SEE5 10-1977961

(19) )39 =E 3 3 (KR) (45) 1Y 2019305914
e o e ey o (11) 53¥s  10-1977961
(12) $553FH(BD) (24) 5E2AA  2019305907%
(51) =AI53]EF(Int. Cl.) (73) 53147
A61B 5/04 (2006.01) A61B 5/00 (2006.01) A sttt E g

A61B 5/0452 (2006.01)
(52) CPCES|EF

A61B 5/04012 (2013.01)

A61B 5/0452 (2013.01)

AEEEA F2F FAE2d 20 (X%, 4H
o &hal)

A AR FAARSEZTAATFE
MEEHA] AET 32144 5, SAFEHS
4%, dxgr|EATY)

(21) E9H3 10-2016-0182883
(22) =4dA 2016\d12929% (72) &3 #
AAP A 20169129299 sl
(65) &7/ % 10-2018-0077971 7% 1A ArHET R 333, 508% 1403
(43) FMLA 2018307409 % (s, WulekgsdR ol E)
(56) A7l AR a2l
KR101580628 Bl ANEEEA BT A92417 8-13 (A9%)
KR1020130129714 Ax (HHE] A=)
KR1020150133081 A= (74) dig<l
w5 AR oJste] Q18H ¢ YAEEFHEA
AA A& 4 0 F 4 F FAPYSUN 22 5F
(54) 2] B AF BEF TRAE o83 FHE 7 ¥
(57) 2 ¢F
AR A BAAZANA FHREE Hkske Wl dd Vestet. HoF Ui T g2 EE A ARE AEs
= Al 47 B 7 3 79 HRC H](Heart Rhythm Coherence ratio)2] *}o](difference) 2

=
HRCO] o EA o] 23l

Arrets Al

Bt vl g Eges

Task order : random (Imitation,Self-expression)

R 27 (R square)&
%R 270l E waste] F v@} 7Y FHEE
o X E- %1
Camera
- Thermal Imagery

« HD cam
« Gazing camera

D

A7) T 3@ x7ke] HRC H] 9] =}o](difference)

TR W P e T

Camera

- Thermal Imagery
« HD cam

- Gazing camera

N

Display \m——‘m/

o
o

LED lamp

(+—~—
Balance board Hr

P
S’

Leader

=

physlological
measurements system

£
8
w2
S @
B2
38
[<}

2 E
28
a3
@
<3
€

Display \H/

)
o
IIE

LED lamp

Balance board

Follower



(52)

(72)

x4

SES5 10-1977961

CPCEF &7 o]l
A61B 5/7235 (2013.01) A= AGA B nEFd 286w 17, 202%

A61B 5/7271 (2013.01) (1)
by}

B39
AEEHA FAF FUF2564 29, 35 11025
(7%, AzggolstE)

FATHHE 20160029756
™
[¢]

5= v 2 2=} sh

AT L7 AR UFAANTSGEFAAT S

AFALA LA ENEAY (F2EEZEEAAFINEALY)

A+ 3}A Neuro-Emotion Intelligence Vision 7|WF A}82} 74 2 Fw olulele] 554 724
2 vl e A

7] o & 1/1

Fa7| % AR UFJAANT-SEFAAT S

AT713E 2016.07.01 ~ 2017.04.30




SEE5 10-1977961

7 4 A

atE

ATE1

T HEAEEE Au JRE AEEE 9A;

A7) Al B Z X E] RRI (R-peak to R-peak Interval) Hlo|EHE F&H3dt= ©A;

A7) RRI dlo]E]ell thdt FFT(Fast Fourier Tramsform) #2418 $8dte] ofgle] <2l1>o] <Ja] HRV (Heart
Rhythm Variability) ~HE#HL FZ31= A,

A7) HRV 2~#E & 9] FFT o] 2]&l HRC(Heart Rhythm Coherence) 2H-E FZ&3l= oA,

A7 HRCE o] €3t F ¥ &=} 7+ HRC H](Heart Rhythm Coherence ratio)®] x}o](difference) ¥ HRCS AF
o Ao 93t R 2o (R square)E AAbstE A ;
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j(x ~%Ny;—¥)

\/z{x %) J

x = HRC spectrum band (0.04 - 0.26 Hz) signals of leader

v = HRC spectrum band (0.04 - 0.26 Hz) signals of follower

% = Average of HRC spectrum band (0.04 - 0.26 Hz) signals of leader

¥ = Average of HRC spectrum band (0.04 - 0.26 Hz) signals of follower

-

py =

AT 7

2HA]

