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A Study on the Effect of Visual Augmentation on Olfactory

Ye Ji Jin

Department of Artificial Intelligence Convergence, The Graduate School,

Pukyong National University

Abstract

This paper presents a study that utilizes artificial intelligence techniques to
perform emotion analysis, investigating the impact of visual augmentations on
the olfactory system. The visual stimuli were presented through HoloLens,
depicting augmented particles, while the olfactory stimuli were derived from
various aroma scents. The use of augmented particles enhanced the perception
of the scent compared to a scent experience without visual stimulation.

We experimented by measuring the EEG (Fpl, Fp2, F3, and F4) of 30
participants when they were exposed to visual stimuli through augmented
particles concurrent with smelling a scent. We wused six scents in the
experiment: lavender, lemon blossom, rose, gunpowder, smoke, and tar.

We presented visual stimuli in five different ways by controlling the color
and movement of the particles. Two types of movements were examined in the
experiment: one is spreading toward the users’ faces from an outlet of an
aroma shooter, and the other is a backward movement toward the outlet. All
participants took part in experiments using all five methods of visual stimulus
presentation, and each method used all six scents. After each trial with a
particular scent, participants provided subjective evaluations of their experienced
emotions (valence and arousal) through a questionnaire.

To analyze emotions, we utilized a support vector machine (SVM) for binary

- vii -



classification and used a 10-fold cross-validation to calculate the average
accuracy. Moreover, we used repeated measures analysis of variance (RM
ANOVA) to analyze the influence of olfactory perception and emotional
stimulation based on the participants’ questionnaire results.

We performed emotion classification using SVM to examine whether there
are differences in emotions depending on the method of visual stimulus
presentation. When we classified emotions using SVM with all four measured
EEG channels, we found differences in emotion accuracy depending on the
method of visual stimuli presentation, with an average accuracy of 0.93 for
valence and 0.9 for arousal.

We used RM ANOVA to investigate the effects of changes in the color and
direction of augmented particle movement on the olfactory system. Our study
confirmed that visual stimuli can influence scent perception and induce
emotional changes. We also discovered that the use of augmented particles of a
specific color can intensify or alleviate emotions, and using green—colored
augmented particles while setting the particle movement opposite to the
direction of the scent emission can alleviate unpleasant emotions.

Through this, we anticipate a more comprehensive understanding of the
interaction between visual stimuli and olfaction. Commercially, the appropriate
use of visual stimuli and aromas can stimulate consumer emotions, potentially
leading to marketing benefits. Additionally, this research can aid in the
development of human-computer interaction (HCI) devices to be used in
specific environments, such as restrooms and garbage disposal sites, where

they can help alleviate the psychological discomfort caused by malodors.
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Table 2. Pleasant scents images and particle colors

Lemon blossom Lavender Rose

Image

RGB
Color

(255, 255, 0) (100, 100, 255) (255, 50, 150)

Table 3. Unpleasant scents images and particle colors

Tar Smoke Gun powder
- ; 4
*
Image 3
P
il S
'!.'-.".'- '!.'-.".'-
]
RGB ve ' ve '
Color
(20, 20, 20) (230, 230, 230) (90, 90, 90)
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Fig 6. Application scenes
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2.2.4. EEG &#A
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frontal lobe

cerebellum
spinal cord

Fig 7. The brain is subdivided into 5 lobes [39]
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Fig 9. Locations of 4 EEG electrodes
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INFINITI

ProComp Infiniti BioGraph Infiniti EEG-ZTM Sensor

Fig 10. Bio—signal related equipment used in experiments

¥ 3= Thought TechnologyAt®] ProComp InfinitiS AFg&3le] = ¥ A
t}. ProComp Infinitix= 8x1d¢ AsE =As 4= glow EEG, PPG,
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Z317] 93 BioGraph Infiniti AXZ E o] E A3t 44 = EEG-ZIM
SensorE Abg3std e, TT-EEG 4 Channel Connectivity Kit<}
TT-EEG Monopolar Bipolar Kit with DIN CableS dZ23lo] 4z149]

