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Abstract

Sounds during a work include information of
task achievement and material condition. In
this paper, we developed a robotic gripper that
equips a sound sensor (microphone). We used
this robot gripper to judge the task achieve-
ment conditions and estimate the water vol-
ume in various cups. For applications in the
task achievement judgment, the sound informa-
tion produced during the cable installing task is
measured and the usefulness of the sound infor-
mation is confirmed. For applications in water
volume estimation, the glass harp acoustics is
used and the experimental results show the sys-
tem can estimate the water volume with high

accuracy.
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Figure 1: Microphone embedded robot gripper
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Figure 2: Measured data from the normal cable
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Table 1: Specification of the microphone sensor
6.15 x 3.76 x 1.45 [mm]
-22+4 [dB]
1000 10,000 [Hz|

Dimension

Sensitivity

Frequency range
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Figure 3: Measured data from the broken cable
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Figure 4: FFT of the sound data (top: normal cable,
bottom: broken cable)
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Figure 5: Flowchart of the task achievement judgment
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Figure 6: Cable insertion experiment
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(a) French’s moel [9]

(b) Oku’s model [10]

Figure 7: Glass models
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Figure 8: Glasses used in the experiment and their full

capacity
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Figure 9: Flicking by the robot gripper
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Figure 10: Relationship between the water volume and
the peak frequency
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Figure 11: Results of French’s estimation
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Table 2: RMSE[%] between the measured data and the
fit curve based on the proposed method
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Estimation Estimation
by all points by 3 points
a | b |[RSME| a | b | RMSE

glassl 0.52 | 2.49 3.70 0.50 | 2.54 5.88
glass2 0.38 | 3.06 1.04 0.38 | 3.15 1.32
ceramicl || 0.41 | 2.75 1.00 041 | 2.84 1.40
ceramic2 || 0.29 | 2.47 1.47 0.29 | 2.61 2.13
stainless || 0.57 | 2.31 3.94 0.58 | 2.50 5.59
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Figure 13: Results of the proposed estimation method
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Figure 14: Anthropomorphic robot hand with a micro-

phone sensor
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Figure 15: Experimental results of the water volume es-

timation
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Table 3: Estimation error by the robot hand

H Average [m/] ‘ volume ratio [%]

glassl 4.85 1.80
glass2 5.74 2.30
ceramicl 2.15 0.90
ceramic2 10.15 3.17
stainless 9.32 3.33
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