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Pre-grasp Deformation Estimation of Soft Robotic Hand Considering Contact Position
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This paper proposes a vision-based method for estimating the deformation of a soft robotic hand
before grasping an object. Due to the softness of a soft robotic hand, it can adapt and fit to the shape
of objects, which enables stable grasping of various objects. However, because of the grasping position
and object shape, the hand may not grasp an object in a stable manner. Therefore, it is important
to calculate whether the hand can adapt to the object shape prior to grasp, which requires estimating
the deformation of the hand. In our method, the deformation model of the hand is introduced. Then,
calibration is performed using the image to obtain specific parameter of the hand. Finally, based on the
deformation model and predicted contact points, the deformation of the entire hand is estimated. An
experiment was conducted to evaluate the accuracy of the proposed method.
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Fig.1 The differences in the deformation of a soft robotic hand
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Fig.3 Deformation cases
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Fig.4 Deformation model of the soft robotic hand. (a) Ap-
proaches used for the model, (b) Bending angle and PCC, (c)
Bending angle a;
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Fig.5 Method for estimating first contact point. (a) Input
image, (b) Obtained regions of the hand and the object, (c)
Drawing of the contours on the black image, (d)(e) Rotating
of the discretized links, (f) Overlapping of the contours, (g)
Estimated first contact point for the hand and the object.
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Fig.6 Method for estimating another contact point. (a) Dis-
tance Lps between Ppi and Py, (b) Drawing of a circle for
this prediction point P,2, (¢) Definition of the angles ©,1 and
90102
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Fig.8 Experimental conditions
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Table 1 Estimation errors in previous research and proposed method

Object ; Previous research [12] Proposed method
Mean [mm] | Standard deviation [mm] | Mean [mm] | Standard deviation [mm]
Circle 5 1.7 1.0 1.7 1.1
10 2.3 0.9 1.2 0.8
Clover 5 1.4 0.8 1.3 1.0
10 2.4 1.0 1.6 0.6
5 1.5 1.0 1.5 0.9
Rectangle -5 25 7 16 05
Star 5 1.0 0.2 0.7 0.4
10 1.2 0.4 1.2 0.4

Estimated results:
9
o
o
o

°
8
]

Fig.9 Examples of the results of previous research and pro-
posed method.
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