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Vision-based Automatic Forming of Rheological Objects

Using Deformation Transition Graphs

Shinichi Hirai
Dept. of Robotics, Ritsumeikan Univ.

Abstract

Many forming operations of rheological objects such as dough and paste can be found
in food industry. Automatic forming operations of rheological objects are eagerly required
for the cleanness of food products. In this report, we will realize a vision-based automatic
forming of rheological objects using deformation transition graphs.

First, we will develop a forming machine of rheological objects with multi degrees of
freedom. A vision system is introduced to capture the deformed shape of a rheological ob-
ject during its forming process so that the action of the forming machine can be controlled
according to the deformed shape. Secondly, we will analyze the forming processes of rhe-
ological objects experimentally using the vision system. Outline functions are introduced
to describe the deformed shapes of rheological objects. We will investigate the extensional
forming corresponding to similar shapes. Thirdly, we will introduce a deformation transi-
tion graph so that the forming processes can be described in a systematic manner. Finally,
we will propose a forming control method of a rheological object based on the deformation
transition graph. We will show that an automatic forming of wheat dough into a circu-
lar shape can be performed successfully using the developed forming system and forming
control method.
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Fig. 1: Motion freedoms of forming machine
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Fig. 2: Mechanism of proposed forming machine

Fig. 3: Prototype of forming system
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(a) Original image (b) Extracted object image
Fig. 4: Tmages of rheological object
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Fig. 5: Outline function of deformed shape
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(a) Deformed shape (b) Outline function

Fig. 6: Example of outline function
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Fig. 7. Extensional forming of rheological objects
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(a) Initial shape (b) Deformed shape
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Fig. 8: Forming of circular object of radius 47mm
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Fig. 9: Forming of circular object of radius 57mm
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Fig. 10:  Normalized outline functions corresponding to
forming processes of similar objects
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Fig. 11: Examples of different shapes of rheological object
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Fig. 12: Deformation transition graph
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Fig. 14: Symbolic representation of deformed shapes
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Fig. 15: Outline function at goal node
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Fig. 16: Deformed shapes of dough at individual iterations
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Fig. 17: Outline functions at individual iterations
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Fig. 18: Deformed shapes of dough at individual iterations
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Fig. 19: Outline functions at individual iterations
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