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T., upcrossing period ALE F dFua Ao A7k
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2 (8.5)= wak AHAE-A ik AHEgro]l HAa-FHo A7

H
1
i)
b
I
i)
Ee)
=
s
il
)
Mo
[m
T
i
s
(11
r]I
2
0,
=
9
gl
Ny
Mo
[m
Lo
b
[d (
o

Ncc(u) = Z_l(i‘:','yi](u) (3.6)

o714 cc = AolF JFEE(cycle count)E owm|dt AH3} AHA

T o5 HaA 9 55 JRAR o] Folx] Al A (pair)e oV FHh

-17-



0.1 ¢ 0.1 7}A

oF —
2

Hel=

| o

S

=

0.15

0.1

0.05

-0.05

-0.1
-0.15

100 200 300 400 500 600 700 800

-0.29

(a)

0.1

0.05

-0.05

-0.1

T T T T T T T
n owmwolwmowmwo
M M N N A«

sBuissosadn jo JaquinN

level u

(b)

a9 3.7 AdAE A

Ed9] 4

]

D)
)

o wap ~

-y
s

1]

S

AR,

o
4 S

7]
“

WAFO +

)

N
T

!
il

=0
<]

=

st

[

BRE A

gk o=

ol o

=
[}

7}

-1 8-



Al 4 & Dynamic evolving neural—fuzzy inference
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..... = ST O Fuzzy outputs
§ {1} A.||“ W2
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4.2 Evolving clustering method =4
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warstel 4 22 14 AN e AeE o B el
EASE Z=s st 988 st SYaEH" TS golulr] sk
W o 2= Ag] 7]WH(distance—based) ] FH 2 HHS ARESHH 1
FolAE A (413 ol 9UF delHs Fuiy ZAze Hy

211k2 91 Euclidean distance W o] AF&-FH T 45].

Y
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rlr
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1

a 2
IIx—yll=(ZI>ﬁ —Y, Izj /1 (4.1)
i=1 2

A4 x oy & F e MEE ojuae xyOR otk 2sE

HALe a8 4.2 o YeERhAd=d o714 Cec v FH2EHO AL
ouslal Ru & FHAHY WS ovusit, ZH7he] e AHELS g4
dolg e} S xHe FAZRe] HulAZZE dA #EY HEEs Aol

= WA or FHAHY Y Tol AT

4.3 ECM with constrained minimization =&

ECM with constrained minimization =2-& ECM AL Ax AAdH

5438 (objective function)”7} #HA7F HE% FHASIA|ZH, o] & 3]

WA ECM 2@} o] dukAQl Euclidean distance & ©]-8-3l¢] Z2]2~H
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iol e A WY x 9 old ddsls FeAH T4 Co 99 ARE
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(b) x,7F CY& Clo® quo|E x, 7t MaEe 22 C)E A

(¢) x5 o o8] Zelxg Cl& CZ& JulolE, x; o 93 FeH

C;E C= gJuolE, x 7t A2e S~ CJ& 34
(d) xooll o3l o3& Felx=E C2& Clow gJuolE
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J :Zn:Jj = i(z”)q - Cc, ||] (4.2)

=1 j=1\ %UC;

o714 J, = Z:llxl —Cc, || = objective function & <v]staL =gt

x0C;

208 A (4.3) FAdd oA Fejent
% —Cc||< Dy, j=12---,n (4.3)

w3tE 7 SYAHES dibd oz pxn 9 ozl FE 9 membership
matrix U 2 95, ECMc & 32l WAooz Aoz dadxe

WAooz Feaeel F419 Co ¥ membership matrix U & AA 3]
1 gAE 7t SH2"HEY T4U CqiG=1, 2, -, n)E x7|8st=

AezX ECM A4S F3 4" Suxy @4 ZdE o] &3

A= 2 (4.1)9] 93] o] HEWe] membership matrix U &

it % =Ce;lI<lix -Cell, & j#k

4.4
u; =1 eseu =0 (44)

3 GA= A (4.2)¢F 2 (4.3)°] 9@ constrained minization HH-S-

-2 5-



Aqgsta AMZE FH2HES dve ot v 4 dAdAE 4
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4.4 Dynamic evolving neural—fuzzy inference system =&

DENFIS R4 QoA dAgwH A 7Hxe =2dS 5% ALg3Hd]

v

7}

3

Bes 2947 BEEA V|E4 s b3 o]l m 7he] A

o
Jm

AN}

=V

2 7 Takagi-Sugeno B9 WA 8 A1 AL BT[34].

if x,isR, and x,isR, and ---and x, isR, then yis f,(x,X,, -+, X;)

if x isR, and x,isR, and ---and x, isR,,, then yis f, (X, X, X;)
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327 Skl
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dd Az o3 Faa gl He AFEHS 4 (5.8)%

(5.8)

1714, Aa= F3E ol AEH A4S o]t
A ER] HRAlE(spectral moment)v ©]¢} Fo] 3¢ ~HEHS
Zlog star glem Al n A AFER EUES A (5.7)3% £

4ol e},

m = [ o swdw (5.7)

o? = szgw = js(a))dw =m, (5.8)



