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Tactile Display Using Non-linear Property of Mechanoreceptors
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In this paper, we precisely investigate a method for giving a tactile sensation with a combination of imperceptible
vibrations. When the two frequencies such as 1.2 and 1.3 kHz (both of them are beyond the perceivable range) are
applied to skin surface, we feel vibration. This characteristic has been mainly considered due to the effect of
non-linear skin elastic property, however, we observed that the skin surface only moves at the input frequencies (1.2,
1.3 kHz) but it does not move at modulated frequency (50 Hz). We also found another remarkable characteristic that a
harmonic frequencies pair, such as 1.2 and 2.4 kHz, lessened sensitivity. When we assume that the mechanoreceptor
detects low frequency envelope of a given signal, the perceptual characteristics are well explained.
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Fig.1 Skin surface deformation with AM-modulated vibration.
Only the input frequencies (1200 and 1300 Hz) are observed. The
modulated frequency (50 Hz) is not detected.
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Fig.2 Experimental settings. Subjects put their finger on the border

of the vibrators whose frequencies were independently controlled.

22 REB1 BE2RABMOATHREINDZ LOMHER

T3 1 O»OFEERE LT, RS0 H— 0 E %
TR ST, B2 2 BRERIC L0 AM AR Do
TWARLEDHRMFEIND | LWV ) FEEERTHIDOE
B&1T->7-, 1.2-12kHz, 1.2-1.3 kHz, 1.3-1.3 kHz @ 3 fE¥HD
2 & L SR Z 7 2 & 20220 BB E 1CHR LTz,
REVT-OWIFIL, WTHORKS 1.6 pm FBRETITo72, 1
NOWERHE DR EER 2B L, ) 1IRT LI, Z0E
EIZB W TIEER BB OIRE S NAE L TN &%

LTz,

FER A 3R T, ML TYES) LEIZLZEED1 0
NOBERE DOVEERL, =T —N"—XZ O EERT,
X & 0B SN, BE—EEREo & & ichBiTmiE s, &
D2 ODEEEAEEIN LIz & EICOBRFENMEEND Z
ENRGnoT,

1

08 p--—-—-----————-

o
o

N
»

Ratio of "YES"

1212 1.2-1.3

Frequencies (kHz)

1313

Fig. 3. Experimental result 1. The vertical axis indicates the
perceived ratio and their error bars show the variances. It is clear
that the vibratory sensation is perceived only when the two

different frequencies were applied to the subject.
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Fig. 4. Experimental result 2. The vertical axis indicates the
perceived ratio and their error bars show the variances. It is clear

that the harmonic pairs lessen the sensitivity.
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Fig. 5 Examples of perceivable/imperceptible vibrations. The

waves having low frequency envelopes can be felt.
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Fig. 6 Three filters model. The second “Non-linear envelope

detector” is our main discovery in this paper.
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