35 F435tAtHFig. 10).
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AdE S o, Aol A5 AHsles AL vl$
)+ Latin Square Design= A 83lo] 239 A=
3

o F7b 2 WAL g AznFolatn Wtk 7 B3} Dol sty ]
]_

=
vy
4!
=
tx1

A viml-T m2 | m3S 1-md' W aih

B m2 m3 m4 mb ml

C m3 m4 mb ml m?2

D m4 mb ml m?2 m3

E mb ml m2 m3 m4

Fig 11. Sequence of presentation methods by group using a Latin square

design

Az} A=e]l AAl= B7FA] B o g o]Fojxom g Latin Square
Designe #-&3te] 5789 25 (A, B, C, D, E)2& UF3lom, me A<t

s 9mgtk(Fig. 1. 2% Al &Hot= ATHAES

ml-m2-m3-m4-mb5 A= AFS st} IF Bel|l Fobe HAAES
m2-m3-m4-mb5-m1 2] SR, % Co &35l A7 A=

m3-m4-m5-ml-m2¢] eA AFE APA =, 2FeT AP A



AN AgIHE B ehHolBE 7 2 o Hom T

o,

%)

32

(=

t}. A3 sl= el A= pleasant scent®} unpleasant scent® A&

Zrol A¥s 4= w2 HAHE e o Latin Square Designe &) =44
T AEHA

2 s2 s3 sd sh s6 sl

3 s3 sd sb s6 sl s2

4 s4 sb s6 sl s2 s3

5 sb g6 | s E s3 sd

fH s6 Sl 39 s3 s4d sb

Fig 12. Sequence of scents by participants using the Latin square design

ot

Latin Square Designo] A-8% 9] A= U39 2o & IF& 9
") gk (Fig. 12). sl Lemon blossom, s2i= Tar, s3© Lavender. s4+
Smoke, sb Rose, s6= Gun powder &Fo|t}. 1&F9 3 HA FH7MAl=
Lemon blossom - Tar - Lavender - Smoke - Rose-Gun powder?] 4=
Agst,  F WA HUiAlE Tar - Lavender - Smoke - Rose-Gun
powder-Lemon blossom®] A& Agstty A HA Z71xF+= Lavender
- Smoke - Rose-Gun powder-Lemon blossom-Tar?e] A2 AdS 213

shul, 7 2Fel &8 WhhE @l A7 BF g

_2']_



ANAEE 5744 A7 AT AN gl BE @lstgon, 7 A%
A5e] AN PR 6744 olmnt G did BPOR ol FolArt. st
Fe 1002 5 A 154MJ4 of A7 %

#7150 AAAEL ol msn a4
F7t W2 BAes] 98, 4 Az AFe A By Aoleli WA
148 T,

Huts S48 98 d=s FRE s &
Z7FAFe] FZ F Bl reference ground=
Fpl, Fp2, F3, F4ol| A=& F-2stitt. A4
ZE A= AA] W 58 ARE we AAH 2aE S ZopAke
HoloLens2E 2H-&stivt. gk 74A] kol ok A3S Alzkstr] A, d=9
3171 918 &3 Impedance checkE A3t A4 0]

[}

o2 F7HAF Abelel A Aroma shooterel 7hzte] A= Alele] AgE o

4
4% gue el

-
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AekA §A57 e gel wagel
Aroma shooter9} Z7Fzte] AzlE 40cm=
&3t th(Fig. 13).
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2.2.6. AEZA

High
Arousal

F 3

excited

Iervotls

stressed elated

upset happy
Low

-
Valence

» High
Unpleasant Pleasant Valence

sad serene

depressed relaxed

Low
Arousal

Fig 14. Russell’s arousal-valence model of emotion

oA dmrzl o7 AlL&E = Ruselle] mde 714 S o]s

7] 9Isk o]E4Ql Rd=Z A S Valence, ArousalZ 22+ ¥t =2

O
==

*

d 4 Ao (Fig. 14). Valence® #HA9Y T4 v ¥4 HALEE Yy

Arousal> Al ZEE 9w gt} Valence®] ko]l vs

< YERHH, Valence® #ol =255 T Aoln P&

th Arousal® #to]l WEFE HA Aol £ =AolH

ESTE SEHAY &54A =48 YERdh
olglgt oS VIWte R A A dAFeAMe FE HAIVMRIES A

AE S Al Z3tele] HIbskE =79 Self Assessment Manikin(SAM) S
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Valence

