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| M = % X|'%LO“ D|_|7|'_5|'—L Al_l_ilt_6|-7-” tl|_|'%(Choi and Noh, 2004; Part et al., 2015)
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478 HE HS 1 (> 85 %) (Jing et al., 2009; Wagner et al., 2005)
O Steering wheel (Hong et al., 2014), Seat (Lee et al., 2012; Tsuji et al., 2014) & At L CFFot
SE0M A R O R MEEE Z85= 7|5

= ECG ¥ sC 7| 2H Xt &48 B2 7|=2| 483 7ls8 =5

e (T, —
Measures brain waves Measures sweat and heart rate Senses sleepiness

Wircless sensors embedded in Conductive pads measure hear ! ate A camers mounted on the steering
the headrest could measure the changes and paim temperature; infrared column tracks the driver's face for
d

ECG 7|8 Z7d T8 H2te ¢
(Average recognition rate = 85.78%)

brain's electrical activity $en50 fackal

0

TABLE III. THE RECOGNITION OF TWo EMOTIONS USING ECG

Monitors heart rate
SIGNAL
. Classiffer KNN Fisher-KNN

Features/Recognition Rate— Sens gucse-elaerts
original feature subset 79 79 bbbl

' 9 9 monitor to the car's multimedia v
optimal feature subset 23 12 saentoam ftherverisat |

: O < , S
highest recognition rate 83.68% 94.59%
lowest recognition rate 62.19% 73.71% &\
T << - I

average recognifion rate 75.85% 85.78% Decsesig

Ade bedd

Mnlmnhaml meumm
breathing rate for signs of stress.

Ing. S
cruise-control 5 y(msl boamel data about

Jing et al., 2009
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|2t 92 X3S AL BHE passive & AL

Method OIX| &5} Drivin
Author (year) : 9
Y g o U Zos 708 WUt g 3ol consideration
B Zhu et al. (2016; proceeding) Passive 7-point Likert scale D
Katis et al. (2008) - - D
Agrafioti et al. (2011) Active — SAM
Jing et al. (2009) Passive TAS 20 X
7 papers Kim & Andre (2008) Passive - o —
(2 ) ‘ - 2UX LY HE |
Wagner et al. (2005) O HF =L EH .
- ¥ REYEEEIM: A 13% (2/15) |
Lee et al. (2005) .
—— Passive 86% (6/7) —
Nadai et al. (2016) v
- FEH Y "tk
Riener et al. (2009) @)
HEH L (7/7)
Seok & Kim (2015) O
8 papers
2 2 L
[ = 1
| Brosschot & Thayer (2003)

4 £ INDUSTRIAL AND MANAGEMENT opicDesion
2% ENGINEERING, POSTECH 5 O Techfé



N
I
re
-1
n
-
3
3
Q
<
oy
)l
p=l
g

o — o~
Q 20X Ojee| 478 HE A4 0|5
H 1T : 1L A S
Q248 88 o2 I (normal vs. emotion)0| OFl 247 7+ The of 1 =5l
O = - | L (=)
A 72 48 HOl@zo pzen sresews 48 Al ZHQIXF 08 O] 5
Q 7helel 48 gt (trai)of [HE WAL= & =8 55 X0|F 24t A+ X
HERY . : .
Author (year) Z *_.‘_"“E“ == ECG A5 7|0k B Driving consideration
Zhu et al. (2016; proceeding) N.A. D
Katis et al. (2008) Between emotion - D
Agrafioti et al. (2011) Between emotion 0]
7 papers Jing et al. (2009) Between emotion
(A B _
Kim & Andre (2008) Between emotion . %Exl' ?:.I'Io'l r.'-_l'hé
Wagner et al. (2005)
= AL 13% (2/15
Lee et al. (2005) » AP EHE SR a7 ( )
Nadai et al. (2016) 278 ZF =Y 100% (7/7) | o
Riener et al. (2009) u 7"?_' xI' EE:l 1?_-I
8 papers Seok & Kim (2015) - O
GRS
Brosschot & Thayer (2003)
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1. ZHeIXtof| = HolH 28 &