5.2.5 ¥ =

WAFO Ao AAes WHTd = = 2 (fatigue analysis)
Fob7k k. WY Alsel WE s o o3 FAHE F3F Ao]E(load
cycle)®] 5 N(s)2tar & uj
A7t Yolxlmr ¥ 249 (fatigue  life)S Wl AXA Ha
N(s) =0 = AT F vt o v F s & I=Z37 (fatigue

limit)gkaL st N(s)= A (5.9)¢F Zo] hdst Relw 2 5 3l

, TEE e AEFE JMHAE 4% (s<s,)

K's?”, s>s
N(s) :{ ” (5.9)
© , S<s_

o71A K dg Mgz dwros K =Es' o= gdHY B 9
go]l 1345d W AFEE In(E)ON(@O02) & w3ttt

EA A AY sl A kW A Me]Zo NI IEFS s g
stal o] 913k ¥ DM & 1/N(s) & A9 & don Azt t 744

120l sl 2 (5.10)3 #Ze] yehd 4 St

3
o
o
Fo
|t
2
foi
%

o

1
DM =D(t) = > =K D sf = KD,(t) (5.10)
t <t N(Sk) t <t
AZo] #e Aol AHEd dFL FA Repm dFo 2
B
AETe 2= dAZZ S (rainflow) ANE8E AHgEGgomz X =

-41-



(@]
DN
N
ot
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i
El
2
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14
(m
fajt:)
M
j(_)'

T 2~FdEHI} vpzvR 2 g wx A~FEH(level —crossing
spectrum)o| A= AHESH HHEE Hold 4 glom B AFtor=
Wik ~AER wle] 4 HH MPLC & 0 #F EHER AME3I9 o

~HER S(i) o] el Lol i 4 (5.11)3 o] Hejgri[35].
1 L
MPLC :IZS(i) (5.11)
i=1

¥ 5.8 non—ROSC B ROSC AdAls Aol thek 24 oot

é 20 |

8 15

2 i

S 10| L

é 5 R

p=}

z 0 0.3 0.2 0.1 0 0.1 0.2 0.3
level u
(a)

[%2]

23 i

£

5 20 J,—f_,_,_f_,_,—\_r\_\—‘l\_\—\j

o

S 15

S i

=}

5 10| L—Hli

g 5

£

2 0 o5 04 03 0.2 0.1 0 0.1 0.2 0.3 0.4 0.5
level u
(b)

a9 5.8 BE A8 WA 2AEY s9)e] 24 o
(a) Non—ROSC A4AAlE A5 (MPLC=12.64)
(b) ROSC A4 A& 21 &(MPLC=10.96)
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Non—ROSC A4A% %ol A4¢ #d wa FFoz HFHol
slenwm AdAow Wit @ugtel AXA Hvl, ROSC ALAE 4159
Aol A At #92 WA REsnE B9F dugel dusow
skol A7) €.

5.2.7 B &9 -FEAT

WAFO EAHo = dE A3 o Alx(severity) S FHF3E gho

et

33 AL a8 dolB EA(significant wave characteristic)©o]2Far st}

o] TAME E3] T3 EAS Fa ZE(significant amplitude)?}

Jo
fol

A7 (significant crest) &2 oJstal JUTH[35].
AZoxt)ol We]l 0<t<T 9 FihelA 4 (5.12)9F o] f& W=
Hi, e A& HS9 1/3 ¥ol9 Hygte= Aojdr).
tc 3 : tc
His == D H, (5.12)
i=2n/3
o] 7] A C = a7 eAdE AEg" A" A WZ(crest front

amplitude) ©] t}.
ole} fAlEAl FE AH ME o Ad mS, & A (5.13)% ol

o},

n

MEs:% ZMF' miiszé thc (5.13)

i=2n/3 i=2n/3
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A7l Mk mf e 2z A7) eAdE Add 49 92 AR

A71E ond

olgfst Jids dHksl A1 Aol dI-fa A( a —significant
value)ol™ 2] (5,14)9} o] Aol Htt.
tc — 1 - tc
My=— >M° O0<acsl (5.14)
an i-(—ayn

] g & 0 oA 1 ¢ WHeR WIAZIE g ol wE Iy
A 4=e] W3tE g 4 9t B A= du-fa3 A 59
Zkel H4t 49 —H-& A9 (mean of a —significant value) S A3}
Al

AAAE Az vt E R AREEglT

oo H]E] Ao AE3 ROSC AAME 239 HAS a
wel AgHog ztolx e du-Fa Ao X E e uebA
AANHA Fa—-Lda Ao A77F AAHoRE AMQA Hit d9-HF58

A 427} 0.1784 & non—ROSC o] Z$-Ht} wfg- I A YeE}

-4 4-



0.35
0.3
0.25
0.2
0.15
0.1

alpha —significant value

0.05

0g 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
alpha

(a)

o
ChPNPLun
vl
T T T T T T T

alpha —significant value

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

a9 5.9 Hy du-FaA g 249 4
(a) Non—ROSC A2 AM& A& (MRS=0.0387)
(b) ROSC A4 A& AZ(MRS=0.1784)