- i HH ZHE% WH  HH J HH  BHCREMN HH  H

1 2 3 4 5 6 7 8 9

Arousal neutral

I am calm, relaxed, (=} (=7 = = =, =l ’
58 822 8 LYk
1 2 3 : 4 5 V 6 7 8

oy

0
ar
8
8!
81
81

(

It is pleasant. I am
happy, delighted.

I am excited, activated,
vigilant.

Fig 15. The Self-Assessment Manikin(SAM) used in the experiment to rate the evaluation of valence and

arousal [48].
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[}
ek dExAE Fgsidvh. "7 35S Valence, Arousal, 3o &,
Foll izt Az, & S dd AR Ao 23, Foll i S A4
PAkel FAY gdoew F 67HA7F 9

6
43to] Valence¢t Arousaloll o3l 1o4 97}4
o Hrg HrtstAl st th(Fig. 15). 3 WA &2 Valenceol] tigh 17 o]
M 12 w9 B3, 55 BE, 9% wg fFAe AAS dUEpdTh 7 OHA
=<2 Arousalol] Wt ol 1S wlg HolsAY F9, 5 HE, 9¢
TH AAS YET. ZREe] =7 &
9138l Magnitude Estimation(ME) Method& AF&-3ke] 1914 1007F4] 2] =
2 Frrstdoh =g e i AEE, Fo S A PAe Aol

=
AR oA, Fol B $7 A A4 4

m

o

FEE E48

_

=
o
0101!

=

3t Fdol AHTA

of thste] 1A 57hA19 H== FALSE
Al P AA B 1S gu 2 AYolung g3 7 d4 Uzt
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Table 4. Participant’s information

Participant # Gender Age(Years) Nationality
1 Female 27 Malaysian
2 Male 22 Japanese
3 Male 24 Chinese
4 Male 25 Chinese
5 Male 25 Chinese
6 Male 24 Japanese
7 Female 26 Malaysian
8 Male 24 Japanese
9 Male 24 Japanese

10 Male 24 Chinese
11 Male 24 Chinese
12 Male 25 Malaysian
13 Female 2 Japanese
14 Male 24 Japanese
15 Male 23 Japanese
16 Male 26 Chinese
17 Male 26 Chinese
18 Female 28 Malaysian
19 Female 31 Malaysian
20 Male 22 Japanese
21 Male 23 Japanese
22 Male 28 Chinese
23 Male 27 Chinese
24 Female 31 Malaysian
25 Female 28 Malaysian
26 Male 23 Japanese
27 Male 22 Japanese
28 Male 25 Chinese
29 Male 25 Malaysian
30 Male 25 Chinese
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Fo we u Y32 29F AT SVME At 14 EFE 2
st o, AL 2-class(pleasure, disgust), 3-class(negative, neutral.

positive), 5-class(unpleasant, slightly unpleasant, neutral, slightly pleasant,
very pleasant)® T3 AT} [14, 15, 16, 17]. A t3gr H =5 - 100 A
1008 AAse] AE3 AT E 2-class EFZ F33 AFolAE =
7FzEel 08 7|Fo st 00Xt & oW pleasure, 2 disgust® 739
tH15].

2 AFeAE AFS S e dHogE Y £4E T8
SVM<& A}&38ke]  Valence®t Arousaldl sl 2-class® 573
Valence®} Arousal> F7IAEZHE 104 971A]2] oz FAHFJL
2 2-class EFANAE FAHHA 5E VIFLE 5HT FHAY Zo
low(0), 5X.t} ZH high(1)=2 &/ 3t tH(Fig. 16).

