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Manipulation for Food Bolus Formation
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This paper proposes a robotic manipulation method to reproduce the process of human’s food bolus
formation. Decomposing and simplifying complicated mastication behavior of human, we define three
primitives for robot manipulation: crushing, mixing, and gathering. We design the structure and motion
of robot to execute the primitives, and develop a prototype. Executing these primitives sequentially, we
try to reproduce the process of human food bolus formation. In experiment, human and robot masticate
food samples and their food bolus images are acquired. By analyzing the images with convolutional
neural network, we evaluate whether the robot can reproduce the human’s food bolus formation.
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Fig.1 Basic concept. (a) Mastication by human. (b) Robotic
manipulation based on three primitives for food bolus
formation.
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Robot arm

Fig.2 Prototype. (a) Overview. (b) End effector: upper teeth
and tongue. (c) Lower teeth and cheek.
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Fig.3 Coordinate system.
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Fig.4 Operation of each primitives. (a) Crushing. (b) Mixing.
(c) Gathering.
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Fig.5 Reproducibility evaluation. (a) Evaluating system. (b)
CNN architecture.
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Fig.7 Experiment by robot.
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Fig.8 Food boluses by human and robot.
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Fig.9 Experimental results. (a) Human. (b) Robot.
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