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

y = 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
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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

§ = Average of HRC spectrum band (0.04 - 0.26 Hz) signals of follower
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< 33 A== Ekman®] 6714 71 BA(AE, sbd, FE, 9AF, 57, £ tFd =14 Ttoj=g
e By dEF BAHS A, ZTEHY(follower)v FH(leader)d = %S HI o 3=F 3t
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Introduction ¥HA:
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A AAE = Bl2=A(task)e] A= &35 A4Sl v El2A(task) A=l S Folv] fg A=A
(task) Alele] F4] ©A

imatation task YHA!:

2t (Leader) 7} AANE =335 A, ZEZY(Follower)= ol& uwhe}l &, ojud] EG AES AAZ A3
gh. =9 @A(Introduction), <5 ©A(Practice), EW(Imitation task) ZEFolA 6 7] 74 (basic
emotion)®] L=FHY (F¥E(fear), FL (disgust), &% (fear), EH (surprise), 3he (anger), P&
(happy) ©] E-F A|A=™, introduction®}t practice task® 1024, imitation tasks 35%4 6 7| 4= %
Aol BF AAE I A2l mA4H 2 Abolele 539 FA(rest)o] EFETH A7) 6 M dEmAo] AAl
He oAE Ay et A A4 HY, dE34s ﬁE—‘?O}% Aol olyet, 6 MY gEFRAHS BEF Hi dFstn o
i

T}, B ubw

WA olAe] B We moel dAE vheh ge e BA AAUS ol §uTh ¥ e W2 B4 A
2R AEAEZRY K6 A% (AoE)E At BG A4 (10), KG A58 A Adss AsAn
(20, A Azl ECGRZHE HRC vlo|E| & AEele] M@A7e] BRI BAY (30), 19
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B S F o shtel 9F EAL AAGE UaFdeld MEs ¥g8 & U

A7) faZol= Y T FAL AASE gaZygole) o1 ARE TASHE faZyels ¥R = 9
E] fxZole 2 M F 3 ojgId 245 VM= B ¥yl b AAHS AAFHOE HFHE 7V
Hho 2 s, webs, 7R E }—or" ZHUY T3 2 FHAAAIE dux o Hrtd 4 gt

AAE A5 (deo]H)+ lead-1 WS T3] MEH F35 500 HzZ2 FA3IAT. 2 dgdo] Agor AAE
A1 &= MP100 power supply$} ECG 100C amplifier (Biopac systems Inc., USA)E &3] A3 & FZslal NI-
DAQ-Pad9205 (National instruments, USA)E %3] old =1 4135 yXd Azz WHIste FHES(T. HE

3 AAE AlSE QRS AE da8ES £33 R-peakS HAESFS T (Pan and Tompkins, 1985). HAE% R-peaks
LolZE A|9|3tar AA R-peak 7HA 9] ZFo]E o]&3] RRI (R-peak to R-peak interval) H|o|HZ

T4E B dHe] mE BG AEAE A4S dER Motk R4S Fxstd, ECG 9% A1 S (Raw Signal)ell o3
271 93 AE dagsl /]OH Aojzl RRI dHlolH & AAIE delE(Time series data)Z WEkslr] 913 2 Hz
2 Y= (resampling) @ F QEZH o)A (interporation) AL AZTE o] o]o] AAEZ oA € HeolH
o thg FFT (Fast Fourier Transform) 248 3] ol <2 1> &) HRV (Heart Rate Variability) 29

E# (spectrum)S F=3tt. F=% HRV 2HEZ doJg oA HRC H](Heart Rhythm Coherence ratio)E A4t
7] 91ske] 0.04 Hz - 0.26 Hz sl A1e] Fol= 549 zk=h, 0.0033Hz-0.4Hz W] E2 39 (Total Power)
s Teke] o] <A)2>o o] AAtelSiT.

