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Estimating Mass Based on Haptic Vision

SHIRO TANAKA,#8 TAKESHI TANIGAWA," YOSHINOBU ABEt.c¢
and HIROMI T. TANAKAT

Recently, haptic interface has been intensively studied for providing sense of “touch sen-
sation”. Moreover, high-performance force-feedback displays also have been developed for
realizing haptic interface with virtual environments. In this paper, we propose a novel ap-
proach to mass estimation based on Haptic Vision. Haptic Vision is based on active sensing
and real-time image understanding methodology, and is proposed for observation-based au-
tomatic construction of virtual space simulator. We first estimate a plane of symmetry of an
object from a set of principal views acquired by our active vision system. Next, we estimate
a contact point and contact force based on the plane of symmetry, and make a contact to the
object by a robot hand. Such contact force exerts on a center of friction and causes a pilot
event for mass estimation where the object moves straight in the direction of the contact force
with no rotation and with no change in its posture. We measure transition of the friction
force during “Push” contact using a force-feedback sensor mounted on the robot hand. We
also track the object from a top view point during contact to confirm its straight movement.
We then estimate the mass of the object by analyzing friction force change during contact,
given a friction coefficient. Experimental results show that the mass of solids such as wood,
iron, and ceramic objects were estimated efficiently within 10% error bound.
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Fig.1 Haptic Vision system.
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Fig.2 The world-coordinate frame and the object-centerd
coordinate frame.
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Fig.3 Action reaction.
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Fig.4 Process flow.
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Fig.5 Contact point and contact force estimation.
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Fig.6 A graph of friction force F vs. time t.
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Fig.7 Measurement of friction coefficient.
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Fig.8 Static friction coefficients vs. temperature & humidity change.
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Fig.9 Dynamic friction coefficient vs. temperature & humidity change.
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Table 1 Mass estimation results with ps.
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Table 2 Mass estimation results on weight scale change.

oo oo 0Dooo | ooo oo

(gw) (g) (2) (%)
oo 1 33.2 110.7 111.6 | 0.81
oo 2 120 400 408.4 | 2.06
0o 3 | 7564 | 2,521.3 | 2,543.2 | 0.86
004 | 1,271.2 | 4,237.3 4056 | 4.47
oo s 1228 4,093.3 | 4,076.8 | 0.40
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Table 3 Result of friction coefficient measurement.
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Fig. 14 Frictional force change graph.
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Table 4 The comparison of results with pg vs. pq.
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gooood 175.6 0.2674 262.52 6.905
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(290 g)
goooooo 197.2 0.19436 394.79 4.44
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Fig.15 Tracking result.
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