AAE A5 A% dnedE 2 B FA®D- YECGA 712

834,38 7143 43,8 H4E0l 3%

A ea A7) Fe%

An implementation of automated ECG interpretation algorithm and system(I)

- Introduction of YECGA
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Dept. of Electrical Eng., Yonsei Univ.

Abstract

The purpose of this thesis is the propose of various signal
processing algorithm for the ECGqelectrocardiogram) and
the design of realtime automated ECG analyzer feasible
with these algorithms. The algorithms are composed of :
(1)filtering procedure for the estimation and removal of
baseline drift, 60Hz power line interference, and muscle
artifacts (2)detection procedure of QRS complex and P
wave (3)typification procedure for the pattern
classification according to the morphologies (4) selection
of representative beat, significant point, and wave
boundary decision procedure and (5) parameter extraction
and diagnosis procedure. All verifications are carried out
between the algorithms proposed in this paper and other
algorithms already proposed by many researchers, for the
objective comparison in each procedure. The efficiency of
proposed algorithms are demonstrated with the aid of
internationally validated CSE database and the
performances of filtering procedure are compared on
artificial noise signal as well as actual ECG signals with
appropriate noise components. For the comparison on the
performance of designed automated ECG analyzer, the
diagnosis results were compared with ECG analyzer

manufactered by Fukuda denshi in Japan.
A8
HAE A5 A2 FAE AAE AN z273
3 o]8 7@ A% H=ao Nagoz 74

—175—

00 YAE 44 Zeade oA AE A
2235 A B Z2adoz bE 4 sl
AAE Y zzode AE Ad Jv BE
}Poz Y 4 Uk 45 A FHe doy
#4, dolg ¥g, 18 R $& FHoz
ARE @ & Qow, dojg ¥ FFe TN
WeY, 32, #9 SYRA, 4E HE HY, B
43 2 PEY J4RFeE BE £ YO, of
Gge 99 4AE 4x A FPe 29 13
gol AwraQl AW A4 HF TFESH FAIH
debd 4 gtk AR A A FAY 7@
AT 2R3H A3 2EAA YAY 1y 7=
= olfoiA Utk &, A3 ¥&, #Y AF,
4, BRARAA BAHE LFE 43 AW
oo det Aol AGE zAsE, ®=9 2
e 4Re #9e AAE AzADol U 58
e aA FaNqGow,

B RS QWA A= H4 FAS0 2a
A Mz AFFE BAY F Ave 3343
YA oo} A2WoE UAY T 7}
$% AvEheads 2 AFAG A2d
(YECGAYE 7€ BHoZ @t £ =28 94
A&} HAE A5 AN FuFe BNE ¥
g =RdA AAE AF NN ALWYECCA)
AA F2E d9sas @k

YECGA(Yonsei ECG analyzer)



1996d % A%< d 3

71&0 A¢td AFHA LuEES 449 4
2 g=d Wil FBEPL FIF ¥, 439 A
713 &g o9& TAstE 2 AYP I}, QRS A
Y2 2 T A2 2 7 o A3 Jde
B3I OA o]E olg3lo FHauy F2& &
9 Zl= Ae Al2"o|tt. o9 &L #HAo|
RIYE AAd s SPHoz FIY=7] W
ol A2l Ajzke]l o] 2859, £ FS ¢
© EFo AgA4e Hsl 414 =g, FRE
Ad Q45 o 7kx gmeFol A7) HE
o EYAA AF ¢ s=dlo] NaYogE F
go] Brtsslgitt B8 n33 dBEF 98 M
oA AESE A5 I FH7 YAAATH, of
Zo| AlgE guFo diF ARE A7) B}
53t}

g d7dA FE AE AAE A% 9y
2 AL FL 4,74 FdQlo] BE Az 3
8315171 MR 9 AAE NZe] AF HA|gh
A g Wasts Mg 2 g0 HATh waA
E =2 WHY #AL FYss] A FE A4

HAAE BE 2Fd daiod G Ao o}
HE HEd disjAT AHE FozA YEPom
Ag AlIHA &AE Hazetglon, Y A5 o
=g Jagsly] 48 A2 "E PP At
RO,

QRS, P, 2 TH9 & EAA A& dd &
zd date Egxoez ASde Wil AH8H
o] gkt &, atyel QRS AEHL) digto 7|E
AF-2ol RS F2d F QH, sHFE A
Az AEe0® oA o] FHE o4& QRS
Felo] EF 2 TEAH 94 #AFHo APHU
o9} 2 FAL PR THE w72 53
Ho, g 2= BE ¥ g3 zlHz 3
g F oA 2= MERoR A BEE YA
da) AlgHoigith B =52 94 QRS HAEHA2
o] AL A B BEAE = 349 fg=E
shie] Dgow FojM QRS HEZH2AE HEE
T 3¢ &= duEEE AMRElq AE AT R
A€ FY AT QRS B FF BA4F dxE
HEE 737 A3t 54 EA #HE A8
. 54 A FAL 4F9 Hd EF AAA
o AA S QRS HAHY EFE Fdst= 3o] ofyY

