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Feasibility Study on Audio-Tactile Display via Spectral Modulation
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Various approaches directly using vibrations of speakers have been suggested to effectively
display the aural information such as the music to the hearing-impaired or the deaf. However, in
these approaches, the human can't sense the frequency information over the maximum
perceivable vibro-tactile frequency (around 1kHz). Therefore, in this study, an approach via
spectral modulation of compressing the high frequency audio information into perceivable vibro-
tactile frequency domain and outputting the modulated signals through the designated speakers
is proposed. Then it is shown, through simulations of using Short-Time Fourier Transform (STFT)
with Hanning windows and through preliminary experiments of using the vibro-tactile display
testbed which is built and interfaced with a notebook PC, that the modulated signal of a natural
sound composing sounds of a frog, a bird, and a water stream could produce the noise-free
signal suitable enough for vibro-tactile speakers without causing significant interfering
disturbances, Lastly, for three different combinations of information provided to the subject, that
is, i) with only video image, ii} with video image along with the modulated vibro-tactile stimuli as
proposed in this study to the forearm of the subject, and iii} with video image along with full audio
information, the effects to the human sense of realify and his emotion to given audio-video clips
including various sounds and images are investigated and compared. It is shown from results of
those experiments that the proposed method of providing modulated vibro-tactie stimuli along
with the video images to the human has very high feasibility to transmit pseudo-aural sense to the
human.
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Table 1 Test on differences among responses of reality
perception and emotional perception under
different experimental conditions

) T
Image+
. . sound+ R post-hoc
image | vibro- significant
. image comparison
(a) tactile test
) (c) (Scheffe)
variable | (b)
group
mean | mean | mean
F(p) compa- | p-value
+8D +SD | 8D
rison
reality a*b | 0.017
perception!| 51.20 | 6595 | 67.30 | 7.13"
al b*c 0.96
(tota 22172 £10.58 | £935) (0.002)
score) a*c | 0.005™
emotional a*b | 0.001”
perception’] 46.29 | 6425 | 6839 | 13.17"
total b*c 0.64
(total 1 £91.151 4930 | £6.48) (<0.001)
sgore) a*c | <0.001"
**: p=0.01

1:a (20 persons),b (20 persons),¢ (20 persons)
2:a (17 persons),b (20 persons),c (18 persons)
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Table 2 Technical statistics on reality perception for
sound types under different experimental

conditions
image image-+vibro-tactile [sound+image
sound type
| mean £ 8D mean=£ SD mean £ SD
baby crying | 1.00£0.00 340+1.67 3.00£0.00
cat 4454216 3.75:£1.68 5.70+1.03
vehicle 3.95+£2.04 595+1.19 4.45+123
dog barking | 3.70+1.98 475+1.55 540%0.75
frog 3.7542.10 3.30+2.00 4.70+1.08
lion 3954+1.93 5.05+1.40 5.0041.21
popping corn | 3.75+2.05 3.50+1.73 480%1.28 |
gun firing 440t Zﬁ 6.20£1.06 495+1.67
tempest 3.6012.14 5.054+1.54 5404123
subway train | 440+ 1.73 5.15x1.35 455+1.36
thunder 3.25+1.80 6.05+£0.83 485%1.04
laugh 3.45141.6] T 4.3041.84 510125
water fall 380+1.85 4.80+1.32 475+ 1.57
!j rooting 3751171 [ 470+ 1.56 465+1.10 ’

! standard deviation
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Table 3 Technical statistics on emotional perception for
sound types under different experimental

conditions
image image+vibro-tactile |sound+image
sound type
mean £ SD' mean+ SD meanSD |
baby crying | 1.00+0.00 4.00+1.56 6.1711.20
4.06:+2.30 3.954+1.32 5.22:+1.80
vehicle 3.94+225 535+1.23 5.39£1.15
dog barking | 3.94:£2.05 5.00£1.30 6.22+0.88
frog 3.531+1.94 2.7511.62 3.17+£1.98
Yion roaring | 2.76:1.60 520t 1.15 5.06:0.80
popping corn | 2.8211.81 275+11.25 3.06+1.47
gun firing | 3.06£1.75 4.704+1.84 3.28%1.74
tempest 4.00+£235 5.50+£1.19 6.28+0.83
subway train | 3.881+1.87 4.85+1.14 4444142
thunder 3.12+1.58 5.05+1.47 544125
laugh 4,00£2.03 5951095 5831+0.86
water fall | 2.71£1.21 3.90+0.85 2.94%1.35
rooting 347174 530£113 5.80+1.08

! standard deviation
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