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The Development of an ECG-Based Discriminant Model

for Emotion Detection of Drivers
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Heart Rate Variability (HRV)
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SEHS F7] A0l OjMet S22 LIEfLE
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B O|(Finkenzeller et al., 2011)

0 Aeke X3 0f BIZHsl T ALty

HF-Z(Choi and Noh, 2004; Part et al., 2015)

X RR interval(IBIl): the time interval between individual beats
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ECG 7|qF &8 &E

A ECG 7|t 2F A 4HE Tt M= 1 (> 85 %) (Jing et al., 2009; Wagner et al., 2005)

— = L—
O Steering wheel (Hong et al., 2014), seat (Lee et al., 2012; Tsuji et al., 2014) &
Kbk L Cheh REO|M AEhS SHSHs 7|& Tl
H

= ECG 7|t 21X 48 HE 7[22 482 /Isd =&

<7

Measures sweat and heart rate Senses sleepiness

ECG 7|4t 2b’d T'E Hetr ¢
(Average recognition rate = 85.78%)

h infrared tolumn
$emsors monitor facialLemparpture

TABLE TIT. THE RECOGNITION OF TWO EMOTIONS USING ECG

SIGNAL
TT—_____ Classifier KNN Fisher-KNN
Features/Recognition Rate— __
original feature subset 79 79
optimal feature subset 23 12

. E
e

B5.75%

Jing et al., 2009

Detects breathing
A device embedded n the lag
belt tracks changes in the driver's
breathing rate for skgns of stress.
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Of: Al AFOIF 1 vs, Al AHO{X} 8 SHECGHE 2K 79l data W %58 HERE HERY 4597
=8 VS. =28 o \ ! ,
- ECG M2t

Fot M = RMSSD vs. SDNN

"Emoton ||

A A A A

'Drowsiness '

Table 3. Individual optimal analysis condition for cognitive workload evaluation and validation

Fattots Window span Updule ate = ALg e sovonk el £ . Sensmv“y:85 %
Measure (sec) (sec) Betore During Difference Low High e
Participant N&’ driving driving = L Spe()IﬂCIty— 87 %
1 1 RMSSD 40 2 0.989 0.947 0042 | BL, 0B, IB |
3 < 0,500 -
3 SDNN 30 2 0.658 0751 0.093 0B, IB B
4 RMSSD 30 1 0862 0253 -0.609 0B 1B, 2B
5 RMSSD 30 1 0.993 0.850 20143 | BL, 0B, 1B B
6 SDNN 40 3 0636 0.336 0300 | BL, 0B, 1B B Ay
7 SDNN 40 | 0,969 0,963 0,006 0B, 1B 28 Emotion e
I § SDNN 20 3 0.947 0.631 -0.296 0B, 1B 2B I >;“w~""/-:‘v~"v~ E,‘Z\ . Sensitivity=93 %
9 SDNN 40 1 0.946 0.992 0.046 BL. 0B 18, 28 Drowsiness - o
10 : < 0500 - AN s + Specificity=81%
1 Mean IBI 40 2 0.986 0.894 -0.092 BL. 0B, 1B B Cognitve load" m
12 Mean IBI 40 3 0 844 0693 0151 | BL, 0B, 1B B ——
13 SDNN 40 3 0885 0830 0,055 0B, 1B B
14 7 < 0,500 B
15 RMsso [ a0 [ 0970 0.795 017 BL OB | 1B.2B
" BL - baseline; OB © D-back, 18 : l-back; 2B : 2-back
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= ZAHEY

O 231 = A} site: www.sciencedirect.com

Q AA XA title, abstract, keyword

a A keyword
» ECG &&: electrocardiography, ECG, heart rate, HRV
> ZHd 2 emotion, sentiment, feel

Qe dE AN (M AE =F A, 248 =2 &, (3) 4780 2ot ECC A
3 2B

~ title-abs-key((“electrocardiography” OR
~ "ECG"OR “heart rate" OR "HRV")
~ AND (“emotion" OR “sentiment"))

