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Measurement and Valuation of Touch Sensation
(Tactile Perception of Forefinger Compared with PVDF Sensor Output)

Mami TANAKA, Seiji CHONAN
Zhongwei JIANG and Hideki NAKAJIMA

This paper is a study on the valuation and mathematical formulation of human touch sensation.
First, the feelings of touch are collected on five natural and chemical fabrics through the SD
(Semantic Differential) method questionnaires sent to twenty three examinees. The feelings are
valued on each fabric by using the weigthed mean on graded factor feelings. The multiple regression
analysis is then introduced to represent the overall evaluation of touch on every fabric by a linear
function of the valuations on feelings of touch. Next, a soft tactile sensor made of a PVDF
(Polyvinylidene Fluoride) flim patch and rubber layers is assembled and slid over the same sample
fabrics to collect the surface tactile information on the fabrics. The features on the collected data
are then extracted by calculating the temporal average of absolute out signal and using the intensity
of power spectral density on the medium frequency range. Comparison of the results show that the
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PVDF sensor well describes the tactile perception of forefingers.
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Fig. 1 Questionnaires based on semantic diffrential
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Table 1 Valuations on feelings of touch
A(Wool) B(Figured Satin) C{Velvet) D(Crepe) E(Corduroy)
Roughness 0.5417 -0.9375 -0.1250 0.7917 0.1042
Softness 0.1875 -0.2292 0.8125 -0.5417 0.4375
Moistness 0.0417 0.3542 0.500 -0.6667 0.1458
Coolness -0.2500 0.4375 -0.8125 0.5208 -0.5833
Elasticity 0.0833 -0.4130 0.6667 -0.5208 0.5000
Fineness -0.417 0.7708 0.1250 -0.3542 -0.2500
Short Trimmed  0.1875 0.9375 -0.875 0.8542 -0.4375
Table 2 Valuations on overall feelings of touch
A(Wool) B(Figured Satin) C(Velvet) D(Crepe) E(Corduroy)
Valuation  -0.3393 0.0000 0.5893 -0.4107 0.1786
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Table 3 Correlation coefficients of valuations on feelings of touch
Roughness Softness Moistness Coolness Elasticity Fineness Short Trimmed
Roughness 1.0000 -0.1523 -0.7542 -0.0255 -0.0246 -0.9559 -0.0411
Softness 1.0000 0.7332 -0.9794 0.9799 -0.0514 -0.9638
Moistness 1.0000 -0.5949 0.6135 0.5936 -0.5459
Coolness 1.0000 -0.9959 0.2413 0.9842
Elasticity 1.0000 -0.1940 -0.9887
Fineness 1.0000 0.2300
Short Trimmed 1.0000

Table 4 Correlation coefficients of valuations on overall feelings of touch

A(Wool) B(Figured Satin) C(Velvet) D(Crepe) FE(Corduroy)
A(Wool) -0.3638 -0.1214 0.0178 0.3358
B(Figured Satin) 0.0000 0.0296 -0.1512
C(Velvet) 0.1153 0.4846
D(Crepe) 0.3912
E(Corduroy)
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Table 5 Partial regression and multiple correlation
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Fig.2 Geometry of PVDF piezopolymer sensor.
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Fig.3 Experimental setup.
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coeflicients for various sets of factor variables

Factor Variable z; Factor Variable z, Factor Variable z3 bo b be b R

Softness Roughness Moistness 0.0049 14424 -0.9618 -1.6198 0.9787
Softness Fineness Moistness -0.0685 1.4692 1.1066 -1.2817 0.9948
Coolness Roughness Moistness 0.0079 -0.9615 -0.8361 -0.9840 0.9396
Coolness Fineness Moistness -0.0517 -1.3066 1.3647 -1.2025 0.9997
Elasticity Roughness Moistness 0.0412 0.9116 -0.6248 -0.6459 0.9410
Elasticity Fineness Moistness 0.0155 1.2209 1.0403 -0.8420 0.9944
Short Trimmed Roughness Moistness 0.1824 -0.6189 -0.6608 -0.6228 0.9814
Short Trimmed Fineness Moistness 0.1441 -0.5646 0.8808 -0.4401 0.9998

Table 6 Propriety of multiple regression analysis

Regression Estimator 4,  Sample Value y;  Error €,

A (Wool) -0.3340 -0.3393 -0.0053

B (Figured Satin) -0.0021 0.0000 0.0021

C (Velvet) 0.5979 0.5893 -0.0086

D (Crepe) -0.4081 -0.4107 -0.0026

E (Corduroy) 0.1641 0.1786 0.0145
* Table 2
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Table 7 Qutput of PVDF sensor

Fig.4 Output of PVDF sensor on (a)wool,

Time(sec)

(b)figured satin,(c)velvet,(d)crepe
and (e)corduroy.

Fabrics Sensor Output]
A (Wool) 0.000246
B (Figured Satin) 0.000129
C (Velvet) 0.000150
D (Crepe) 0.000282
E (Corduroy) 0.000161
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Table 8 Correlation of sensor output and valuation of @
touch feeling on Group b 00002
Roughness Fineness g ‘
Correlation 0.9026 -0.7658 g_
50.0001
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Fig.5 PVDF sensor output versus valuation of ©
roughness given in Table 1. g
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—— Regression line. g
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Table 9 Power spectrum intensity of medium frequency

range
Fabrics R,
A(Wool) 0.5555
B (Figured Satin) | 0.6180
C (Velvet) 0.4817
D (Crepe) 0.5724
E (Corduroy) 0.5475

Table 10 Correlation of power spectrum intensity in
medium frequency range and valuation of
touch feeling on Group a
Softness Coolness Elasticity Short Trimmed
-0.8226 0.8524 -0.8397 0.9059

=0.9059

Mid-Frequency Power Intensity Rs

1 1
045 ) 1

Valuation on "Short-Trimmed"

Fig.7 Power spectrum intensity of medium
frequency range versus valuation of
short-trimmed given in Table 1.

—,Regression line.
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