38
lo

ﬁd
2
g & =

ol

1

rE

1 ] 9
Low High

Fig 16. Binary classification based on a
scale of 1 to 9 (low:1-5, high: 6-9)

AL dubd o w Wo| ALS¥ = Radial Basis Function(RBF)S A&
39l em 10-fold cross validations #Ag&stH H ASEES ALEE9]

(Fig. 17).

1 ‘ ‘ ’ ‘ ‘ ‘ ‘ ‘ ‘ ‘ K iterations

| HINEEEEEN

10- fold cross validation

Fig 17. 10-fold cross validation

_29_



el AFEg diolH e 30 o A7EARFH 57FA] Az 2] AlA]
WO R 67HA s ws W HoE FAT Aotk 2leE 100% F<F
=A% o Sampling rate= 256Hzo] =& ©lo]E ¢ Zo]i& 256000] T,

Rose
—— Raw signal
204
10 (
i \
w
w 0
-10 A
-20
0 50 100 150 200 250
Time
Tar
40 A —— Raw signal
30 o
20 A
© 10 A
w
w
04
-10 |
~.20 4
-30
0 50 100 150 200 250
Time

Fig 18. Raw EEG signals of rose and tar scents

ik AEes F2 AL mE A9 W] dHoew gdEn B AT
o A Pleasant scent(rose)®} Unpleasant scent(tar)E <1213} S we] 3+
A7EAEe] 9 "oy & HlasjEokth Fpl Mo SAE e 5 1%

ol Al Hu AT E gz e A HFig. 18).
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Rose

10 —— Band-pass filter

] 50 100 150 200 250
Time

—— Band-pass filter

T T T T T T
0 50 100 150 200 250
Time

Fig 19. Band-pass filtered EEG signals of rose and tar scents

Mt oAl A ol (Derst, Aeks, St W), geishos
v WEH054H)E e S 5 F2 Ende, AEs4-TH)
e Su g e B AN melu, ol w4, 747, F9
S3b dgse] Atk ARTE-12E ¥ Werad e, & F
A Fz aEv WES(12-30H)E M7k BReA FEAAY oA A%
2 el AFelA Uehdt muo R Zuluts 30Hz ol 49 Fu4
oA AstE, nEel A A9, sk, vme, dw A 53 gl 9l
OB AL o= AAG FA Mt A FE BAEE 05Hzo A
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4 Eake] uhE AL Fotus] AslM, 2 A7 2
M BRE Adstlth £@ Hve] A% g0 e g

otus] g8l AFe] A Aol wek BFES FAsh

4ol EHE ¢
Aol Ad Fo WE EF F3 A= Standard Scaler® AMg3 3
dolg BEHFE F3dstutt =3 Discrete Wavelet Transform(DWT)S A}
g3t glo]&8l 2 Daubechies-49F #W 602 54& FE3to] &
FE FdstAT
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3.1.1 Pleasant Scents

HA7kAE o] g tiE] =7E AAS Fokstr] sl Al A9 A4
WHe] sk Ago] gsd o digt HAEIALE AAFAT
Pleasant scents®l| thal] &7FA7F =71 A S Valence9} Arousals 1H-F

Ao Az Bral

b

Pleasant scents

8.00
67 7.50
Y720
7.00
7.00 683657 683590660677
)
2
o 5.00
w
o
3.00
1.00
Lavender Lemon blossom Rose

method 1 method 2  mmethod 3  mmethod4 mmethod 5

Fig 20. The average value of valence for pleasant scents
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Pleasant scents?] Lavender, Lemon blossom, Rose®] thH3%t Valence<]
Bagts A A=) AA e agzz Jebd 3o th(Fig. 20).
= A A= A Y, y=2 2E A7 SA43% it Valence
th. Valence® #ko] w&o5 &t #AZ A =7H, &5
TE TAA oln &S ongn. WUtAES] HIF Ay wEW, o
T2 O %2 Rose s BRs W 7HE dAHAd =4S #%em, Lemon
blossom, Lavender?] A2 F& A<

