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A} site: sciencedirect.com, scopus.com

A A title, abstract, keyword
A

119,160 document results
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S1. Keywords 2= &2t journal paper 4

S2. Title screening=

"

=g 48 24

TITLE-ABS-KEY
(("EEG" OR "electroencephalogram”) AND

("sentiment" OR "affective" OR "arousal"
» 1394 A

OR "emotion" OR "valence"))

e > 401 7
= "L |
------------------------------- » 176 7
4 167
e gt Zat =: 454
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b8 21t

No. Author(s) Year Title e
1 Xing B et al 2019 Exploiting EEG Signals and Audiovisual Feature Fusion for Video Emotion Recognition &

2 Ciorciari J et al 2019 An EEG study on emotional intelligence and advertising message effectiveness o

3 Hwang S et al 2018 Measuring Workers' Emotional State during Construction Tasks Using Wearable EEG o

2 SuY et al 2018 QI55?2::1&;}:229122@3“ to environmental emotion perception based on A

5 Zhuang N et al 2018 Investigating patterns for self-induced emotion recognition from EEG signals i

6 Ruiz-Padial E et al 2018 Fractal dimension of EEG signals and heart dynamics in discrete emotional states o

7 Suto J et al 2018 Music stimuli recognition in electroencephalogram signal o

8 Hu X et al 2017 EEG correlates of ten positive emotions 2

9 Thammasan N et al 2016 Continuous music-emotion recognition based on electroencephalogram =
10 Bhatti A.M et al 2016 Human emotion recognition and analysis in response to audio music using brain signals o
11 Mehmood R 2015 EEG based emotion recognition from human brain using Hjorth parameters and SVM o
12 Nor N.M 2015 Correlation between precursor emotion and human stress by using EEG signals o
13 Su Y et al 2018 A spatial filtering approach to environmental emotion perception =
14 Zhuang N et al 2018 Investigating patterns for self-induced emotion recognition from EEG signals o
15 Ruiz-Padial E et al 2018 Fractal dimension of EEG signals and heart dynamics in discrete emotional states o
16 Suto J et al 2018 Music stimuli recognition in electroencephalogram signal &
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=& X}

0 n=284 %+ 12.34 (range = 7 ~ 45 yrs)
v dS(8Y, 2F ) 582 EEG B0 S22 7|E = U= oz HE © F7
v 44 HelE +=8%t= &4 R X0 X7 gle & EE

Author (year)

# of participant

Mean + SD (Range)

Inclusion criteria

Exclusion criteria

Ning et al. (2018) 30 (M =20, F =10) 23.7 £ 2.9 (18 ~ 35) - o= 58 =4,
Baixi et al. (2019) 39 21.7 + 4.2 (18 ~ 35) - 25, 84 et ¥
Suto et al. (2018) 15 255 + 2.1 (22 ~ 30) Task AHE B® ER -

Raja et al. (2015) 7 (Only male) 23.5 + 3.3 (21 ~ 30) Mentally heathy SIS I
Ciorciari et al. (2019) 10 (M =6, F =4) 30.2 + 3.1 (-) - -

Bhatti et al. (2016) 30 (M =15, F = 15) 275+ 4.7 (-) - H &Y S EHe g
Chai et al. (2018) 45 (M =23, F = 22) - (20 ~ 45) Task AL B® ER -

Nor et al. (2015) 30 (M =15, F = 15) 23.5 + 3.3 (20 ~ 29) - Azt R H2 7|5 Eol

Hwang et al. (2018)

10 (M=6,F=4)

25.3 + 2.3 (-)
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EEG Ml HEgsI M