273 8

A1l olA,

B R 2901 ohelg <Ha>g o gte] AMEE AL EYoR s THE BIb W,

<Al4>

2(x; =X y;-y)
é}{x{ —%f 'Jél(Yi = ?)3

x = HRC spectrum band (0.04 - 0.26 Hz) signals of leader

y = HRC spectrum band (0,04 - 0.26 Hz) signals of follower

X = Average of HRC spectrum band (0.04 - 0.26 Hz) signals of leader

7 = Average of HRC spectrum band (0.04 - 0.26 Hz) signals of follower
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P k. olgdt AFEe] mH A A= TS JE Fol syl 5718 (Synchronization) T T3
“&(Entrainment)o]th.  F7|8k= AbgEo] ASA FEA8S T wf ALEE Alold]l AAREFol] stuE SRty
FAlolth (Kyongsik et al., 2012). o]#d B7]8 RS Al AN el E Aol ol AlEo) x4
Aol glet = k. oE E¥, o AAe FUF 7] v £RE v &2 EEEe A
A E71stE el 22 Y S5 7PX1 g #9-2 E52= @4 (Bennett et al., 2002), Z7F 74
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FAalol 1 thx Al o olt} (Schmidt and Richardson, 2008; Burgoon et al., 1995). Kyongsik et al.,
(2012)9] AFelAE F FHAGA Alolol] F-o]A A1 &g F2dE &3 YEhve 5718 @48 vlal 38l
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o o F7138F 5= d4S 1o ok (Daniel, 2010). 283 o3k EHo 22909 F7|3t dA AMEE
Atolell SR BAAE FHAZI= A BEEo AFE B3 (Miles et al., 2010).
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A7) Albl AR ERE T 938 7+9] HRC H](Heart Rhythm Coherence ratio)®] Z}o](difference) W F 33
Z}2] HRC(Heart Rhythm Coherence)®] g3 EAJo] 23k R ~F (R square) & Alxbsl= @A,
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B ool 3k A de)] w2, A7) HRCE FFT (Fast Fourier Tramsform)oll 2]3] ©o]x HRV (Heart Rhythm

Variability) 258 F&% 5 Ao},
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<Al 2>
f =(x; ~XAy;-¥)
n
x = HRC spectrum band (0.04 - 0.26 Hz) signals of leader
y = HRC spectrum band (0.04 - 0.26 Hz) signals of follower
X = Average of HRC spectruin band (0.04 - 0.26 Hz) signals of leader
¥ = Average of HRC spectrum band (0.04 - 0.26 Hz) signals of follower
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ol gk thFAl Ardell e A9 § s APsigla A virte 249 598 A&kl

Agel Fel@ JPAEL Fuldel AF HAS B whe s FPSHE B4 1F (Epathy) I 222 EA
& Al TR BE BA F (onEmpathy) 02 Witk F AW 15 WAl 7170] 39 o] g9l A7
F #A (AT o Tt BPH NS AU #A ARE By 98 4L, AE P, A

T agoR vd A3RELS gri(Leader) 9t Z29(Follower) 2 thAl WStk Elo] =AJH upe}p Zo],
k= #A 1%(Emphathy)4 4, 7 JAe Ax B g 2a8s vpeE due fletke «]X}Oﬂ

O~
4 ES
ghol AdS gy, ojw) 2adMFAe] A MEHE A AdS 28353t gl (leader) = =3
< 33 A== Ekman®] 6714 71 A (AE, sd, FXE, AR, = = P AZFEA stol=g)
s B 9= 2AS 33, ZEHUollower)® Bt (leader)®] d% mAS H1 wel =F givh
(imitation). Ado] A== FAd F A Abelo] AFEES Hlwsy] 3 AME (B,

electrocardiogram)& 43 tt.
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T30 =Al" mpe} o], AA AY El2~3 (task)E reference 60%, introduction 90%, Practice 90%,
imitation 240% =2 FAHJCL. Z BjA3 Alolole F2 30%E= E% Ao reference ¢ paractice:
imitation ElZ=ZoA A2 E A4S AS F IEE TAS et A5 F AEF 7] s A

EZAH T

%LEV] e a5 A, FEsE 259 A Aol AYEHAT follower”’) leadere] d&

e = I
= Aol ofd 227 dam FAHS ALH AT (self-expression). AHAISH 28 3173 AE A

E30] =AE B} o], HA Bl (Task)e] Z ©AlE ofgfjeb o] Fraldr}.
Reference ©A:
A=4 AAEH] el o gk A= AAER] G AFEdA] ZEX2A Wo| gl AAAHRE FHS5Er),

Introduction ¥HA:

WQl task (imitation task)ollA &3t d=ZHAS A7 A3 d=x4d9 T/ BFS Setoz et}
Task rest ¥A:

SHd BjlaA(task) ol M AAE A= (7)) ZdE Hasteto] g Biad(task)olM o] A=l FFE Fol
7] 918k B =A(task) Abololl A FA g

Practice ¥A:

el ej == (imitation task)olA A3 d=wds A7) 98 d=x4dS A3 wet & Ba dFske o56)
= dAlolt.

