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WA T AEH R K6 2 g FHse 9A:

Ay

7] =45 ECG(Electrocardiogram) AZZEE AN &S =437 93 geluE dHolgHE F&a= wiA;

ne.

47) %29 A7) ey dolHst A4F AL 24 FLABS o §dte] 2NN AR AL Qs

A% AL delHE FEat Wi %

A7) FEE AR AR HolHERRE AR AL dF7] d5S F45te 4L E Eslete NS T AR A
< 457 dF F4 4.
AT 2

271 dehu)E dolHe 7] 39 G AZERE 2FANY AEHo %% nMHR(normalized Mean Heart
Rate) HoJEISl AL EAH R 3= AT 5 A AL dF7] gs =4 WY

A543

Al 2 gl QJojA],

71 Zdgelg doly & 9,
A7) EA-% G AT 2EE DA HE Ak (heart rate)E AEste] Aukg HolgE F&aE wHA;
A7) FEF e dolHREEH AAANE HFAES(MHR:Mean Heart Rate)E 4F&3le] MHR(Mean Heart

Rate) Hlo|E] S =Z3l= oA @

7] FEE AZbe] MR dlolelE Aafskste] 7] MR dlolelE FE8hs WAl & Eedstal,

271 ZkZke] MR HlolH it the Aol o& o] FolAe AS 5HoR g ddAE T AT A2 dF
7] HE 48 WL

nMHR = [MHR - min(MHR)] / [max(MHR) - min(MHR)]

/
(&, min(MIR): 7] 529 MR dlol8 ZF 4wk, max(MR): 7] 29 MR dlolg 5 Ahzh)
AT 4

Al L gl 3lolA,

>

=¥ Adhe WMol =(HRV:Heart

v

471 v e dlolHe A7) SA " G ATERREH AGANE AFEEF
Rate Variability) ©®lo]Ee]ar,
271 Ak Wol: o]l nLF(normalized Low Frequency) H|©]E], nHF(normalized High Frequency)

Hlo]El, LF/HF ratio(Low Frequency to High Frequency ratio) H|©JE & FHo]& o= S E3ste= AS

EAO R st 448 T AR A dF7] ge 8 8.
AT# 5

A1 el 2dolA,

7] st E Heoly & dAlE,

=

A7) A G AZ2RE 2FAG nlF(normalized Low Frequency)E AFE3dlo] nlF HolEE F&&e ¢
A

= 3L S
£ x¥sta,
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7] nLEE T Aol Sl ANEE Ae A0 S YA F AN AL A7)

ully

A |

%&
nLF = LF / (Total Power - VLF)

(&b, LF: 2AAZF ECG A& 5 0.04 ~ 0.15 Hz 9] Low Frequency power, Total Power: AAIZFS ECG
AE F 0~ 0.4 Hz 99 total power, VLF: 0 ~ 0.04 Hz 2] Very Low Frequency power)

AT 6

—

Al 1 gl oA,
A7) stEbrlE dolE F& wAlE,
H ECG AZ2HE 23X 7E nHF(normalized High Frequency)Z& AFEste] nHF dHo]E| & F&81+=

) =4
SAE 23k,

}

fr
o,
~
2
o,

$ 5 4% Ae AT UE 24 P

(<0

7] niFe o3 2o o) AtHE S 5Ho=
nHF = HF / (Total Power - VLF)

(¢, HF: 2AAZFE ECG A1 5 0.15 ~ 0.4 Hz Y9 High Frequency power, Total Power: AAAI7+Y ECG
AE =0 ~0.4 Hz 99 total power, VLF: 0 ~ 0.04 Hz t¥¢] Very Low Frequency power)

A+ 7

Al 1 el QlojA,

A7) gtEnlg glolH F& WA=, 7] SA3E EG ANIZRFE AFAZFE LF/HF ratio(Low Frequency to
High Frequency ratio)& 4t&3}e] LF/HF ratio HO|HE F&3tc @AIE X8t 3& A= st IFA

2 T AR A 457 dF 74 By

(&, LF: 2AZAAZYE ECG A& F 0.04 ~ 0.15 Hz tH¥ 9 Low Frequency power, HF: AAHAZFE ECG A& 5
0.15 ~ 0.4 Hz W99 High Frequency power)

