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e sastel 498 5 Ak

& £, 47 R-IIAAE AFole] ZFARR interval)ell sl AlZF G BAE& Falste] 7] B4 Aur W
ol HeWEES YA 8= ;7] Ee] AlbE Wols e EES SAE W (statistical method)ell
o5 234 5= SDNN(the standard deviation of the RR intervals), RMSSD(the root mean square of
successive differences in RR intervals), NNxx(the number of interval differences of successive RR
intervals greater than xx ms), pNNxx(the proportion derived by dividing NNxx by the total number of RR
intervals), CV(coefficient of variations; the standard deviation divided by the mean of 100 RR
intervals) @ 75882 Wi (geometrical method)ol 2l&] MAE+= TI(triangular index; the number of all
RR intervals divided by the maximum histogram), TINN(the triangular interpolation of RR interval

histogran) F¢| Hel% shhE LT & rh.

Gﬂi Eol, A7 R-I3AE Aol ZHARR interval)ell didl Fia F9 A4S FIPst 7] H4 At

Hol& I HES At A5, 47 559 Au "Hold v HELS TP(the total power), LF(the
power in low frequency range), HF(the power in high frequency range), LFnorm(the normalized LF power),
HFnorm(the normalized HF power), LF/HF ratio, VLF(the power in very low frequency range), ULF(the
power in ultra-low frequency range), VLFnorm(the normalized VLF power), ULFnorm(the normalized ULF
pover) <9 Hoj& shtE S 4 Ut

011% 501, A7 R-¥AAE Atele IFARR interval)oll sl v]AdE EAS Fadte] A7) H5] AluF Wol

& e EHES Ahse F5, 47 559 AR wols gegv|HES SD1(the standard deviation of the
points perpendicular to the identity line in the Poincare Plot), SD2(the standard deviation of the
points along the identity line in the Poincare Plot), SD ratio(SD1/SD2), BoxDim(the box counting
dimension), CorrDim(the correlation dimension), DimSpec(the dimension spectrum), FracDimK(the Katz's
fractal dimension), FracDimH(Higuchi's fractal dimension), Lyapunov exponent, Hurst exponent, Scaling
exponent,  ShannEnt(Shannon's entropy), RenyiEnt(Renyi's entropy), ApEn(Approximate entropy),
SampEnt (Sample entropy) =9 Zol% 3= %33k = 9},

Ae epleEe del GuR setlEEenR, oy|AE 4] R-AIWE Aol BARR interval)el 7]
Zste] 7] stebvEIES AASHE Wil i 4w e g,

oF, AU Mol&E HY MFE 2t vlY A TN P7] B AU Wol& webEE Fo Hofw
Sbe dddstel 471 AbeAtel ARA AdE 2 AAAGE FAFTHEA S140).

£ 5t % 1o BAE ARgAe] AAA A4E 2 AdAES FH5s BAGSH0Y I oF dehis

% 58 FxHW, AU ol BY wes 2t vg A AL N6 47) Beol AN WMol & vy
HE Fo Holw shuE uddstel 471 ALgate]l Ad A ARE ARSL(HA S, A el
2 B9 WER 23 7] AL FEA%E AR O vE gz A2 2446 7] Bl A welE st
MEE Fo Holw shbg tdste] 471 AHgAL AdAY ARE AYT & ArHA S143)

= = =

oieh,

A% Sol, 47] Al FHAE ohdlel [59H4 219k Lol HAHL, B7] A2 FAHE oldle) [F344 319 7
o mAE 4 A

Y1 = A11+X11 + A12+X12 + ... + Aln*X1n + C1

[F8F2] 2]ellA, ne ¥ A& vetdiaz, X11, X12, ..., XIn& 7] 559 A8k Wol & spatu|H 5ol 23
HE 0Y I ES JEhar, All, Al2, ..., Alne AR Wold SEmEE(X11, X12, ..., Xln) &%

o] AlF(coefficient)E WERHAL, C12 A5 YehlaL, Y12 7] AddA A0 A%s e

Y2 = A21xX21 + A22xX22 + ... + A2m*X2m + C2
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53l &% TXHEXERCISE SESSION) 2 A7) AR&27) 47] BHEE &5& T8 o5 gt 5 ¢
(RECOVERY SESSION) F9 Aol g FI A SAHE 5 ).

