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3.1 Hilbert—-Huang ¥ 3}

Hilbert-Huang ¥ 32 Huang et alol] 28 @3 d Z[14]22 EMDe &3+ +

59 elzko] Qi Hilbert Moo 2 P4 w0l gom, mARa A 3704
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d SAY Wete] AEl 2A4[23]3% uithel Ao s wWst EA[22]0 A& A
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E28, 7] oy RokelA AF¥AHoz AL 9lom NASA(National
Aeronautics and Space Administration)o] ¢]3| Hilbert-Huang ¥ 3 &4 Z=
Algo] 7t A TH25]. FazE F o9 wavelet, Hilbert-Huang? ®lx A&+
& 313 2t
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3.1.1 Hilbert ¥ 3t
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X’(t)zH[X(t)]me X(u) du (3-1)

Zt)=X(t)+jX(¢t) (3-2)
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H.

Z(t)= A(t)e V) (3-3)
Al) = VX0 + X)), (3-4)
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o2 ¢ Hilbert W& NaA 7ol glol Wely 5o Bg& FaAY 4
59 23 FA5 Fe Tl 4% 54 5 A9sEd wol #4593 vk

_‘I‘I_



3.1.2 Instantaneous Frequency

& FaEe Ay v &Y FH Fas AES UEd, A gl w
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3lo]} Haar wavelet, generalized pencil of function(GPOF)o. 2 <£3t Fu+=
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3.1.3 Empirical Mode Decomposition(EMD)
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hy ()78 IMFO] ¥ 2d& 25 wEsw () 31 HA IME ¢ (t)o]
dub. A WA IMF ¢, (t)2 71 =& Fo5 ARS £dstm 9lojof d
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el

¢, (t) = hy.(t) (3-9)

X@) el A e (t) A¥S oA (residual) S r (¢) o2t A o] g},

r ()= X(t)—c (t) (3-10)

o] yrx & X#)=E st @, @, @9 HAHL wEdo oS HA 9
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X(t)=Ye;(t)+r,(t) (3-11)

o] IMFE Tahe A0 mel 28 363 o] AA AdAE A= A
ZRE AG-1D% 2ol 11719 IMFEH 1719 vwA= Bad Axs AUt
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IMF 2, iteration § before sifting
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IMF 2, iteration § after sifting
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(@) : FUgd Fageoez x4 A L HFg AR my )
(b) : IMF %% 27 ( 953 w712 s 58 )
() WE 27 A T IMF ( hog(t) = hoy () — mag () )
(@) dH Ay (t) = X(8) = hog (t) )
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3.2 Support Vector Machine(SVM)
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e sholw Z

431208 @& ol w el

H:y=wz+b=0

(3.12)
A71M wi B9l delg e stolHZu A Huss wE et o] uf 9
AN o solmMEAARY AL 0

Tl 7b "ok ek 2(3.12)8 Bl o
w
S99 T ol Z S 1 R A

H:y=wz+b=1

(3.13a)
Hy:y=w'z+b=—1

Hy 3k HyAbolell= A4 7F glojok @vt. o] ] 2(3.13a)9
AA T A312)9 Fe stolH =AM M ke
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4(313b)e] srols AL B oA TANNA WF 19 AF ARe AA

N
<
N
cht
=
k)
-
>
=
:Ll

Hy7te) A= ﬁow}. N3 SYME o A

Az st 9 soHEFddS Fe AR AFdAY. S g2y e HA

2
Max — (3.14a)
w'w
dazxy
wr;+b>=1 for y,=1 (3.14b)
wr,+b<—1 for y,=—1 (3.14¢)

21(3.14b) ¢} 2} (3.14c)= v o] )

y; (w'e; +b) > 1

Weh sl AAs FAE e 2o mawAT

Min % (3.152)
2927
y,(w'z;,+b) > 1 (3.15h)

H] & (non-negativity) A 274 stol &1 gA AFE =Yste] gamx &

g fEsE Oed 2 AHE BA B

N
Min L, = %w'w— yoyly,(w'e; +b)—1] (3.16)

i=1
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o] YE A (primal problem)e]&t 38 Y F Ao Karush-Kuhn-Tucker(KKT)

2315 A4A719 b= 235 d=h

JL, N

ow L; Y

0L, N

7y e
a;ly,(w'z;+b)—1]=0, i=1,..,N (3.17¢)
y:(wae; +b)—1>0, i=1,...,N (3.17d)
a; =20, i=1,..,N (3.17e)

21(3.16)ol A H o] AEA Y EHAIF+= convexoll A2k Al convexo] =
2 23179 KKTZHS diEA s ds 2858205 ATt 2 (3.17a)

2HEYH & #AE A=t
w= 'Zoziy,ia:; (3.18)

Wetd ot 24HW wel solNEAAY A w AET

:":
a; =09 oo AA ol AB17e)5 A&std v 2ol bE 7Y 5 U

1—yuw'z,
b= yT (3.19)

8 oe AA dakel HEI9 sl WEF F FARs Astel AF

Hom bE Fohe o] FAHOR btk olgh Ze Rl FeldFdAAL =
Fohe 2 SVME dxAzita g



StH Aol o3 Wolfe %t Al (dual problem)i Tt 2t}

N
Mazx Lp = %u/w* Moly,(w'z, +b)—1] (3.20a)
i=1
dox7
N
w= Y0y (3.20b)
i=1
N
Moy =0 (3.20¢)
i=1
a, =0, i=1,....N (3.20d)

