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Developing an Olfactory Display Using Functional
High-polymers Application for Video
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Physical implementation of controlled release, as in traditional audiovisual entities, is the
prime hindrance in the development of olfactory display. Therefore, attention was focused on
the use of functional high-polymers for the controlled release of aromatic fragrances. Among
functional high-polymers, temperature sensitive hydrogels were used in an attempt to control
the release of aromatic fragrances, because the temperature stimuli for sensitive hydrogels can
easily cause a reversible conversion action between sol and gel. Aromatic molecules become
active in sol form, and are restrained when they are in gel form. Based on this principle, the
measured quantity of aromatic fragrance emission indicated that the emission from gel was
more controllable than that from a sol. In addition, sensory evaluation of aroma intensity was
performed among individuals using a Peltier-module with embedded olfactory display. Effi-
ciency was evaluated by heating the module to emit the aroma and by cooling the module to
stop the emission of aroma. As a result of evaluation, it was verified that hydrogels respond
well and are effective for controlled release. Effective timed release was also demonstrated
when used in conjunction with video display.
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Fig.1 Reaction mechanism of temperature sensitive

hydrogel.
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Fig.2 Temperature sensitive hydrogel.
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MPEG-PCL (%) Distilled Water (%) Fragrance (Vanilla %) Total
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Fig.3 Ratio of aromatic fragrance in MPEG-PCL.
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Fig.4 Differential scanning calorimetry.
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Fig.5 Thermogravimetry.
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Fig.6 Configuration of prototype experimental system.
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Fig.9 Aroma-chip.
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Fig.10 Gel-sol-gel phase transition.
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Temperature change of Peltier module
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Fig.12 Temperature change of peltier module.
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Fig. 13 Sensual evaluation of aroma intensity.
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Sensual evaluation of aroma intensity
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Fig. 14 Normalization of sensual evaluation of aroma
intensity.
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Fig.15 Average of sensual evaluation of aroma intensity.
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Fig.16 Sensual evaluation of aroma intensity with movie.
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Fig.17 Normalization of sensual evaluation of aroma

intensity in movie.
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Table 1 Aroma intensity (6 step method).
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Table 2 Aroma diffuse time (7 step method).

3 2 -1 0 1 2 3

2!5 552 <L & oY E=3 ilf
i A < ) < W o
1z 5 T & Iz
552 w o) w &
A ) IR

09000000000200 1100300 400400
100000000000000000000000
0000000000000000000 17000
000000000000000 180000000
000000 1700 18 000000000000
00000000 00O00O0oo
00000000000 D0000D00000000
0 By thesea (1915)0 30 30000000000
0000000000 200000015000000
0000000000 104000000105000
0000000000000000000 10 300
000010200000000000000000
000000000000000000000000
0100000300000 12000000000
000000000000000000000000
0000000000000 0000000000
000160000 50000000000000
0000000000000000000000 50
00000000000 D000D000D000D0O000n
000000000000000000000000
000000000000000000000000
000 300000000000000000000
002000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000 000D0000000000
00000000000 00ooooooooog® o
0000000000000 D0000D0O000

Jan. 2008

o1oobooooooooocooooooooon
goboooooo1l1bcoooooooboobobooboo
gOoi19000001900000000000000
goboooooboobooooooooboobooo
goooooOoooooooocooboooooooboo
030mmd000000000000DO0DOOO0O0
gobooogoobe9bbobOOoOOoboOOOO
gboboooboooooooboobobooooooboooa
175000000 17250000000000000
goboooooooooboooooooooobooo
gboooooi1oooooooooooonoooboo
gobooooooooboooooooooobooo
gooooboooooooboooooo

ooooboooooboooooboboooobooon
goooobooooooooobooooooooboonoo
goboooooobobobo0oeDbOOOODO 1.88
oo oooomo
goooooooooroooOOobooOooooooon
—ls6 0000000000000 0O0OOODOOO
goood