235 AM site: Sciencedirect = dM At 0
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Al S Jtl-o:l |-Ah ~ @) |. | |. HOE.
DEI:II:I XTI_1 391%‘—§C5:I'L7|_|' o] % Ij_I_|:|
. 0 —r —_— b — . . . .
A Driving 2t4 12{7} 0|S3t Ao = I} (non-driving = 82%, driving = 18%)
. . Driving
el e consideration
Author (year) Age 1l
(mean + SD) (kg/m2)
Total Male Female Driving d':lelr:l 9
Lee et al. (2005) 6 3 3 Not specified (N.S.) N.S. (0]
Kim & Andre. (2008) 3 N.S. 23-38 (N.S.) N.S. o
Jing et al. (2009) 391 N.S. 19-25 (N.S.) N.S. o
Agrafioti et al. (2012) 44 N.S. N.S. N.S. o)
Reimer et al. (2009) 1 N.S. N.S. N.S. o
Lane et al. (2009) 12 N.S. 18-30 (23.3 + 3.2) N.S. o
Jonassaint et al. (2009) 119 N.S. 19-51 (27.31 £ N.S.) N.S. (0]
Hamer et al. (2007) 55 N.S. N.S. (234 + 3) (221 +2.4) o
*Seok & Kim. (2015) 12 N.S. 20-49 N.S. (e}
Verkuil et al. (2014) 60 19 41 N.S. (22.38 + 3.27) N.S. o
Brosschot & Thayer. (2003) 33 12 21 16-58 (29.18 + N.S.) N.S. (0] )
Average 48.9 14.5 14.7 30.6 22.9
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ECG Mt g

Domain He G| Al cro| M
Mean IBI _— ms | IBIQ| ™WHZf
N i:tg::\_/a??IBl) N IBI N
Time SDNN ms | IBIS| BT X}
RMSSD ms | @1 IBlI 7to| EEHX}
LF HF
LF . 004-015 0.15-04 K mSZ I;CI-% _7|<_H_|_¢_ L—_H Q:||(004~015HZ)9| power
§ Blood pressure|  Respiration
E Y m Parasympthicus
Frequency HF ms? | =2 b2 O 9(0.15~0.4Hz)2| power
LF/HF 0.0 u; 02 03 04 05 LF9|- HF—C')‘l Hl%
Frequency (Hz)
) SD of the Poincare plot perpendicular to
SD1 = ms | the line of identity (y=-x)
% — Short-term heart rate variability (HRV)
Non-linear x
SD of the Poincare plot along to the line
SD2 ms | of identity (y=x)

— Long-term heart rate variability (HRV)
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tok

a0 2lst ECG HE H

0 28 e
— LF/HF 1
— IBI, SDNN, RMSSD, HF |
Q 7|= A3 EXx4: SD1, SD2, ApEn, ay, a,

Domain | Measure Trend Emotion Reference
IBI ! Neg.ative valence . anassaint et al., (2009)., Hamer et al., (2007),
(Anxiety, Anger, Depression) Miu et al., (2009), Verkuil et al., (2014)
Time SDNN ! nappinoss, Sadness, Lane et al., (2009)
isgust
RMSSD ! Anxiety Verkuil et al., (2014)
LF 7|E AT £
Frequency HF l gf‘s‘;zigtfisr;j:tf,”ess’ Lane et al., (2009), Miu et al., (2009)
LF/HF 1 Excitement, Calm Riener et al., (2009)
SD1
SD2
Non-linear ApEn 71& A3 27X
a,
{ .
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Emotion

Negative

Positive

Author
(year)

Depress-
ion

Sad

Disgust

Fear

Gore

Anger

Erotica

Anxiety

Pleasure
(Calm)

Happy
(Joy)

Satisfact
-ion

Lane et al.
(2009)

Agrafioti et al.
(2012)

Kim & Andre
(2008)

Lee et al.
(2005)

Hamer et al.
(2003)

Brosschot &
Thayer
(2003)

Jing et al.
(2009)

Reiner et al.
(2009)

Jonassaint et al.
(2009)

Seok & Kim
(2015)

Wagner et al.
(2005)

Verkuil et al.
(2014)

0]

o)

O (N.S.)

