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2.3 mydanauldihiiale
ms¥anaulninilvannsonseild 2 gluunde msfanuunnmesmialensim
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2.4.1 viiavesnaulvidialeniilugudeyaves MIT-BIH Arrhythmia Database

1. Beat annotations:

Code Description

N

L

Normal beat (displayed as "-" by the Chart-O-Matic, pschart, and psfd)

Left bundle branch block beat

Right bundle branch block beat

Bundle branch block beat (unspecified)
Atrial premature beat

Aberrated atrial premature beat

Nodal (junctional) premature beat
Supraventricular premature or ectopic beat (atrial or nodal)
Premature ventricular contraction

R-on-T premature ventricular contraction
Fusion of ventricular and normal beat

Atrial escape beat

Nodal (junctional) escape beat
Supraventricular escape beat (atrial or nodal)
Ventricular escape beat

Paced beat

Fusion of paced and normal beat
Unclassifiable beat

Beat not classified during learning

19



2. Non-beat annotations:
Code

[

20

Description

Start of ventricular flutter/fibrillation
Ventricular flutter wave

End of ventricular flutter/fibrillation
Non-conducted P-wave (blocked APC)
Waveform onset

Waveform end

Peak of P-wave

Peak of T-wave

Peak of U-wave

PQ junction

J-point

(Non-captured) pacemaker artifact
Isolated QRS-like artifact

Change in signal quality

Rhythm change

ST segment change

T-wave change

Systole

Diastole

Measurement annotation

Comment annotation

Link to external data
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a

2.4.2 shiaveanay Ivlvhilonl¥luaide
Y o

aau Il 18den 19w 3ol 19d gy Lead MLIT Fuiionun 6 i hil

Yoyanniiqalugudoya MIT-BIH Arrhythmia database
1. aaulvivhyhledn@ (NORMAL)

NUNNITININY
® P wave : MUAYIZuN 80 — 120 Haadun
® QRS complex : MUNATZUI™ 80 — 100 FAAIUIN
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® T wave : MUNMUTETUIN 200 VadIUIN

Notmal Beat in Fecora No. 100 - Notmal Beat in RecaraNa 117 Normal Beat in Recora No. 121
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z s s © {
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2 2
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15 1.5
s s ! &
E E s £
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1 > 1
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g vw-.q/n g e g
L’ ) r-\\J
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B B} | " iz
a8 1.6 45
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117 2.20 Il nia191/n@ (NORMAL)

2. Right bundle branch block beat (RBBB)

UM IHINY
® QRS complex e Tawil rSR’(prime) wazll T wave ¥ianoulu vV, uag v,
ANUYVOI 1 Auni R
® 319529 QRS complex NMaAUNTOMINY 120 TATUW (5UNI complete

¥
RBBB §11ioona1i (309 incomplete RBBB

ay A ] s s (] r q’: 1
rRBBB nu'laludszansinadosaz 0.2 Mwusaunulsaiale @y wilanuszrnue

a o 1o a @ a ) F - I
wisuSuasuiia nnndevaz 90 I RBBB), lsanauionalamuRuundunIelseds,
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F ¥
anuaudengs, Tsandmuiienalenims, nMsid@euves conducting system MaIMsHIWATSA
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31N 2.21 Right bundle branch block beat (RBBB)

3. Left bundle branch block beat (LBBB)

NMUIANTIINY
® Notched R wave 138 R wave g‘ﬂ “M” 144 lead Vo ¥ wazdl ST segment A9
iae T wave WanouTaoladl Q wave

