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Abstract

We are currently investigating grip power feedback systems for use in artificial hands. The objective of this

study was to develop a variable capacitance type multipoint (16 points) pressure sensor and a tactile feedback

device using a noninvasive approach. The pressure sensor is set on a fingertip of the artificial hand. The tactile

feedback device composed of 16 disk vibrators is set on the upper arm of the system user. The disk vibrators are

arranged in correspondence with the pressure sensor unit, and the intensity of the vibration indicates the intensity of

the pressure applied to each sensor point. Our experiment, in which three normal subjects participated, involved the

use of typical objects (pen, ball, plastic bottle cap, bottle neck, and wavy plate like washing plate) to apply pressure

on the developed sensor. After the preliminary learning session, the subjects were presented with responses from the

pressure sensor to randomly selected objects using the developed tactile feedback device, and the subjects stated

which objects they thought had been used. This trial was conducted 30 times for each subject. The average value of

the correct answer rate was 68.9%, which we believe would increase with the user’s practice. Therefore, we

conclude that our developed system using a noninvasive approach will prove useful for artificial hand users.
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Fig. 1 Block diagram of the system.
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Fig. 2 Structure of a variable capacitance pressure sensor.
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Fig. 3 Structure of a developed sensor.

Fig. 4 Shape of a molded rubber.
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Fig. 5 Developed sensor.
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Fig. 6 System configuration of a lock-in amplifier.
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Fig. 7 Principle of synchronous detection.
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Fig. 8 Equivalent circuit of the sensor.
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Fig. 9 Feedback device.
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Fig. 10 Output voltage for applied pressure.
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Fig. 11 Corrected output voltage for applied pressure.
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Table 1 Obtained parameter values at each sensor unit.

Unit A B
number
1 0.848 0.0566
2 0.589 0.158
3 0.602 0.0280
4 0.792 0.0787
5 0.659 0.129
6 0.845 0.0826
7 0.327 0.0934
8 1.13 0.0717
9 0.457 0.149
10 0.498 0.109
11 0.515 0.109
12 1.01 0.104
13 0.820 0.0368
14 0.761 0.137
15 0.703 0.0359
16 0.988 0.0994
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Table 2 Relative error rate at each unit for applied pressure.

Relative error rate [%)]
Unit 2[g] 5[g] 10[g] 20[g]
number
1 -1.29 1.35 1.63 -1.65
2 -1.42 2.67 -0.520 -0.683
3 -1.07 1.18 1.22 -1.31
4 -1.59 1.14 3.10 -2.55
5 -2.41 4.84 -1.33 -0.941
6 -1.64 2.82 -0.0689 -1.05
7 -1.55 0.705 3.86 -2.39
8 -0.548 1.86 -1.84 0.569
9 -2.25 2.57 2.53 -2.72
10 -0.117 -0.378 1.15 -0.648
11 -0.114 -1.19 -2.54 -1.30
12 -1.39 0.130 4.48 -3.07
13 -0.644 0.743 0.668 -0.757
14 -1.82 2.20 1.75 -1.39
15 -0.831 0.544 1.70 -1.39
16 -1.22 2.73 -1.31 -0.149
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Table.3 Threshold voltage used for the program
for each sensor unit.

Unit Voltage[V]
number (P=20[g]) (P=200[g])
1 1.00 1.114
2 0.946 1.36
3 0.654 0.698
4 1.00 1.20
5 0.969 1.30
6 1.08 1.31
7 0.432 0.536
8 1.40 1.65
9 0.714 1.00
10 0.690 0.887
11 0.714 0.917
12 1.38 1.75
13 0.916 0.997
14 1.15 1.57
15 0.783 0.850
16 1.33 1.67
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Fig. 12 Vibration state of the feedback device (Pen).
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Fig. 13 Vibration state of the feedback device (Ball).
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Fig. 14 Vibration state of the feedback device (Cap).



FREE T # O BOMAE L ¥ 4 LHURT7 34 2 OHR

20 mm Explanatory notes

22 mm
Strong vibration
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Fig. 16 Vibration state of the feedback device (Waved plate). 9 3
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Table 5 Correct answer rate of the experiment.

Object Subjectl Subject2 Subject3 Average
Pen 100% 100% 100% 100%
Ball 83.3% 66.7% 50.0% 66.7%
Cap 42.9% 71.4% 100% 71.4%
Bottle 42.9% 28.6% 71.4% 47.6%
neck

Waved 60.0% 40.0% 100% 66.7%
plate

Total 63.3% 60.0% 83.3% 68.9%
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