L 28 Fxohe] et H}E} Zro], &% TF7HEXERCISE SESSION) EO& FAEE A7) HARE 59 &5 §3
(exercise load)« AHd o=z & Zrz HAAHE 4 Qlt}, d& , A7 HHAE 59 & H3e 5
T7H(EXERCISE SESSION) %OJ 7] AFEAe] AukErt ek 90~140 bpm(beats per minute)ol] E=E3dlE AR A

39 & 9o

A Aol oA, A7) FE&H W= 500 Hz o] dell sk M=% wo]E(sampling rate)2 SHE = 3l

59 %5 Fdl(exercise load):= A7) AFEAIe] Aub4=7}

dzsto] JET uksh o], A7) HAE
RO AU o 0% ol RANL A BEE HAHNEE, 7] ASAVL ouel, webd EE BA4
qERA ABAA BSE 4] FEARsE bdsA 548 & A
% 28 Azs] 4V A8 BEAUNRE S45E BHE dAdeR Adagion, ® wye ojd @4
94 gom, 47 AgAe]l FEAWsE ® 20k gE Yoo MAH HAE $¥L Ba 549 FE 9
o}

, 47 S48 el s wak SAHEE AS (A S220).

T g2 AAde] QlojA, ] Wi EAHES A7 S48 &8I o]x} v} (second derivative of

photoplethysmogram; SDPTG)9] %7] <%FAdn}(initial positive wave) A HE] A3 = gt}

%9t % g EAE S48 FEAURA A3t SPHES AEFHE wAGS2009 A A4S dehle 24
o, £ 10 R 11& % 9] EAE SHE FEAAA 3t EPRES ABHE wAS 49 9% =
WEolut,

49 FEHUREPOANE ol NEEol Pol EFHmE, % 100 EAH uish o], S4W FEHus)
(PGSl 714 (B & AT #4514 e wEd 5 vk,

Webd, S48 FEANAPPO R E w SAAE)ES Bdon AFe] e, $4, S48 484

%
~~
a~]
g
[ep)
S
o

ZIAABLE AEE 4 Juh(EA S221).
Ao wElA, SA4" FEHWUI(PPG) o thddt TR FHE 835t SHE FEANI(PP6) e 71A-A
BLS HES 5 3
A Ao glojA, Hejst4 ZE (morphological filter)E AFE3le] A= 384 ul(PPG) e 7] A A (BL)&
A& F At dF 5o, SAHY F&AH M (PPG)o dH A opening operation) % ©3 AXH(closing
operation)S wTAH o2 F3ste] ZAHE FEAWI(PPG)Y 7IAHABL)S HEZ & AT},

& 100 =AlE mpel o], ZIAMGBLE AET olF, AEH 7IAABLE SAHE FE&HWNI(PPe) ZHFE Al
Aste] A1 A3 RF(PPG_O) S AT o Aoh(A 5223).

ol Al A% 13 (PPG_C)ol 71€7] & T4(Slope Sum Function; SSF)E #&3}o] A2 A3} 343 (SSFW)<
A Avk(HAl S225).

E Axy: Ax, >0
SSE. = Z,;luk Ay, = ‘, ;- .
o l 0 : 4dx, <
[=8h2 71914, xi= Al A3 AFPPG_O EFHE= ASHAES Hehla, we B4 d=99 F5
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[0154]

[0155]

[0156]

[0157]

[0158]

[0159]

[0160]

[0161]

[0162]

ZIWE5 10-2016-0126232
JERIEL, i T <= i <= N & BEae 44E JEiE, N S48 FEAURePe)d YiEE A5
E )48 YEI, SSFit Al2 A% FE(SSEDel £3EE AEge vei,

9 AAde] glold, ¥4 AEgel e dwAel FEAUT Tz B LANH Bx FAAA
N F7re] delst AAHoE FU g

dZ o], ¥4 9x=99 Z(y)& 128 msol A3k = .