RM ANOVAE 33 A3, Lavender oA p = 00591, Rose &l
Al p = 0020122, FoleEe] 001 mvte|B= g2 RIS 7| Zbstal o
H7Hd S A9ttt 28y Lemon blossom oA = = 3247} sk
ocu® FoFFEo] 005 oldolmnr FAFIES A3 Tjr(Taxble 5).
Lavender®} Rose &2 AlZ} A=9] A|lA] HEZ Fou]gk 2o]7F YA

Ak Lemon blossom= 2] 1|3k z}o] 7} i3t

Table 5. The RM ANOVA results of valence for pleasant scents

Sum of degree of Mean
Scent F p
Square freedom Square
Lavender 16.933 4 4.233 3.952 "
0.005
Lemon
4.867 2.884 1.688 1.173 0.324
blossom
Rose 13.440 4 3.360 4,676 "
0.002

*p < .05, ¥*p < .01, %**p < .001

Lavender 33 Rose 39| Valenceol] t3at Az =< AA] W 71 H]
WA Fougk ol = AT YER It (Table. 6). Lavender <]
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BT, A2 A=l AA BR 2-19] Aol p = 00102 FoFEo]
0.001 wlwkolt}, Alzb zp=o] AAl W 2-39] oA p = 047, A7
= AAl B 4-19] Al p = 018, Al A9 AA WY 5-19] A4
ol 5] p = 030|222 folFo] 0.05 v¥re]t}. Lavender®] Valenceol U

2L

2-1, 2-3, 4-1, 5-19] BN AF7HdS 7178t
o, Z} el A fFem gk ZFol 7k Al

Rose @] A%, A1z A=) AA R 2-1¢] ZellA p = 0010]2=
o]0l 0.001 mwkoltl, A|Zb zpEe]l A WP 2-39] oA p =
007, A2 ZA=52] AAL B 4-18] ZellA p = 0070] Ugemz o
ol 001 viwtelth. AlzE A=l AAL W 2-59 A p = 028 Az
2] A A B 4-39] Bel M p = 03701 2E {950l 0.05 T gkolt),
kA Roses AlZb zb=e] AA] WY 2-1, 2-3, 2-5, 4-1, 4-39] 2ol A
AFMEE 71Ztetn dy7bd S AEsien, 2+ A2 fFovg o]t

AT

_35_



Table 6. Comparison by the response with significant differences of valence
for lavender and rose scent

Mean
D q) differenc Std.
Scent D
Method Method e Error
I-]
Lavender 2 1 0.933 0.253 0.001""
3 0.533 0.257 0.047
4 1 0.833 0.332 0.018
) 1 0.667 0.293 0.030"
Rose 2 1 0.800 0.206 0.001"*"
3 0.667 0.232 0.007"
5 0.467 0.202 0.028
4 1 0.633 0.217 0.007"
3 0.500 0.229 0.037

*p < .05, ¥*p < .01, ***p < .001
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Pleasant scents

9.00
7.00
E . 163
500 453447 447 443 :
o 33 420
= 3.7 00 g 4.07 3.90 3.80
N I I I
1.00

Lavender Lemon blossom Rose
method 1 method 2 mmethod 3 ®method 4 mmethod 5

Fig 21. The average value of arousal for pleasant scents

Pleasant scentsoll t3F #3F Arousal &< A1z Ao AA] Wi
gzz YJel A o (Fig. 21), B3t Arousal #t= Lemon blossom, Rose,

Lavender 2.2 =25 &8 4 ).

RM ANOVAZE 4383 Ao A, Rose &l p = 039028 H4F+
o] 0.05 m|wo]l™, Lavender®t Lemon blossom 3Foll A= F94F0] 0.05
o]/olth(Table. 7). W&tA Rose oAt fefmjst o]zt Ao

Lavender$} Lemon blossomoll A= ¢ wj gk zto] 7F g1l vl
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Table 7. The RM ANOVA results of arousal for pleasant scents

Sum of degree of Mean
Scent a P
Square freedom Square
Lavender 11.093 3.250 3.413 1.494 0.219
Lemon
8.973 3.127 2.870 1.179 0.323
blossom
Rose 23.493 3.035 7.741 2.905 0.039"