4.3 0OOO0OOO0OOOODOOO

oboooboooooboooooboboooobooon
go00ooooooo2000000 TGOOO DSC
goooooooooooooboboooooooo
goboooooooboobooooooooooboooo
goooboooboooooboooboboboobOoboo
goboooobooooooboobooboOo400D000O
gooobooboobooobocooboobooboobooo
goooooo0o0o0ooooooo 420000000
00 MPEG-PCLOOOOOOOOOOOOOOOO
4200000000000100mmO0O0O0O 4100
gbooboooodoboi1woooo 200000000
gooooooooooooo 2000000000
goooooooOoOoooooobooooooboobo
goboooooooooobooboboooooobooboboo
goboooooooooboobOoooooDboog 20
000 40000000000100mmOOO0O0O
goboooooooooboooooooooobooo
gboooooobooooooobooooooooa
goooooo iobobooooobooobo0ooooa

g0 mooooooooooooooooooooo

000000d 150100mmO0000 190 350 mm0O
gobooOooooooooooboobooboo sb000
goooooooboooooooboboooooboonoo
goboooooooobooooooboooooboooo
gobooooooooboooooooooboooo



Vol. 499 No. 1

goooooooooobobooboooooooooo
goooobooooooobooooooooooooo
gooooboooooobooooooboooooooon
gobooooooooooooobooobooooooo
oobooooooooobooooon
goooooboooooooobooooooooo
gooooooooooooooooboooooobo
gobodoooooodg oo 1voooooooon
gboboooooobooobooocboooooobooon
OO00StartD 000000000000 O000O0OO
OMaxOOOOOOOOOOOODOOOOO0O0 130
ooooooooooooooo 2000000000
gooooboooooooooooobocoooooooon
goooobooooooobooooooboooooon
gobobooOoooooooooooooooooon
goooobooooobooobooooobobobooDo
gooobooobooooooooooboboooooobo
goooboooodoboooooooboooooo
gooobooboooooooooobooboooooo
goooboooooooboooobooobooboooooo
gooooboooooooooooboooooooo
goooboooooooobooobobooooooo
goooooooooobooobobooooooooo
gooobooooooooooooboooboooooo
gooooooooooboooboooobooOonoooon
goooboooooooooooboooooooo
goooooooobooooobobobbbUuoUUggo
goooooooooOoObOObO0O00O00o0o0ooOaa
goboooobooooobooboooo
obooooboooooooooboooooooo
gobooboooooooobooocoooobooooooo
gooooboooooooooooboooooooo
ooo2000000000000000O0O0O00O0
gooooboooooobooooooooooooon
goooooooooooooooboooooooo
oooooooog
ooooooboooooobooobooooooo
OUoUuoooOos4°CcoUpuouoooooon
gobobo oooobooooooooobooobooboooon
ooooooooooocooobobelooononOoOO
gbooooooboooooboooooboooooo
gooooooooooooooooooooooo
goooooooooooooobooobooooooo
goooboooooooobobooooooboooboobo
gooobooooooobooooooooooooo
gooobobooooooooboboooooooooo

ooooooooooboooooooooooOooooooooooon 171

gobooooooooobooocoOoooooobooo
ooo

goooooooooobooboooooooooooo
goooooooooboooboooOooooobonoo
goooooooooobooooboobooooobonoo
gooobOmoooboobooobooboooo
gooooobooooo

5. 000000000

00000000000000000000000
000000000000000000000000
00000000000 0000000000000
0ooDo0oO0O0oooOoooo

5.1 00000000000

1982 O OMIT O Tanaka O O Science O
PNIPAAmM OO00OO0OOOOOODDODODODODDOO
000000000000 00Drug Delivery Sys-
temO0DDSOO 0000000000 OOOOODOO
0 O Micro Electro Mechanical Systemd MEMSO O
00000000000 000000000000
0000000000000000000000000
000000000000000000000000
0000000000000 00000000000
0000000000000 0D000000000

5.2 0000000000000

00000000000 000000000000
00000000000 D000DO00000000D
ooooooooodYmooooood”ooon
000000000000000000000000
0000000000 0000000000%000
000000000000000000000900
00D00000O0000000000000CYa00n
0000000000000 D000000D00000
00000000000 0000000000000
000000000 oooY00000000ODn
000000000000 Oo®o00000oonon
0ooOooo® 0000000000 0Doo

00000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000 0000000000000
00o0D0DO0O0O0oO0OooOoooo

