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T20] Z=AE ule} Zo], FE BWA 289 AF B~ (task)E reference 60%, introduction 903%,
Practice 90%, Viewing Expression 240% = JFAEHATE. ZF H=A Alojole {F4 30%xE XA oW,
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i

shel, webd, REY vk, ZAY B3 2o FUAAs dggew ¥k & gl

s (dol8)= lead-I WS T3 AEH T3 500 Hz= SAGT. & Eo A AA%
MP100 power supply®} ECG 100C amplifier (Biopac systems Inc., USA)E
Pad9205 (National instruments, USA)E Ea) oldm1 AZE Ay /\_?_i Wgelo] HE5UTE. HES A
AE AsE RS #AF 41852 58 R-peaks AE3A Y (Pan and Tompkins, 1985). HE¥ R-peake 0]
22 A9 sl A4 R-peak 1HE <] x}o]E o] &3] RRI (R-peak to R-peak interval) H|o|E]S FZ38}c}.

(R
fol
re

T4 Bodgo] wE BG AEAE £A4E Yehg Bold, X248 FxEd, B 938 A5 (Raw Signal)el thal
A7) 13 #AE dagFel 9] doi RRI dlolel= AAIE ulolEl(Time series data)®@ WE3l7] Y3 2 Hz
2 Y8 E (resampling)® ¥ ¢E]Z g o] A (interpolation) TS 7ZIt}. ojo] ojo] Qe ZHy ol H Ho]E
o] Wit FFT (Fast Fourier Transform) ¥241& %3] ofefo] <A 1>o] 93] HRV (Heart Rate Variability) 229
EY (spectrum)S FE3v}t. F=9 HRV ~"HEZ do]g oA HRC (Heart Rhythm Coherence) W<  (band,
0.04 Hz - 0.26 Hz)ol A 9] dle]E|E F&3ta, FZ¥ HRC U999 dlolgdlA 7k & 99 & 7 & T4 3t
(Dominant peak frequency)¥ s=3+5=2] 19 Zk(Dominant peak amplitude)S FZ3+T}.

+24 g

n—1
HRV spectrum; = RRIL,e n'*, j=0,..,n—1

k=0
B oA 2w F ALY 71 A gls 25X H](Heart Rhythm Coherence Ratio)d] #}olE E3) 249
718 A4S BAsta ol o] &3 AEA #AAIRJA T AFETEY] FE(Co-existence) S MY ¢ dSS &
2

et

A Bl 718 244 AHEEE HRC HeE 99 HAoA FEFH PSDY EvWUE Fo]a F3=(Dominant
Peak Frequency), E=WWE 3o|3 HZE(dominant Peak amplitude) 2¥]3L HRC ¥H](Heart Rhythm Coherence
Ratio))2] zFe] (defference)olth. F AL ol A7) WFEQ] AolE AlXtsta, I zkol7t A& 5% F A%
o F7137F & Aow s,

E5E FE HUF AES AsE AWEr] fsh g ol
=50 EAIE AlsE BT ECG A13E FFT 48 %3] HRV spectrum (0 Hz - 0.4 Hz)olA, PSDE o]z 3¢
(peak power) %} ﬁz‘fﬂr—r(frequency) e F=317]) 98 HRC spectrum ™S (0.04 Hz - 0.26 Hz)& FA|s}c}.

w59 aejzelA P13t P2 HlAAE Fdske JJAERA ft(Leader), ZE(Follower)ES 2zt
ow] gk},

w Al Fedd 74 el A3 FolA 32 ¥ HolH= & ol AGE 9l AR&stal vrA] 42 o] ¥
A= = Hlolx HTor et & ol oo At

gt A A

E62 & F3r (Coexistence) L3 #E]¥ F37F (non—Coexistence) ZLiolAel Z+7 2]t (leader)o} Z=
Y (follower)2] HRCY oS Hol= Aoz HRCY F3<= (Frequency) - PSD (Power Spectrum Density) ZL#3E
o},