i

(584 710] HRH wpe} o], A7) 71¢7
AL A3} 58 (PPG_C)e =

@ % 9tk

3 PRG0N A A7) A AES P Eed
RS FAkstel A2 A3t v (SSFNS 44

Webd, % 1l =A% ukeh 2o], Al A%k HRPPGO)0] AAAY ARF %S FASE A, A2 A
AR (SSFNS 714 AW fAH5, A1 A% FREP6O)) Frheke Agol @el Az A3 AASFNL 3
b & elvh,

Wb, = 110] =AE ukeh Pol, A2 A (SSFNel AAEE Bae] W LASHI_onset) AHE S
e FEAUSPPOS B &4 Al FSem, A2 At HYSSEN AYRNE Bro B2 W=
(SSFI_peak) A4 & 45 F&4shPpe)e] B2 v2AHel B3 5 ek,

of

weba] A2 A 23 (SSF o] EdE= HA I F(SSFW_peak) AHE 2D HA LA (nSSFW_onset) AHE =9
U= wul EAH(FP)ER 2R 4 Juh(eA S227).

A2 Az s (SSEW) el EFHe = Hxe 3 A(SSFW_peak) AHES Wt SEYHEP)ER AAs= 49, W 5
AHFP)ES 5449 F84NI(PPe) o X3+ H2 I A(pulse peak) AHE 43 F AUrt.

A2 Ay 9} (SSFW)o] T = HA A (nSSFW_onset) A HES Wa EAH(FP)ERZ AASE A9, Wy

EAHA(FP)ES 4% F8H4NI(PPe)dll 23+ = H2 A (pulse onset) AHE 43 AU},

549 FEAMI(PPG) o= wol= A& Eo] Bo| xR SHE FLAWI(PPG) O 7| A AH(BL)> 473}

A FA=EA o AE5d 4 o, ued 4" FEANI(PPG)E AHEst W ERAHFP)ES A&

S 577 2T 4 9l

olel whall, A2 A3} T (SSFW)S SAE F-8&AWIH(PPG) 7t st Brolwt 7xato] APHRRE, A2 4
I T (SSFN) ] 71Ade dASA A2 = ATt

uhebA, 2wl AAjegel wE AddA AZgH 2 AEAY 97 gl wew, A" et
(PPG)OHH ZIAABLE AAG ] AL A3t FF(PPG_O)& AAdstaL, Al A3 3 (PPe_C)ll 371 71471
a5 Aaste] A2 A3 s (SSFN S AAste, A2 A3 33 (SSFW)el 7] Zxate] Wat 544 (FP)SS
ez, 4% F8HUNIHPPe) ol 23H = dA A AE B a2 ARES 2n gds A

Eox M
ki
)

T
ki
=
o
ki
=
9,

T 12 EAE SAE FEAWI(PPGO 7IAHBLE AEShe ©A(S221) 2 AEE VAABLS SHE
FE&AWI(PPG) ZHE A AsIe] Al A3 3 (PPG_C)E AAste TA(S223) & & 9o EAlE 544 3874
WAIH(PPG) ] 71 HABL)S AEshe ©AI(S221) 2 AEH 7IAHABLS 549 F84YI(PPG)ZFE A AT
of Al 23 3 (PPG_CO)= Bste TDAI(S223) ¢ AT = U},

olF, X 139 =Al" wie} o], A1 Az S (PPG_C)ol s wE dik(differentiation)= F W 633}04
A3 A} 3P (SDPTG) S A8k (A s228), A3 A3} FJ(SDPTG) 9 wf F7|wivh Ege= 27
(initial positive wave) A|FHES Wy} EFHFP)ER ZAT & Juk(EA S229). 7|4, 7] FAH A
HEol A3 A3 3 (SDPIG) o wf F7]ol A 7HF 2 &9 #S 7= ARES v gt

01-14
0_1_4
“

B 8 FAESPE, 7] Wst SRRE slzstel Ziztel 7] ALgae] Wyl wo|&(Pulse Rate
Variability: PRV)S bEhlis B4e] il wlolf shebulel 5 AASTHBA $230).