*p < .05, ¥*p < .01, *¥**p < .001

Rose &e] Arousal] th# Al Aol Al Wy 2k el A §oin
@ Aol7h 9l A EWRITH(Table. 8). A7F A=) AA W 4-3

AR p = 028, A7 ASe] AA BE 529 AolA p = 039, A7 A
o AN W 538 AelA p - 0130]mE folEe] 005 vlwelTh
m2}A Rose?] Arousalol gk AlZb zp=o] A A] WH] 4-3, 5-2, 5-39] A%
AN AR Jdetn Ayt e Adaigen, 7 A fojn e

Apol 7k At

1o
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Table 8. Comparison results by the response with significant differences of
arousal for the rose scent

Mean
(I) Method (J) Method difference Std. Error P
(-
4 3 0.633 0.273 0.028"
5 2 0.933 0.431 0.039"
3 1.033 0.391 0.013"

*p < .05, ¥*p < .01, ***p < .001

Pleasant Scentsoll A 57 §4xte] a3&5 &<2lstr] Y&l Frk Loks o
oF o AZtY gHE FAS WY FH{E v WY oW, Lavenderst
Rose 3FollA FeJmgk Zpol7h QUATE E3F JFoll it 7 YA W=
Wako| w2 g3E W alo A Rose FollA F2luldt =lo]7} ISt

of] sl MEE FAFNA] Roseoll tist MS%=7F 714 =kl Lemon
blossom, Lavender®] &A= AE&%7F =kth B3 I7A7E =715 &9
A= P A= Rose ol 71 Zrsltba =791, Lavender, Lemon

blossom®] =4 & Zetttal =7},
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3.1.2 Unpleasant Scents

Unpleasant scents®+= Tar, Gun powder, Smoke &g A A3t on 7}
ol el A7 =72 2A S Valence$t Arousals ©]-&38ke] 15E 9
7HA o] 2 g rtelsd

Unpleasant scents

9.00

7.00
g
S 5.00
&
= 387 & 09 3. 93
;§ 347350333 383 363
i 397390283313317

1.00 I

Tar Gun powder Smoke

method 1 ®method 2 ®method 3  m®mmethod 4  mmethod 5

Fig 22. The average value of valence for unpleasant scents

Unpleasant scents?] Tar, Gun powder, Smoke®] t gt ¥+ Valence]
e NZF AT AA e gz e tHFig. 22). Valenced]
el Yy B, &5 7R FoS onsth FUkAke] #H 7t

PN
T
2 FtH o2 Gun powder &F°] 7F B35l Smoke, Tare &2
o
=

gratek AlZE 2= o] AA] W Abol ol A ol gk xfo] 7} l=A] dofx
7l 91l RM ANOVAE F3astaith &4 ZAoA Tar & p = 032
ojBRE fregFEol 0.05 Wwtelm® FHIHEAS VAl fHME S A
skt 18y Gun powder el p = 559, Smoke 2] p = 4930]= =2

_40_



FoleFe] 005 ol ge] gons AFAEL AdsAHTable. 9). Z,
Tar $& Az A3 AA EEE fon@ Aozt YA, Gun
powder, Smoke ¥l Az AT AA W Apolol A folv @ o]t

gl Tt

=

Table 9. The RM ANOVA results of valence for unpleasant scents

degree
Sum of Mean
Scent of F P
Square Square
freedom
Tar 15.307 4 3.827 2.742 0.032"
Gun
2.093 4 0.523 0.752 0.559
powder
Smoke 4.307 4 1.077 0.855 0.493

*p < .05, ¥*p < .01, ***p < .001

Tar 3] Valenceol 3t A4 #F=9] AlAl R ZF wlalol A #ojw| g
ztol7b Sl AR UER AtH(Table. 10). AlZF ZF=9] AA] #HH 5-19] %
oM p = .024, N2 A= AA] W 5-29] Aol Mp = 046, A A=
AA] W 539 ZellA p = 01601 2% fregEe] 0.05 mRtelth, whehA
AlZE 258 AA] W 5-1, 5-2, 5-39] Aol AR S T4 oY

