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Feasibility Study on the Use of the Thermal Sense as an Complementary Media for
Pseudo-Aural Sense Display
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Abstract

Recently, various researches have been attempted to effectively display pseudo-aural senses to the
hearing-impaired or the deaf, using vibro-tactile stimulus as well as visual sense. Particularly, it is reported that as
complementary senses to support the visual sense, tactile senses displayed by either speakers or vibration motors
improve the reality sense significantly but do not nearly improve the emotional sense. Thus, in this study, the
thermal sense is selected as another complementary sense to support the pseudo-aural sense display and it is
investigated whether the thermal sense could generate a pseudo-aural sense or not. For this purpose, a thermal
display module which could effectively display the desired thermal sense is implemented. Then, experiments have
been conducted to subjects, which provide them with various types of stimuli combined with the aural, the
vibrotactile, and the thermal stimuli along with the visual information. It can be confirmed, through statistical
analysis on the data collected from experiments, that subjects could feel a pseudo-thermal sense closer to the real
thermal sense which the normal subject feel from both the visual and the aural information, particularly either i)
with the thermal stimulus along with the visual information or ii) with both the thermal and the vibrotactile stimuli
along with the visual information than only with the visual information. Conclusively, it can be confirmed that the
thermal stimulus applied to the skin of the subjects could play a role of effectively displaying pseudo-aural sense
related to the thermal sense, as an complementary media for the pseudo-aural display.

Keywords : thermal sense, thermal display module, pseudo aural sense, peltier element.
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Figure 1. (a) Interface Diagram of Thermal Display Module
and (b) Control Block Diagram
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Figure 2. Time Contour Plots of One Peltier Module : (a) WWhen

Temperature Rises, (b) When Temperature Falls.
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Figure 3. Step Response of One-peltier Module



21.2. oo g2 A2 FYE 2 ANE 2=

e @7 A2 A" €7 Ad REY =49
de B R £5E HYsy] 9% Wetew
vl e @7 99 EES 47 gEA AAE 2=
FATE FESIES st ®Ho} g2 AZF ol thd
Z}e] e Yl 255 ATE F A=SE a7 5
o} o] vl /¢ HEo] AR FAHE A F3
A 5SS TN vl ] DElo] BE 7k
AE BE 9ol F2E vl e HAF =E A2
shte] FElo] BES JetE o]Fste] tidAte]

- e P
: sy @ LY
A ARIVIYIVIYE
HSLWAYAVAN AN
'_25 . \W
; RN

5
001 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20
Time(Sec)

Figure 4. Sinusoidal Input Response of One-peltier Module
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Table 1 Selected Images with Various Sounds

?nfg Description geonu?l:)(
1 | Submarine firing sonar Sound
2 | Waterfall dropping down water Water
3 | Wave at the graveled seashore Water
4 | Outdoor spring spouting vapor Water
5 | Street trees in the strong wind Wind

. . Water
6 |Trees in the constant rain Wind
7 | Swimming diver in the water Water
8 | Spinning water mill Water
9 |Sea wave at the seashore rock Water

10 | Palm trees being shaken by the strong wind | Wind

11 | Cherry tree swinging in the wind and rain | Wind

12 | Rafting boat on the fast flowing water Water
13 | Flame from the flamethrower Fire
Fevered

14 | Rooting crowd in the stadium air

15 | Windy and rainy field /\XZ:;
16 |Fish swimming in the creek Water
17 | Violent snowstorm Wind
18 | Windy barley field Wind
19 | Swimming mandarin duck in the creek Water
20 |Burning oval briquettes Water
21 | Group of deers crossing the river Water
22 |Lava spewing out Fire
23 | Weed waving in the sea wind Wind
2 Person walking along. a windy Wind
snow-covered mountain path
25 E‘:ir sitting on the windy snow-covered Wind
26 | Wedging a heated a sickle into the rod Fire

27 | Buming fireplace in the blacksmith's shop Fire

Birds sitting on the snow-covered land,

28 . . Wind
facing a strong wind

29 | Birds flying through snow stormy sky Wind

30 |Birds in the windy desert Wind
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Table 3. Descriptive Statistics and Comparison Tests of
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RAL HZ NS BE OjH|ROl UL BE JHSH AT 49

248
VI (1.89)
1.83
18 (1.45)
I 0.03 IS>1, (IS)(IT),
(1.41) IS>TV, IS<IVT
245 | 3069 KIT, <1V,
» IT (1.54) | (<.0001) ISIVT
i ' IT>1V,
v 0.80 ITYIVT)
(1.47) IV<IVT
285
Vi (1.72)
T: Image 1D,

: Repeated Measure ANAVA, p<0.05, If sphericity was assumed,
F-value of sphericity was selected. However, the assumption of
sphericity was not satisfied, F-value of Greenhouse-Geisser was
selected.

. Paired t-test, P<.01 ( I: image, S: sound, V: vibration, T: thermal,
IS: image and sound, IVT: image, vibration and thermal, IT:
image and thermal, IV: image and vibration)
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