7% 8

A1 WA A7 T o= g el 9ol

A7) AR AR 34 dugse 37 24, 2w 4y, JEE gy, 2yreas zd Foojx el A
SAom gk AR T AN AR 457 HUF 4 ey,

37% 9

A1 Zl lolA,

DIRG T A7) BG AE ool 2, IRAL, w45 A& F A= o)k dhe] AEE dAHHoR ¢ 5

Ashar,
7] stetvy Holy FEdAE,

471 5744 ECG ANEZZHEH MIR(Mean Hear Rate) WE|°l®], nMHR(normalized Mean Heart Rate) Fl°]¥,
nLF(normalized Low Frequency) @l]¥], nHF(normalized High Frequency) Hl°J¥l, LF/HF ratio ®loJ¥] & %o
% ol shtel HolHE 2NN FESL,

B7) HRE EF, AL, $HY AL F Holw of= shte AERVE EF dole, WAL dold,
F49 AT Aol 2FNNY FEsL,
A7) AR AE FA BB e AR oo A& BHow s AR F AT AL 477 ¢

CTi= a; + a*MHR; +as*nMHR, + ag*nLF, + as*nHF, + ag*LF/HF ratio, + as*Respiration rate, + ag*Temperature, +

ag*Movement
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S, £EoBE A% AW L AR, 4 71 AW 2 A5, 4% 584 30, 259 48 97 Sl
FEI BEY S b APAT Fo AT ALe] ATV AES TS Yol BF AFE o] Foi
@ Qi Aol

A7) &E

=524

(E3]&3 0001) US 2010/0280331 Al (2010. 11. 4. 37W)

(E3E3 0002) US 2014/0180027 Al (2014. 6. 26. 371)

A AE e

Bowel me Qe T AR Ae AdF g% 33
= A % A)

g doleig FEah: T
ARV AR ALE Fgst] AR

= =
AL A7) He5s FA%e A=

walk A7) dEha g dgolEs A =AHE EG AT 2EE 2AAY AEEo] =23 nMHR(normalized Mean
Heart Rate) Hlo]H Y 4= Ut}.

o] A%, A7 g dlolH F&F dAE, 7] FAHE G AazRE d9A7E Alurg=(heart rate)E At
%6?01 NH]"I‘ tﬂ°lE1 FEote oA, A7 FE2E Adg dolHERE AAAY HA A9 (MHR: Mean
Heart Rate)ZE 4F&3le] MHR(Mean Heart Rate) HI|EHE F&E3t= @A, 9 7] 549 Z4z-e] MR HolHE
At 3}slo] %7] nMHR dlolH & F&Ee 9L E 288 5

A7, 7] Z42be] MHR dlolE Atste the Aol 9] o] F
nMHR = [MHR - min(MHR)] / [max(MHR) - min(MHR)]

(<, min(MHR): 7] € MHR wlol® & HAgk, max(MHR): &7] FZ€ MHR vlol® & Hdigh)

an
.|_.

w3, A7l gEkeE dolHE Ayl SAHE EG AIZERE AFANY AEHo] FEE AU WHoln
(HRV:Heart Rate Variability) ©lo]e]d 4 it}.

vkl A, A7) Aldbg ol HlolE|E nlF(normalized Low Frequency) ®©lolE, nHF(normalized High

Frequency) dWl°]¥], LF/HF ratio(Low Frequency to High Frequency ratio) Hl°]E & FHojx o]- sl}E 3+
g 4 9l

ES
walk A7) gtgln g dlo)El 7} nlLF(normalized Low Frequency) Hlo]E]¢l Z %o, A7) Iebn|g] dlolg F% o
A, A7) A9 EG AEZEFE A2ZA7Y nlF(normalized Low Frequency)E AF&3sle] nlF HlolHE &

]
dAE 23 5 Qv

o
-

o171, 7] nlF= v Al ofal Adkd 5= gl

nLF = LF / (Total Power - VLF)
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(&b, LF: 2AAXZFE ECG A& 5 0.04 ~ 0.15 Hz 9] Low Frequency power, Total Power: AAAZFS ECG
AE F 0~ 0.4 Hz 99 total power, VLF: 0 ~ 0.04 Hz 2] Very Low Frequency power)

