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Deformation Estimation of a Soft Robotic Hand based on Camera Images
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This paper presents a novel method to estimate the deformation of a soft robotic hand
based on camera images. A soft robotic hand is widely used because it can grasp a variety of
objects with different shapes and sizes. One of the characteristics of a soft robotic hand is its
adaptability. It enables increasing the contact area which causes secure grasping of objects.
Thus, it is important to grasp an object in a way that the hand adapts to the object’s shape.
However, the deformation of the hand depends on the shape of the object and the grasping
position. Therefore, it is necessary to estimate how the hand deforms for each grasp. In this
paper, the deformation of a soft robotic hand is predected from camera images. First, the image
of whole the hand is used to calculate the bending angle of the soft hand. Then, the hand
is discretized into multiple links. Constraints are given for the discretized links by bending
angle and deformation at constant curvature. The deformation of the entire hand is estimated
by predicting the contact position and calculating the behavior of each link according to the
constraint conditions.
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Fig. 3 Calculation of bending angle. (a) Original image
captured from a monocular camera, (b) Example of input
image, (c) Created mask image,(d) Calculated bending

angle.
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Fig. 4 Contact position and deformation.

Fig. 5 Calculation of contact point. (a) Input image and
extracted area, (b) Calculated P, (c) Calculation method
for P, (d) Calculated Ps.
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Fig. 8 Experimental conditions.
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Table 1 Estimation error in experiment A

. Standard
N | 1 | Mean [mm] o
deviation [mm)]
1.2 0.2
2
2 0.7 0.3
1.1 0.2
10
10 0.5 0.3
10 1.2 0.2
20
20 0.7 0.3

© True point
@ Estimated point

Fig. 9 Results of Experiment A.

Table 2 Estimation error in experiment B

) . Standard
Object i | Mean [mm] _

deviation [mm)]
. 5 1.7 1.0

Circle
10 2.3 0.9
5 14 0.8

Clover
10 24 1.0
5 1.5 1.0

Rectangle
10 2.5 1.7
5 1.0 0.2
Star

10 1.2 0.4

@ True point
@ Estimated point

Fig. 10 Results of Experiment B.
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