Only

specified arousal

0]

O

0]

()

O (N.S.)
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Emotion &5 A| 4|

QZ™ &5 Al (1) 1D modellf (2) 2D modelO| CHEXM O 2 AIE =
> 1D model: 7§ ZHS SRX Oz Haussl0f 22
> 2D model: 7{{8 ZHE 2K/ 2 2 L+ (1) arousal (high vs. low)1}

(2) valence (positive vs. negative)?| ZHOZ 2 &

1 dimension (1D) model

(Quintana et al. 2012; Reiner et al. 2009;
Jing et al. 2009; Hamer et al. 2007; Seok & Kim 2015;
Verkuil et al. 2014)

2 dimension (2D) model

(Agrafioti et al. 2011; Kim & Andre, 2008; Lee et al. 2005;
Wagnal et al. 2005)

High Arousal

A :
@1 agltagon |@|

o]

excited anticipation
o Jonassaint etal. (2009)

terror o Anger Joy

Negative distressed Positive

Valence g Valence
relaxed

| INDUSTRIAL AND MANAGEMENT
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Sadness

o
disgust

o
= mournful

Pleasure

]
bliss

Low Arousal
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WL OHA 2 R Y M

A Arousalif valence ZHO| A 257l 2] £’ = 11-point bipolar scale= AIE51(

Hekd o 2 25(0]: depression?| A% arousal -3, valence -58) & M7

o
> Y
>

>~

T (Russell et al., 1983; Scherer, 2005)2| ™ &8 Z1t S

i
e AE Soll dF=t T X| E2 482 E7 HAF 32| ApA| 7t A

-5 43 3@ 2 1@ o 18 2¥ 3@ 48 59
Low | l l l l L l l l l I High
3 I 1 1 1 1 1 1 I I I 1
= Arousal o bol mol L L, 97 seen KOl oeun w4z L. Ol oo 2o Arousal
Fopssopa T I Eh ooy zoss g8 25 252 ¥ 22 sc
: -5 438 3@ 28 13 o 18 2¥ 3@ 48 5F
Negative Positive =
g:‘ Vaiqence : : i : i I ; i | : | Valence |
- Oj 20| QO] Lxy Z O ofZt Xo| mf ofzh o7t o B0l OfR B0l A
& 45 TeT BEY 2¥n glg 3EY 3FH °°7 3IFH ITH
11-point bipolar scale
INDUSTRIAL AND MANAGEMENT - Ergonomic Design
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XbA| B 7}

[=1 ==
o=

= 7| CjAF 2t

Emotion

No poy ==
o ey
i o 25} .
1 Depression 223} A::)czjv:al - = o LB - A:"O'SQaI
2 Sadness =
3 Anxiety o} Negative = o . EE Positive
= Valence Valence
4 Calm He
5 Bored X2
6 Lonely Qze
7 Peaceful H
8 Melancholic L2 H|of
9 Pleasure e, sHE
10 Worried AN, 27
1" Disappointed Algh, LhE
12 Happy e, |e
13 Passionate o XM X0l o 24}
14 Disgust ciHe, sHoZt
15 Jealous AESI=
16 Courageous 27215t High arousal & negative valence
17 Fear I, Efe
L N I TR

18 Anger 3 2
19 Hateful SHOAPL
20 Insecure %9_}?:#, %-cg_pg
21 Wavering HE| =, FX5=
22 Solemn XESH A=3t
23 Emphatic Cto st
24 Ambitious ofgH(mZH) Q=
25 Astonished 2 =2t

- Ergonomic Design
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o T
= XSk M2 oteto| #olg S F
3 High O Mof| &4dako| ALCtD MZE| =
J7t ol Arousal ety 2+ A M A
I S anger, anxiety s 1o
=¥}
g o T 5 A .
A O
1=% Ambitious
4
Courageous
° 3 °
2
° 1 ) °
Negative . _ Positive
Valence 5 4 3 2 1 ) 1 2 3 4 5 Valence
° ° -1 o °
-2
Depression Solemn
) o -3 °
-4
Anxiety Sadness Peaceful Calm
o { -5 { { {
Low

