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Segmentation method of human manipulation task based on contact force measurement
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This paper proposes a segmentation method of human manipulation task based on measurement of contact force imposed
by a human hand on a grasped object. We define an index measure for segmenting human manipulation task into primitives.
The index is calculated from the set of the measured contact forces at all the contact points during a manipulation task. Then,
we apply the EM algorithm to the set of the indices in order to segment the manipulation task into primitives. These primitives
are mapped onto the robotic hand to impose appropriate contact forces on a grasped object. In the experiments, manipulation
tasks performed in daily human life have been successfully segmented.
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Fig.1: Defined vectors to calculate the contact index:
fi s the contact force vector at the i th contact point,
pi is the position vector of the i th contact point, and
C; is the i th contact point (i = 1, 2).
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Table 1: Specifications of the Pressure Sensor

Maximum capacity 110[N]
Resistance under no-load 10[MQ]
Resistance under maximum-load | 20[kQ] + 15%

Hysteresis <4.5%




Fig.2: Photograph of the contact force sensing device.
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Fig.3: Size of the contact force sensing device and
placement of the 60 pressure sensors.
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Fig.4: Snapshots of the screw manipulation task.
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Fig.5: Coordinate system of the sensing device.
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Fig.6: Segmented the screw manipulation task into 2
primitives. 1), 3), and 6) are segmentations labeled by
‘noncontact’. 2) is a segmentation labeled by ‘clock-
wise’. 5) is a segmentation labeled by ‘counterclock-
wise’. Sampling rate of data count is 33[Hz].
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Fig.7: Segmented the screw manipulation task into 3 primitives.
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Fig.8: Segmented the screw manipulation task into 2
primitives by using the 60 dimensional data provided
from the contact force sensing device.
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