9
2. Active 2478 St HIH AIE - D= AHE

Average accuracy

Subject No. Anger Anxiety

: * Anger: 100%
l S01 . . = Amxety: 90.3%

2 g ol why
| (normal vs. emotion)

* Anger: 100%

803 * Anxiety: 100%
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Q28 oA ot=0 72 554 225 fHESH= 20 ~ 50CH 1698 (H: 89Y, O: 8H;

0. ;

Male (n = 8) | L L 9" Female (n = 8) USRI (=35

<66.5 kg 66.5~ 752 kg > 75.2 kg <52 0kg 52.0 ~ 58.4 kg =584 kg
2000 1800
0 1 1 0 T 2
> g7 >174.3 cm o (51%) (10.1%) (17.5%) z161.0cm |, (55%) o . (10.3%) 2.0t (17.8%)
TR CR % ' o ° g
[ ob 3 o2 ® .ea *
1800 oy ;ig m $ ) :’:;.\...3. 1600 - *
- % L 155.8 ~ 1 1
aqh . g7h 1686 1 . A 1 "
1743cm X 161.0cm | 500 (10.3%) (11.5%)
(10.7%) (12.5%) v (11.4%) ShN
) v gt *Y .
160( k ) o 1400 ° 0
[ )
=S5 IS 2 5. 1 0 <155.8 cm 1 1
50 (17.7%) (10.0%) (5.0%) o (16.2%) (11.1%) B (4.7°/:3
- o 60 v o0 90 Lou . 3U 4u 5( 70
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.|.|.=|7|- EH Ab 7 I-Ic->l
Q Arousallf valence = HO| A 2571 2| Z7H -2 11-point bipolar scale=2 AFE3H0]
HYHO 2 FF(0]: depression2| &< arousal -33, valence -58) & MH
Q "o of & 278 4 7|1&: (1) valence -58 (78X A& 1), (2) Arousal (-5 & 5)
= 288 4d + =2 & (arousal)0i| [HE HE 2d 45 Hlu 7t
x

0 "ot Cia ZH": (1) Anger, (2) Anxiety

High
Hateful Arousal
Anger Fear
[ ] ° 51 L]
Ambitious .
- ‘ 2% scoring Y
Disgust Courageous
[ ] L] 3 L]
2 .
« M3 A (Russell et al., 1983; Scherer, 2005)2|
| R - 4y 25 23 58
Negative J A Positive A 5H O:I—T-LE E"’H =i EI:"'|. E|X| oL FhK]
Valence 5 4 a3 2 4 1 2 3 4 5 Valence s IB VT = S0 SR B o
: sl . = AR 3010 REA| W7t 23
-2
Depression Solemn
[ ] L] -3 L]
-4
Anxiety Sadness Peaceful Calm
[ ] L ] -5 + [ ] [ ]
Low .
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=l O =2 HA
S Y S5

T
QO =& W Task (3 level; driving, “driving + anger recall”, “driving + anxiety recall”)
Q358
» Bio-signal

v ECG: (1) Time, (2) Frequency, (3) Non-linear domain ECG measures
v' Skin conductance: (1) tonic level, (2) phasic level

» Driving performance: (1) mean speed, (2) SD of lateral position, (3) steering velocity

ECG measures

Skin conductance

A 4

. R Emotion
Feature selection > PR
classification

Driving performance
3 INDUSTRIAL AND MANAGEMENT Ergonomic Design
: ENGINEERING, POSTECH 17 O Techrology Lab




ECG Mgl H

Domain M Off Al CH 43
Mean IBI . ms | IBIS] B4k
N enaey N w N
Time SDNN ms | IBIS] EZEHX}
RMSSD 7| ms | 9 IBI 2t EEHEK
LF HF
LF L ms?2 | 2 FLt L 9 (0.04~0.15H2) 2| power
g 60000 = mm.‘ -
é Parasympathicus | | Parasympathicus
Frequency HF § oo ms? | =2 FIOF L Y(0.15~0.4Hz) 2| power
LF/HF 00.0 ' D.:I ) 02 ) 03 ' 04 , 0‘,5 i LF2|- HF9'| Hl%
Frequency (Hz)
A SD of the Poincare plot perpendicular to
SD1 -, B ¥ ms | the line of identity (y=-x)
- — Short-term heart rate variability (HRV)
Non-linear E
1 a SD of the Poincare plot along to the line
. SD2 Y ms | of identity (y=x)
Q O ree — Long-term heart rate variability ¢gRV)