00010000000000 2000000000
100000000000000D0000DO0000



172 ooooooooo

000000000000000000000000
000000000000000D000000000
000000000 00000000

5.3 00000000000
0000000000000000000 0 Aroma-
Rama (1958)FY 000 0000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000 Smell-O-Vision (1959)(7)
0000000000000 000000000000
oDooooon

Heilig 0 000000000 Sensorama (1962) 7
0000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000 VRO Virtual Realityd
000000000000 00000D0000000
0000000000000 DO0O0000O0O
000D000O0PCOOODOODODOODODO
0000000000000 0000000000
0 O AromaJet® 0 scentair?” M TriSenX#® O
000000000 Aerome0000000O0OS-
MOOZERFY 00000000000 DOO0D
00000000000000000000000
00000000 Fragral?Y000000000 0
0000000000C%0 Yamanaka 000000
0000000000 000ooooofYoooo
0000000000000 0000 Y0 Yanagida
00000000000000o00f® 000000
000000000000000000000000
000000000000 0000000

6. DOOOOO

4000000000000000000000O
coobooooobooooboooboooboobooooo
coooboooobobooboooooooboobooooo
gdooobooooooooooooooooooo
goboooobooboooooboooo

oobooooobooooooocooooooo
goboboooooooboooooooooon 200
oo

0200 ()00000O00O0OO0OOOOOD 100
oooooooooo0o0oo0D0015x15x0.34mm0O
ocoob100000000000000 0.1mgOd
ocooooooobOoOoOoOoOoOoOoooooobooboooo

Jan. 2008

6 7 8 9 10 || [54mm

1 || 12 || 13 || 14 || 15

' 86mm

(a) Aroma card

Arom21Card

Olfactory Display

Peltier | " ’ Peltier

Heat-sink Heat-sink

(b) Cross section of aroma card

020 000O0O0ODDODOOD
Fig.20 Image of aroma card.

gbooboooooboooooooooooooooo
gooooobooooooo
gooooobooboolr1ooobooooooooo
gbooooooooboooooooboo 100000
goooooooooobooooooooooooo
goooboooooooooooboooooobooooo
oooooooooooooooooooo 200 (b)
gobooooooobobooocoooooooooo
goboooodoooooboooooooooobooa
goooooobooooooooooooooobooo
goboooooooobooooboooooooooo
goooooooooboooobooOooooooooo
gbOooooooooooooooboooooo
ooooboooooooobooooboOooooooo
gooooooooooooobooboooobooooo
oo Tvooooooooooooooooooo
gooocbobvbOoOoooOoOoooooooOoOo
goooooooobooooobooboboooo
gobooooooooooocooooooooboooo
gboooobooooboooooooooooo

7. 0000

oo0oooooOooooooOoooooooooo
goobooooooooooooooooooooo
gooboooooooobooooooooobooooo



Vol.49 No.1

gobooooooooboooooooooboooooo
gooobooooooooooooboooooooo
jooooooooobobooooboooooooboo
gobobooboobooooooooooooooooo
goooooooooboooooo
goooooooooobooooooboobooo
gooooooobooooobboooobobooooo
goooooboooooooooocooooobooo
gooobooooooooooboooooooooo
000000000 oooO0SrryD 0000000
gooobobooooooobocooooooobooooon
gooobooooooooboobooooooboooobo
goooobooooooooooooboooooooon
goooooobooooboooooo
gobobooOoooooooooboobooooooo
gooobooooooobooooooboooooobo
gooobobooooooobobooooobooobo
goooboboooooobooooooooooooo
goooboooooooooooooooooooo
goooooboooooooooocoooooooo
goooobooooobooooboooobooobo
gooooboooooooobooocoooooboooooo
gooobooooooobooooooooooooon
goooooooooooooooobooooobooo
oooooboooooooboooooooooo
oooooobooooooooobooooooooo
goooooooobbooooooooboooooo
gooooobooooooo
U0 Ooobooobooooooooobooo
OooooOOoOO0OO0OO0OO0OO0OO0O0O0oo0oO0oO0O0g0 Yang
Dae-Hyeok 0000000000000 OOODO
gooooobooboooooooboooooooon
gobooooooobooooovooooboooo
oobooooooooboooooboboooboobooooon
gooobobooooooooooooboooooobo
gooooboooooooooooboobooooobo
goboooobooooboobooooo

o o o o

1) 0Do0oO0o0oU0oooOoooUooooooo
0000 D0 http://www.soumu.go.jp/
joho_tsusin/policyreports/chousa/gokan/
pdf/060922_2.pdf

2) 0U0oO00UUoO0oO0OoDOoUOOooOOoODOoUoO
000000000 00000dp.171, Ohmsha
(1997).