5.2.8 B¢ 39 2HER T HF FyF

WAFO #4159 o 7]Eo AdAls E4d AMSHd Fa4 24
stgpv) el Hit 39 AFAEFH (mean of power spectrum) MP ¢} H+f
9 (mean frequency) MF & F712 AR&Slgion ~IER S Holy

dolE Leojzt & w4 (5.14)9F #o] AHojdt
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3 1) ()

L
MP=%ZP(i) OME=E (5.14)
i=1

> Pa)

a9 510 2 non—ROSC % ROSC AAA=E Az tfst H 39
= T |
seEY 9 PR Fos 249 oot
0
/ MP
—~ 20
m
)
% 40
2 .60 MF
=S L
[
= 80
-100
-120y 20 40 60 80 100 120 140 160 180 200
Frequency
(a)
20|
0
5 o0l MP
g 20
40
5z MF
Z  -60
5 L
©
S 80| &\‘
-100
-120p 20 40 60 80 100 120 140 160 180 200
Frequency
(b)

a9 5.10 Fat v AES 8 A Fake £49 4

(a) Non—ROSC A& AME A&E(MP=-9.43dB, MF=38.68Hz)

(b) ROSC AAAE A& (MP=-8.14dB, MF=40.56Hz)
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WAFO ®49g olgsle 54 vEE $53 Fol A ¥H E
7kA1 ] dolE FZHEE non—ROSC ¢+ ROSC o Wit #E=r} =2
s S Feha o]E DENFIS ¢ 98 &3 dolgz Abgargla
olg]gt S 19 511 YER

HA WAFO A3 Faka A4 o&) 242 9 7 2 2 719
SetnEHE FF %t ey AdAlEe W AeErr 72 gz EEm
t=27] wFo EE e E7}F non—ROSC ¢ ROSC & J&s+=4)
AR 5 gloh wEbA 11 9] stepulElEe] Zhzbe] s ibe] i)

Qi) BAET FeAE WA Bolelop .

o

olg #3 B ATddE F BEFIP Az FE HE Ax=E
FHE ¢ s t-test E ARESHo] AT FEE AdAE 159
sSepne S Fete] Fad #4hS o] 838k non—ROSC ¢k ROSC Ate] 9]

t—test & AAF F AHE 95% o] |EEE A= A=

58 @Ewsh we R oMY wEvEE & gidel W@ AF
stehi e 2 AEstglon oS 9138 t—test o A3 AFHY patel Fe
EA = ghsr

Aele T e el ES DENFIS ¢ &d % #A35S 93 99
AER ARgalglnh ® dATe] Abg® 15vkEle] AdeA w7t

TR AAAE ABe Al A T 9 dolHE Agsta,

N

Ad & FAAHE non—ROSC % ROSC oFE =2 folg=z 2z
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WAFQ 44 T
® - KU MP MF
SM0 SMI SM2
DM MPLC MRS
! v
Ty 23wl o) o) g -test A Al

h

P70 WA RS} AR e G 27 A

h 4

DENFIS &2

3¢ |

I

%1l

:1.';{:

¥

H A~ E delee o g A F

a¥ 511 AA%E 95 34
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-

B>

o=

o]

(sensitivity)

DENFIS ¢ &d& gl 443 r=-9x debvjE= 3% 5.1 7 2o
£k (membership function)?] HEl:= H(bell) FERE AFE3R L, F
de WM AEFs s 44 sdeiAl 3 iR skl w=g
+d IFE 10 = S FHAA T oYyt P A Y 4
ANE HF YA FE A ~E(fuzzy inference system) o2 ARE3}A T}
5.3 DENFIS &#o| Abg-¥ w=2-3A Iy
ahetulE a4
&% A W 5ok
r&Tg AT 370
Td 3 10 3]
s AT olFoll= FRol ARgshA S U] Anke kS
HAE delH=z Agste] AT, 7= AgE dehiEES
H2E HolHE o]&ste] s st H 232 49 HAA FE
|~"o] oled oz AHAsh
HATHo2 FEHE A5 AHPsES o&std
A B E (selectivity), 955 (positive
aho]

A| 2 El o
olgfgk Ao
THEE A E ,

predictive factor), - (negative predictive factor)E

il

Aweg B7agln
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A6 A R uF

1~6.11 & o2 =2zt Felvh Zt 3k vA] 5 e AaME
(segment)2 Yol Z+ AIWUE Pl Ao sy FEFES
o|-gato] t—test & AAlste] AR A} p @kl @t non—ROSC ¢F
ROSC & #¥He = Ade=A9 55 AA AL ol& & & 6.2 9
ol Mz 31 p kS A8

B & Al9lstils non—
ROSC ¢ 457} E4r& xS Hargte]l o =4 vekwo 18y p aks
2w B non—ROSC 9] EFX w7t & 77+ p ko] 0.05 Hop Z2=
FOEEZY T "ol AREE 4 gl A Y A non-—

