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A Study on the Extraction of Basis Functions for ECG Signal Processing
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Abstract - This paper is about the extraction of basis function for ECG signal processing. In the first step, it is
assumed that ECG signal consists of linearly mixed independent source signals. 12 channel ECG signals, which were
sampled at 600sps, were used and the basis function, which can separate and detect source signals - QRS complex, P
and T waves, - was found by applying the fast fixed point algorithm, which is one of learning algorithms in
independent component analysis(ICA). The possibilities of significant point detection and classification of normal and
abnormal ECG, using the basis function, were suggested. Finally, the proposed method showed that it could overcome
the difficulty in separating specific frequency in ECG signal processing by wavelet transform. And, it was found that
independent component analysis(ICA) could be applied to ECG signal processing for detection of significant points and

classification of abnormal beats.

Key Words

LM B

AHE N9 YEAYL AP ARe A WA B9
9, 544 4%, HYEF ¢ Aoz %Lf‘,c} AHE A
ol J1AN WE, HEM B, 2FLe] TFH glo
o, old® & AASNA 9% WA We Y s
IR U8, FIR BE, 3498, dojuad AgS 48 3
¥ 5ol UATHI-BL 4HE 459 S3He dEHoz
QRS E&#2, P}, T, ST xﬂ BE Fo| god, F=2
MERAE o8¢ A2 4B PUE o SRIUIS], TP
oY AR Ye 2RE °fs¢

W oog, W7 7)Y, A% 229 59 duEs gyl B
o] A+g-ETH6IT)

o

olg} e AAE AF AF 7YEL AT AzE
QRS FEA2, 3t T 5o YAz FH247t 4gez
2§l Avte M HHEE FTHHT v F 24T

9] F4 ggol Aolsitte BAE o) §F LHE T F
By @go} FAEEM(Principal Component

Z 4o
Analysis : PCAYS©o] AAE A3 Zo] ALHE o]FE

M2 ole@ Fu4 Hel4g oldtel BYY AHE ¥
S 571 dEolt Aolugl WBL FALE ol E(dyadio

* IE & R BEAREX BEERAN=28 R
= F & R EHK REBREX B8N HLAE
woon 08 RO EIR RERBR BTIER R
§ @E & R:EEX REMEX BTEMN 208
BEHY SRR MEAE
¥z U 0 20034 74 3H
EB#OETT 120048 2H 15H

MMZ NS MRIE fE JNMES FEHo

i
@
2
Ry

. Independent component analysis, Fast fixed point algorithm, Basis function, ECG signal processing

Aoz ¥el@ ¥ AL-FAS 4 FRE BT ATHL
24, #3345 HGCE9) el JEE 98 FE YT 5
Y X

A(3Y) Foee] AZTE e WHozEs Hsx @
t}. & Haar, Daubechies, Symmlet 59 ¢olB 3 Wil
AHEl = 7)1 A 4 (basis function)® olE EATS ztwm

AT E 5 Urh

ojg|g delrdl A AEHE 7iAETY dA4E
By f8AM H2 g9 A3AHE G99 dFHn Y
= 5YAEEYICA : Independent Component Analysis)
S FAREAET F9 BRI FT PHOEAN GEA
F 82 (Blind Signal Separation : BSS)E #3% dueFo]
o8], AEH 2t HEAA Eok zes AAAS o
A e A d7ET vk FALEAL 19899 Linskerd)
o3 guig doly B4E #Hs HE Ag=EAeA(9],
F3 FH NSyt YA
AE A5 I EFNIE
A De-correlation ¥ %9 =

