142.427 141.937 0.490 0.2844
7 103.975 104.000 -0.025
X 537.006 b&7.285 -0.279
16 Y 144.472 143.917 0.555 0.3586
7 103.480 103.494 -0.014
X 583.621 583.831 -0.210
17 Y 146.453 145.772 0.681 0.4126
7 102.985 102.927 0.058
X 530.158 580.499 -(.341
18 Y 148.369 147.765 0.604 0.4010
7 102.490 102.518 -0.028
X 576.617 576.733 -0.117
19 Y 150.218 149.339 0.879 0.5195
7 101.995 101.842 0.153
X 573.000 573.348 -(.348
20 Y 152.000 151.152 0.848 0.5298
7 101.500 101.452 0.048
Average r.m.s error 0.3629
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Fig. 6-12 Comparison of the actual and estimated values for 20 moving targets in

X-Y-Z coordinate without weighting matrix(unit : mm)
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Table 6-13 Comparison of the joints angle for 20 moving targets in with weighting
matrix(unit : mm)

Targ 0, (degree) 0, (degree)

I\?(t) actual Estimated Error actual Estimated Error
1 0.634 0.634 0 23.823 23.823 0
2 0.393 0.469 -0.076 25194 25.019 0.175
3 0.151 0.186 -0.035 26.564 26.5 0.064
4 -0.090 -0.098 0.008 27934 27915 0.019
5 -0.331 -0.311 -0.02 29.305 29.228 0.077
6 -0.572 -0.79 0.218 30.675 31.195 -0.52
7 -0.814 -0.756 -0.058 32.045 31.899 0.146
3 -1.055 -0.967 -0.088 33.416 33.234 0.182
9 -1.296 -1.35 0.054 34.786 34.857 -0.071
10 -1.538 -1.582 0.044 36.156 36.27 -0.114
11 -1.779 -1.719 -0.06 37.527 37.387 0.14
12 -2.020 -1.995 -0.025 38.897 38.797 0.1
13 -2.261 -2.34 0.079 40.267 40.442 -0.175
14 -2.503 -2.552 0.049 41.637 41.715 -0.078
15 -2.744 -2.668 -0.076 43.008 42.858 0.15
16 -2.985 -2.958 -0.027 44378 44.266 0.112
17 -3.227 -3.255 0.028 45748 45.789 -0.041
18 -3.468 -3.439 -0.029 47119 47.036 0.083
19 -3.709 -3.778 0.069 48.489 48.621 -0.132
20 -3.925 -3.925 0 49761 49.761 0

<continue>
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<continue>

Targ ds(mm) 0,(degree)
;(t)' actual Estimated Error actual Estimated
1 119.595 119.595 0 0 0
2 120.090 120.01 0.08 0 0
3 120.585 120.539 0.046 0 0
4 121.080 121.077 0.003 0 0
5 121.575 121.515 0.06 0 0
6 122.070 122.386 -0.316 0 0
7 122.565 122533 0.032 0 0
8 123.060 122912 0.148 0 0
9 123.555 123.647 -0.092 0 0
10 124.050 124.017 0.033 0 0
11 124.545 124.519 0.026 0 0
12 125.040 124.937 0.103 0 0
13 125.535 125.739 -0.204 0 0
14 126.030 126.098 -0.068 0 0
15 126.525 126.29 0.235 0 0
16 127.020 127.012 0.008 0 0
17 127515 127.588 -0.073 0 0
18 128.010 127919 0.091 0 0
19 128.505 128.685 -0.18 0 0
20 128.910 128.91 0 0 0
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Table 6-14 Comparison of the actual and estimated values for 20 moving targets in
X-Y-Z coordinate without weighting matrix(unit : mm)