ROSC ¢ &HF& =7} ROSC o A-FHut IAT pgko] 0.05 o]lnz +F

912 % (irregularity factor)¢] 7%

wEZRY o] o= AE JhsEittal & 5 o, 0.05 o AAS
JHERE fEEE "ojnka & 4 itk ol HE] B 3k p gkl
0.0034 = 7Fg 9A YEFYE=Z non—ROSC ¢ ROSC ¢ o] 714
Tzl Al ROSC 7} non—ROSC =t}
o, B TztellA e ROSC 7} ¢H

W
X
T
o
<
r
N
oft
©
%0
O
M
et
4 %
x2

olf Tl =rHEs AdAlEel st A WA Auades
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ol T dE= AdAEel TSt F o owA AdsAdes

o

AAes AlRelM e JREETE 7HE s Ae o 4 Atk ube,

I

A% (kurtosis)®] ¢ A FHE ALl E non—ROSC 9 Z4-9-7F
ErA e datghe]l o =4 vEhwth 28y p @S A3 E™ non—
ROSC ¢ #H&7F & 32 p
FHE7E Do A AL = glth A 3RS pake] 0.0407 2 7HE B

=

Zrol 0.05 ®Rt} Im=E F BT

Lo

UERE R non—ROSC ¢ ROSC 9] i =oe] 71 Zivh a2elng k9
4% A FzFll A ROSC 7F non—ROSC Rtk ZA el ko] lrtar

b 4= 9o, A FHA 9] non—ROSC 21s #3271 9 T4k 799
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olf Tl H= AdAlEel TR AFe] dHEIE MY Eue
A& & 4 glth wb, T 9] FRielA s st "ojte RS

- A 73 D RS
Al¢lskaLi= ROSC o 497 B =4 Helwth pahes d9rd A 7315

B 3k pgko] 0.05 By AER ko] v dojga Agd

A ER] HulE(spectral moment) m, ¢ 7

%l C, D, E #7& p #e] 0.05 Htp Fo==z pnon—ROSC <}
ROSC ¢ o] 7Fsatthal & 4 glom o] Fo|A%= E 79| p ko]
0.0026 °= 7bg A depwth iRz 2HER BEdE my 9
E 77kl Al ROSC 7} non—ROSC K.t} FA Yep= o] ot &
Ao, mte] 2AEYo] o YA HAUSS v gt
A ER] RulE(spectral moment) m & m2 9 A5 m, o A5
TdsA A T D Rke Algletal= ROSC 9 A9 ° =4
#He AdEwW B PHEe p #ol 0.05 By mEg F

e o

p
xR BHEVE oA AMEE 4 §lar A, C, D, E #3H2 p gkl
0.05 Bt} Zorma non—ROSC ¢ ROSC ¢ F+#o] 7besirta & 4
Atk o] FTAAME E Y p #el m 3} m2 EF JPE A
Helstorn 53 m2 gErge] A= 0.0003 02 m e H
p @<l 0.0010 Huk A yeiud o IRV =30t agE=
2HEY HiE m¥y m2% E #7kdlA] ROSC 7F non—ROSC Xt} A

SehE A%l dvkn @ 4 Qo el 2MEYS] BAMsEs} o
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o
od,
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)
-
=~
&
=
-
L
fllo
2
o
_OL
=
rir

919 %= (damage factor)®] 7
p #tel 0.05 Ht} AAM F E b E e AREEE
Ak 7 Qe Hyrgk FX AF¥E dAFSHA @ebA B, C, E
T7He ROSC 9] Y998 %7} non —ROSC & Y= R Tt} A YeEgaL A 9}
Tl A= non—ROSC 9] #13=7F o A4 vetste. D 7313 E
T2l = patel ZH2E 0.0286 3 0.0250 ©& 0.05 o Auk f=Fo]of A
wEre WEs 99 v HE ARgol Zhsatth. 2eu D Rk
E 7-3kell 4 9] non—ROSC ¢+ ROSC ¢] == M= gubs A v
T g E e pgte AR HRstER o= A9t o 2 93dE @s

A WE Age ¢ £ gk ow ddEE JdAEl

kel
o}
1o
s <)
e
fllo
o
rob

w)

Y

Ay HEuxk ~HET 39 (mean power of level—crossing
spectrum)®] A% RE 7oA non—ROSC ¢ Hugkol ¢ =4
Yelstth 28y p ke AsRd B 3t ¢ 7 p gke] 0.05 Xk
dBR® 5 Fx7he] 7 "oldA AMRE 4 gloh. 53] E e

p %ol 0.0001 & 7F4 WA JElU =2 non—ROSC ¢+ ROSC 9] g o]

Vg Hoh RE Fbe]l AA non—ROSC 9 Hgko] ©l AEE Hf

Al wz ~HEZ 399 AL non—ROSC 7F ROSC ®t} =4 veR}E=

-5 3-



el v & 4 9dom, non—ROSC 9 Rt v FFo=
HAFHol A3 ROSC 9] #¥uzr BX= YA JAAYSS o v,
o2 =3 HE fAlux AFAEZY wYg= F oy okEzrg W