7y FZr el a5 HRC dgez & 4= 9o, ®Eld 33 25RY 22 ¥ 259 2lH(leader)9} &
28 (follwer)e] HRC tlo]H 9] T4 w2 ElS BT,

=78 2o F7F (Coexistence) LE¥ E#¥H F7F (non-Coexistence) Lol Z+ZF gt (leader)s Z&E
Y (follower)2] HRCS A ANE =ASHT},

!
)

=70 =AFE wviel o], m=u|dE 3mo]3 Fu4=9] x}o](difference of peak frequency)d Z=H|HE o]

Z o] z}o](difference of peak amplitude)= 2L &37F ZLFolA Eed ¥ 2FHT EAXoRE {84 %
2dteE AL FoAsAY (p < .001). 3, HRC ZH(difference of HRO)E EAIH O R K23 Aol Fol

—~

>
e
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[0082]

[0083]

[0084]

[0085]

[0086]

[0087]

[0088]

[0089]

[0090]

[0091]

[0092]

[0093]

[0094]

[0095]

[0096]
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4 9T (p > .05).
T g Aolel EAMCR fol@ Aol U MFE Fol T AR FTEPY £ ARE BR E: 99
3 5 Qe g-ulo]aE, oE S0 mgo] =AW ulsh o] whEQTh E-wlo] s AS¥ E
A1 Al%e] gol o SHNE sela el Aol olw ol

I A, dola F49 xzto|(difference of peak frequency)7} 0.02 Hz ©]3]

(difference of peak amplitude)”} 50 ms*/Hz o]s}¢l oIS FFE7bo] EAstE Ao Wuels= FFEZ 914
—Hlo| 22 w3t}

= A7)e] E-uo)2 X gholl deo)a HEZ o xp(difference of peak amplitude) k¥ Y ghell do)|= =+l =

(difference of peak frequency) #S WRsle] ad dge] Yxgha 2L T A3 FF= B4

(Coexistence) 1%, 319 JGS Hojyd Hg F7to] A3 v+ TA (Non-Coexistence) LFO =

2ol FERS Aosdd.

HRCe] & Wlo|2~E HF3 Ayes 0o =AlE uviel Zrh. i do] Agoae 749 F A7} A3l o
shalth. o] FolAl 3299l HlolHE o]&ol ArIe viel ZE FEI HUF & dlol~E EEEGIT. U A 42
o dolEe EEY & WoAE PEeed &8,

71 AV, F3FeE HRCO) & Hlo]l~E ol &dte] HEd AFe ® 9o E=AIE wke v FE #Ale] A=
v AA 21 259 dolE FollA 19 259 dHelElrt ¥ BAR BF Ho] 2 159 dHolErt vEE BAR
EHREAT. (AEE: (19/21)%100% = 90.48%). H]FE #A] AF=E AA 21 259 oy FolA 17 15

o] dlolg7} vjFE FAR R 4 27 dHelert % AAZ BEIHAY (A2 (17/21)%100%
80.96%). AA| 42 189 Hloly AIE HE A= 85.71%= FAHYTE (A= (36/42)%100% = 85.71%).

Fal Ak Aelo] o] o] A

Z 27}

YollA Ay EalA MAz AF =xA (Entainment) 2417]%L = vz
TE WS F USE ¢ T A S, A AR HE T2 F4S T AN Alolel A Ee FU18 A
w7 o) gHA e, e AEEA FED(Co-existance) H77F 7Heds & 4= vk, ol2d WHe T Al
Atolo] AE A #AAE AFgHon Hrutd ¢ Qlom ) oE T sy B dd &3t ke i ol&E &
AT},

2 dge A9 2 AR x4 B4 71ES olgste] FEDE A Friete WS Al ouf
A AN A FFE F F dv BG A5 22 0}55’4101 59 #go ] glo] Oé*J Z9 S8 d& TS B4
3t 1ot Ze o= IRzt