3) boUoO0oUOoOoUOooUooUooUooo

ooooooooooboooooooooooOooooooooooon 173

000 0p.203, CMC (1985).

4) Kim, M.S., Seo, K.S., Khang, G., Cho, S.H.
and Lee, H.B.: Preparation of poly(ethylene
glycol)-block-poly(caprolactone)  copolymers
and their applications as thermo-sensitive ma-
terials, Inc. J. Biomed Mater Res70A, Wiley
Periodicals, pp.154-158 (2004).

5) Kim, M.S., Seo, K.S., Khang, G., Cho, S.H.
and Lee, H.B.: Preparation of Methoxy Poly
(ethylene glycol)/Polyester Diblock Copoly-
mers and Examination of the Gel-to-Sol Tran-
sition, Journal of Polymer Science, Polymer
Chemistry, Vol.42, pp.5784-5793 (2004).

6) Kim, M.S., Hyun, H., Khang, G. and Lee,
H.B.: Preparation of Thermosensitive Di-
block Copolymers Consisting of MPEG and
Polyesters, American Chemical society, Macro-
molecules, Vol.39, No.9 (2006).

7) 00000000000 0ooOoUooooooo
0 0 0 pp.203-238 (1992).

8) Nguyen, T. and Bushnell, L.G.: Feasibility
Study of DTMF Communications for Robots,
University of Washington, Department of Elec-
trical Engineering, Technical Report No.2004-
0013 (2004).

9) http://www.phidgets.com/

10) 0000000000000 000OO0OOooOO
00000gooooDooooDOoOdvVol.ll, pp.203—
215 (2003).

11) Ledwich, G.: Pulse Width Modulation (PWM)
Basics, Power Designers (1998).
http://www.powerdesigners.com/InfoWeb/
design_center/articles/PWM/pwm.shtm

12) Doty, R.L.: Psychophysical measurement of
odor perception in humans, The Human Sense
of Smell, pp.95-134, Springer-Verlag, Berlin
(1991).

13) John HarrisonOD O D OO0 000000
0—0000000000oop299, 0DOO
(2006).

14) Tanaka, T., Nishio, I, Sun, S. and
Ueno-Nishio, S.: Collapse of Gels in an Elec-
tric Field, Science, Vol.218, No0.4571, pp.467—
469 (1982).

15) Harmon, M.E, Tang, M. and Frank, C.W.: A
microfluidic actuator based on thermorespon-
sive hydrogels, Polymer, Vol.44, pp.4547-4556
(2003).

16) 0000000000000 0OOO0OOOO
0000000 0OO0DoOooOgo P2000-272197A
(2000).

17) 000000000000 00D00O0OO0O0OO
000 P2002-96530A (2002).

18) 0Uo0oUOooooooooooooooon



174 ooooooooo

goboooooboobooboooobooobo
0000000000 P2002-19258A (2002).

19) DO000D0O0O0000O0O00DO0O0oooOoooo
OU0oO0oooooo 9-327506 (1997).

20) 00000 0DOUOOOULOOOOoOOoOooO
0000000 P2004-81378A (2004).

21) DOoOoO0ooO0OOoOO0ooooooooooo
gbobooooboooboobooooboobo
go0obooooboobooboooboooobo
000 P2000-163938 (2000).

22) 00000000 0OOO0DOD0OODOODOOOOOO
0000000000 10-146385 (1998).

23) 0oOoOooO0oOoOoOoOoooOoUoOoUOoooo
000 6-207074 (1994).

24) Kaye, J.N.: Symbolic Olfactory Display, Me-
dia Arts and Sciences, Cambridge, MA, Mas-
sachusetts Institute of Technology, 1-124.
http://alumni.media.mit.edu/ " jofish/thesis/
index.htm

[\V]

5
6

) http://www.retrofuture.com/sensorama.html
) http://www.aromajet.com/

) http://www.scentair.com/

) http://www.trisenx.com/intro.html

)

)

)

N N NN
o0

9
0
31

http://www.aerome.com/
http://www.osmooze.com/
oooooooo bDoboobooboo oo

Jo0o00odbOOoooobooboboooooa

000000000000 0000000 Vol.g,

No2, pp.19-24 (2003).