49 ZAf A¥A 23 54T U9 A2 EFHY Q)

°© 5

i

¥

£ A3E 28T 5 dvs A AUtk SFHEEHE
ZHe) A ] (cocktail party) A#elA thee] gzt o)
e 4% F d3e LS ook st FAE sHdsty 1
A3 wyeoz A4 AsHGHAA AZSHATHI0L B3,
FH4E 58 EAHE U35 RS 4F 543 71%1?:}
T Adsd FIAA € &8, SAMHAELE A% S4H
g, Gz, @ JeQ] okl $2HU} E3I o]
2 Hol AMT 431 HAZ ¥4 § AANNE Fopo &
L5 Ao (11]-13] s YAz 8L v F3g
B eEdAE SEAEEY A AHEEE Wy 39 sy
J 2E5RAP dRYFES o)Edd HAx 2z 5AF

293



BRB R 530% 43k 20044 48

59 422 A9 NARSE
Aoz Y 2
F5e ERY & As AWE ZAIE 9

SPAHEEH L Aoz 9 pile dFNBTERR
H g/f9 424358 293t 7ot gl E¥HY
AE 5:(n), 55(2), ..., 5,(n) o] AYHoz TFI prhe
ganEs m0 50, .5 7 8 £gE Y
AZE paell YAlZE pak Al @R o]FoAY, 4

(D), H(@)% o] vetd £ goH8l

stm)=[s(n) s,(m) ... s, (W] o

x(m) =[x (n) %(n) ... x,(W)]7 o)

o] W A2NTE e EFL AL FoA HAEBUE *
A Ay ]%‘?i Az o) o]zt JtHY &
Utk B AEo EFFAAAN FA9 FHEFTe] A

4% Atk 4 9% Wt a7 £¥8 459 ¥aw A%
o g Faolg,

wmy=As(n)+e(n)+b 3
¥(n) = Wx(n) — b) ey

Q71 se EFH7] o]HY £24F, xE M
39 983, A E93E (mixing matrix) :LB]_T'_ =
Azt met dstE HERSS JERY gde] (o' &
g9 ot be EFHAANA HIFE e} F HUbEH=
AERARA NIV EFHY Je YHVNEZE HF 0
o] HxE e

EYPHEEHE £2A3% so M 2HEE g3 SHA
¥ Az ymE E=sUrl f18td &) 3 3 (separating
matrix) W& #ollle fAolztn & + Yrh E‘E*év‘f--‘?:
Ao 2E=E I8 14 JEAT 9714 s'(ne 224
3 s(n)9 F R A3 (estimated signal) F& SPAE A

o},

=)

}Ol‘l

r-{mr

x{(n)

sW_—p| A | —>| W Lpym =s®

O3 1t AlSe EgEa 22|ty
Fig.1 Signal mixing and separating process

EYHog wE7 94
2 JE=Z 3 Hu Y (entropy maximiza-
tion), A% AX FHAY(mutual information minimization),
maximum likelihood®¥. Kullback-Liebler divergence # 4%
ol ok ICAY e & olg WHES ¢l §sld A

294

AEE] Mz =g HEE S avH14]. £ A7
T oS s, ddE=rt wan, gz SYPHR
& BHse ¥ F MY EEdem AgHI e
kurtosis®] Hdl, HAHE 7oz &+ L&A A (fast
fixed-point) ¢} F& A& oH14]

Kurtosise 4 (5)% Zo] Hate 458 FFsAM EFH
e 4508 YE o2 Aoy, A7 BRI FHAAY
kurtosis® 301t} kurtosis7t 3BT} I A7 EXITMuc
Aol w1 wESY, 38 2o Hy REIZABd A
Aol w3 Fd ot} F, kurtosisE B EES} vud
o deiv o #HRJEVIE #Esls d 290 Kurtosiss
skewness¢t HES] FHE Uelle AREE AIEH 59
AREME B9 288 V37 9459 Aoy {AHESE
£ ABHo2 vuy o ALR15]

iy

o714 EQs BF%, xE #H7F0) 02 A9 A5 pu:=
T 223 o ETHXoIt Y 2709 #E ®FUt A2
=YHQ Az H kurtosise 2] 6), (NI} & EHL