INDUSTRIAL AND MANAGEMENT Arousal Ergonomic Design
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Q Active EE= passive & & S 0| M SHLE 7510 MO A L4E =
> Active (expression-based): & X0XI7} EH H S L= taskE $WMBH0 24N St
> Passive (perception-based): A& £Ho{ X[of| A A|ZH Y HZHE XI=2E F0f
A2 StE passive 22 D=

= S Yot AlZf S HAE X=2 =
E ™M ZH™(anger, anxiety)S S E617| 022 — active B 0| M S =

[ 1. Active (expression-based) } [ 2. Passive (perception-based) ]

1. Playing game 1. Visual (film clips/images)

. (Hoover et al., 2012; Verwey & Zaidel, 1999; (Agrafioti et al., 2012; Lane et al. 2009;
Giakoumis et al., 2012; Agrafioti et al., 2012) Jing et al, 2009; Lee et al. 2005;
Peira et al., 2014)

2. Audio (music)

(Wagner et al., 2005; Kim & Andre, 2005)
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H:20CH (F: 1, o: 1), 6OCH(O: 1)
o 71E: 4780 Blzst AFEHSTAXI-2, STAI E7Y)

« <« [
re

o

1. State-Trait Anger Expression Inventory-2 (STAXI-2): T-anger score > 60" %ile

2. State-Trait Anxiety Inventory (STAI): T-anxiety score 2 45 (27t =)

2t AFER: (1) Anger, (2) Anxiety
2. Driving task: 1-lane0f| A €N & & (60km/hr)2 T2

A Z=H 4= (1) Time, (2) Frequency, (3) Non-linear domain ECG measures

INDUSTRIAL AND MANAGEMENT 1 Ergonomic Design
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R
3

-1
M

Descriptions

State-Anxiety | v X £02tot Z4E 2| & (intensity) 57
(S-Anxiety) v 41 = 721%Z(tension) & &9t Zt(anxiety) 1
State-Trait Anxiety Inventory
(STAI) v 20t M8to]| 7§ QI kH(individual difference) =X
Trait-Anxiet ol e L ol L ores o
TAmisty) | ¥ BF1= ()98 S B2 M sle 43, 2 2R
CHOI A0 M o AHZE, T Z5HA| S-Anxiety 4
State-Anger | ¥ B7t A gLt AEo 2 5F
(S-Anger) | v ato|Lt AKX o2 312 B HE 57
State-Trait Anger Expression Trait-Anger
v st 248 S ZEste Yz of Cist 7 oIkt £
Inventory-2 (STAXI-2) (T-Anger) e d8s ads o 2R 53
Anger
Expression v Anger H 1 (Expression & Control)0j| CH3 CHEXN X| &
Index v AX Index = AX/Out + AX/In — (AX/Con-Out + AX/Con-In) + 48
(AX Index)

INDUSTRIAL AND MANAGEMENT
ENGINEERING, POSTECH

19

-y Ergonomic Design
Technology Lab



& EO X}
Ad FHX MY
AS
Pl Trait Anger Trait Anxiety Trait anger > 60" ile
No. Gender | Age (Percentile) (Raw Score) Trait anxiety > 45
S01 F 27 10 50
W s02 M 27 60 56
S03 M 26 55 39
S04 M 32 55 41
S05 F 22 35 41
S06 M 29 45 33
S07 F 24 35 43
S08 M 27 45 42
S09 M 24 50 48
S10 M 50 60 47
YT M 61 96 47
S12 F 49 45 37
S13 M 37 75 49
S14 M 27 80 58
S15 M 28 35 26
S16 F 26 35 39
w517 F 28 95 47
S18 F 48 15 30
;"”‘““T}.. INDUSTRIAL AND MANAGEMENT 2 Ergonomic Design
% ENGINEERING, POSTECH 20 Technology Lab