o AAfdel lolA, 7] Harel muk wolg s EE2 7] Wt SHHE Abole] 4 (pulse interval)
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[0175]
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of thal Azt 94 (time domain) ¥4, F3= 99 (frequency domain) ¥4 © WA ¥ (nonlinear) ¥4 F2|
Aol shvhs st AEE 5 Ao

AE Bof, A7] Wy EAHE Alole 744 (pulse interval)oll tha] AlzF 99 A& F3ste] 7] H4=9]
kol A HES e A5, A7l 5 e Wl et HEL A4 W (statistical

method)ell <2J3] AAJ == SDNN(the standard deviation of the pulse intervals), RMSSD(the root mean
square of successive differences in pulse intervals), NNxx(the number of interval differences of
successive pulse intervals greater than xx ms), pNNxx(the proportion derived by dividing NNxx by the
total number of pulse intervals), CV(coefficient of variations; the standard deviation divided by the
mean of 100 pulse intervals) @ 7]&}8-% W (geometrical method)ol 2] A E & TI(triangular index;
the number of all pulse intervals divided by the maximum histogram), TINN(the triangular interpolation
of pulse interval histogram) &2 Hol% 3hE st = Q.

A% 5o, 4] A% SAWE Aolel WA (pulse interval)e] da] Foha G AL o] 47) Bol
Wl Hol g stetnHES XSk A, A7l Hee il Wols uhebn| B 52 TP(the total power), LF(the
power in low frequency range), HF(the power in high frequency range), LFnorm(the normalized LF power),
HFnorm(the normalized HF power), LF/HF ratio, VLF(the power in very low frequency range), ULF(the
power in ultra-low frequency range), VLFnorm(the normalized VLF power), ULFnorm(the normalized ULF

pover) F9 Holw shig E¥E 4 Aok,

AE 5o, 7] Wt EAHE Alele] 4 (pulse interval)ol thal] v AE BA& Faste] ] Hamo Wt
Hol & FHvHES AAste A5, A7 559 W8 ®lol& IetnE &2 SDI(the standard deviation of
the points perpendicular to the identity line in the Poincare Plot), SD2(the standard deviation of the
points along the identity line in the Poincare Plot), SD ratio(SD1/SD2), BoxDim(the box counting
dimension), CorrDim(the correlation dimension), DimSpec(the dimension spectrum), FracDimK(the Katz's
fractal dimension), FracDimH(Higuchi's fractal dimension), Lyapunov exponent, Hurst exponent, Scaling
exponent,  ShannEnt(Shannon's entropy), RenyiEnt(Renyi's entropy), ApEn(Approximate entropy),
SampEnt (Sample entropy) 9] A% sh}E L33t 4= g},

et dEEES 9Y 28 debuEaelng, 7M. A Wy SAAE Abele] 4 (pulse
interval)oll 7]Z38te] 7] A HES Atsls Wel ik AW A

ofF, WU Wol&g EY MFE 2t vie FaA FHe| r] Biel Wyl Wols setlEE Fo Holw
Sbe dddstel 471 AbeAtel AERA AgE 2 AAAG L FAFTHA $240).

R e E 8] RAE AFEAS HAWA A3 R AdAEe FAsE wAS2009] I o F ekl %
o

o

A% Sol, 47] Al F4AE ohdlel [59H4 813 Lol HAHL, B7] A2 FAHE oldle) [F344 o]} 7
o mAE 4 A

Y1 = A11+X11 + A12+X12 + ... + Aln*X1n + C1

[5h4) 819IA, n& &e AE e, X1, X12, ..., XIn& 7] 5o Wuh wold sepne S X9
He e FEeEHES UEda, ALL Al2, ..., Alne W} Wolg SEpwEE (XL, X12, ..., Xln) A7
o] Al (coefficient)& WERHIL, C1& A& HERUAL, Y1& 7] A 2438 Axs Hepdo
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3} 7] Bael 7F ASAE

stiffness)(E+=
Aol tha] A& 37 4 (linear regression

PWV)
s )