HaE AEstslan, 24F oA ol Aozt At

_4']_



Table 10. Comparison results by the response with significant differences of
valence for the tar scent

Mean
(I) Method (J) Method difference Std. Error D
I-mn
5 1 0.833 0.349 0.024"
2 0.700 0.336 0.046"
3 0.767 0.298 0.016"

*p < .05, ¥*p < .01, ¥F*p < .001

Unpleasant scents

9.00
7.00 657
17 6.20
86.03 5.97 663590567573

B 3 5305 33
1731
2 500
&
St
<

3.00

1.00

Gun powder Smoke

method 1 mmethod 2 mmethod3 ®method4 ®method5

Fig 23. The average value of arousal for unpleasant scents

Unpleasant scentsoll g+ H 3 Arousal k= AlZb A

2 gz s JeR A th(Fig. 23). Arousale Zko] w& 7 oF =49
BHE, =255 SEHL ATl Ue AHE UetdY. H Arousal?

S Bt S W, Arousal 32 Gun powder, Smoke, Tar =S 2 =
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RM ANOVAE <33t A3 Tar oA »p 0122 Fol4=9°] 0.05
vjgkol B2 fou|gt zpolE AT 4 Y. I8y Smoke®t Gun
powdero| A= Foln 3k 2polE WA 4= (It (Table. 11).

Table 11. The RM ANOVA results of arousal for unpleasant scents

Sum of degree of Mean
Scent F P
Square freedom Square
Tar 19.107 4 4,777 3.360 0.012"
Gun
6.507 2.553 2.548 0.996 0.390
powder
Smoke 8.467 4 2.117 1.505 0.205

*p < .05, %*¥p < .01, ***p < .001

>~
%

Tar &2] Arousalel thgt AlZF 259 A|Al W 7F vlalo] A f-2n g
2ol 7k & Aut e At (Table. 12). AlZ &3¢ AA] Wy 1-3¢9] %
ANA p = 0498 FoFFo] 0.05 FIvko]l thgky, AJZF =9 AA] WY
1-59] el A p = 001, AlZE Ao AlAL w9 2-59] el p = 005¢]

Fo) =<0 001 mgto] vk} whebA Tar 39 Arousaldl A& Al
7y Ap=o] AAl WH1-3, 1-5, 2-59] el A frem gk 2ol st it

S
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Table 12. Comparison results by the response with significant differences of
arousal for tar scent

Mean
(I) Method (J) Method difference Std. Error D
I-n
1 3 0.633 0.309 0.049"
5 1.067 0.295 0.001™
2 5 0.767 0.252 0.005™

*p < .05, ¥*p < .01, **F*p < .001

Unpleasant scentsel A Z7kA 5] 34 Hr7LE nfgo=z 7 d4
dAke] Azt A aE geletr] flaf FRE Eoks web ol Az A
< FUE WE vustAnt. =3 Fo g S A wE A
2 294E vussn. 2 A3 EHS & F Tar FolA fFon st Aol
7F At

ol s MZ = 7kt =715 3o Aro] it dEFAE 3
HAdk. A3 E ZAA Gun powderol] W3 MES=rE 7 wkow,
Smoke, Tar®] TA12 Hds=7F SETh T3 A7 =7+ & =
B 7 e A= Gun powder o] 7} Zsityal =7 °™ Smoke, Tarel &

N Zettha =

Ir
)
lo
N
N
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3.2 EEG MA@ o mE H7}
3.2.1 Ad 17] A&

A= YA meE g3E dolrr] 7t ¥y Ad-E& Valence®t Arousal
of disl Azt A= AA WRHEE 2-class Y EFE THSHATL
Valence®} Arousal> 7RIS ZHE 104 974A] 9] oz ZAHFox
2 T 58 JlFeR 3§, 5R AAY 2od low(0)2 FHF3ha,
5RTF 39 high()Z EF3ATh RBF AYS 483 SVMS AL&314
THE TFdsden, 25 F de BLEE 47 98 10-fold cross
validations AF&3FA Tl 10709 fold ¥ AHIEE HdS o] A3E &
=53t