Al Protocol

Session #1: Session #2: Session #3:
" Baseline Driving Driving
AL +
(1~ 2 min) Emotion Recall
3 min 3 min 3 min

A% YEi'E ECG 5% #® =M & (Angert anxiety0f CH3H 2} 32| gh=)

No.1 No. 2 No. 3 No. 4 No.5 No.6
Subject

Subject 1 Anger Anxiety Anger Anxiety Anger Anxiety

Counter
Jbalanced
Anxiety Anger Anxiety Anger Anxiety Anger
‘ I |

Subject 2

Subject 3 Anger  Anxiety @ Anger  Anxiety @ Anger  Anxiety

INDUSTRIAL AN mARALEEREN | -+ Ergonomic Design
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M E K}

=
L |

S$1. ECG 412 Normalization (by mean of baseline)
« Driving: Driving ECG data / mean of baseline ECG data
» Driving (Dr) + emotion recall (ER):
Dr + ER ECG data / mean of baseline ECG data

(1) Trend analysis

-

$2. 38 ECG M (Z’d Hzlo 2iZtst M &) njo}
1) Trend agreement: 7|& 2N AL Z4E H3IY| M2 ECG A
Mol dekut fetd
2) SHA {2o|4d: ANOVA 2M S Eot task?t(Baseline, Dr, Dr+ER)
Xt0]| (p-value: < 0.05)
3) Al Xl M coefficient of variation (CV) < 30% (Wangetal., 2011)

(3) Reliability

S3. mH o El 78k (linear support vector machine)
- AY EHOX ST
» K-fold cross validation

« Training data(2@) + test data(1®) > 3 run times

& INDUSTRIAL AND MANAGEMENT 2 Ergonomic Design
¥ ENGINEERING, POSTECH 29 Technology Lab




a’d Helof RiZet ECG HE

— —re —
O Z 2R A8 E 270 0| ¢l = ECG K& 1t
ECG measure
Participant No. Emotion Task
IBI SDNN RMSSD LF HF LF/HF SD1 SD2
Trend agreement
Anger ot
S01 274 -
ren
Anxiety p value
Mean CV
Trend agreement
Anger p value
N
S02 Trenc 27
Anxiety o value
Mean CV
Trend agreement
Anger p value
\"
S03 Trenc 37
Anxiety £ vl
Mean CV
Trend agreement
Anger pvalie
[\
All Trenc 27H
Anxiety p vaiue
Mean CV

X RE HE J|FS BF UTAZIE HEIL IR O B2 > MK 7IF 5 2718 55 Al MY

=

INDUSTRIAL AND MANAGEMENT 1 Ergonomic Design
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HE 4 21 TN £ ot

Anger Anxiety

Two best ECG measures Two best ECG measures
1.2 T T T 1.4 .
1l 12}
08 1t
o
g 0.6 E 0.8
= Basaline
o - = Driving ] 06
= Driving + Emaotion Recall & Basaling
®  Driving
0.2 0.4 ®  Driving + Emotion Recall | 4
0 ] ; ; ! * 02 g } ; g g 5
0.75 08 0:85 0.5 095 1 0.75 0.8 0.85 09 0.85 1
[12]] Bl
Average accuracy = 84.1 % Average accuracy = 70.2 %
(Sensitivity: 86%), Specificity: 82.2%) (Sensitivity: 70.3%, Specificity: 70%)
INDUSTRIAL AND MANAGEMENT 2 Ergonomic Design

ENGINEERING, POSTECH 24 Technology Lab




i}

Uk

o] Al

0y X}

.-""r“-":'::i..:-,
t‘ﬁl III

— - =2 0
Subject No. Anger Anxiety Average accuracy

= Anger: 100%

S01 . h = Anxiety: 90.3%
= Anger: 90.3%

S02 : = Anxiety: 77.8%
= Anger: 100%

S03 : = Anxiety: 100%

1 1Bl
RMSSD

RMSSD

EMENT
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Q&A

Thank you for your attention!
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