E, A7 ii]'ﬂ—u]Ei o] E) 7} nHF(normalized High Frequency) dlo|E]Ql Ao, 27 Ietvg dHolg F&
=, 47 549 ECGG AlsE2FEEH 2AAZME nlF(normalized High Frequency) & AF&Eshe] nfF HolHE F
= gAE Eéﬂ’%‘ T At

o714, 7] niF= v Al osf Atkd 5 ot

nHF = HF / (Total Power - VLF)

(¢, HF: 2AAZFF ECG A& % 0.15 ~ 0.4 Hz 999 High Frequency power, Total Power: AAA7FSE ECG
NS ZF0~0.4 Hz 99 total power, VLF: 0 ~ 0.04 Hz 2] Very Low Frequency power)

wal, Ay "ebe)E dlole 7} LF/HF ratio(Low Frequency to High Frequency ratio) Blo|E]¢l Ao, A7)
ggul g dHolg F&F dAlE, AV SAHE EG AEZRRE AFHAG LF/HF ratio(Low Frequency to High
Frequency ratio)E At&3s}e] LF/HF ratio Hl°|EHE F&E3t= TAES 38 & 9

o714, LFE A2 ECG 4A1& = 0.04 ~ 0.15 Hz 9] Low Frequency power©]il, HFE= A A 7HE ECG

AlE F 0.15 ~ 0.4 Hz th9 2] High Frequency power©|T}.

St B dge mE S S AR AR dF7] g FA WA JoA, AT AR AR 4 S
< 39 BN, 27 g4y, gEE g9y, &YnEax 2d F o= hyd 4 o

ek, B U mE AN F AR A 457 BE F4 He g F U] EG AE 9o 3F,
ARAL, Y 2% F Hor o= e 2EE ALKHoR ¢ 54T 5 .

o] A%, A7l IEvlE deoly FE9AE, 7] F3E EG AS2HE MHR(Mean Hear Rate) tTloJE,
nMHR(normalized Mean Heart Rate) ©l°]¥], nLF(normalized Low Frequency) Hl¢|E, nHF(normalized High
Frequency) ®|°o]¥, LF/HF ratlo(Low Frequency to High Frequency ratio) Ho|H & HoJLE o 3}L}e] H o]
HE £24GANY #5311, 47 SA4E &5, dF3A2, 2349 43 F Hox ou e Js2HEH o5
o, FFAL dole, ¥4 A& dHolHE & GAUNT FET 5 U,

A7, A7) AR AL F4 s e AoR o]Fojd 4 QT

CT= a; + a,*MHR, +asz*nMHR, + a,*nLF, + az*nHF, + as*LF/HF ratio, + a;*Respiration rate, + ag*Temperature, +

ag*Movement

(%F, CTy: 2ABANNY AR AR AL a),ar,as,a4,a5,486,a7,8s,3; LD E ) MHR: A2BAINE &4
MHR ®llo]¥], nMHR.: A=A F=8 MHR ol zhzhs Afskeh nMiR dlol8l, nlF: &8AE S4B
2% % 0.04 ~ 0.15 Hz W] LF dlolH z}zh& 4+f8tgk nlF dlol®, nHF @ AAAIE ECG A& 5 0.15 ~
0.4 Hz A2l WF dlolg] Z+z+s 44+33k nllF o8, LF/HF ratio: AAAIMY FZ % LF/HF ratio Ho]E,
Respiration rate;: A7) SHE & AZ2HE 2AANNY F5F vy dolE, Temperature: 7] =
A FRAe AZ2RE 2 AT FEE dolH, Movement,: 7] FHE AW NIZZHEEH AAHANT

2235 mglng golg)
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[0054]

[0055]

[0056]

[0057]

[0058]

[0059]

[0060]

[0061]
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2. J= g HolE F&
sShulg "oy F& @A(S20)= AANE 54 GAS10)04 SAHE AT 2RE AR A2S FH57I