Task rest ¥A:

A AAEE Bl=A(task) Q] RS AFE FHaskste] v H2=A(task) Aol GEdFS Folv] g Bl2A
(task) AFele] F-2 ©A

imatation task ¥HA:

g (Leader) 7} AA " d=xAHS 31, ZZY(Follower)= ©]S uwtet 3k, ojujo] ECG HES A7 23
sty =¢) ©@A(Introduction), A< ©@A(Practice), EW(Imitation task) EFolAl 6 7]& A (basic
emotion)e] D=EEAH (FX(fear), T2 (disgust), &% (fear), &% (surprise), 3}e (anger), =
(happy) ©] 25 AA %Y, introduction™} practice task® 1034, imitation task+ 35%% 6 719 d& X%
Aol BT AAE I 4] AT x4 AbolelE 5x9 FA(rest)o] EFETE. V] 6 MY dFmAo] AAl
HE oAE @9 A AAEY, dExAS ’dE—\JO}*‘E Zol olygl, 6 /e dEEAHS BF H1 A5y u
=

T}, 2A whd
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B9 olAel B4 wye mel AE vpeh g Pl B AZUE olgdth R wud g w4 A
sge ABAEIE KG NS (HOlENE PEHE K6 AN (10), BG A5E 4 Aeshs 4sAey
BEgs 2R (30), ~1g

(20, 2 ALE BGEIE IRC Holel g AEstol nPAne] F4wgE Bk e
B A GA F ol shtel AF AL AN faFdels MER 23 & A

W) FeEdole dh i AR NS el 1 ke wAss el Wi s o
g UaEdelsd F2E 44 £ k. olel@ 248 At B uwd e Asde AAHoR AFHE 7]
Wom su, Wb, JlME ohes, HelE] B3 9 FURAS} AAHeR b8 5 gl

AAE A5 (do]H)e lead-1 WHS T3] MEH T34 500 Hz=2 S48, 2 ZHe] A3 AAE
A%+ MP100 power supply2} ECG 100C amplifier (Biopac systems Inc., USA)E &F3] 2 = N
DAQ-Pad9205 (National instruments, USA)E &3] old=1 A3 E uxd AsxE WHIsl FHEAT. HS
gt AAHE AEE QRS HE P E5E 53 R-peaks HESIY T (Pan and Tompkins, 1985). HE% R-peak
wo|ZE A 9star FAF Rpeak 7H4 2] =}o]E o] 83 RRI (R-peak to R-—peak interval) Hlo|EHZ

F

g

T4E B “]’Ujoﬂ & ECG AlsAg e=AE veER) Helt, =48 #Z3H, ECG ¢33 A5 (Raw Signal)ol thal

A7 93 AE g S P/]LH AojZ RRI dlolEH+= AAIE dlolE(Time series data)® WH&3s}7] 93] 2 Hz
2 FJMEZ (resampling)®d F SlE]Z ¢ o] (interporation) AL A X, o]o] o]o] e ZH ol ¥ ©o]E
o] th3t FFT (Fast Fourier Transform) #£21& Z3] ofefo] <2 1>o] 9]} HRV (Heart Rate Variability) 2%

EY (spectrum)S F=3t}. =% HRV A" EZ do]g oA HRC H](Heart Rhythm Coherence ratio)ZS A4t
7] 91ske] 0.04 Hz - 0.26 Hz tigoll A9 Fol=a 549 zk=h, 0.0033Hz-0.4Hz W] E 39 (Total Power)
s Teke] ofE el <A)2>o] o] AAtelSiT.