= A A 18 A

A1z 96/5

g <gop, ‘gz 271 gdtte 2 F3tn

d gi§ ARE o) g3o dE HE o YF Y
S AFg8l7) o] gurAQl FAH, FEEF
g 25 $ERg BE AAS$E7 s
=g AZY dE HEE 37 A8t STAZ
HEDY Ty g B4 XA 4= sPdo=
A @ol7l BAY STHIHE 2 THE oifE ¥

o]

EE 387 948 W FFdA A9 Aoz

A g dE HEE 42 £ WA &gy P
3 dex AYA, v 2R HE R AW =%
A& Ao Wrol AW #d A dg 3
BE ng 79 g aEHE FEANRL, o
REo P HeQ AHAY P A& YHE EEP
stof} qiate] AARSIE Aol okl HH Pt &
A 72t & gol P HATE HAlsta v
A B dig P X A9 PR fAA
g 71Z2og e Wi ARSIt AEvE &
&2 99 #HHYSE AN 78 dE ¥ES dis}
o 77 o] 547 2 TFEIS A%, WG A
Ui 2ES] A 71EE Al4do] o9 BEd
A¥YH @4 €3¢ 5 UA=S 3. £ o]
e BE dugFo 78 2 F AUs =4
o] Ala"g AFsch

E =R 4Ax AsA FHL dHolg £
3, dojgl ¥@, 51 e AR T 57 3
o, dojgt W& FELE oA tAE ¥WHY, I
%, 9y B4 EA ¢ HE A€, 7EH A4
Fog g 5 Utk B =& 2§ YHoer 7
Aeolgltt. &, 4 AAui 71E9 Wyl i
Az 2437 2 N2E dudgddFe) ALHA €
AT WAL HAYsn Agd dadFd e |
Ty 2 A7 FAF £M= FHEY A7 4
o g 4% Frte PEeE, gAY gy
o] Yalzo] g FE7F Lo} AuFHQ Bl
P77k Brbed Afd dEMe AAHeR @
E Fe AEE ogdglen, 23 F& A&l
EAsE AA JAx AEd 3E Fo2M FA,
A v Yrrg FPA. AE, 54 A, 2
Zgla gevy & AFAME EESE AA=E
dolgl #lo]2Ql CSE ®lojel ®jo]2E A}g3to
7186 AAE A7 HE via FrrE T8t
o

AAE A% IS FAY e BHE s
oln] WUFe UdY EoldA AgHI 3, 7IE

—176—



ARE ARG daeF

o AFsE AT Jd FAY B =84 HA
& A A" FA A EIHAAN 2= E F
Y HH= 949 Az g &9 3y L Jd
A5 vlasigic

YECGA®Y 3|4 Zgaa8 F2

a¥ 2E YECGAY #A Zzad F2E Yy
A adoltt AAHoz 7Y dAR TERHY
(%), & 9AdAN 39 z2aRFd L 2
@ FA-0 uE ERELESYE) #3& e
th o714 "HEY AAL Mdoz 35| o
ol 99 BAAHd= EFHA AU 4 @AW
EA4 L oldfigh 2t}

(1) 45 A

AHA(American Heart Association)3}
Standard for European)%-ollA] #AE 4AA= Y
2527 & CMRR, SNR, ¥3AIzt, AF9] A,
BEF v, AT F gASA AR ASE F
7 FH(INPUT).

(2) A&dA

AAE A3 AeoMo HEUAE 2¥ola o
FIAE HASHAAAR), QRS AEH29 93X
HEYA(QRS_FIND)# P & HY=Eg HEs
7] Y1 R E@P_FIND)o.2 FAdr). .

(3) EAHEAGA

EAFEAGAE QRS HAEH2o HYE EFH3
1 ¢4 HEE FAs7] 9% FE(QRS_TYPING)
# ST-T MIHUE FHE EFsr g &7
(ST_TYPING)S.2 FA €t}

(4) X vE dA <A

o] dAE Id HAeniE 25 FIF dE
HEE M¥sly] 93 ¥E Mdny 2 Py
#3022 T4 FHREP_BEAT).