v =S =2 =1 .
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Y o o
waz complete 1¥vaninaaiAeIiuly RBBB
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[ | v A‘; o = : o
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51/ 2.22 Left bundle branch block beat (LBBB)
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4. Premature ventricular contraction (PVC)
o aa w
NUNNITIHINY
s s/ [l ;
o Jamzmaduliminaue
® P wave 910 sinus node mfaag'lu QRS, TusT segment, n301U T wave Y09
PVC wioithu retrograde P fla
9 1 = =Y n'; L] =
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T wave 1nTINANAS 191011 QRS AunAINIALINUINTFII coupling AIN
® i} full compensatory pause 1AU¥95ENIN sinus beat BuNBEMTINVEUTIOY
189 PVC 1M1 2 IM199399952 1IN sinus beat 2 SUOANY
na'lnn1sifia PVC 91917910 automaticity 130 re-entry 1a89193 unifocal, multifocal,
f o ot y . zx :
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& . & i - Lk
R 8% M1 sinus beat a9 0 11 15w Tenma il pve afade liifaiu
Dr. Bernard Lown 18111}4 grade 484 PVC 80niiu 5 grade o lddmiumsinuay
v
Wensel 15 Aall
= ﬂ a = J 9 1 u’J
Grade 1 1) PVC 11U unifocal INAVYUHBDENI 30 ATI/TU.
_ ok 5o ; 2
Grade2 % PVC 131U unifocal IHAYUIMAUHTONINNI 30 ATYFY.
Grade3 3 PVC 1y mutifocal (Suiinonnansuralunuaina) finaildiiens
coupling 910 sinus node LANANAUNAFUTIUANAINY
¥
Grade 4A 1 PVC AAABu 2 A3
e gl e &
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. a o Y S a i L g aa wy
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ECG: Ventricular Ectopic Beats

H

RS -

i
£
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o

(n.) M3 13 8UM0VI L1119 Premature ventricular contraction beat 11 Normal beat

o PG Beal in RecordMo. 116 g PVC Baal in ReoordNo.119 1 PVG Beal in RecordNo 219
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s s
1
£ / E 0 £
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(v.) Premature ventricular contraction beat 910 MIT-BIH arrhythmia database

31Jﬁ 2.23 Premature ventricular contraction (PVC)

5. Atrial premature contraction (APC)
; . . . : 4
Atrial premature beat (atrial ectopic beat, premature atrial contraction) lﬂuﬂau"lﬂﬁw
a a i a 3y a o [ = U i a 4 ar a =1 T
Wrlamiey MiRaduRadmisie inadeuivzinanau i lednd uazesimiulan

: as = y n!: 4 ad
adu Wi lswilativnnsesliveanauidnguu P wave AU
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L3 - g - ﬁll " @« s dld
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ECG: Atrial Ectopic Beats
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(¥.) Atrial premature contraction beat 910 MIT-BIH arrhythmia database

31]‘?] 2.24 Atrial premature contraction (APC)
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6. Paced beat (PACE)
) v 0 , ¥
aau I leiatdidusau A landlurannis 14asee Pacemaker
& ' o Yo 9/ @ 1; A A'l
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31N 2.25 Paced beat (PACE)
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3.2.1 MIUATIEHRWIAA (Wavelet Analysis)
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® Morlet Wavelet
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® Maxican Hat Wavelet
o Y 3 [] o ar a ot Y] Y
idasiiatl lidadFumnada  (Scaling function) uaziifuninandueyius
@ P o ar ' A ]
i)ummﬁaa'uaa"ﬂaﬂwﬂ'mlnmuuuwummmwsﬂumm Gaussian (the second derivative

. . “gs . . o o = > ar 4:
function of Gaussian probability density function) nmgtu:wmﬂm%uﬂﬁuﬂmmgﬂﬂ 3.14

08} I
06} /
0.4} j
0.2} !

" B
02} \

-8 -6 4 -2 0 2 4 6 8

gﬂﬁ 3.14 ANYULVDI Maxican Hat Wavelet

® Meyer Wavelet
o = o o a 3/ o a4
aWidariia Meyer uazilandunmsmnadsldgnimualilulamwuanud damunse

a o o = d’ —
Ansananyuzveanvidayiailldvingin 3.15

gﬂﬁ 3.15 ONUULVYDI Meyer Wavelet

® Biorthogonal Wavelet

1 =] 3 wa a v
ﬂqwamﬂmmﬁﬂﬁﬂzuﬁﬂqqmauummnﬂﬁmmu
s é o ar at = s c§
Antlad s unenalsznoy aNAINLA

Fasududmsumsain

o & ' w
dyanamazamaiulmi Taonsld wavelet 2 A

3 ar ' L= ar A s ar Ao ey {1 a
dmiumsahalmiunudndmilaimiiousiu niguauamiranls aNYUTVDI