AoagE T BEE b B A2 9 5 A

D #3b& Alelshals ROSC 9 4-97F o 7 Uebdth paks e
A 33 B 32 p #kel 0.056 By ARz 5 F¥IF
oA Abgst = §lar C, D, E 732 p #°] 0.05 Bt} fForom g

E

lo
me
e
=8
N

non—ROSC ¢} ROSC 9] F#&o] 7Fssittal s 4= lomn o] FoAx
Tkl pEtel 0.0025 2 7P AA vEpgth aeeg g du-fa
A=) E F7FelA ROSC 7F non—ROSC HT} ZA YeE}E Aol

thi & 4 glom, A4 el Wad FE FHAEC] o

A 3¢ AFMEZH(mean of power spectrum)e A$ A F1H3}
D k& Alelshals ROSC 9 4-9-7F ¥ =7 ekt paks e
B #7+e ptol 0.05 Hu) Huw F BEE7re) gHEET) "ojx A Ags
¢l yHA A C, D, E #7F> p #el 0.05 Btk FoE=E non-—
ROSC ¢} ROSC ] o] 7bsalthal & 4= glom o] FoA% E 7t
p #tol 0.0025 = 7Hg Al dEhstth 2elnR gyt 39 A EYS

4

E #-%tellA ROSC 7F non—ROSC Bt} AA] Yepvh= A 3ko] kol &
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Hy 3 (mean frequency)® A% B #3t C 3+ A9
ROSC ¢ A57F & =4 Yesth. p#ts A9E2™d B 334 C
p#ol 0.05 B} Ang F B¥gke] sEnrt "ol Abgst 4= ¢l

of
ok
r‘\‘ Rl
rlo rlr

K

Uzl A D, E F#H& pEkel 0.05 Bu} #o =2 non—ROSC £+ ROSC ¢
Tl Zheetthal 3 S lom o] FoMm A FIHY pgke] 0.0012 =
7V 2 YEbgth a¥ez 3y s A el A9 ROSC 7F
non—ROSC Evt AA Yehv= A3Fo] vpar & 4 glom, ROSC ¢
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E 6.1 WAFO % F3h4 BAWE o gate] 7hE= detvEE 339 Aol
Ha ek 27 Ax H t—test 23
Factor Mean(ROSC) Std(ROSC) Mean(non-ROSC) Std(non-ROSC) Period p
0.8832 0.0299 0.9555 0.0635 A 0.0500
0.9093 0.0219 0.8542 0.0205 B 0.0034
IR 0.8314 0.0530 0.8669 0.1270 C 0.5804
0.8690 0.0315 0.9285 0.0712 D 0.1252
0.8427 0.0192 0.8388 0.0346 E 0.8291
0.0936 0.1613 -0.0022 0.0084 A 0.2215
0.0133 0.0284 0.1177 0.1815 B 0.2396
SK -0.0098 0.0427 -0.0241 0.0696 C 0.7059
-0.0263 0.0364 0.0261 0.0218 D 0.0244
-0.0131 0.0282 -0.0691 0.0508 E 0.0635
3.8470 1.1428 2.4982 0.4740 A 0.0407
3.1487 0.7620 4.2729 1.9403 B 0.2623
KU 2.6110 0.4572 3.4359 0.6972 C 0.0579
2.8092 0.1813 2.8556 0.5330 D 0.8584
3.2069 0.4646 3.1833 0.2983 E 0.9261
0.0673 0.0433 0.1355 0.0620 A 0.0784
0.1329 0.1026 0.0525 0.0149 B 0.1215
SMO 0.1301 0.0470 0.0726 0.0157 C 0.0319
0.0654 0.0220 0.2203 0.1083 D 0.0139
0.0814 0.0258 0.0315 0.0025 E 0.0026
(A<)
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Factor Mean(ROSC) Std(ROSC) Mean(non-ROSC) Std(non-ROSC) Period p
0.0143 0.0089 0.0362 0.0136 A 0.0169
0.0278 0.0213 0.0110 0.0028 B 0.1193
SM1 0.0297 0.0061 0.0178 0.0024 C 0.0035
0.0130 0.0049 0.0494 0.0207 D 0.0050
0.0154 0.0039 0.0065 0.0005 E o@o
0.0050 0.0027 0.0141 0.0049 A 0.0067
0.0107 0.0080 0.0056 0.0015 B 0.1988
SM2 0.0125 0.0038 0.0070 0.0016 C 0.0184
0.0055 0.0022 0.0182 0.0061 D 0.0023
0.0082 0.0020 0.0028 0.0002 E 0.0003
0.0591 0.0639 0.0005 0.0005 A 0.1152
0.5647 0.6845 0.0001 0.0001 B 0.1144
DM 0.2717 0.2327 0.0001 0.0001 C 0.0611
0.0282 0.0284 0.0022 0.0018 D 0.0286
0.0497 0.0386 0.0001 0.0001 E 0.0250
27.2392 2.2340 33.8520 3.1046 A 0.0048
26.6205 2.5581 26.9506 1.3760 B 0.8058
MPLC 32.7655 3.9339 34.3603 1.9432 C 0.4399
24.0001 0.6869 30.9008 4.3340 D 0.0079
23.1531 0.5515 26.5962 0.5959 E 0.0001
(A=)
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Factor Mean(ROSC) Std(ROSC) Mean(non-ROSC) Std(non-ROSC) Period p
0.0574 0.0383 0.1214 0.0550 A 0.0651
0.1168 0.0921 0.0405 0.0065 B 0.1018
MRS 0.1065 0.0346 0.0588 0.0103 C 0.0185
0.0567 0.0212 0.1884 0.0926 D 0.0147
0.0681 0.0214 0.0265 0.0025 E 0.0025
-10.0613 0.4798 -9.3387 0.3123 A @02
-9.5281 0.9336 -10.0204 0.2209 B 0.2843
MP -9.3288 0.1850 -9.6339 0.1069 C 0.0127
-9.9854 0.3359 -9.0752 0.3730 D 0.0037
-9.8132 0.1848 -10.5262 0.1876 E 0.0003
0.2710 0.0275 0.2049 0.0120 A 0.0012
0.1980 0.0129 0.2052 0.0110 B 0.3683
MF 0.2367 0.0278 0.2293 0.0449 C 0.7613
0.2359 0.0319 0.1845 0.0168 D 0.0128
0.1938 0.0050 0.1749 0.0098 E 0.0050
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0.9&#&
0i94 7 \