FEGS WAL BASE By 0 Azeel %}@ | hsst,

N
N
offt
o2

>
%
hins

2 (Video input) ©AI(S11)

of wAClAE MAAS) A EE el Biel dsl el Ve $IY B FAR we A5 g

v, ot E#;MII(F24, Face Tracking) ©A|(S12)

YA T hEtE ol&sto] ¥ | G HolEE ol&ste] AL VAR AYS HEdlAM FE87] S8t
o] OpenCV(Open Computer Vision) Z}o]lB.elg]& o] &3k A (Z2ad) S T8 94 ARE L9 =5
o}

t}. F7F E2](Spatial Decomposition) THA(S13)

g 3 w8 1Mo R 7F9-Al%H(Gaussian blur)9t down samples &3k ZF F34=(Frequency)d ¥3H&
e & F =S P

_11_
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784 2

1+ B 21+ )& OI'xD

[0097]

[0098] 9] AedA, o = G4 FE vjE&geln, B & A, I T gidow FdEE olnX Y Folw, x =
Gde] 7t2F(x) AAF_olH, = ArolH,  § (e ¥g€E Y Y9 4] EFHE #olH, o
g 1" = 222 ouRe 49 HEelt),

[0099] 2. 7= I Neuro Filter) ©41(S14)

[0100] 2 A (Neuro Filter @)= Ao 33t 952 27 dho 9lo] dubAel AAAZ (bio signal )2 7|5
o7 Ao RHE F&F & £ Jdv T YIS AARNSTT Aol Jde HYgS MASe] Fi4¢ dg9S
AAsta 2 A F g9 94 JRE HAS5SE AS v,

[0101] dE 5o, d¥d2l PPG HlolE](Data)E AHgl & A% 0.4~1.3Hz 3Fe] F34¢= AES 7MKL dolg 4
AAFO 2 PPGYE FASE 25 E P REEH FHSE] YA Y U9 2 A g9y Fug BAS
E3 fAgE diolHE FE9).

[0102] ul. AJ7F x @] (Temporal Processing) ¥FA(S15)

[0103] GdS w2IEHWNeuro Filter) o] Fa4 Foz s &, Fald ¥ Fd AR T35 J9Is
A2k 2 (Temporal Processing) & ©]-83te] Aol g FE3t] /o] MaAHE= FH(ARte] £2+ F3bh) 3
T Fue Ao @gs ek FE3.

[0104] vk, A4 (Reconstruction) ¥A(S16)

[0105] w2 H Fe] AES 7= ZE(Neuro Filter) th9e] Fik4 &G AZHE o] &3lo] EElsiulz Eejd di
e A FEHE T V& GG HdE AA vAMEA & HolX| gv AP e Fog A
o] dolg #& wEY W F JuE
+24) 3
(1+ )d(t) < g—

[0106]

[0107] Aol oA, av FAY FF vE lolH, § (t) & d¥€" I SFY FdFe EEE gk oy, 1
g AE oln X Fzte] 3 o gho)tt,

[0108] Ab. Z el 2} H 3} (Frame Difference Average) ©A(S7)

[0109] w2E Aol dolE & vl AIZHB0fps 71wt ST 93] 249 dlolge] 1z o] Hte Aol
e At o)A dElet | Ao FHHom Y Aol k& AlAtste AAAHQ mA 2R &
FE9Y. o7]oA 1 e HaL 128 Ao vA 49 S YERAL,
#2944
e = X Xy

[0110]

[0111] A9 AeA, w2 FA FAY Folr, = 1z F o, n2 Ty Huolth,

[0112] of, 252> AHH (Smoothing Filter) TA(S8)

[0113] F2 9 A Y E dHolHE FE3519ES w F4ddd gk wol=rt xFE Y 27 AZA dasAY

sto] ¥ =(peak) AZol of¥=o] 3o wol=E AAstaL v|=(peak) HES HHFES Eol= HOHE 7he



[0114]

[0115]

[0116]

[0117]

[0118]

[0119]

[0120]
[0121]

[0122]

[0123]

[0124]

[0125]

SIME3 10-2018-0084498
A2 g,
94 5

Par +Pas—1+ -+ Par—in—1)
T

SMA =

#8146

PM—n Par
STy S

Sﬂf_‘lmda_\- = Sﬂf,'i_\-,;gu-nl.--y = n T

9 Ao A SMAE o]%H 4 Zhol™, SMAtoday, SMAyesterdayS M= thE EX AR 9 olEw 4 oW, pPp & &
A T A vl59 gholH, ne olFHte YE$ Alo]Z(window size)o]t}.