84 5

n—1

. 2mi
HRV spectrum; = z RRLe~=7%, j=0,..n—1

784 2

Total Power — Pealk Power

HEG et = Peak Power

)2

Ao wa Abgk
718t A i olE

T 5718 40 AMEEE HRC W
(defference) @ R ZFojo]t}. At
debsith, w3 HRC A3 E AREAS 59

n
i N
j&

o] A% g5 338~ H](Heart Rhythm Coherence Ratio)<] 1}013 =3 /gxok
o] &3l AFEA AR F ALY FREE FHE F UAES & F AU

Qo] FAHNA FZFH HRC ¥](Heart Rhythm Coherence Ratlo))«] Z}
Zrell HRC H]e] zpbol7} A& 5 F Ase] F7|87F & Ao
Aol (square) s FF3te] 5718t A=) A H4= &8
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:l:‘z

E5E THE Qdd Algs M4E dsly] 9%k ae X o)t}
550 =AlE AT E5F ECG A5E FFT 45 %3] HRV spectrum (0 Hz - 0.4 Hz)ollA, peak power<}

frequency #= FE317] 98] HRC spectrum WS (0.04 Hz - 0.26 Hz)S EASF 1 Zoju},

=59 Tm#ZoA Pl P2E HA3aE Iy JAAEEA #uri(Leader), ZE9(Follower)E Z+zt
ofm] s},

F 9gx9] HRC H](Heart Rhythm Coherence Ratio) #<] =Fo] (difference)’} W42 o] &% T3 F 3
a2 AT E FAENS FI oAl r (FEAS) ;S AEsE r osquare () #= WEE ALSEAT)

A7) ¢ 2FolE orElel <2 3>o o8] AxkE 4 Ut



[0066]

[0067]

[0068]

[0069]

[0070]

[0071]

[0072]

[0073]

[0074]

[0075]

[0076]

SES5 10-1977961

x = HRC spectrum band (0.04 - 0.26 Hz) signals of leader

v = HRC spectrum band (0.04 - 0.26 Hz) signals of follower

% = Average of HRC spectum band (0.04 - 0.26 Hz) signals of leader

¥ = Average of HRC spectrum band (0.04 - 0.26 Hz) signals of follower

& 74 o) YA FAA 32 B HelHE & ol BYL s At vvix) 42 B9 3
2 ; !

%62 &3t 1w (Emphathy) ™ W]&7F 145 (Non—emphathy)2] ZZ} 2] (Leader)<} Z 2<% (Follower)2] HRC
9] 34 (Frequency) — PSD (Power Spectrum Density) Z@]>o|t}. Z} 1&H9] HRC H®olA & 4+ =9,
T aFo] vE 2% Hr) gy (Leader)d ZE9)(Follower)e HRC HlolE Y HxAo] =i o] Zkel =}

o
N
o=
fu)
o
o

2 A2 s Belvh

%78 F7 1% (Emphathy)® W37 21F (Non-Emphathy)®] Z}7} 2]t](Leader)$t ZE9)(Follower)®] HRCH
o} AdEA & r AF ol (correlation)E 37 I1Eo] HFZ 1E BT} A%
< g1, & FA4 F9 75 (p)e] 0.001 Hop 2& (p < .001), =, 99.9%%
]

AMow {3 ztolE YE WHEE
E-Hlo]2E, dF 5o X84 ZAlE ule}l o] wEQT.
Square)$} HRC W]9] =}e](difference of HRC Ratio) ©]ir

@A dolHE X-Y #3x Aol E2% (plotting) 3F3ATH.
B 4, d5 E9 (0.121, 0.9% 0% (0, )= A=
Ad A B o J& ASE A 3 GH, okl d&s AE st
ostditt. EEd HM WA ot A3 Zrt.

I B S

il

fl

.

b

>~

o
o

U olm

[t

<l

Lo

1>

r

784 4

Y =7424=X

Ho

fo

—

N

)

[ o
2

1>

rlo

N g3

A2 HE] HRC H]9] xpo]l2 ko] Ay
o] AW, ¥ Alghe FEHE AHlolar, 1¥x

O

o

tlo
it

oM,

jam}
-
(@]
=
W
=]
[>
G
2
il
o
oo
rob
il
k=2
o
[>
it
o
olN
ot
i)
i)
rlr
ki
O
9
k
>
!

=
o,
s
i)
il
o
[
o
o
olN
flo
R
ity
=

ahs go] AYEA W UmA 40 el SFAZIE HC W5 FEel & wols FFad.