Skin Conductance Hefe} M

QO LeadLAB (Matlab-based software for the analysis for skin conductance data)=

E35}0] SC (skin conductance) 2 & feature == 7ts

T2 =k ek Tl
CDA.Nscr Number of §|gn|f|cant (= above threshold) SCRs within ]
response window
Cda.Latency Rgsponse latency of first significant SCR within response Second
window
_ CDA.AmpSum ng of SCR-amplitudes of significant SCRs within response MUS
Continuous window
decomposition - o ]
analysis (CDA) CDA.SCR Average phasic driver within response window muS
CDA.ISCR Area (= time integral) of phasic driver within response window muS*s
CDA.PhasicMax Maximum value of phasic activity within response window muS
CDA.Tonic Mean tonic activity within response window -
Global.Mean Mean SC value within response window
Global
Measures Global.MaxDeflection | Maximum positive deflection within response window

) INDUSTRIAL AND MANAGEMENT " Ergo ic Design
: ENGINEERING, POSTECH 19 O Techrdlogy Lab



T2l A =240 Ef Xt EQ 900 (Hyundai Motor Inc., Korea)
=~
T

i Al =24 0|H S/W: UC-win/Road 11 (Forum 8 Inc., Japan)

=
>
>
> ECG &7 ZH|: Noraxon Telemyo DTS (Noraxon Inc., USA)
> SC =7 ZHH|: SA 9309M (Thought technology Inc., Canada)
_$_

8 Task: & 3K} 1 =2 =3 (80 ~ 120 km/h)

T AlZdI0|E =

INDUSTRIAL AND MANAGEMENT d Sraonceiic Desion
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Descriptions

State-Anxiety | ¥ @M =¢ret 282l X (intensity) 53
(S-Anxiety) v "1 = 71 Z(tension) & =22 (anxiety) 1
State-Trait Anxiety Inventory
(STAI) v 20t ABto| J) 0l xK(individual difference) £
Trait-Anxiety s

(T-Anxiety) +12 (1) 98 £E A2 AN 4, Q) $HY
()

CHRIBHAIOI A & b=, B 25t S-Anxiety 4

State-Anger | v 87t SAl stt= 82l B 5

(S-Anger) | v Zo|Lt MHHOZ 31E BHIE Y B
State-Trait Anger Expression Trait-Anger v SHLES 21MS HSlste Bl of Cf3 JHOIAF =X
Inventory-2 (STAXI-2) (T-Anger)

Anger N

Expression v' Anger H 3 (Expression & Control)0f| CHet CHEXE X| &
Index v' AX Index = AX/Out + AX/In — (AX/Con-Out + AX/Con-In) + 48

(AX Index)

3 INDUSTRIAL AND MANAGEMENT Ergonomic Design
: ENGINEERING, POSTECH 21 Techrology Lab



1. Fd A" M A SoM 2y, N S, T dg, THE 478 B2 @, 4
M paseline 5
2. T F:. 902 T BIF (M 4582 T only; FEH 458 T or TH T 4 3|4,
A M= 8l driving performance measure 578
3. FHAHY = 28 47 B} (2n)
15 min 5 min 2 min 3 min
si:’s;r (15 ba;e%ne

4 = INDUSTRIAL AND MANAGEMENT ik
0% ENGINEERING, POSTECH 29 O TechRbogy Lab




X Repetition/Z’d = 23]

A 5 FH| setting (5 min)

v

Informed consent (2 min)

Y (2 min)

M=z XEM &HEH2 min)

y

< |

m
)
[0
ps
wn
(@)
T I
Q

n
®
S
()
%
o

Driving (3 min)

\ 4

20 A 48 JEf BT

1) Driving (3 min)

2) Driving + anger recall (3 min)
3) Driving + anxiety recall (3 min)
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=4 24t

S1. MKt HH (ECG U sC M=)
S1.1. =4 &2 X[ E: 7 IAto| [ E 4 7' ¢
S1.2.
S1.3.