9% Sy dolg g FEa WAl

l

A S F4LS Y3 FJebuE dgolE = ECG monitoring moduledl A d4A8E T dAEH oz SAE ECG Al
SERE A2AAANUNG AEFo] &% MHR(Mean Heart Rate) d©l©]¥], nMHR(normalized Mean Heart Rate) H]o]
Alukg= WOl (HRV:Heart Rate Variability) WlolH & Holx ox siuis 233 4= g},

walk, A7) Aurg Wolk dlolE = nLF(normalized Low Frequency) Blo]E], nHF(normalized High Frequency)
dlo]E], LF/HF ratio(Low Frequency to High Frequency ratio) H|o]E % Zo]& o sE ¥gs &= 9]

w3, AANE FA GA(S10)94 ECG A& &dd £, IFEAL, 23U AT T Hoj= ok 3ol 2 E
o SAste= Ago), A7) gabr)E do]El & Respiration monitoring moduled]A] dAAE = A&EHo=w =

H 33FAE52EH 42AGAE FF9 respiratory frequency HI©|E] 2 respiratory frequency variability
dlo]¥], Skin temperature sensordA] AL F A& o T =AY IFEAL AITZHE A2ANTY F=3F
FBAL dolE, 3-aixs Accelerometerd]r] AL = d&Hozm =AHE A AFTZRE A2AANNY F
=% %29 7% vo]E(ex. [AA:Integrals of the absolute value of accelerometer output from all the 3

measurement directions) & Ho|XE o FUE ¢ X3S 4 Q).

F

N

(S20)0ll M F=4 ZH2he] vehvly dlojE ek A

=
dely F& 9A(S30)= dry Holy
s FAst] AR A HolHE FE5h @AY,

KR

A= A

B e =24 dug S o]8&ste] AAAG AR A
=

[11 (o] ﬂ}l}lu
v
=

9 SuelFe QAT F ALHoR SYP YANERIE FEE e doleEn Ay
Qo
L

CTi= a; + ao*MHR, +as*nMHR, + as*nlF, + as*nHF, + ag*LF/HF ratio, +

ar*Respiration rate; + ag*Temperature; + ag*Movement

A7IA, Clis 24N F4% AR Alolal, ajaz,a;,a0,85,a5,a7,a,a0%° ZAIA|E o)L, MR = 24

74 329 MHR dlolglo]li, nMHR = A2AAME FZ% MR dole] Z2bS B3t338 nMHR dlo]Elo]aL, nlF &=

CG AZE ZF 0.04 ~ 0.15 Hz B9 LF "ol ZZ+S A 1343k nlF do]go]a, nHF, &= A&

AZ F 0.15 ~ 0.4 Hz ¢ HF doly zZ+zhs A+3k3k nHF ©lo]Elo]al, LF/HF ratio s &4
F

[
2L
>
S
ofl
|
ol
(i
<2

e 2F5 AZRRY 2AANNG F24

e

G
A7V 3=Z% LF/IF ratio ©]o]E]o]al, Respiration rate,= A7)
Sgu|g  dlolg o], Temperature,v 7] F8¥ IAFAL ASZRE 2GANT FE=F odolHolx
Movement, = A7) 24" ¢xe AT 2RE AAANG =2 mtebv]E golgo]li, t= time pointS LER

o},
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[0067]
[0068]
[0069]

23]

nMHR(normalized Mean Heart Rate)

2z
o] 83191t

=

nLF(normalized Low Frequency) H®|©]¥], nHF(normalized High Frequency) tl°]

L

.

Ho|k o]
B, LF/HF ratio(Low Frequency to High Frequency ratio) E|o]E & o]

o~
T

(HRV:Heart Rate Variability) dlo]H
U
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=
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nMHR(normalized Mean Heart Rate) Elo]¥],
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Ao AAZ &, R JYIAES #H=35}9] RR interval g AAFsT)
o]%  R-R interval& o] &3lo] AT G (ex.1%) AulS=(Heart Rate)E AAFSIT}H

A ofelsh ol A 9,

#9514 2

Heart Rate = 60 / RR interval

HEE A7) o] Aol Savitzky-Golay filterE % -8&3}o] Heart rate
k). 3, A7) e EES 2 AIZHex. 5%) Aol HolHE FXHEH=
7F glo] ol EAIZIHA oy e ~FH ¥ HoleE o] &3t ALkttt

oA de] gloA], A% Aeg FWsr] g delule s MR, lF, nHF, LE/HF ratio 222wl sl
nE| 2 o] §3gitt.