(5) ¥ A

% 9 Ado] "3 54 mEveE 73
7] 1% 543 HEQLOC_PQRST) ¥ QRS HEH
2o g ANZAFA 3 A5 (ON_OFF_QRS),
Toboll i AARE(OFF._T) 2 Pyo] oid 23
5E(ON_OFF P)o2 Y& F ot

(6) EFTA

o] GAE IS AT EF dA=A FY 3
G2 9F HE(CLASS_ARRHY)® Uyl 33 gt

CSE(Common

=1
=

%378 (I)— YECGA 2

& 9% FP(CLASS WAVE)2E o|f0]At}. o]
dge BHE HaE A 7L HFOR o
Solzich

(7) 2w

FAWAE A deiviEel £33 29, HY5
3 ge adnEd, AVAHE AP d2E 29

To2 v 7 AUt

'~..'. XX SR '\.‘ “
(e By

a9 2 AAAHQ A Y T2aP X
YECGAY =90 A2
AAE A5 Ao s=9o] A28 37 AA

dA we uiAg A= ANEE FFHFe X"
dojelz WMEATIE obdR2 FEHFER A

—177—



€ u 3
A" =] §

1996439 = &£ A4

3Ae ¢ AdFE FYPs=
o=z Yg & Yok
opgzE st=gfo] AlAHe OY 33 Zo] B
I, FEY, = 9 AF A&, oz
2g A2 FAHY, HAg =o] A2
< ¥ 49 o] mlolaz Z2 MY FRAEA
B, dEe &, @14 ¥, SAYFes 74
ot dAE Y AsE R & mV ol
At HAEE 7] i HAE Holgre W
e g E o 500004 10008 FEe] FE n}
Aol IyFoltt. kg YHAS AY o] o ¢

adty) Wi, F9 BANN TAHE AL
FHE Aol e udEe MHA sgol &7
g} =g QA AH oz HEE7] gid
¢ 974g nwsser} droes PG @
=8
1 ] = [ ]
::Ll:: : h-:i | —ADDATA —L0)
el e B e jo
1o I m B P8 Rl Lo coex 10
H-cs— 1 I
[ P
e Ry
wn [ Lan o s O i M
h—C2-{ Detection
lca| Circut Laacoff Latch Signel o
f-C4-
l—c5
Lce Lea | X
Lt | swataopuena o
STD Convarter

a% 3 AAE A% AeFA e opdma =
o] AlA¥ BEHNE

RO R o, WATCHNEL
180 [ COPROCESSOR CONTROL  fewmods ECOMW.
3
66301 PR
(asSP) §
& 5
!
Rs2026 e B w0

a9 4 AAE A5 AwFAS gAY o]
A" BYHE

ae

A9 Holq B = oA ALF JAx AF3
o FA(YECGA)S T2 2 7zt HEd g 49

=]
Tz\:;'

A18HE Alz

& yehdoick. "EY, &, SAEAN £ 7REF
AA S| Y¥H7HE CSE Holg Hlo]AE o] 8§§
ABAHQA v Pt AL A S-St B e AF
stgon, =% HFHQ Id AR PeF ¢
2o dEAQ AFZG dlo]#Q Fukuda denshi A}
A e AAE 2AF Ad FA £ =EaA
Atd AF A FA(YECGA)N Zzt wviEl

=g 293 AEHUIEE o8l 2¥H:
%y 2 Ad A#HE vasgn. ojg4Ee =
Pt g T8 SR A% % ARZE A
FozA g Ao g AP A F F
ARt

96 /5

F3Ed

[11THJ Kweon, B.C Lee, and M.H Lee, "Design of
Portable 12 Leads automated ECG analyzer Using
68000 MPU" Proceedings of 14" International
Conference on EMBS, IEEE, pp.1263-1264, Paris,
France, 1992

[2JHJKweon, JW.Lee, MHLee, “Design of an
Intelligent Multilead ECG analyzer”, Proceedings of
2™ Far Eastern Conference on MBE, Beijing, China,
p23, 1993

BIA"A, A7, oJ9E, “4A= AFALEE 9
3 60Hz AN FS AA #F A7 ¥
A 1996 1748 15

[4]H.J. Kweon, M.H. Lee, "A Study of elimination of
muscle artifacts and spike detection for automated
Electrocardiogram analyzer", Journal of KITE, vol 7,
No.2 199

[[1A8A, olFE, "HAE AF A A48 71A
A g8 AAd #F A7 AAETH I A(to be
published)

[(]188A, °FE, “FAEE ¢uFE o8
QRS HEH2 HEo #F A7, &7
(submitted )

[71P9-W Lee, H.JKweon, M.H.Lee, “A study of Efficient
Parameter Extraction Algorithm on Automated ECG
analyzer”, The 1% IEEE/EMBS Region 10
International Conference & Clinical Engineering
Symposium, vol. 1(14) 1994

[81J.W.Lee, H.J. Kweon, M.H.Lee, “A study of Efficient
Parameter Extraction Algorithm on Automated ECG
analyzer, The 1% IEEE/EMBS Region 10
International Conference & Clinical Engineering
Symposium, vol. 1(14) 1994

[9]H.J Kweon, J.W.Suk, and M.H Lee,"Intelligent QRS
typification using Fuzzy clustering algorithm”
Proceedings of 16" International Conference on
EMBS, IEEE, vol. 17, no.1, pp.760-761, Montrwl
Canada, 1995

[10]B.C.Lee, HJKweon, M.H. Lee, “QRS recognition
using syntatic and nonsysntatic method” Proceedings
of 13™ International Conference on EMBS, IEEE, vol.
13, no.2, pp.590-591, Orlando, USA, 1991

—178—



