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axis αi-1(degree) ai-1(mm) di(mm) θi(degree)

1 0 0 387 

2 0 400 0 

3 180 250  0

4 -180 0 -67.05 
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로봇 회전각 추정 모델2.4
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Table 3-1 Specification of experimental apparatus
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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
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Fig. 3-3 Types of obstacle regions in robot's trajectory
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Six parameter Camera No.1 Camera No.2 Camera No.3

C-value

C1 0.29726323 0.38315257 0.18842325

C2 0.41406745 0.45839119 0.32848477

C3 0.9894278 0.95320094 0.88611495

C4 0.9089278 0.88509762 0.81511724

C5 949.6244507 883.4371338 851.1001587

C6 -188.8627777 -154.0651398 -122.2458115
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Measurement data Fx(mm) Fy(mm) Fz(mm)
Average

error(mm)

Actual value Ⓐ 559.229 166.815 112.8

Estimated value

with no obstacle
Ⓑ 559.099 166.733 113.508

Errors -Ⓑ Ⓐ -0.13 -0.082 0.708 0.418
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Six parameter Camera No.1 Camera No.2 Camera No.3

C-value

C1 0.29544234 0.38315263 0.18842325

C2 0.41230705 0.4583911 0.32848483

C3 0.996544 0.95320106 0.88611484

C4 0.912292 0.88509768 0.81511724

C5 962.4054565 883.4370117 851.1001587

C6 -194.2825623 -154.0647583 -122.2456741
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Six parameter Camera No.1 Camera No.2 Camera No.3

C-value

C1 0.29544234 0.3836982 0.18842322

C2 0.41230705 0.45927122 0.32848483

C3 0.996544 0.95133924 0.88611513

C4 0.912292 0.88404226 0.81511736

C5 962.4054565 879.571167 851.1003418

C6 -194.2825623 -153.1468658 -122.245903
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Six parameter Camera No.1 Camera No.2 Camera No.3

C-value

C1 0.29544234 0.3836982 0.1884868

C2 0.41230705 0.45927122 0.33040494

C3 0.996544 0.95133924 0.88309115

C4 0.912292 0.88404226 0.81336737

C5 962.4054565 879.571167 845.2733765

C6 -194.2825623 -153.1468658 -121.9021835
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Measurement data Fx(mm) Fy(mm) Fz(mm)
Average

error

Actual value Ⓐ 559.229 166.815 112.8

Estimated values with
no obstacle

Ⓑ 559.099 166.733 113.508

Estimated values in
case 1

Ⓒ 559.150 166.762 113.502

Errors
-Ⓑ Ⓐ -0.13 -0.082 0.708 0.418

-Ⓒ Ⓐ -0.079 -0.053 0.702 0.409
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Measurement data Fx(mm) Fy(mm) Fz(mm)
Average

error

Actual value Ⓐ 559.229 166.815 112.8

Estimated values with
no obstacle

Ⓑ 559.099 166.733 113.508

Estimated values in
case 2

Ⓒ 559.177 166.798 113.498

Errors
-Ⓑ Ⓐ -0.13 -0.082 0.708 0.418

-Ⓒ Ⓐ -0.052 -0.017 0.698 0.404
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Measurement data Fx(mm) Fy(mm) Fz(mm)
Average

error

Actual value Ⓐ 559.229 166.815 112.8

Estimated values with
no obstacle

Ⓑ 559.099 166.733 113.508

Estimated values in
case 3

Ⓒ 559.129 166.753 113.507

Errors
-Ⓑ Ⓐ -0.13 -0.082 0.708 0.418

-Ⓒ Ⓐ -0.1 -0.062 0.707 0.414
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Six parameter Camera No.1 Camera No.2 Camera No.3

C-value

C1 0.29767594 0.3831524 0.18842325

C2 0.41241777 0.45839122 0.3284848

C3 0.9897359 0.95320141 0.88611495

C4 0.90968496 0.8850978 0.8151173

C5 952.0198364 883.4378662 851.0999146

C6 -186.8059845 -154.0657349 -122.2456741
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Six parameter Camera No.1 Camera No.2 Camera No.3

C-value

C1 0.29767594 0.38209525 0.18842325

C2 0.41241777 0.45678326 0.32848483

C3 0.9897359 0.9565323 0.8861149

C4 0.90968496 0.8869763 0.81511742

C5 952.0198364 890.4043579 851.1002197

C6 -186.8059845 -155.7332611 -122.2457581
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Six parameter Camera No.1 Camera No.2 Camera No.3

C-value

C1 0.29767594 0.38209525 0.18897673

C2 0.41241777 0.45678326 0.32783145

C3 0.9897359 0.9565323 0.88526517

C4 0.90968496 0.8869763 0.81501681

C5 952.0198364 890.4043579 850.6452026

C6 -186.8059845 -155.7332611 -120.527565
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Measurement data Fx(mm) Fy(mm) Fz(mm)
Average

error

Actual value Ⓐ 559.229 166.815 112.8

Estimated values with
no obstacle

Ⓑ 559.099 166.733 113.508

Estimated values in
case 1

Ⓒ 559.087 166.728 113.509

Errors
-Ⓑ Ⓐ -0.13 -0.082 0.708 0.418

-Ⓒ Ⓐ -0.142 -0.087 0.709 0.420
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Measurement data Fx(mm) Fy(mm) Fz(mm)
Average

