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Hand-eye Camera System for Capturing Distance Image from Multi Viewpoints
in Deformable Object Manipulation by Robot

∗T. Watanabe and T. Matsuno, T.Shirakawa, M.Minami (Okayama University)

Abstract– Our research purpose is manipulation of deformable object by a robot. This paper describes both
mechanism of end-effector and view direction of a distance camera. The distance camera is mounted to end-
effector to obtain point cloud data of string surface from various viewpoints. In order to obtain low-deficit
surface of a string without occlusion, distance images are captured from five different viewpoints. Those
five images are merged with ICP algorithm, and improvement of ICP requires information concerning each
viewpoints. Therefore, homogeneous transformation matrix is used to decide the photographing direction of
the distance camera. At final, the result of string untying experiment is reported.
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Table 1: The evaluation and cost of shape operations

Viewpoint RM I RM II CR(U,U) CR(U,L) CR(L,U)

Decline of nodes fair good fair fair fair

Success rate fair fair good fair good

Interference between segments fair good good fair fair

Interference between segments and the robot’s hand fair good good bad good

Cost 8 1 3 10 5
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Table 2:
x[mm] y[mm] z[mm]

V1 0 0 450

V2 116.46 0 434.67

V3 -116.46 0 434.67

V4 0 -116.46 434.67

V5 0 116.46 434.67

w
TV 1 =









0 0 1 0
0 1 0 0
−1 0 0 450
0 0 0 1









(2)

w
TV 2 =









−0.259 0 0.966 −116.47
0 1 0 0

−0.966 0 −0.259 434.67
0 0 0 1









(3)

Fig. 8:

w
TV 3 =









0.259 0 0.966 116.47
0 1 0 0

−0.966 0 0.259 434.67
0 0 0 1









(4)

w
TV 4 =









0 0 1 0
0.259 0.966 0 −116.47
−0.966 0.259 0 434.67

0 0 0 1









(5)

w
TV 5 =









0 0 1 0
−0.259 0.966 0 116.47
−0.966 −0.259 0 434.67

0 0 0 1









(6)

3.1 ICP

1

3
ICP(Iterative Closest Point)

1 ICP



－ 101 －

Fig. 9:

ICP

(7) f Ri ti

(i = 2, ..., 5)

f(Ri, ti) = Σ|Rixi + ti − yi|
2 (7)

Ri ti xi yi 2
ICP

4 ICP

ICP
Fig.9 3

(2) (6)
3

Σw1 Σw2 Σw3 Σw4 Σw5

ICP
(2)

Σw1 Σw

ICP (2)
Σw1 (7) f

R t

Σw2 Σw5 Σw1

V 1TV i

w1Twi =

[

Ri ti

0 1

]

(8)

Fig.9 ICP
Σw2 Σw5 Σw1

ICP
Σw

wT̂V i (9)
(9) Σw1

(10) (14)

wT̂V i = wTwi
wiTV i

≈ w1Twi
wiTV i (9)

wT̂V 1 =









0 0 1 0
0 1 0 0
−1 0 0 450
0 0 0 1









(10)

wT̂V 2 =

[

−0.26 7.27 × 10−9 0.97 −116.5
1.44 × 10−8 1 1.16 × 10−8 −6.5 × 10−6

−0.97 −1.29 × 10−8 −0.26 434.7
0 0 0 1

]

(11)

wT̂V 3 =

[

0.26 −3.57 × 10−8 0.97 116.5
2.57 × 10−8 1 2.98 × 10−8 −1.2 × 10−5

−0.97 −2.01 × 10−8 0.26 434.7
0 0 0 1

]

(12)

wT̂V 4 =

[

−4.04 × 10−10 −1.38 × 10−8 1 1.85 × 10−7

0.26 0.97 −3.5 × 10−8 −116.5
−0.97 0.26 −8.1 × 10−9 434.7

0 0 0 1

]

(13)

wT̂V 5 =

[

−4.70 × 10−6 −6.3 × 10−7 1 2.11 × 10−3

−0.26 0.97 −7.2 × 10−7 116.5
−0.97 −0.26 −4.7 × 10−6 434.7

0 0 0 1

]

(14)

(3) (6) (10) (13)
0.004

0.03 ICP
ICP

Fig.10
3
Fig.11 Fig.10(a)

Fig.11(a)

Fig.10(b)
Fig.11(b)

Fig.12



－ 102 －
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Table 3:
maximum radius[mm]

Point ICP without ICP

No.1 6.27 8.39

No.2 7.52 8.38

No.3 6.39 7.10

No.4 6.60 9.43

No.5 5.53 8.86

No.6 8.69 8.83

No.7 8.96 8.54

No.8 5.44 7.44

No.9 5.77 8.14

No.10 6.32 8.24

6.75 8.34

0.00125 0.00068
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