Irregularity factor

oY 61 TR BitHE 24 A3

X
(HA: non—ROSC, %A ROSC; o:non—ROSC pP<0.05, =:ROSC p<0.05)

Skew

i

a8 6.2 P g B4 A

(HA: non—ROSC, %A ROSC; o:non—ROSC pP<0.05, =:ROSC p<0.05)
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Kurtosis

TR

a9 6.3 T HE A A

(HA: non—ROSC, 44 ROSC; o:non—ROSC pP<0.05, =:ROSC p<0.05)

0.25]

g’ 02|
(O]
e L
o 0.15]
€
'S i
S
° 0.1
(]
Q.
(%)) L

0.05

A B c D £
7

a9 6.4 TR AFEY BiE m B4 Ay

(HA: non—ROSC, 44 ROSC; o:non—ROSC pP<0.05, =:ROSC p<0.05)
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005 |
0.045 |
0.04 |
0.035
0.03 |
0025 |

0.02

Spectral momenty

0.015

001 |

=
N
w
[62]

T2

a9 6.5 THE ~9ER HuE =4 A
(F24: non—ROSC, 27: ROSC; ©:non—ROSC P <0.05

0.02

o A
2 /N

:
S 0014
E on /
= 0.012
© 001/
(]
Q L
) 0.008

0.006g

0.004 \n

1 2 3 4 5
T2k
a% 6.6 7 ~FES RUE m, 4] A3
(374 non—ROSC, A41: ROSC; ©:non—ROSC pP<0.05, =:ROSC p<0.05)



25

15 / \

Damage

0.5~ / \

~ .
A B C D E
T3k
o 6.7 T fRE A A
(F4: non—ROSC, A4: ROSC; o:non—ROSC p<0.05, =:ROSC p<0.05)

mean power of levlerossing

72

a% 6.8 A Hi ylux AFEY 9] BA Ax

(F4: non—ROSC, A41: ROSC; o:non—ROSC p<0.05, =:ROSC p<0.05)
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Mean of alpha-significant value

A B
T3
a9 6.9 778 Wit AF-A5 B4 A7

(FA: non—ROSC, 44 ROSC; o:non—ROSC pP<0.05, =:ROSC p<0.05)

Mean of power spectrum

10.2]

-10.4] \
=]
A B c D E
T3k
g% 6.10 77 Fa 99 A EY B4 A

(A non—ROSC, 44 ROSC; o:non—ROSC pP<0.05, =:ROSC p<0.05)
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0.3

Mean frequency

a9 6.11 73hE B Far
(%74: non—ROSC, A: ROSC; ©:non—ROSC P <

72

M

o 1%

O

23}

.05, ®:ROSC P <0.05)

3E 6.2 7PE pit A AR
A B C D E

IR 0.0500* 0.0034** 0.5804 0.1252 0.8291
SK 0.2215 0.2396 0.7059 0.0244* 0.0635
KU 0.0407* 0.2623 0.0579 0.8584 0.9261
SMO 0.0784 0.1215 0.0319* 0.0139* 0.0026**
SM1 0.0169* 0.1193 0.0035** 0.0050%* 0.0010%**
SM2 0.0067** 0.1988 0.0184* 0.0023** 0.0003***
DM 0.1152 0.1144 0.0611 0.0286* 0.0250*
MPLC 0.0048** 0.8058 0.4399 0.0079** 0.0001*+**
MRS 0.0651 0.1018 0.0185* 0.0147* 0.0025**
MP 0.0224* 0.2843 0.0127* 0.0037** 0.0003**
MF 0.0012** 0.3683 0.7613 0.0128** 0.0050**