WA, AR AE FA-s7] A 2 E7F nMHR(normalized Mean Heart Rate)$l 7 -$-ol, nMHR I}Ebv]E d]
olf & WiAlE, dAE F 4% EG AZE2HEH EAE Autp(heart rate)E AHESte] Adbgr d)o]
BHZ F B Ay dolH 2R E A A HE A w4 (MHR:Mean Heart Rate)& AF&E3)
o] MHR(Mean Heart Rate) H e 9, A7) 59 279 MR del"E Atakste] A7) nMiR H

olHE FEote WAE x5 Ao

Ei
)
il
4
e

MHR(Mean Heart Rate)+= A2AHAZFH(ex. 5F) Heart rate @& HS 3 FHo=2A, AHAZT
TE Ygust, dubd o R MiRe] SUMEFE gtk AlAdd 9 Ao FUMES 9v|Eta
7ol ofgt =0 FIFEHS ofH] g,

nMHR(Normalized mean heart rate)v AAAIZH(ex. 5%) 1H] HEAUrE ALke & AA #gE 5 Adis
[e]

12, Hags 002 Aarshet serg R, va Al o8 AMtd 5= 9l

784 3

nMHR = [MHR - min(MHR)] / [max(MHR) - min(MHR) ]

(&, min(MHR): 7] 5% MR ®lol8 & 28, max(MR): 7] FF€ MR wlolg & b

< FA37] A% e E 7} nlF(normalized Low Frequency)?l 7--ol nlF dlo]E F&
G AlEZ5E 2gA T (ex.5%) nlF(normalized Low Frequency)& Ab&E3he]

nLF(normalized Low Frequency)= 0.04 ~ 0.4 Hz W99l total power % LF(Low Frequency) th<(0.
0.15Hz) powerd] W] &S 9u|st= Ao 24, VLF(Very Low Frequency) ™ (0 ~ 0.04Hz)2] ®H3}lo] 2|3t © ‘5‘0%
Fasta wgk A7 Wels F7A|7] = gk et

nLF(normalized Low Frequency)™ T3¢ Z=d|QloA Al WHo|wE EASE ggtu|g F 3ty = o3 2o 9
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s A 5

%0
+

#9144

nLF = LF / (Total Power — VLEF)

(¢, LF: 2AAZFE ECG A& 5 0.04 ~ 0.15 Hz ¥ ¢] Low Frequency power, Total Power: AA7FS ECG
AE ZF0~0.4 Hz A9 total power, VLF: 0 ~ 0.04 Hz 2] Very Low Frequency power)

wek, AR ALS F4817] fgk v 7} nlF(normalized High Frequency)?l 74-9-¢l nHF Holg F& ©A
=, A7 SAE EG A5 25EH A2AATE(ex.5%) nHF(normalized High Frequency)E AF&3d}e] nHF dlo]g
g FE3e dAE 28 Y

nHF (normalized High Frequency)= 0.04 ~ 0.4 Hz W99l total power % HF(High Frequency) W<(0.15 ~
0.4 Hz) power?] H]&S 9u]|dt= Ao 24, VLF(Very Low Frequency) W& (0 ~ 0.04Hz) 2] W3lol] 23 ks
Astal Fugtk AA el MstE BZA7) = Fhebr g ol

nHF (normalized High Frequency)® T3 Z=w|QoA] Al Hol
93] ArkE 4 A

AR ety F oshE ohe Aol

mlm

84 5

nlF = HF / (Total Power — VLF)

(%k, HF: 23N ECG AlE 3 0.15 ~ 0.4 Hz 9] High Frequency power, Total Power: AAA7FF ECG
Als % 0 ~0.4 Hz 99 total power, VLF: 0 ~ 0.04 Hz 99 Very Low Frequency power)

wak, AR 2)eS =487 98 gebn| el 7} LF/HF ratio(Low Frequency to High Frequency ratio)Ql 75,
LE/HF ratio "lol8 F3 vAl=, A7 =45 ECG AT 2RE 2AA S (ex.53%) LF/HF ratio(Low Frequency
to High Frequency ratio)E AF&3dte] LE/HF ratio Ho|EHE F&3l: WAS 38 4 ),

o714, LFE AARAZFE ECG A& 5 0.04 ~ 0.15 Hz 9] Low Frequency power©]il, HF= AAAIZFE ECG
AlE = 0.15 ~ 0.4 Hz <99 High Frequency power©]t}.