232009 A(320d)% A (32009 ZH Ao sy 9o AREAE T
3 2,

N 1 N N
Max L= Y, a;,— B >, Zaiozjyiy]-x'ixj (3.21a)
i=1 i=1j=1
dazxd
N
Moy =0 (3.21b)
i=1
a; =20, i=1,.,N (3.21¢)

o] EAlE olAAY FEAoH o]E Y B AZEoIE AL £ glrh

Ao 99 FAZFH & 24T F 4G18)3% HG19=FH sho]¥ZH A

09l AAe MEE WEe =, ol FolvSdel H T
B OH, Aol ol ®nh mm H 9 H, Al FolA @ AAdME ;=0
of Btk WA NEE MEHE 2L 5 Yuhd o] B WAoRw 43219 ®

Ag Fo] £ stolAZddSE =5 5 Ut



SVME st5AIZ = A2 AA o e &7 722 o3 2.

y=wzx+b>0°0, HF 12 &7 (3.22)
y=wzr+b<0°olW, AT —12

322 A% svM-&¢ E7}

ol
Y,

o
o T

FiEEol AY olAFAA g F A WEE RIHA @& A 4
(315) T 43219 AAY BA st EARA gk oldelE o

FE Hese ol BAMAW 0% A AHH BAL HGI5H o fus
]

jmn%?+qég (3.23a)
oz :
y,(w'z, +b) = 1—¢,i=1,.... N (3.23b)
¢G=0 Vi (3.23c)

Z, 5 M9 Hge sto]y =292 marginl AAV Eole AL F L3 o
of tiste] HEEE F= ol Cgteol sEE 7ol Tt o] W Wolfe %
dEAlE o 2

N 1 N N
Max L= Y, a;,— B >, Zaiajyiy]-x'ixj (3.24a)
i=1 i=1j=1
dazx7
N
Moy =0 (3.24b)
i=1
0<a,<C i=1,..,N (3.24¢)
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9714 N= AZE W A4S G @8 45 b2 Fa7] A
43239 AEAN KKTZAS 4447 Atdel ez Basd. od wz

H0<aq<Cd 4 =00 Hu=Z o x5 WHHA7= doof AA e vzt
s

SVMe| 8% & AlRe A ga ERsEe 43223 FAe,
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3.23 HlAd¥ SVM

21(3.12)5 ®tp dutste tg 3y 2 solH ZeedS a1y s,
flz)=o@) w+b (3.26)
o714, &()E 29 7] A &5 (basic function)E A patY e zol Al matyd o &9

mapping ©] T}, o] wl 21(324)= "YSF Zo] WA Hu.

N 1 &N
MaxLy,= Y, a;,— 5 M ooy () @ (x;) (3.27a)
i=1 i=1j=1
Zazxd
N
>y, =0 (3.27b)
i=1
0<aq,<C i=1,..,N (3.27¢)

AN RMBFE 60 zol U Ae SAL FEae Ao T 4 Ak
g, dAzE FAH dUE ¢ Ba glol tgw 2o A AW P48
R,
K(z;z;) = ®(z;) ®(x;) (3.28)
de] AW Frm e e et g g,
Gaussian radial basis function kernel
: K(a:i,a:j)=exp(_”$i—_ﬁ”2) (3.29)
20
r&b th3; kernel
D K(xpay) = (o x+1) (3.30)
sigmoidal kernel
t K(x;,x;) = tanh (kz;z; — §) (3.31)
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4.3.2 EMD-IF
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4.3.3 EMD-WIF
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ABSTRACT

Prediction the defibrillation success based on
Hilbert-Huang transform of ventricular fibrillation

waveform

Jang, Yong Goo
Dept. of Biomedical Engineering
The Graduate School

Yonsei University

This paper studied for Return Of Spontaneous Circulation(ROSC) and
non—-ROSC prediction performance by Support Vector Machine and three
parameters extracted from ventricular fibrillation ECG waveform using
Hilbert-Huang transform instead of existing Fourier transform in study of
frequency analysis method.

The electrical defibrillation is a sole ventricular fibrillation therapy. But,
analyzing ECG and executing countershocks for defibrillation have to stop
Cardiopulmonary Resuscitation(CPR) for long hours. The interruption in CPR
could be suddenly decreased the survival rate for ventricular fibrillation patient.
If ventricular fibrillation ECG waveform-based analysis could predict the
likelihood of defibrillation success, it could reduce unnecessary interruption in
CPR and the delivery of failed rescue shocks. The existing study of ventricular
fibrillation waveform signal generally analyzed characteristics of frequency
components variation using Fourier transform method.

A problem of this approach is an assumption that signal to use for
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frequency analysis is stable. This frequency analysis could not know all
characteristics, because the biosignal is time-variable and unstable. Therefore,
this paper used Hilbert-Huang transform for nonlinear and non-stationary data
analysis.

In this paper, 15 data sets from animal experiment were tested. Two
parameters(EMD-IF, EMD-WIF) were extracted using Hilbert-Huang
transform and Instantaneous Frequency. After decomposed data into each
Intrinsic Mode Functions(IMFs) by Empirical Mode Decomposition method, one
parameter(EMD-FFT) is extracted using fast Fourier transform from each
IMFs. Using t-Test method, it was selected two parameters among three
extracted parameters that possess high performance of discriminating ROSC
and non-ROSC in 300~420 s and 420~540 s. The ROSC and non-ROSC
prediction performance was evaluated by Support Vector Machine method and
selected high performance parameters(EMD-IF, EMD-FFT). On the average
results of sensitivity and specificity were 87.35% and 76.88% respectively.

As a result of this study, the discrimination of ROSC and non-ROSC using
extracted parameters from ventricular fibrillation ECG waveform based
Hilbert-Huang transform can be useful in developing strategies for the

treatment of ventricular fibrillation.

Key words : Hilbert-Huang Transform, Empirical Mode Decomposition(EMD),
Intrinsic Mode Function(IMF), Support Vector Machine(SVM),

Ventricular Fibrillation, Defibrillation Prediction
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