*p<0.05; *p<0.01; **p<0.001; ****p<0.0001
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gt EE R p <0.05 & WEshe e £ 3 6.3 ¥ gon
2~HEY RAUE m, 2 m 3 Hy I EHo] 4 TR I B
TRl A HE7E = YElRth ~F9E]] BHlE my, H d@ui)
A EY 99 Hyt do-FE A, B T 3 MR ¢ AAR
HAHE7E & AF0E Ueion B %, AdEs 2 MY el A
Aol Zheetdv. aelal Eet HEe shhe] FRbelAMR A EE
7HAA - WE s FREE Ve R odd bYW g
e TR
3% 6.3 I EE p<0.05% I F
s}a} ) g p <0.05¢< T3+

IR 2

SK

KU 1

SMO 3

SM1 4

SM2 4

DM 2

MPLC 3

MRS 3

MP 4

MF 3

Zb FPEE oue g e 5 HEE T EAE Polny]

el FRPEE p <0.056 & ®Fske S EE p fte] 9 YR
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AEste] ¥ 6.4 o e

¥ 6.4 7EE p<0.052 953k gl E

A B C D E
MF** IR** SM1** SMm2** MPLC****
MPLC** MRS MP* MPp** SM2*+*
SM2** DM SM2* SM1** MPp***
SM1* SM1 MRS* MPLC** SM1*+*
MP* SMO SMO* MF** MRS**
KU* SM2 KU SMO** SMO**
IR* SK DM MRS* MF**
MRS KU MPLC SK* DM*
SMO MP IR DM* SK

DM MF SK IR IR

SK MPLC MF KU KU

*p<0.05; *p<0.01; **p<0.001; ****p<0.0001

<0.01 & p<0.05 FHE THEHAH o

p
o sl9) e sebulEse wEEsl Yol A % glglch
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F 6.6 = o= Fto] AAH e B wf #HETE 5245 4%
ditoltt. L p<0.05 & wHshs A H O fv BE SAWE
=R

D>E>A>C>B

2% D Fgte] 9 Jiel dEtulEe] s EES i e Aom
vebsth a8y g Aol gk Axel p e 7
6.4 ° Ay} o] D 7+ p<0.01 ¢ et 6 7, p <0.05
getulel7F 3 71 Aol ®ls) E #1H> p<0.0001, p<0.001, p<0.01,
P <0.05 ¢ depuje7k 242k 170, 370, 370, 1 7H= D 3tEY ¢ %2

HEEE 7RIvaL & 4 Qv wEbq i Ay s B a6

MN
lo
fru
ol
=)
=5

o

E>D>A>C>B

o] #M=2 AEHol E 318 #ievt FRHew M wva & F
aiet.
E 6.6 THEE p<0.05 § WEAHE AuE A5 % A wEE T e
p kel H
Period A B C D E
Number of p<0.05 7 1 5 9 8
Average ofp 0.0032 0.0543 0.0081 0.0030 0.0002
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6.2 DENFIS & ©]&3 AAF A5

THEE EHEV =2 gy 7 fE AESE $of = DENFIS ¢

o
(3
oo
o
e
N
%)

Qo AAste] FaARAS ARom, F 1 A=

gomz T o ¢Ee Aoz = B o= A xH Hgs >
glomz A 933t

gk 0~1 Alole] gto® PAHESE s1glom 0 o 77k A5

19 77s] AeE AEEC] EolAE e ofn|git)

wdo]l $E% DENFIS F& A&go] & AREHA 42 U]

U 7 A Al AAE A5 dis] HAEES AAS o AFds

T 15 whelo] A3 A3 Al A-E(survivaD gk 9 Alo] 29| survival
dlole Hetyh LAl Au(dead)d 6 Alo]x~e] doly Hwke] HFZ <l
T 2SS A F 6.7 o HEIT 6.7 oA+ FAE A=
njste]l s A7EE a7 FIPEE TP(true

ih3
i)

%
bai

A
e
rlt
N
o

o

positive), FP(false positive), FN(false negative), TN(true negative)2]
MEE E 6.8~11 o HERHAT

o Aol ugt H7e W E(sensitivity), 5 °]X(specificity),
Aol 5% (positive  predictive  factor), H-o|5 % (negative predictive
factor)¢] & 4 7}A @dxo2 siglon Aa W 4 (6.1)~(6.4)%
2.
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Sensitivity :_I_PL x 100% (6.1)

+FN
o TN
ecificity = ———— x 100% (6.2)
Peafialy = oo TN ’
- _ TP
Positive predictive factor = ———— x 100% (6.3)
TP+ FP
. - TN
Negative predictive factor = —— x 100% (6.4)
FN +TN

E 77t HEE0] 66.7%% 1 HdFox %o, C 71to] 33.3%=

9 A F3 D % 9 OE
Te] HAEEO] TT.8%E 7V w=%ka C o] 66.7%= 7HE WA
YERSTE A dddtel gigk &K o5 ARE UeidlE AHdSEE
A 3RO 71.4%=E 7VE =93 D 3k E 7ol 66.7% = 1 Th o=
Eokow C P 40.0%= YERRTE A A9 oOF AEE YEhde
FoSEs A ko] 87.5%% 7H =%k, D X E ko] 77.8%E
Ueldlon ¢ FH 60.0%5 JERIY. Ht