Futell &

=

&7) ARgAbel sl = 8 WA 13 R

o]

1
Hol
47) AL FR A Y]

7] Bae) A% ASAE 2zl dig 7]

77t o

“*(maximum heart rate)
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73} (arterial
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=
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=
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o)

stenosis)
71 AFEAF
analysis)S 43

fe1g

5]

[0176]
[0177]
[0178]
[0179]
[0180]
[0182]
[0183]
[0184]

[0181]

o]

¢+

oW

ToR

O

¢

oW

ToH
23]

il

"o

Ae o Aol

=i
=

=+

Al

A A7) L8RS E, el

]

o)
R

71 A

[0186]

i

kel
pid

afitel] of

5

ol

3|

wol & shebr|EE 2 4]

g

Al
=1

7] Arg7pel
_20_

1

Cal

\
7F o

o

]

Rz

1
A A

o
T

of @Al oysh
73

of Al o

3
ar

T

AL
o] Aojut=

B A
SRR
)5

Al
g

cxd
A2

[0187]
[0188]
[0189]
[0190]



A molt},

=
RS

10-2016-0126232

L

W opel, 471 A

ol
o] X

=

=

=

e

H

i
=)

=
=

A (S250)

7hel

]

8

I or AAGeRHN

=
=

Fol 47 AHgAe] 7
st A7) AHgA]

A

=8k Wl

oy
a

[0191]
[0192]
[0193]
[0194]

A A%

Al
=

vie)

i

™
o

Eias!

Ahg5

=

=

Zlo]E(sampling rat

s} (photoplethysmogram; PPG)

)

F&

=1]
=

Al $310) .

daA A%
= 17E Gxshd, ARgAke] AdeA 1A dH 3

/r\:]
£33l &% T-7H(EXERCISE SESSION) @ A7) AL&ab7)F A7)

K

AR A}e] Al A % (electrocardiography; ECG)

i

A}

L

L

171

7] AH&AL9
3] % -7+(RECOVERY SESSION) %2

Aol lelA, &7

<kl
T-H(EXERCISE SESSION) ‘&<t 7] AR&AFe] Aub=7E ¢F 90~140 bpm(beats per minute)ol] =9dh=

(exercise load)E At
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a
i
R
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[0200]
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[0206]

[0207] Agko] v 7)ol A

r\
_!Eo?_‘,

T

[0208] Aol uf F=7]o) X

]
Al(pulse onset)d Alo]e]

o:i
OPO
N

Aalzle] w F=7]9
9}(second derivative

o 4% + At

[0212] 41w (PPG) 9] & F7
5 %—01]*1 S

Jel

[0213] Rl S EE

B F8H W (PPG) 2] &
o]%, Al R-¥AHF[RPL) ¥
peak) Fo] EAE & FXE Yeh+ gF dx (PR 7=
Ayl g o R AASFa(A S343), A1 R-F I H(RPHI A7) 4
Mol Ad AZHPIT) o= ATH(EA S345).
59, &%
3] F (pulse peak)@oﬂ ﬁ]*}ﬁP

(CP)S 47 F&A9s sladez A4 4 .

FE&AWul ggzea W HAE AIHPIT) =
I+ ¥ (normal distribution)E wEt},

A3k 211 R-3 28 (RP1) 2
B 938 ((P)EE 44

2 R-9 A2 (RP2) Aol
Tﬂr(%ﬂl S341).
Jg-ﬁlz% uﬂJ}(pPG)A

W 934 (CP)=
g F8A

a9~

HNEOS &

TEw T gt

A=
= T

[0214] A2 R-3] 2 (RP2) Abole] FREoA, ZAHE

% 2~ 93 (pulse
3}

e 38
st s Als] 4

Ao
=

o) >~
24d

[0215] (PPG)«] Hx

v =4

1=

F Zu JJELR*(CP)% %oﬂH 7}

=1]