Taget X-Y-Z )
Actual Estimate Error r.m.s
No. value

X 627.543 627.659 -0.116

1 Y 1079131 107.786 0.145 0.1103
Z 110.905 110.950 -0.045
X 625.474 625.656 -0.181

2 Y 110.710 110.857 -0.147 0.1423
Z 110.410 110.490 -0.080
X 623.311 623.368 -0.057

3 Y 113.447 113.572 -0.124 0.0831
Z 109915 109.961 -0.046
X 621.054 621.110 -0.055

4 Y 116.141 115977 0.164 0.0999
Z 109.420 109.423 -0.003
X 618.704 618.825 -0.121

5 Y 118.790 118.712 0.078 0.0900
Z 108.925 108.985 -0.060
X 616.263 615.580 0.682

6 Y 121-391 121.009 0.382 0.4869
Z 108.430 108.114 0.316
X 613.729 613.935 -0.206

7 Y 123.944 124.014 -0.070 0.1268
Z 107935 107.967 -0.032
X 611.106 611.336 -0.229

8 Y 126.446 126.717 -0.271 0.2219
Z 107.440 107.588 -0.148
X 608.394 608.342 0.052

9 Y 128.897 128.590 0.307 0.1874
Z 106.945 106.853 0.092
X 605.594 605.412 0.182

10 Y 131.294 131.240 0.055 0.1116
Z 106.450 106.483 -0.033
X 602.707 602.923 -0.216

11 Y 133.637 133.771 -0.134 0.1479
Z 105.955 105.981 -0.026

<continue>
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<continue>

X 599.734 599.935 -0.202
12 Y 135.923 135.836 0.087 0.1400
7 105.460 105.563 -0.103
X 596.676 596.393 0.283
13 Y 138.151 137.940 0.210 0.2353
7 104.965 104.761 0.204
X 593.535 593.443 0.091
14 Y 140.319 140.067 0.252 0.1597
7 104.470 104.402 0.068
X 590.311 590.542 -0.232
15 Y 142.427 142.716 -0.290 0.2535
7 103.975 104.210 -0.235
X 587.006 H87.260 -0.254
16 Y 144.472 144.388 0.083 0.1544
7 103.480 103.488 -0.008
X 583.621 H&83.573 0.047
17 Y 146.453 146.297 0.156 0.1034
7 102.985 102912 0.073
X 580.158 580.332 -0.174
18 Y 148.369 148.401 -0.032 0.1151
7 102.490 102.581 -0.091
X 576.617 576.393 0.224
19 Y 150.218 149.932 0.287 0.2343
7 101.995 101.815 0.180
X 573.000 573.241 -0.241
20 Y 152.000 151.955 0.045 0.1506
Z 101.500 101.590 -0.090
Average r.m.s error 0.1677
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Fig. 6-15 Comparison of the actual and estimated values for 20 moving targets in

X-Y-Z coordinate without weighting matrix(unit : mm)
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Fig. 6-16 Comparison of the rm.s errors for 20 moving targets in X-Y-Z

coordinate without weighting matrix(unit : mm)
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Fig. 6-163 Table 6-14°1+1&= #AA " AA7|HES] E&HE ddsy]
rms AHgEE Mg A3E HoFa lew Jhgx FEE AHESA & 4
o= rm.s. @xFgEe] 017 ~ 062(mm) W oA W3lela glow, FEF
FHL A& Aol 0.09~-023(mm) WS WHelA xpghe] Wsksta itk 20
A ol B AAel gk HE AtaRTE TVt BEE AEekA e BF
o= 036149 xfgko]l AAHAA, 7HEA HEE A 8T A-Fo= 016779 &
ol ARFE AT wekA TheA dEe A8 Aot v EE&H R wddnh

Table 6-16 Comparsion of rm.s error between no weighting and weighting

schemes in N-R method(unit : mm)

r.m.s r.m.s
target no weighting weighting target 'no ) weighting
weighting

1 0.4490 0.1103 11 0.2548 0.1479
2 0.2033 0.1423 12 0.2955 0.1400
3 0.1174 0.0831 13 0.4135 0.2353
4 0.2069 0.0999 14 0.5579 0.1597
5 0.2416 0.0900 15 0.2844 0.2535
6 0.6217 0.4869 16 0.3586 0.1544
7 0.4361 0.1268 17 0.4126 0.1034
3 0.1758 0.2219 18 0.4010 0.1151
9 0.3743 0.1874 19 0.5195 0.2343
10 0.3743 0.1116 20 0.5298 0.1506
avg 0.3614 0.1677
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Fig. 6-17 Comparsion of rm.s error between no weighting and

weighting schemes in N-R method(unit : mm)
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