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DEVELOPMENT OF TACTILE SENSE FEEDBACK DEVICE BASED ON VIBRATION FOR A

MYOELECTRIC PROSTHETIC HAND
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The purpose of this study is to develop a new tactile sense feedback device for myoelectric prosthetic hand
users that can convey the tactile sense in real time. First, a vibration sensor which can be attached to the fingertip
of the myoelectric prosthetic hand and a tactile sense feedback device with linear vibration actuators which can
be attached to the upper arm of the user were developed. Using the vibration sensor, surface roughness of the
object can be measured through the amplitude of vibration at the fingertip. The tactile sense feedback device is
attached to the user’s upper arm, and when the user touched the object, the tactile sense is conveyed to the user’s
upper arm by vibration of linear vibration actuators. In addition, the magnitude of the vibration which is
presented to the user's upper arm is changed in proportion to the surface roughness of the touched subject. Thus,
the user can distinguish the roughness of the touched object in real time. Second, investigation of the tactile
sense which the user can feel the vibration at the upper arm was performed using the vibration with fixed
frequency and variable amplitude (Method 1) and the vibration with fixed amplitude and variable frequency
(Method 2). As a result, the range of amplitude from 0.83V to 2.5V, and the range of frequency from 92Hz to
150Hz were determined as the vibration to be presented. In addition, the vibration with variable frequency and
variable amplitude (Method 3) was also constructed as the vibration to be presented. Finally, distinction
experiment of the roughness was carried out for the 3 kinds of sand papers using the Method 1, Method 2 and
Method 3. As a result, the Method 1 showed the highest distinction rate among 3 methods.
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Fig.1 Feedback device of tactile sense
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Fig.3 Vibration sensor with electret condenser microphone
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Fig.4 Results of measured roughness

Tablel The mean amplitude of the voltage
Roughness #1000 #600
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x: Absolute amplitude value [V]

m,: Maximum value [V]

k,: Sensor value [V]
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Fig.5 Calculation of absolute amplitude value
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Fig.6 Block diagram of the tactile sense feedback
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Fig.7 Measurement method of the threshold
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Table2 Absolute threshold (amplitude)

A B C D E

Dup Ddown Dup Ddow Dup Ddown Dup Ddown Dup Ddo

1st 06)13]0.6 (1.0 (06 (11]06]1.1]0.7 (1.1

2nd 0.5]1.2]0.6 |09 (0.6 [0.8 0.7 0.8 0.7 [0.9

3rd 0514106 )12 (0611 ]05]1.2]0.7 (1.0

4th 05]12)0.6 |12 (0.6 (0.8 |0.7]1.0]0.8 [0.9

5th 05)1.1)0.7 109 (0.6 (1.1 0.6 )1.1]0.7 [0.9

Absolute
threshold[V] 0.88 0.83 0.79 0.83 0.84
Average of

absolute 0 83
threshold[V]




Table3 Absolute threshold (frequency)

A B C D E

Dup Ddow Dup Ddown Dup Ddown Dup Ddown Dup Ddown

1st 86 192 [92 [96 [94 |90 |96 |94 [90 |98

2nd 86 193 [ 90 [96 [88 |92 192 |96 [94 |98

3rd 84 [93 [90 |90 |82 190 |90 [94 [98 |94

4th 86 |97 |94 [94 [92 |88 |92 |92 [94 |92

5th 92 [97 [88 |88 192 |96 |92 [94 [92 | 90

Absolute
threshold[Hz] 90.6 918 90.4 93.2 94
Average of
absolute 92.0
threshold[Hz]
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Table4 Ranges of amplitude and frequency of the vibration

Amplitude[V] | Frequency[Hz|

Method I 0.83-2.5 150

Method II 25 92-150
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Table5 Result of distinction of roughness

Accuracy Rate[%]
Subject
Method | Method Il | MethodII

A 86.7 73.3 80.0

B 86.7 80.0 80.0

C 73.3 93.3 86.7

D 93.3 80.0 73.3

E 86.7 73.3 73.3
Average 85.3 80.0 78.7

Table6 Accuracy rate for each roughness
Method A B C D E |Awerage
I 80.0 | 80.0 | 60.0 100 100 | 84.0
MO, 80.0 | 60.0 100 100 100 | 88.0
[%] : : :
m | 60.0 100 | 80.0 | 60.0 | 60.0 | 72.0
I 100 | 80.0 | 60.0 100 | 80.0 | 84.0
S i 60.0 | 80.0 100 100 | 40.0 | 76.0
[%] : : : :
m | 800 | 8.0 | 800 | 800 | 80.0 | 80.0
I 80.0 100 100 | 80.0 | 80.0 | 88.0
#1000
I 80.0 100 | 80.0 | 40.0 | 80.0 | 76.0
(%]
m 100 | 60.0 100 | 80.0 | 80.0 | 84.0

100
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Fig.9 Accuracy rate for each method
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