67HA obmub S ALt ow, Zh e dojE S 30/clm® F
A= delg e g+ 18070 ¢tk HlolE = 0.5Hzel A 40Hzo F3t4 tf <
S F=3}7] $18] band-pass filterS AF838}3l, Standard scalerE A&}
of HA st

A 2-class® 573 23, A=Y Aol Ao HEUA T
Valence®] 745, RE AdoAe] Had HFS= oF 04894 051 AlolSd
omw Arousal® -+ 04994 05302 wfjg- Formz 1719 AHEdLS A}

F98 dE B 894 ggvn B 5 9

i
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3.2.2 Ad 27 A&

i3
g
it
pop
i)

i

= Yotr7] 98 27he] Ade
FE Fds 2709 Ads Adeste] x4
T e EE AFE HZ2ESUY. =%l JHed A2 Fpl-Fpl
Fpl-F3, Fpl-F4, Fp2-F3, Fp2-F4, F3-F42 67}A17} Stk 27019 A&
AHEEE W, 48 dHeolH = 67HA s EF Abgstslern = 3607HH
67}X1 Ad & oA Fpl-Fp2 A &S A&t £76AS o, 4
T7F Mmoo F3-F4 Ald A2 2HAR HSErt &bty Ue A

iHL.—-ll Ao e 05904 0682 FGE7F Sttt

Fpl-Fp2, F3-F4 A'd & o] &3lo] Valence®t Arousaldl tisl] A]Z}
259 AA BHEE F5% A3E YEtY itk (Table. 13, 14). Fpl-Fp2
A S AFgsle] BRSNS W, Valenced %+ 0.899]™, Arousal
o] A== 0870t} F3-F4 Ad S AFE35te] E7392S uwl, Valence
90]™, Arousal®] AgEE= 088t} wekA, 2719 ¥ 3}
Ade A}%é}oﬂ 7474 BFY 9 Fpl-Fp2 =+ F3-F4 AY o] f&3

i)
O A sl

A= A<k A A
i=]

gtate] 2-class® 7HA
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Table 13. Accuracy results of classifying using Fp1 and Fp2 channels

Presentation Method Valence Arousal
1 0.82 0.85
2 0.91 0.86
3 0.88 0.86
4 0.92 0.89
5 0.92 0.88
Average 0.89 0.87

Table 14. Accuracy results of classifying using F3 and F4 channels

Presentation Method Valence Arousal
1 0.8 0.86
2 0.87 0.84
3 0.91 0.91
4 0.95 0.92
5 0.92 0.89
Average 0.89 0.88
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Table 15. Accuracy results of classifying using Fp1, Fp2, and F3 channels

Presentation Method Valence Arousal
1 0.78 0.86
2 0.93 0.8
3 0.89 0.82
4 0.85 0.88
5 0.84 0.8
Average 0.86 0.83

Table 16. Accuracy results of classifying using Fpl1, Fp2, and F4 channels

Presentation Method Valence Arousal
1 0.81 0.89
2 0.94 0.83
3 0.89 0.83
4 0.89 0.89
5 0.85 0.8
Average 0.88 0.85
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Table 17. Accuracy results of classifying using Fp1, F3, and F4 channels

Presentation Method Valence Arousal
1 0.78 0.82
2 0.9 0.76
3 0.86 0.81
4 0.89 0.88
5 0.85 0.75
Average 0.86 0.8

Table 18. Accuracy results of classifying using Fp2, F3, and F4 channels

Presentation Method Valence Arousal
1 0.8 0.84
2 0.91 0.75
3 0.85 0.78
4 0.87 0.86
5 0.85 0.74
Average 0.86 0.79
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Table 19. Accuracy results of classifying using 4 channels
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Table 20. Accuracy results of classifying by extracting features

Presentation Method Valence Arousal
1 0.88 0.93
2 0.97 0.88
3 0.92 0.92
4 094 0.94
5 0.89 0.86
Average 0.92 0.91
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