A L|It= f=ot= Fabo| Helo el 57X (s, 0, o, B, )= == L.
O Delta wave2 theta wave= = s=H1} 2tH0| QI 7{IXtZ QIS5+

n=o 74 = A H=XGS
B#ESHE d1150| Chax 25
Z o Physiological meaning
Tl | =2 2K | Mz HeEl M=z o|n| :
(H2) 1 (high level) I (low level)
R . A SIAMS o A SIMS oto AM
Delta 1~4 l‘l:l |x_-|H|_I-_I?I_ III,‘J \I .'ﬁ'll || \.I\.'U\ T:HI&\AI SEI‘AC-;SI' ElE'_:‘ ZII:\TE A_.l_ TEISQI', E I__:l_ EHOHA-I
VUUNT B &4 FEE 28 | &o S ks Fol kel
SIow_
wave N OIS A O23 1=
Theta |4~8 | MEEE | amalt W 22 58 M 2Bosr DXl )I\EF_T'I__ 3= Zr_eft:/’eJ_o =0 AER A
SET O WMIUNGY  ns AbD e Al E 23 thinking. =5 ==0=
MES SA Al SASIEH AT A S Al T OFSF AMEY AEHA, HE
AI ha 8"’13 T 4, I T = O ; = d 'I'I'_I'_l_l—l—l—o 1 —— -_— 71 Oy
P =384 WMM 2EAR 22F 55 20| K2 ok &FEf Hf 2 &L EY
SHE ME| AT SHE A| M3 AHE ZE AEHA g% FE AmW
Fast - MEA =o o-l, =0 = O O, 5HS 29
wave | Beta 13~30 1 8Fs Wil | ol TETtE BE0| 9e aIert AFER poor cognitive ab|I|ty
AEQA HE N2 .
G 30 ~ 4 HEg, Beta wave 2L} O ZIZE HE QL T = ﬂlx] e 121, depression, non-
amma ~45 | cxo MWM\ F= AEfZ o|O] o Ea e conscious activity
high mental activity
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EEG Al 2 A HiH

O EEG A= M2 (1) preprocessing, (2) feature extraction, (3) classification2]
N

= Body movement / eye artifact Xl

S1. Preprocessing = Baseline Ci{H| 7§ 91k} &2 &

\ 4

S2. Feature extraction

\ 4

= Frequency9 [HZ brain wave T &
=

=TLA/O| T = Co Ex
» T/ 2AM 52 S0t

= Machine learning 7|2t EEG Az & Z

- FLHGIIe HEtE Hln

0x

cE
S3. Classification
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I 7} A Voice User Interface (VUI)

Q (1) = =0[2(2) & =77 0|3k vUIO| CHSHO E 7}
= =0|(pitch; 3-level): (1) High: 240 Hz, (2) Moderate: 210 Hz, (3): Low: 170 Hz

>
> W2 7](speech rate; 3-level) (1) Fast: 405 syllable/min,

(2) Moderate: 345 syllable/min, (3) Slow: 285 syllable/min (. Yoo et al., 2019)

Table =8 2t=5t0] & 0’
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g M=(P3, P4), X T=(A1,A2)
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I HE

1. Performance measures: Task success rates

2. Physiological response: EEG 23 9| ot Y E 24
v Alpha(8 ~ 13 Hz): X2t HElf, 41 &Ef, HOISH 7|2 1
v Beta(13 ~ 30 Hz): HH &Ef, Z47H, 28 AN
v Gamma(> 30 Hz): A& X2, QX &5 Al N
T | ca o . Physiological meaning
(Hz) T2 A t= oo 1 (high level) I (low level)
&4, M A 2d3tEH, 2 Al A, motoh AEY, AEY A, AH,
Alpha 18~13 |cfa | Aegjagtosz =2 on | AEs Al obe Afef