LF/HF ratio(Low Frequency to High Frequency ratio)T LF(LOW Frequency) W<(0.04 ~ 0.15Hz) power9]
HF(High Frequency) t<(0.15 ~ 0.4Hz) powerol] ™3t ®]&S ou|sts Ao mA, w-Fuzk A4 438
oujaty Frleld o] FFo] WA EZHoR HIHASTS «1 v gk,
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w e wE dAAE T AN A= dF7] dE F4 el elM, 7l AR Ae F4 <

Extended Kalman Filter &S o]-83}%ic}.

N

KR
o

MHR(Mean Heart Rate)& 7|Hto.2 AXH A& FAH3}7] 913 Extended Kalman Filter Ed-2 tha oA}
Zo] Time update model®} Observation model ® /3 Ft}.

#8146

» Time update model
CTy =a,CT;_y +ag + f where f~N(0,y)
* Observation model
MHR, = b,CT; + by + g, where g~ N(0,0;)
MHR; = b,CTZ + b, CT: + bo + g, where g, ~ N(0,0,)
MHRy = b3CTE + b,CTZ + b, CTy + bg + gz where g, ~ N(0,03)

o714, CT+ A% A 2(core body temperature) ©]il, t+= time point ©]il, a;¥ time update model

coefficients ©]al, f+= noise ©]al, y+= Standard deviation of the discrete probability distribution of
ACT, b;= observation model coefficients ©]il, g+ noise ©]3L, o;= Mean of the standard deviations

of heart-related parameter values binned by CT at 0.1°C interval ©|t}.

A oo &g¥= g2}v B (MHR, nMHR, nlF, nHF, LF/HF ratio)e} A% A2 z7he] Arda7
agixzolar, X WO r Spearman rank correlation coefficient #ko|t}.

il

it

o i
£ o
oo

l
w
rlo

%= 29 B EHES ALEste] AR A2S FAHI A= yeElY RMSE(Root mean square error)$b

F=5 Yehls AFoltk. 4 A3, nMHR, nlF, nHF, LF/HF ratio ¥ #H3 RMSE 0.4C o= A%
duk 4 o] xgkle] g27] wiFel nMHRS o] 83 AR ARS FAIE
= A9Ht A7l sodth. Standardized spectral compound?l nlLFe} nHF+= 2314
observation modelS A-8% 749-, A4 RUSE 0.4C o= AHF AL =4 5 A},

2 =
o el

iz o

o
=
=)
=}
o
o
oo
ol
ol

oft

E MR S EE ol gatel AY A AF7] DES FAT AL, iR et o) et 4T A

T 45 Fzspd, Wyl gXMo] reference AZEA AA AR ALY 937 gE5S YERW, MHR(1), MHR(2)
2 MHR(3)e] MR IHHEE o]g3ste FddE AY A dF7] 5SS vEhT, nMHR(1), nMHR(2) 2
nMHR(3)©] nMHR Z}&}H]E] S o] &3le] FAE AR AL dF7] gE5S vUehdrr. 235 ot9] =4} observation
model ] A5 2Jm| g},

%40l 9 5 Qe uish o], AN A UF) @B FAS] A% SehlE A MR el ol g5
£ AR, R S EE ol gse A0 o AHW AR AL A7) UE FHol ASHE & F 9

iy

o] whE UGS F AR A 457 g A WHE dAAE F d454, uHsd 9 B
| =2 74538k ECG(Electrocardiogram) A& &5 =3 4 9= vy =, MHR, nMHR, nlF, nHF
LF/HF ratio ¥E0E o, ECG AlZ9t npxriA 2 dAAAE F A5H HdE5d @ F44402 54 7}

Loofr wE Jf o
2
o
N

# 5F, NPAL, 49 AE SouRH F3T 5 Yt AeIHE d FAFoEM, AR F o 3
sl A% A L AR Ae A7) dES F4T 5 9
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Order of
I-;E;r;;ziﬁ.zd ohservation RMSE (°C)  Bias(°C)
model

1 062 0.13

MHR 2 0.85 -0.32
3 0.53 0.0z

1 0.8 -0.01

nMHR 2 057 0.00
3 .35 -[).00

1 0.4z .11

nLF 2 0.39 -0.16
3 045 0,29

1 0.4z -0.11

nHF 2 039 -0.16
3 045 -0.29

1 0.29 -0.07

LFHF 2 043 0.12
: RS 021
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