Al 2] =l

a

[0216] SN

1T
interval ) 2.2 Y&+ k& A

b, & 199] EAlE uhe}
Z(RR interval ) 2.2 Yir #=

R-AZHE Aelel AR
=

F

o

[0217] F(PDF)= a2 AZHPIT)& &7] R-9

A B ¥ (normal distribution)ol] A-2gt

sk (PPG) o] W F7|nbeh 7] Bg
(RP1) 2 A2 R-¥ A (RP2)°l 7] %38}

[0218]

=

=, g5 (PDF) ¢ st &l
interval ) 0.2 Ui ko] Ha ¢
FEA W g0 AAE writh el

1_1]:_—@—

[0219] -3 THAE Alole]l 7FA(RR

S(PPG) 2] wf F7]olA 7]

J%

[0220] = 18 2 198 Fxste] Abedh ulel o]
Hell A7) ARgRke]l A Ax wislel] ) %3}
AE 3H(PPG) <] H2 I A (pulse peak) A& 2

a7 5 9k,

, =18 R 198 FEshe] Wb dd

=
&
A

kil
S|
A
=
(=B=Y

m?L' _1%‘

A}

[0221] o]

AIZHPIT) o] 471 -
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[0223]

[0224]

[0225]

[0226]

[0227]

[0228]
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AE Fe4mMate] H2 I A (pulse peak)d Alele] HAo = AHojH 9o dia] Wy dg AHPIDE HE
St WS dAd ez dysigl o, Wl dd AIZHPTD o] A7) A" AATeA HEE 7] R-Yad}
A7) EAHE FgH W] 2 2A(pulse onset)d Abel9] FHASO R AHojH A9 E W Ay AZHPTT) o]
A7 549 AAZA HEE 7] R-IAAFY A7 S48 FE8A YT o]x} v} (second derivative of

photoplethysmogram; SDPTG)2] Z%7] %A} (initial positive wave) XA Alo]e] 7tA o2 ¥ A= =
18 9 195 Fxste] s Wi AR o R Wt dAd AIZHPID S AT Ao,

A% 17e RS, 4] ReAAEe] Jlzstel aAzel 47] ALgAel Al WMo
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B BAS Fste] 7] Sl Wak dd ARE Wols
< AIZF ®olE I EES FAA W (statistical
method)oll ]3] A=+ SDNN(the standard deviation of the PITs), RMSSD(the root mean square of
successive differences in PITs), NNxx(the number of interval differences of successive PITs greater
than xx ms), pNNxx(the proportion derived by dividing NNxx by the total number of PITs),
CV(coefficient of variations; the standard deviation divided by the mean of 100 PTTs) % 7|3}&+4 w#

(geometrical method)ell ¢J8] AAF+= TI(triangular index; the number of all PITs divided by the

maximum histogram), TINN(the triangular interpolation of PTT histogram) %2 &Hol%= styE E3HsE 4= 9l
=
d& & Fefste] A7) Hao Wak dg A7E wo]

of, 7] W3 dd AZHPTD)EC dal F3 949 245

& e EHES AAskeE A, A7 554 Wak de ARE ®els selnE S TP(the total power),
LF(the power in low frequency range), HF(the power in high frequency range), LFnorm(the normalized LF
power), HFnorm(the normalized HF power), LF/HF ratio, VLF(the power in very low frequency range),

ULF(the power in ultra-low frequency range), VLFnorm(the normalized VLF power), ULFnorm(the normalized
ULF power) 59 Aok shvts XF3 4 drt.

& Eo], 47 W A AZHPIDE sl vAdd A4S Fadste] 7] B4 Wa dd AIF Wols Tt
g HES AdsE A9, A7l B9 Wg dY AIZF Wols FebrHELS SD1(the standard deviation of
the points perpendlcular to the identity line in the Poincare Plot), SD2(the standard deviation of the
points along the identity line in the Poincare Plot), SD ratio(SD1/SD2), BoxDim(the box counting
dimension), CorrDim(the correlation dimension), DimSpec(the dimension spectrum), FracDimK(the Katz's
fractal dimension), FracDimH(Higuchi's fractal dimension), Lyapunov exponent, Hurst exponent, Scaling
exponent,  ShannEnt(Shannon's entropy), RenyiEnt(Renyi's entropy), ApEn(Approximate entropy),
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