Beta 13 ~30 M=o 2E JE|, AtD 23 A 2dst | H43, 1%, 2EYs, |29, UF EE,
-TE Fo| B #HO| JUZ alert &HEH poor cognitive ability
AEFA HE X2 .
Gamma |30 ~ 45 &9, Beta wave 2L} I ZIZHEl AFE{ 2t = <|>IX’| S 1el, depression, non-
FEE HE HEE 20| S le conscious activity

high mental activity
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I HE

O EEG 7|8t =™ AIZ E9| arousal2} valence == (Blaiech et al., 2013; Davidson et al

1990; Hwang et al., 2018)
Of F31t F40|M ‘M Z=Z 0| 2t

> Valence (pleasure state): & ¢
v Negative state : 21% =M (F4, Fp2)2| H| &3}

QEZ HH(F3, Fp1)Q| HIZM 3|

v' Positive state :

v & H=09| 243} XI0| £ valence =8
and beta frequency ranges

» Arousal (excitation state): power ratio of alph

—e

o 2f

—e

v’ High arousal: beta wave &’d3}, alpha wave H| &%
gat

v' Low arousal: alpha wave 242}, beta wave H| 2%

Valence = ;Eig — ggg (Equation 1)
_ a(AF3+AFA+F3+F4) :
Arousal = AP TAFTEF3+FD) (Equation 2)
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(1) 2-dimensional emotion system2f (2) VUl 48 E7t & 50| =t =S

— —

1

v Arousal & valence 7|t 2-dimensional emotion system

v VUl dd oz 55 5 WE A7 AEE S5 measure 117

- - - x n e
2-dimensional emotion system VUIAIEE HE S ZHE 03] B 5
Arousal
high 2 | mnzy | 2o
11 I
High-Arousal, Tense Excited High-Arousal, =84 VUIZE R85t UET 4= 9ls oS 2 AS WZ SteTt
Negative-Valence (e Delighted | veValence Hay Ot 7sH | VU ASRIOIA 20 S Of5E + UES HEsHE
ey VUIZE ALERHOIA 210/ 2 F25HA HEst=R
Frustrated Happy
Hel s AHERL| F{ZH0|LE S490] MEp A AR MEJE BEAE = YER
“negative neutral positive=—» Valence ooix stan A5 AR AAHS S8 KA ASote 70| 427
Iieriessed il 54 0] 7] 0142l IS BA| 52 THHOB $HT 4 YT
Xzt VUIZ} Ot K2ZF 9l A HEE HESH=X
I0I Bored Relaxed v a b FLt A chat |
Low-Arousal, Low-Arousal, M=y ol VUIZE ALEALS] A ZE S R 2 MERN A E=5HA CHH7HeR|
Negative-Valence Tired | Calm Positive-Valence ol ol VUIZ Q0L AL RFOA HFAA S Q S50 2 So| k|
oW
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E =) %(03” 01 120, =, 21
XS |1 == —1 S OHFELL- E
— Aot HFa 3E8H 48 S 2oz vul B
iz . A LH X 0O a2
2. MZF AME B0 TV A Al =11 O 7| B 84, &0 & E&)
o XIxTlolH 2 © OHFALL E
> 5= 3 257 385 48 S RESl= vuI B A
Arousal
high X‘"% Al‘-g 7o:|_TI_
II I
High- Arousal, Tense cited High- Arousal,
Negative-Valence “ Positive-Valence
Angry Delighted
@ HEIIZIsME
Frustrated Happy
*—negative neutral positive—> Valence
Depressed Content
ll l Bored Relaxed l A\
Low-Arousal, Low-Arousal,
Negative-Valence Tired Calm Positive-Valence

low
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HE 71= 71 AHE 87t AlLiE| 2

of
(1l
-4
=

EEG &4 7
(2x2 conditions)

@ 5202 28
. P ZM B} (1 min) (5i=/condition)
= 2N 2T (performance ™ & £9l)
= Recovery (2 min)
n: iﬁéﬂ%ﬂqg%t}m 29 2 Ergonomic Design
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of
(1l
-4
=

MIEFZ=0f “O| 2 & ('HE3IH H|Al
of: 3)0| &A= ASLIL.