32) OU00O0OOU0OOUOOODODOOOUOODOOOO
Jododooobooooobooooooooa
00000000000 AROMA RESEARCH
No20, Vol.5, No.4, pp.350-356 (2004).

33) DU000OOU00ooUooOoooOooUOooooo
Jo0o00Oo0o0bOOo0obOooDboboooooa
J000o0o0bD0o00Db 800D DO0Dpp.69—
72 (2003).

34) Yamanaka, T., Matsumoto, R. and Nakamoto,
T.: Study of odor blender using solenoid valves
controlled by delta-sigma modulation method
for odor recorder, Sensors and Actuators B,
Vol.87, pp.457-463 (2002).

35) http://www.mirapro.co.jp/

36) Yanagida, Y., Kawamoto, S., Noma, H.,

Tomono, A. and Tetsutani, N.: Projection-

Based Olfactory Display with Nose Tracking,

Proc. IEEFE Virtual Reality, pp.43-50 (2004).

(00190 40 17000)
(00190100 2 000)

w

Jan. 2008

O 0®@O00O000
197200020060000000
gooooooooooooooo
gooooooooooooooo
gooooooooooooooo
ooooooooooobobobbooo
goboooooooobooooon

ud ooooooo
19740001997 0000000
; goooooboboobz2oe0100oon

. 0000000000000000
>’& 0000MO0000000000
-l " 0000000204 000000

Jo0o0o0o0oO0o0o0oOooboooOoooooooon
doodoooooooooooooobooboooano
dooddooobooooooobooobooooooo
OOACMOOOO0ODOOOOOOOODOODOOOO
O0O0OC0OO0OCOOO0O0ODOUOIEEE Computer Societyd
gooboooboboooboboooboo

O ood

197400020000000000
ooooooooooooooon
20000 2001 0 0 OO OO SAMJIN
gooooooooooonooao
2007000000000 O0OOoOoag
o0o0o0O0o0o0odooooooooooooooog
gooOom2007000 LGSOOOOOOooOOOOO
OO0O0JACSOOO
O ood
Q 19770002004 0000000
-~ o0o0o0oOoooooooooood
s; oo 00000000000
't"" gooooooboooooooono
ooooodo2100 cCOEQOOO
000000o0o00oooooooOoooACMD2006
Best student paper O O O IEEE Robotics and Au-
tomation Society O OO



Vol. 49 No. 1 ooooooooooboooooooooooOooooooooooon 175

o0 Oooocoooo

1987ro00ooooooooon
gooooooooooooooo
oooooooooonoooree2n
O0O00DATRODOODOOOOOOOO
001995 0000ATROODOOOO
gooooooobleoooooooboobooo
oooOoobOo200r0000002000020030000
ooooooooooo 2100000 oooooon
goomuooooooooooonoonod1eegn
O00000O00000ACM Multimedia 2004

Best Paper Award O 0 O OIEEE computer societyd

ACMOOOOOOOOOOOOOOOOOOOOO
ooboooooooom

oo oo

A 19730 3000000000000
- oooooooouoooooood
oooooooooooooood
- O00oO0ooo 19920 40000
0000O00000oooooooooooooog
0000000000000 0000o0ooooog
OO Foreign Distinguished Professor0 0 000 0O
O000000000o0oO0oDooOoDoooooooog
OOO0O0O0O00O0O Polymer International Executive
EditorD 00 150000000000000000
0 19 00 0O 20070 Rensselaer Polytechnic Institute
0 USADO Reed Lectureship0 00000000000
ooooooooooooogd

19450 10 1200062 003

oo oooooo

1974 000000000000
oooooooooooooooon
ooooooooooooooooo
198201986 0 ICOT OO 019920
goooobooooooooooo
gopoooobooosooooooooooogo
2006 0000000oooooooooobooooom
goooooog 2000000001996 000
goboooooooboobodoboooooobooooo
gooooooooooooocbOooooooboooo
ooo