A, Fisks w0 Ast=e AA 21 250 delH FellA 21 2Fe] HolE RFE it dAlR
5 HAdT (8= (21/21)%100% = 100%). &84 &= #A9] Agws AA 21 259 veol" FellA 20

_10_



(A

10-1977961

Atk

}40—]

]

-y
F e,

3lo

s=s5
h

o)

=

s

R
E3) A

3

Dz
=
=

5

=
<]

slom, o
A=l

(Emphathy)

[¢)

o~
T

R is
1

=

I

=

ECG A=}

8]

AA 42 259 "ol A= HF: A= 97.619=

L

A=
Pt

)
|

o}
) 7o) 7]

ks

(20/21)*100% = 95.23%).

(41/42)%100% = 97.61%) .

9ol A

Algt Afole] Al

o
olgu %

=
ojufo],

(J8E:

[0077]
[0078]

T Ty
ST 2%
— 0
= o E s
T "
ol N o 2
mﬁ — “w_% ox
2o 0
oo AR
o) = %ﬁ,lm o
pu )
YT owE L
st its
N2 =g 2
T
N_.o ~ = wn ™
B K Jo 7o
jri o =
o E oo D o
Moo o T
T 2=
L TTE . :
o — — @
A T o = k-
= N o~ NE B
&= o ° - O 8
= A . ~ o m
TR S E 2 2 =
o o ©
WO e T E § g
o @ PE s 2o
X T o= ol = £ O0E
i <P EK e o N
ol EETS
a Ho W omo RO 3"
o ; R
< Hom B
o N T . >
= > %“ W .m mp wa)sAs sjuswainseaw
O 2 a [e0160]0|sAyd
AT L Dw .
B ok $ i
1@ jal wi o 3 WialsAS SjuBWAINSEAW
o = WL 5o = =1 [B2160[0|SAYd
_ZT.C EME < 0 ;O._ m o
_zT iy E,* ) ui ..m - o o
W T < 8 g 5
Hl = B X KO o m IS =)
O %o@ Moo = 2 — e -
JR— I e © m < D
I TN . S ESCE
<a W 5 g£f2o08
il = ofn = °© c—TITO °
BT < st unw [© %
T ﬂ oK E °
T Al = > 3
ol o X ™~ © c
H T 0 BOW E g
oy B oMo m M Y Ue
o
~
(=]
=

_11_

Follower

Leader



10-1977961

s=s5

I-

IH

20

I+

3
of

<l

ECG M A

40

ECG MM

Introduction
& Practice

Imitation task
or
Self-expression task

2]
B
H

60s 90s 30s 90s 30s 240s
Reference | Introduction| Task rest Practice Task rest |Imitation task
10s 5s 10s 5s 10s 5s 10s 5s 10s 5s 10s 5s
Surprise |rest Fear rest| Disgust |rest Happy |[rest Anger |rest Sad rest
35s bs 35s bs 35s bs 35s 5s 35s 5s 35s 5s
Surprise |[rest Fear rest| Disgust |rest Happy |[rest Anger |rest Sad rest

Facial expression order : random
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Er4
ECG raw signaIJ

L
Peak detection _|r re-sampling 1
algorithm (2Hz or 4Hz)
- L3
|. b lati FFT
!km S {hanning window technique)
Ld
LHRU speclrumJ {Signal correla:ionJ
HRC spectrum band :
{ (0.04-026H2) + - ratia ]
Em5
—— Py wave : Difference of peak frequency & Amplitude
—————— P> wave : Difference of peak frequency & Amplitude
Difference of peak frequency : [(P2 — Py )|
[(P2 =Py )l

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

L= Dominant peak

Dominant peak

il phpeieg

)
. ]
Amplitude !
’l
[
1
[ 1
o] ]
2 /
%_ |
£ !
< {
I’ ,/\
\\J \ /N \
\\f// \w—‘\
=
Dominant peak 0.26
Frequency
Frequency

Heart Rhythm Coherence
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Empathy condition
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A S ﬂo__os\mﬂ.
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Frequency
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Correlation (r " 2)

0.57
0.4
0.3
0.2
0.1

(a)
[ Empathy EZ non—-Empathy

.............................. Fk koo

A

Difference of HRC

1.00 -
0.80 -
0.60 -
0.40 -
0.20 -

(b)
[0 Empathy &4 non—-Empathy

0.00
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® : Empathy

B : Non—-Empathy

0.8

C-Y=7.424%

0.7
Empathy

0.6

0.5

R square

0.4

TEmpathy-

0.3

0.2

0.1

x99

0%

0f

Difference of HRC

+ Empathy = Non-Empathy

Y =7.424*X

1 15 2
Difference of HRC
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Task order : random{Imitation,Self-expression)

Camera Camera
+ Thermal Imagery » Thermal Imagery
- HD cam - HD cam

- Gazing camera - Gazing camera
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