EEG &4 7
(2x2 conditions)

\ 5208 29
. P ZM B} (1 min) (5t /condition)

[ =]
= O|E2HE ZF 2% (performance B Q)
* Recovery (2 min)
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VUI H2}0j wE 4/d: EEG

(1) Arousal= speech ratel} pitch 5 7}0]| L2} Z7|5tH, (2) valence=
speech rate’} moderate2 [, pitch”} very high® I} Z|CH

— speech rate/} B2tETS =2 HSE7F 8750 arousalO| S7tE A2 2 Atz E

p =0.01
* p=0.61
=065 b =0.02
2.50 o 2.00 2.50 o I SE
2.00 - 2.00 161
1.30 *n <0.05

Arousal '°° 147 'lf Valence '*C | P

1.00 I 1.00 065 0.49

0.50 0.50 |

0.00 0.00

Slow Moderate Fast Slow Moderate Fast
Speech rate Speech rate
*p=0.02
p =059 * p=0.02

2.50 , 1.90 2.50 o *

2.00 I 2.00 p=0.01
Arousal | 123 1138 1.50 1.85

100 T Valence 100 0.83 i

0.50 0.50 0_?2 |

0.00 0.00

Moderate High Very high Moderate High Very high
Pitch Pitch -y Ergonomic Design
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VUI BH3}0]| [} 2 Arousal: X -7}

O (1) Speech rate”} "2t +5 arousalO| S7|SHX|EL (2) Pitch= AE 2
Xto| gi=

ro

= Speech rate $710|| (£ arousal 5717t EEG2} AEF L X|

*5=0.02
*
p=0.02 p = 0.54 SE
*
me HE 70 , W #E 70 4 p=0.02 p < 0.05
T 4.55 4.78
5.0 4.29 + 5.0 : T
3.36 T 3.65 T 1
Arousal HE 4.0 T Arousal HE 4.0 I
3.0 1 30
2.0 2.0
oj A28 1.0 oS xpgst 1.0
0.0 > 0.0 >
Slow Moderate Fast Moderate High Very high
Speech rate Pitch

CEEEL 34 ) Tethnoiogy Lab |




Valence

VUI tH3}0]| [} 2 Valence: F2HA T 7}

(1) Speech rate= moderate speed|A] 7}& B &5HX| L, (2) Pitch= A&7t
gaet Xo| gi=

—> Speech rate2| 2% EEGRl 0| YX|3tH, MHs W=7|2 FSEE FXIA|7|=

A0| 3HEI} Il A2 = Ats E

p=0.64 p =059
*
p=0.02 *p<0_01 ISE
e 3%y 70 4 e 2x 70
H'I' oo A p < 005
6.0 6.0
4,72
5.0 T 5.0 4.27 3.91
3.52 = 3.51 3.60 T T
HE 40 T T Valence E& 40 - T
T I -
3.0 3.0
2.0 2.0
o< £d 10 e 5y 1.0
0.0 > 0.0 >
Slow Moderate Fast Moderate High Very high
Speech rate Pitch
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e

VUI Heloj [ E Hzd:

U

1) Speech rate= moderate speed0|A| 7} H & 5| X| Tt

Lo
X -

LS a75t0l Brd

p=0.54 p=0.68
*
p=0.02 p=0.25 I SE
oS HE 70 , S B 70 , *p < 0.05
H2 6.0 2 6.0
© 5.06 ° 428 4.73 4.40
oFZt HE 5.0 4.06 T oFZF ™S 5.0 . T .
- N L 3.77 - T T I
BHE 40 T I BE 40 1
ozt 28 3.0 ozt 28% 3.0
=28 20 =28 20
e =28 1.0 e 23 10
0.0 > 0.0 >
Slow Moderate Fast Moderate High Very high
Speech rate Pitch
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VUl tH3}o]| 2 X2 ZE 85 It

Q (1) Speech rate= moderate speed0|M 7}%& FIZ2SHX| T
(2) Pitch= high2t very high®l| A 2 (= 2157t 723 X10] X)

p=0.14
* 001 p=089 * b =0.01 p=0.18 I SE
e A2 70 , X2 7.0 , *p < 0.05
2 60 Xz 6.0
42 50 443 Gt HZ 50 4.24 3.84
HE 40 3?1 + 3'T51 HE 40 3.?1 t I
o7t BHZ 3.0 t : ozt EXZ 30 2
X2 20 sH2 20
e =2H2 10 e =22 10
0.0 > 0.0 >
Slow Moderate Fast Moderate High Very high
Speech rate Pitch
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VUI tH3}0]| L}£ Performance