error

Actual value Ⓐ 559.229 166.815 112.8

Estimated values with
no obstacle

Ⓑ 559.099 166.733 113.508

Estimated values in
case 2

Ⓒ 559.077 166.714 113.509

Errors
-Ⓑ Ⓐ -0.13 -0.082 0.708 0.418

-Ⓒ Ⓐ -0.152 -0.101 0.709 0.423
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Measurement data Fx(mm) Fy(mm) Fz(mm)
Average

error

Actual value Ⓐ 559.229 166.815 112.8

Estimated values with
no obstacle

Ⓑ 559.099 166.733 113.508

Estimated values in
case 3

Ⓒ 559.093 166.730 113.507

Errors
-Ⓑ Ⓐ -0.13 -0.082 0.708 0.418

-Ⓒ Ⓐ -0.136 -0.085 0.707 0.419
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Six parameter Camera No.1 Camera No.2 Camera No.3

C-value

C1 0.29236016 0.38315269 0.18842332

C2 0.43173742 0.45839101 0.32848474

C3 0.98298204 0.95320094 0.88611495

C4 0.90049726 0.88509768 0.81511736

C5 919.9494629 883.4370117 851.1002197

C6 -208.424118 -154.0646973 -122.245575
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Six parameter Camera No.1 Camera No.2 Camera No.3

C-value

C1 0.29236016 0.37952957 0.18842319

C2 0.43173742 0.46426046 0.32848477

C3 0.98298204 0.95654935 0.88611507

C4 0.90049726 0.88392723 0.8151173

C5 919.9494629 881.6694946 851.1000366

C6 -208.424118 -166.9514618 -122.2458572
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Six parameter Camera No.1 Camera No.2 Camera No.3

C-value

C1 0.29236016 0.37952957 0.18987493

C2 0.43173742 0.46426046 0.32974213

C3 0.98298204 0.95654935 0.87816584

C4 0.90049726 0.88392723 0.81157833

C5 919.9494629 881.6694946 839.3745728

C6 -208.424118 -166.9514618 -116.5180512
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Measurement data Fx(mm) Fy(mm) Fz(mm)
Average

error

Actual value Ⓐ 559.229 166.815 112.8

Estimated values with
no obstacle

Ⓑ 559.099 166.733 113.508

Estimated values in
case 1

Ⓒ 559.075 166.794 113.592

Errors
-Ⓑ Ⓐ -0.13 -0.082 0.708 0.418

-Ⓒ Ⓐ -0.154 -0.021 0.792 0.466
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Measurement data Fx(mm) Fy(mm) Fz(mm)
Average

error

Actual value Ⓐ 559.229 166.815 112.8

Estimated values with
no obstacle

Ⓑ 559.099 166.733 113.508

Estimated values in
case 2

Ⓒ 558.986 166.689 113.648

Errors
-Ⓑ Ⓐ -0.13 -0.082 0.708 0.418

-Ⓒ Ⓐ -0.243 -0.126 0.848 0.514
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Measurement data Fx(mm) Fy(mm) Fz(mm)
Average

error

Actual value Ⓐ 559.229 166.815 112.8

Estimated values with
no obstacle

Ⓑ 559.099 166.733 113.508

Estimated values in
case 3

Ⓒ 558.651 166.374 113.700

Errors
-Ⓑ Ⓐ -0.13 -0.082 0.708 0.418

-Ⓒ Ⓐ -0.578 -0.441 0.9 0.668
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a c t u a l  v a lu e n o  o b s t a c le c a s e  1 c a s e  2 c a s e  3

5 5 8 . 6

5 5 8 . 7

5 5 8 . 8

5 5 8 . 9

5 5 9 . 0

5 5 9 . 1

5 5 9 . 2

5 5 9 . 3

5 5 9 . 4

5 5 9 . 5

5 5 9 . 6
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e
 (

m
m

)

O b s t a c l e  r e g i o n

 F x

a c t u a l  v a lu e n o  o b s t a c le c a s e  1 c a s e  2 c a s e  3

1 6 6 . 2

1 6 6 . 3

1 6 6 . 4

1 6 6 . 5

1 6 6 . 6

1 6 6 . 7

1 6 6 . 8

1 6 6 . 9

1 6 7 . 0

1 6 7 . 1

1 6 7 . 2
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m
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O b s t a c l e  r e g i o n

 F y

a c t u a l  v a lu e n o  o b s t a c le c a s e  1 c a s e  2 c a s e  3

1 1 2 . 2

1 1 2 . 5

1 1 2 . 8

1 1 3 . 1

1 1 3 . 4

1 1 3 . 7

1 1 4 . 0
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a
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e
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m
m
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 F z
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 Average position error

Fig. 4-17

Obstacle
region #

Fx(mm) Fy(mm) Fz(mm)
Average
error(mm)

No obstacle 559.099 166.733 113.508 0.418

#A

Case 1 559.150 166.762 113.502 0.409

Case 2 559.177 166.798 113.498 0.404

Case 3 559.129 166.753 113.507 0.414

#B

Case 1 559.087 166.728 113.509 0.420

Case 2 559.077 166.714 113.509 0.423

Case 3 559.093 166.730 113.507 0.419

#C

Case 1 559.075 166.794 113.592 0.466

Case 2 558.986 166.689 113.648 0.514

Case 3 558.651 166.374 113.700 0.668

Actual value 559.229 166.815 112.8
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