2}, &ekold ¥ 3 73(Sliding Peak Detection) ¥FA(S19)  PPG A X 3E(S20)

ol 28 AASI Peak HES AW 71F AP @ UOlEE Wob 1YY peak WIOIEIF 0% 7] (size)?]
A (windows) & 71E02 A&H oz Zebold(sliding A7 £49 9% 2 dloleo] e Has A7

T RS . ofy)olA Polxl ¥ AR = HRY Hlole el HRC
4 7k el AgEse, F P4z 47 gojxin,

BPM(bit per minute) AZTE F
tolE & AFdte] o]F & UH

Lo

i
ok ot

#5447

SPD = f(peak):™

1ol AelA j £ 0, 1, 20 5 AAF owl, y = A=$ Aol
R12t B oueld At Axge) @ AA ool s TRt

T 98x, & F=ZY(Follower, 101a)¢} &Y (Leader, 101b)E ztzt &odsle= Fhdlgls 94 Ftver, 48
So] A wi= 23 T4 7hdel(110a, 110b)elth. Zhee}(110a, 110b)ZFE]Y FgA-S 4k A2 5(120)
S AXAM EH9 JAto] FEH A oL BAE m= TaAY AR (130)00 <3 A w).

X719 AYF(1200 Ax3t viel 28 ot E&F(Face Tracking), 33 #2](Spatial Decomposition),
772 ¥ (Neuro Filter), A1ZF 2] (Temporal Processing), A4 (Reconstruction), ZdY 2} H3H(Frame
Difference Average), =52~ HE{(Smoothing Filter), 283 &£d}old ¥ o]3 F3(Sliding Peak Detection)

H4E Bl 37 A AnE FEA

¢

o

71 Z2A AAA30) = et vk 22 WS Fsks AT EO] 9 olE A= o] Ala"s
7R ol Rk ZRAY AA(130) = HFEH 7uke] A < e dudss
B2 Qs aXEde] B o] xZESo} T F Uk FudolE Edee We A

Ak, A7 2 T2A FAX(130)ZFE Y A ZAde gaEdo] ZFX(140)0] o] AR, 2}
] (<) 2

. =
T =2

Wl s AW Qe BAE T QHel on dEsols BA, olF Bo AnE, s 58
o 233 5 Aok

ol o AHR Ao Hhelm, s Lokl A
S B A4 7k e oldld 4 9 Aelth,
o olalAw AalAlor & Aolth,
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=

=

I

el
[=}

Task order : random(Screen,Face to Face) Face to Face

Screen
Camera Camera Camera
» Thermal Imagery « Thermal Imagery « Thermal Imagery
+ HD cam + HD cam + HD cam
- Gazing camera - Gazing camera « Gazing camera

| N | Y
Display /EllE\ Display /EiE\

Display

[ =
=

< Leader > l"
) = -

LED lamp

LED lamp

£ £
2 2
T o T -
S & S ®
22 o2
oc oc
o2 c 2
% £ » E
> 0 > O
£5 £5
Q@ ]
I3 S
@ ©
£ S

9

Balance board ‘.]-‘ l_-. Balance board

< Follower >

Display \E’Ef E

Leader Follower ( )

Camera
+ Thermal Imagery

+ HD cam
,mw_ m,..__ - Gazing camera
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Gl

=

=

I

el
[=}

60s 90s 30s 90s 30s 240s
Reference 7 Introduction” Task rest Practice Task rest] Viewing expression