O Warning 2&0| A= speech rate?| W}E+% performance 7}
= warning 20| M= 4827t 0t G 2 BHE HE S5

| =/
task THE0| S7IL /S A= A= E

Normal situation Warning situation
1000 , I I 1000 , . L
Performance 800 I Performance ,, 1 :
60.0 60.0
40.0 40.0
20.0 0.0
0.0 > 0.0 >
Slow Moderate Fast Slow Moderate Fast
Speech rate Speech rate
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Discussion

AF= VUL A 240 Ciet 24 "HIIE

(1)
EEGQr (2) FEH W72 SO W7t L 241

Q (1) Moderate speech rate2t (2) high pitchO| Al @ =4t XIZ2ZH0| 745t
=AU O speech ratel| 7= FFEE FHA7|= A2 E HIHE
EEG T ">t
Arousal Valence Arousal Valence

A A& summary
Speech rate table &% & KM=

Pitch
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Application

O 2 A7 A= (1) Speech rate®} (2) pitch SHO| M, AFR X ZE S
SZA|7]= vul BAof 7lo| = 2felo] & £ US
O EEG 7| Ul A 48 Z/d 2018 EHMSIY, Ul AA CHof CHot H7tet

ol 282 + UAS

ALEXL A8 S vulo] Z&% M E ol Al: Al 257 EEG 7|8, AHEXL AP S 1efth ul 24

User Inteface Computer
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Future Study

A EEG A2 E AMESHY FEHE &4

Q Inputs: (1) EEG A= HE3 &

O Outputs: arousal (High vs. Low)1} valence (Positive vs. Negative) 5 32| Z+d
F=d(4-levels)

0 70 YHH: ogistic regression, neural network... = C|O|E Q1 & &S o & MY

EEG Mathematical models 44 o=
Input layer ~ Hidden layer ~ Output layer High arousal
Anger | Happy @
Negative ) (HN) (HP) , Positive
valence Sad Calm ) valence
B (LN) | (LP)
Low a;ousal

sy Ergonomic Design
41 Technology Lab




P
YU __q8

o| "OJef - Th AFSXHH | AMH| A 7| BE=/H ALE"(RO004840,
2020)2| A|@= ZOf A= A Z0r L L,

-3 Ergonomic Design
42 Technology Lab




	슬라이드 번호 1
	슬라이드 번호 2
	감성이 고려된 제품 개발 필요성
	객관적 감성 평가 방법 필요
	감성 평가의 EEG 활용성
	연구 목적
	슬라이드 번호 7
	문헌 조사 방법
	문헌 선정 절차
	문헌 선정 결과
	실험참여자
	실험 환경
	실험 장비
	감성 유발 방법
	EEG 전극 부착 위치
	EEG 신호 정량화 척도
	EEG 신호 분석 방법
	슬라이드 번호 18
	실험 참여자
	평가 대상: Voice User Interface (VUI)
	평가 장비
	평가 환경
	8ch EEG 전극 부착 위치
	평가 척도
	평가 척도
	평가 척도: 주관적 만족도 (1/2)
	평가 척도: 주관적 만족도 (2/2)
	평가 상황
	제품 기본 기능 사용 평가 시나리오
	제품 사용 경고 평가 시나리오
	평가 절차
	EEG 신호 분석 확인 사항
	VUI 변화에 따른 감성: EEG
	VUI 변화에 따른 Arousal: 주관적 평가
	VUI 변화에 따른 Valence: 주관적 평가
	VUI 변화에 따른 명료성: 주관적 평가
	VUI 변화에 따른 친근감: 주관적 평가
	VUI 변화에 따른 Performance
	Discussion
	Application
	Future Study
	 