ISPS

- O

Lo;

s
O

0x H1
= oy

o

M

s MY A0 Xt 00| K Q| scale X}0| £

S|

1) Trend agreement: 7 —’.'f— B30 Ae 2™ Hoto| 2 ECG Az U
SC g dgku HokM

2) sAH 72|d: ANOVA 242 ST task?f(Relaxed, Dr, Dr+ER)
X}tO| (p-value: < 0.05)

3) A& Hh=d: coefficient of variation (CV) < 30% (Wang et al., 2011)

4) %ﬁlﬁ H == 7| H: sequential forward/backward selection

S3. Tl o8l Ji(jinear support vector machine) ¥ d5 A5
- TE Y
1. Support vector machine (SVM)
2. Artificial neural network (ANN)
3. Random forest

- ZHZF U stratified 10-fold cross validation (CV)

Time (sec)

(1) Trend analysis

Best ECG —
measures (3) Reliability

(2) Statistical significance

= Ergo ic Design
Techiélogy Lab




S X
1. A 720Kt B (1/2)

100

Bl N
o o o i
o 5 -
Q | |
O x
g o0 o . 5
o] £ : i1
ol % 3 : i
o< ~ L nn : | %
Gy B @ "L
Lu_._._ o = M .A___._ m
) T o .
0ot 5 4
oo @ S w
Tws
= O o @ |
K m OF K
ol - & m
ST S
2 o p I
¥ iy oK W o.
= -7 O §
gl & < - %
Kr N5 2 g |
T R
- o0 K : |
M K <N i ﬁ : |
S B Iy oo KO 2z :
=& B = o
N o ol 3 :
N S <0 < = -
~ Ho_”_ od — ) : A o
olo MW~ O — B0 < = . 8
> E gz K 5 0 ¢
O Wn ."_."_.___._ L_L m . v mT
() O o_u ._LOI 9 wm N m
W o u A .
o : g =3
Q) & ~O L_.o LH ._Mm 5 +
O ol R " " o i
TR : | |
: 2E
™ g | i
D o (o} -A—.—._ mm
@ @



A 2XE SOl

HEO| JNIA 27

S1. H&E 701K} B (2/2)

S1.1. &M He| X|’d
S1.2. X-IE I-IE°I= |.

S1.3. 7H2IXt B (normalization)

INDUSTRIAL AND MANAGEMENT
ENGINEERING, POSTECH
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0.9 |

A 4

A

0.8 -

IBI
0.5 L . . .
0 10 20 30 40 50 60 70 80 90 100
Time (sec)

Domain Frequency

measures measures

Mean IBI SDNN RMSSD LF HF LF/HF

Original data Normalized data

Mean IBI Mean IBI

of
o
]
[
\
\
(

ol i |
low Medium  High
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Tech

ic Design
ogy Lab



S2. Feature Selection

4 G % sc M7t Ao|gt
Q 47rXI =S %EP%*EE {50 HHEOIAE XA ECG ¥ SC A& I}
1) 48 7Y = Ho[H Hat g (71& A+ Bt £ &

2) Task 7t XtO| A H 72| (relaxed vs. d

3) Aol MY (LY 33 B )

riving vs. “driving + emotion recall”)

4) Stepwise feature selection 7| & Z1t

(1) Trend analysis (4) Stepwise feature selection

Add X, with

(3) Rellablllty 55 . e =M minimum p

value to the
model

h J
Add X, notin
model with
minimum p value

(2) Statistical significance e tothe model

INDUSTRIAL AND MANAGEMENT d Ergo
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S3. EHE 2P T N 85 83

O Input variable
1. MEEECGHE
2. MHEEl skin conductance 8
3. Driving performance measure: (1) mean speed, (2) SDLP (SD of lateral position),
(3) steering velocity

O Output variable: (1) driving, (2) driving + emotion recall (anger or anxiety)

F<: (1) Anger (driving vs. “driving+anger”), (2) Anxiety (driving vs. “driving+anxiety”)
7|9: (1) SVM, (2) Multi-layer perceptron (MLP), (3) random forest

QO AZ Y- stratified 10-fold cross validation

M MM T X train (12) + test (4)