84 5

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

k=0

784 2

Total Power — Pealk Power

FIRGEARIO = Peak Power
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AF e wEd —Er A 719 “Xo} ﬂ% F3]#2~ 8] (Heart Rhythm Coherence Ratio)e] zfo]E E&f A%<
3} d4s 1 #A] T AR FRAEE HUME ¢ UeSs & 5 U A

E %7138 A4 AFEEE HRC %‘F 9o HAA FZ% HRC Y](Heart Rhythm Coherence Ratio))<] =f
o] (defference) ¥ R =F|ojo|t}, AbgR Zboll HRC W] Afol7F & 5 F A& 57|37 2 Ao=
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serelt}, 3 HRC AZE AAENS 53 r 279 (square) @S FE319] 5713 AR #d Wz F8
3},

3] HRV spectrum (0 Hz - 0.4 Hz)olAl, peak power <}
0.04 Hz - 0.26 Hz)& A e olr},
E59] g ZeA P1Z P2 H2AE FISE IAIAEZA] @Y (Leader), ZZ$H(Follower)E Z+2t
ojm] s},

F 9gx2] HRC H](Heart Rhythm Coherence Ratio) #<] =Fo] (difference)’} W2 o] &% T3 F 3
AAe] NEE AVENG Ba dojxl r (FBAF) &S AFE r square (r) HE WEE ALEEAT

A7) v 2Fol ofge] <& 3>l ofsf Alakd 4 3l

784 3

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
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Task order : random(Imitation,Self-expression)

Camera Camera

« Thermal Imagery « Thermal Imagery
« HD cam « HD cam

- Gazing camera - Gazing camera

N N
Display \W

e
[
i)
=2

S @

B &a

o
LED lamp ]
B =
28
S 3
()
()
1S

physlological
measurements system

Leader Follower
EH2
150 2S0 30
ECG M A ECG A SHelF =ME
4s0
ECG M A
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Introduction
& Practice

Imitation task
or
Self-expression task

2]
B
H

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

Facial expression order : random

]

Signal correlation

|

{
H o)

)

FFT
{hanning window technique)
HRV spectrum
HRC spectrum band
(0.04-0.26Hz)
- 13 -

1
+

re-sampling
(2Hz or 4Hz)
interpolation

(

!

b
Peak detection

algorithm

ECG raw signa

=

4



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

SIHSd 10-2018-0077971

P2 =Py )l
P2 =Py )l

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

Heart Rhythm Coherence
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.............................................. . U A OO._ . 1.00 -
.............................. REK O@On

0.60 -

A

0.40 -
0.20 -

Difference of HRC

: _ 0.00 : _

_16_



R square

® : Empathy
B : Non—-Empathy

0 0.5 1 1.5

Difference of HRC

_17_

SIHSd 10-2018-0077971



TRAFROE) FERALNMENMENBIE DR
NIF(2E)E KR1020180077971A K (2E)R
RS KR1020160182883 iR

[ i (S RIR) A ()

RF(EFR)AGE)

FRI&R B A

RBA

IPCH %5
CPCH %5
H AR FF 30k
SNEREESE

BEGF)

##BUNIVEINDZEREE

HHAZREE
ANRERRESLBRNBRER

WHANG MIN CHEOL
Toly

PARK SANG IN
2440

WON MYOUNG JU
Yz

HWANG SUNG TEAC
Rl

LEE DONG WON

ols#

ol

obk o 1T
o ox oF oz &
o 1@ 44 1o p*

=]

A61B5/04 A61B5/00 A61B5/0452

A61B5/04012 A61B5/0452 A61B5/7235 A61B5/7271
KR101977961B1

Espacenet

2018-07-09

2016-12-29

Task order : random{Imitation,Self-expression)

HIR AT A SR RPHEES. TESEE  RNFHENRE B OBRE
B BNHRCH MM 2 # it E O BE EFR squarelI AN Z i EHHRC
HRZENER EBERAZRENMRA ZENHRCLERZ ANESR | B
HEAANZREBEZANIBEELE, TRISCER1 : JP-A-10-2018-
0077971

Camera

+ Thermal Imagery
- HD cam

. Gazing camera

patsnap

Camera

= Thermal Imagery
- HD cam

- Gazing camera

Display \W u Display \M u
@ o
© =
5 g
LED lamp =} = LED lamp
@ %
= =
= =

measurements system

Balance board

Leader

measurements system

Balance boarc

Follower


https://share-analytics.zhihuiya.com/view/f91412f0-b12c-4359-ac14-6162aeae348a
https://worldwide.espacenet.com/patent/search/family/062919273/publication/KR20180077971A?q=KR20180077971A