K

)
o
it
rlr
rH
1
k
)
Jm
o,
k
)
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23]
(@)
~

>,
ot
4
[>
[
i)
2
=2
=
o
B>
ox,
L,
[y

Case A C D E
1 0.0009 0.0000  *1.0000 0.0000
2 0.0000 *1.0000 0.0000 *1.0000
3 *1.0000 0.0911 0.0000 0.2427
4 0.0065  *1.0000 0.0000 0.0000
Dead 5 0.0000 0.0000  *1.0000 0.0000
6 0.0000 0.0422 0.0000 0.1533
7 0.0022  *0.8872 0.0000 *1.0000
8 0.0543 0.0000 0.1202 0.0000
9 *1.0000 0.0107 0.0000 0.0000
10 1.0000 0.9829  *0.0000 *0.0000
11 1.0000 *0.0000 1.0000 *0.0000
12 0.9073 1.0000 1.0000 1.0000
Survival
13 1.0000 *0.0000 1.0000 1.0000
14 1.0000 *0.0000 *0.0000 1.0000
15 *0.0000 *0.4866 1.0000 1.0000

* fault detection

¥ 6.8 A 3t i3k Hr}

Survival Dead Total
ROSC 5 2 7
non-ROSC 1 7 8
Total 6 9 15

-7 3-



¥ 6.9 C 3ol gk H7}b
Survival Dead Total
ROSC 2 3 5
non-ROSC 4 6 10
Total 6 9 15

¥ 6.10D T2+l i3k H7}

Survival Dead Total
ROSC 4 2 6
non-ROSC 2 7 9
Total 6 9 15

¥ 6.11 E -xkol] W3k 37}

Survival Dead Total
ROSC 4 2 6
non-ROSC 2 7 9
Total 6 9 15

¥ 6.12 73HE O35 AHeH7)

) o - Positive Negative
Period Sensitivity Specificity o o
predictive factor predictive factor
A 83.3% 77.8% 71.4% 87.5%
C 33.3% 66.7% 40.0% 60.0%
D 66.7% 77.8% 66.7% 77.8%
E 66.7% 77.8% 66.7% 77.8%
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ABSTRACT

Predicting Successful Defibrillation in Ventricular Fibrillation
using WAFO and DENFIS

Shin, Jae Woo
Dept. of Biomedical Engineering
The Graduate School

Yonsei University

This paper described predicting successful deffdioin in ventricular fibrillation
using parameters extracted by WAFO analyzing metdratl DENFIS method which
is one of neuro-fuzzy algorithms. Treating methdds removing ventricular
fibrillation were introduced to defibrillation, adiopulmonary resuscitation(CPR),
and drug administration. These treating methodsltrés increase blood-flow in the
body and to help a heart to be recovered from abalbstatus. Even though the
defibrillation is ultimate treating method to reeo\a heart into the natural circulating
status, this method can be caused to damage hesttes by repeating defibrillations.
Therefore, the predicting that defibrillation caesult to be success or not helps to
prevent repeated and unnecessary defibrillationtarahalyze the effectiveness of a
treatment by cardiopulmonary resuscitation.

In this paper, total 15 dogs were tested for ptedjcsuccessful defibrillation.
The FIS band-pass filter of 5~30Hz was used foroneng CPR and noise from ECG
signals. Then feature parameters were extracted dfscriminating return of

spontaneous circulation(ROSC) and non-ROSC by WAR@thod, and these
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parameters are an irregularity factor, skew, kistapectral moment, damage factor,
mean of level-crossing spectrum power, and mean gofsignificant value.
Additionally, two parameters by analyzing methodrefjuency were extracted into a
mean of power spectrum and a mean frequency. ThRzacted parameters were
analyzed in which parameters result to have higtiopeance of discriminating
ROSC and non-ROSC by a statistical method of t-tastl final results show as
follows:

(1) The performance of discriminating parameter redulte the order of a
low pvalue: spectral momenmn,, spectral momentm,, mean of spectrum
power, mean ofa -significant value, spectral momenty,, mean frequency,
irregulariy factor, damage factor, skew and kugosi

(2) The parameters with the lowegt value during the period A, B, C, D, and E
were mean frequency, irregularity factor, spectrament m,, spectral
moment m,, and mean of level-crossing spectrum power, resedye

(3) The period resulted in the order of a good perforreaof discriminating
ROSC and non-ROSC: E>D>A>C>B

(4) The period ‘A resulted in the most good predictipgrformance which
sensitivity, specificity, positive predictive factoand negative predictive
factor were 83.3%, 77.8%, 71.4%, and 87.5%, regmdet

(5) The average of sensitivity, specificity, positivegictive factor, and negative
predictive factor resulted in 62.5%, 75.0%, 61.2¥ 75.8%, respectively.
From this result, as a whole, the predicting norSROhad more good

performance than the predicting ROSC.

Key words: WAFO, DENFIS, ROSC, non-ROSC, ventricdlarillation, successful

defibrillation, neuro-fuzzy, cardiopulmonary resitaton
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