*'3:.4 O X} train (repetition 22|) + test (repetition 12|)

mousmw.mo MANAGEMENT R Ernots Dasien
ENGINEERING, POSTECH 28 Techi”dlogy Lab



280 LE 7 Mk Het FM: Summary

Pilot test result
(vs. control)

Measure (Me o)
Anger Anxiety

IBI v v v
Heart rate
ZH b Physiological | variability

2t | measure FHE | A A A
o =

Skin conductance
response (SCR) A

SD of speed \ A A A

> 4dE He

performance
Steering wheel rate \A V V

Driving

X
ook

MHT
ne
>t

F2E 28 BIt (STAI, STAXI-2) * A A

O—— 24 Al voltage (V)£ €5 El dataE transfer function= 0|-&3t0f conductance 2 H2t Al ,
ENGINEERING, POSTECH HI"S && 0l 240 =4 (e.o. negative value) = transfer function AH =8 22 67 ok




TR 2
(Normalized
value)

2.0

1.5 A

1.0 A

0.5 A1

0.0

Anger

Zt

nl% <
=

-

Driving + anger

Driving + driving

ol

o
rx

( - \ INDUSTRIAL AND MANAGEMENT
9/ ENGINEERING, POSTECH

2l

o
ot

30

g

: -10% (driving only) < 107% (driving + anxiety)

871

Anxiety
25 3
Driving + anxiety
20 1 ’,) 8
4
’d
' d
’I
1.5 A ”
g 56%
L d
e
'd
L d

1.0 | Cmmncaaaa

----‘

Driving + driving
0.5 1
0.0
Fy FU 3
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ECG: IBI (Inter-Beat Interval)

X 1= 1Bl |

Q
Q CHH| =3 with Z7E 2|&F Al 1BI

=¢F: 882.64 + 37.03 (driving) > 863.01 + 36.49 (driving + emotion)
Control (@3 £x): 856.91 + 31.45 (driving) < 865.89 + 35.40 (driving + emotion)

IBI S IBI
(Normalized } "k q (ms)
Valued) ® A

=
Z=3H
> = 874.20 + 38.87 (driving) > 866.70 + 27.87 (driving + emotion)
>
>

101 g Driving + driving 900.00
1.01 A Driving + anger
890.00 LS
1.00 A S
1.00 A PN
' 880.00 s
0.99 - Driving + anxiety <
‘~§~
0.99 870.00 A ‘5\.“
0.98 - ,,—’
-

0.98 - 860.00 1 S —————— . ="
97 - Driving + drivin
0.97 850.00 A 9 9
0.97 A
0.96 T T ) 840.00 T T !

Relaxed =¥ ¢ with 2™ Relaxed = Fd with 2434

4 = INDUSTRIAL AND MANAGEMENT ik
0% ENGINEERING, POSTECH 31 O TechRalogy Lab




ECG: LF/HF

48 1 = LF/HF 1
CHH| =3 with 2078 2[4 A| LF/HF
LY: 5.84 + 2.75 (driving) > 4.47 + 2.46 (driving + emotion)
Ot 3.26 + 1.35 (driving) > 4.90 + 2.87 (driving + emotion)
ontrol (Z& £x): 14.06 + 12.86 (driving) < 6.95 + 3.20 (driving + emotion)

LF/HF LF/HF s
(Normalized RN 81 % Yy
Valued) KRR (%) sy

O

Driving + anger
- 14.00 1 Driving + driving _ _ =% _
2.00 - s’ T Sead - ~
’ Se. 12.00 -~ S
s r” \
' \\
150 - ’,’ Driving+ anxiety 10.00 1 N
L’ 8.00 1 N
v - e
| +
1.00 $-_____ 6.00 Driving ’aagsr
et ccaaaaao ®-- ”’ ~~~---1
4.00 - -~ -
0.50 A "a
2.00 A ‘ Driving + anxiety
O-OO T T 1 0.00 T T 1
Relaxed e Fd with 244 Relaxed =4 Fd with 23

4 = INDUSTRIAL AND MANAGEMENT Y oo Deiicm
0% ENGINEERING, POSTECH 32 (2 recnlblogy Lab




F O X} #1)

ECG: Z&™d = strong & U
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Driving Performance: SD of Speed

Q 473 1+ = SD of speed 1
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Q&A

Thank you for your attention!
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