¢
ot

A #dh

kurt(x, + x,) = kurt(x)) + kurt(x,) 6)

kurf(ax,) = a*kurt(x)) N

q71M ae zZetett o9 & AEE 7oz dd
a&n4y PuIEL $PYERL VEL PYYEL 7
Lid=

3. MEE MEA2E st ZIAMEs MY

29 2t SYAREANS B9 59T P AYEEE
A 7AYFE FIE EEERAM ZIATFE 47 @
St H2ERZ FEIAY HAAE AEE Marquette
FuZRE 53 600sps, 12518 HAX tﬂ °olH & Al&
SR d8E AAR J3E n&uY dudFd A&
o] BEgE WE 5% F o -E-EIEH%% o] &3t A
Az EAAE AE 2 FIHEF A AgFE 5
Cid=3

A8y =ZFAGE 7t
oA nE&EuAY duYFS 01%"}@1 1242 dd= A
a

3 F 10429 A5 PHEd



4 NEZM Y DE
e dzed

Fast fixed point
¢DeYs ¥

l <ErgH>

BasigFunction
o &

<H2ER>

Jin
= ox
op 0%
M oY

30 e
B

gl 2 SRAMEREMo 7 x8 AME MG Mel 2%
Fig. 2 Block diagram of ECG signal processing based on ICA

41 dojl=a wste] I

gurgoz 713 AA JY F AE VAErE H2 B
B AXHn e dolBEd W) AMEEHE 7A ]
t}, |8 So| Haar 9012389 71AGFE 4 8), 9% &
o} HejHr}.

1 ts[0,D

o(h = < ®
0, té (0,1)
1, te{0,1/2)

T() = < -1, te[1/2,1) ©)
0, t[0,1)

714 o AFFugoz B3] 94
@, ¥= ﬂ-’f——q'tﬂ oz Bajstr) Avl
Haar o2 8& A& 413
o »}EMAM. :L@ oM &
b= 711%.‘} A}%‘U

o
-l> ;q
zo W

tlo M ajy Mz
1%
o
Il\sl
MN
tlo
do o
et ¢
N
2
oo [
¥
i
ne
rr
S
rle
=

oo

a3 34 (a)—% AFd G AE F 0~185Hz A3 (FH
AZTE 2 BAARH)SY (b nFY g9 Az F
25Hz~185Hz A3 ($E NEE F Zéd el T
2 97 £ vk 28y Pote 4439 3717} Bl
g 7] e wdsr)zt Oia%%v%, MBo] QRS &

A&7t T35 Toerg A& &w&fﬂfﬂ %
algl zo] ojF EATWEL z2: g dolrdl AT
olgste] BRY Fuyr NEE FEHE db dAE

Zm Qo o)#d FAE = =
olg3td o A¥sE FoAsF fde] A5 E

> o= 5

[l S R S ‘9 B\

Y& R

o Lo

tio

éig

NME NB HRIE W MBS FH0 my oA

Trans. KIEE. Vol. 53D, No. 4, APR, 2004

Be & YAAY, FHF 4EL ¢ Azs svidE U
9 4WE 4% F 277 488 e Pt Tael
el oe A9 Fhss Y A9 9E W)

g 5 80l 47 ek
SPYERANE A5 5PN HRVE FEHE 54
o] 9,12112 Aaza Az TR FeAEES ¥AY
ARGFl g A% 2y eAE I

! %’H} CH?_ l 2 F o

.._.n
&
D
; ——m w  w @ fP R e
; B Sy
‘:c W zZm am so__en :( @ 2o 3n @ a0 o
u L]
Z 2
d‘_;,l—-—‘-—m—'——;tﬂj
a
@ 2D @ S0 6o Mm@ W = an
T obf
a8 3 AMNT Mo doleE Hgt éi’-l*
@ MAME M3 MFo HE () AN ME TF5 48

Fig. 3 Results of Wavelet transform for ECG signal.
(@) Low frequency components of ECG signal
(b) High frequency components of ECG signal
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