Introduction 10s 5s 10s 5s 10s 5s 10s 5s 10s 5s 10s 5s
& Practice Surprise frest] Fear [rest| Disgust frest] Ha rest| Anger [rest d rest

p ] ppy g Sa
Viewing 35s 58 35s 5s 35s 5s 35s 58 35s 5s 35s 5s
expression task | Surprise frest Fear rest| Disgust Frest]{ Happy Frest] Anger Ffrest Sad rest
722! Yoz 727! bz Yz 227

Facial expression order : random
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=

=

I

el
[=}

; ECG raw signal

h

Peak detection ﬁ Re—sampling
algorithm _ (2Hz or 4Hz)

f

. FFT
— Interpolation I?mss_:oé_:aoéao::_ocmv

30

I-

IH

20

I-

3
of

<!

HRV
spectrum

Dominant peak
frequency

Dominant peak
amplitude

10

Ay HRC spectrum band
(0.04Hz~0.26Hz)

HRC ratio

ECG M A

x93

_16_

40
ECG MM




Dominant peak
Amplitude

Amplitude

—— P4 wave : Difference of peak frequency & Amplitude

P> wave : Difference of peak frequency & Amplitude

Difference of peak frequency : |(
Difference of peak amplitude : |(
Correlation Py & P2 =r square

L= Dominant peak

il phpeieg

ZIHSd 10-2018-0084498

P2 =Py )l
P2 =Py )l

]
\\J \ /N \
\\,’/ \v—‘\
==
Dominant peak 0.26
Frequency
Frequency

Heart Rhythm Coherence
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=

=

I

el
[=}

Coexistence Condition

140
120
100
80 -
60 -
40 1
201
0

—— Follower
...... Leader

PSD (ms ™ 2)/Hz)

0.04 . . 0.16
Frequency

PSD (ms " 2)/Hz)

non—-Coexistence Condition
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=

=

I

el
[=}

Difference of

0.101
0.08
0.06+
0.04

eak frequency

p
e
o
>

0.00

[0 Coexistence
A Non-Coexistence

* k% xx% p < .001

Y

[ Coexistence
A Non-Coexistence

[0 Coexistence
A Non-Coexistence
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Difference of peak frequency

0.20

0.18 4=
0.16 1=

0.14
0.12

0.10 4=
0.08 =

0.06

0.04

0.02

x99

Difference of peak frequency

0.08 7™

0.06

0.04

0.02

0
0/ 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750

@® : Face to Face
M : Screen

rCoexiste

* o

L
OL“;,-} ........
0 50 100

Coexistence

150 200

250 300

Difference of peak amplitude

@ : Face to Face
H : Screen

“ 4l o

Coexistence

Difference of peak amplitude
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EHI0

| Input {Video) fst1

{

| Face Tracking |-ﬁs12

| Spatial Decomposition |—S13

{

| Neuro Filter(0.4~1.3Hz) |-514

i

| Temporal Processing |—»S15

| Reconstruction |——‘S1 6

|Frame Difference Average|fS1 7

i

[ Smoothing Fiter |18

| Sliding Peak Detection |—»S19

i

| BPM Signal |- s20

EH]2

Follower (19a)

110a

i

110b
Leader (19b)

120 130 140
Faxz =& BESLY
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5

=

=

H

prnl
=)

EH]1

S3 S6

Rezon an

Spatal Decompostion 5
M icro-movermant Magnification)

Input (Video)

v_.—n—.ﬂ - “_.llr\—..u—i = ;
13
ma . m-lxh_
(E + a)B(x.e) = (1 + a)s(e)l (x.4) 1
(L+ad(ey <z S7

.

SPD = f(peak) 1 (

foran e
VI el

,na_.u;...... “_
W= window size
(0.4~1.3Hr)

Eft Signal m._ 0

Temporal Processing

fpentV
(lbpeascade)

| i
VLT ol bt o

m=X, =X,y
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