Biorthogonal wavelet ﬁuﬂmﬁazﬂﬁ 3.16



36

i .f‘.' .l
4‘ ' - —— v I
J | "r "~ ° W 'v -
] | l.
L] L] 3 3 - ‘1 L e 3 - 1] H - - 1] H] H . [
bior!.2 biorl. 5
4 \
. it 1 |
1, B A .'!. A Y
4«! '8 | I3 = i
o o [ th )
\‘! " | t d_q
o H 3 - H . H 1] - H H Ll .
bior2.2 biord.4
i (. S \
A,lu! [ A — . ?i|' ! 'i A
- i 4y ' i W\
® s "» . 2 ) » ) ) < 8 s 5 "
bior2 .4 bicr2. 8
»y 7 . 2
. / : H B
4 ' - ]
\ s “'q hl"‘ w3
- | v/ i ﬂ {
- ’ \/ - o
. L4 2 L} ] H 4 L ol 1 .
bior3. | bicr3.3
? ? 3 ® \
t ,b :' " [ 51 3 l' .
=—-~*‘,L‘=(— Tl Moot ’i ¥ beelinn s ey
o ' 1 “ # <t /!
-+ L 5 '._' a3 gl l}
L] 3 4% = 3 £l o & 13 " L. e 3 "w
bior3.5 bior3.7
1 J] I 1 1
i PRl i
1 | o R
> I % * Vi ) 7 e
1 } v | 18 4 .'.
. ] " ¥ ) N ] s «° 1.1 H F . 4 2 o & 2 . L3 a
bior3. 9 bicrd.4
A il i 1
s J\li ".'\M O ’\’ll ‘E;’\""— ¢ b2 "i:“kb ‘A_ il'\
o At d i 1
Ll 1) “ e = k] 1 3 " -] s “ L1 ) . . - 1) ” "
bior5.5 biar6.8

31]‘?) 3.16 aNHML YD Biorthogonal Wavelet

3.2.1.2 m‘mﬂmnﬂsﬁmmuin (Discrete Wavelet Transform)
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tinsenld  f(1) e L,(R) wazimualifgl L,(R) gnuunesn(Decompose)
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f(= Zaj k)29, (2't-k) +Z i d (k)2 y,, (2 t-k) (3.4)
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3.2.2 Autoregressive Modelling
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Y
YD y)

[25 05 22 19 31 23 2 1 15 L1
124 07 29 22 30 27 16 1.1 1.6 09

_10.69 -1.31 039 0.09 129 049 0.19 0.81 031 0.71
L 049 -1.21 099 029 1.09 0.79 -0.31 -0.81 031 -1.01

A A @ a ' Y
o p A9 ﬂmu_amawamﬂnqu ('V]ﬂﬂﬂﬁllu)

Orgn3 PCAc3a
z
' T PCAzaadat’ 4+
I+ + + E
+
+
+
2k 4
+ +
1 N ~
K
+
2
1 1 1 1
1 0 1 2 2 4

Ui 3.20 Joyaduniiy



41

v
ar

YuUABUN 2. AUIUNT Covariance matrix

N s
Cov = Z(xk - p)(x, -n)’ (3.8)

k=1

w— 0.61656 0.61544
1061544 0.71656

¥ 3
JUADUN 3. MUIUNIAN Eigenvalues 118¥ Eigenvectors Y93 Covariance matrix

Cw=Aw (3.9)

wld
(C-ADw =0 (3.10)

M

1. ¥i1 Eigenvalues

Gk _|:0.61656 0.61544] F O}_[0.61656—A 0.61544 }

0.61544 0.71656| |0 A| | 061544 0.71656- 24

1N

0.61656—1  0.61544 ]
=( (3.11)

det(C — AI) = det
0.61544  0.71656-A

det(C - AI) = (0.61656 — 1)(0.71656 — 1) — (0.61544)(0.61544)
=0.4418-0.716564—0.616564+ A> —0.37877
=1%-1.333121+0.06303

eigenvalues(A) =[0.0491 1.2840]
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2. "1 Eigenvectors

(C—0.0491)w =0

o _[0.61656 0.61544] [0.0491 0 ]_[0.56746 0.61544}

0.61544 0.71656 0 0.0491 0.61544 0.66746
. v -0.7352
NINTLUIUNS row reduce [15] awld w, =
0.6779

uag

(C—1.2840D)w =0

5 M_[O.61656 0.61544] [1.284 0 ] [—0.66744 0.61544]

0.61544 0.71656 0 1.284_ 0.61544 —0.56744
. p -0.6779 ]
MINTTUIUMT row reduce 9118 w, =
~0.7352 |

> ¥
R ER e TATIL A

0.6779 -0.7352

Mean adjusied data with eigenvectors overayed

i -0.7352 -0.6779
eigenvectors(w) =

2 '\ T L] L) ! " ) “ T +
{- 7406882469/ 871 5252}1 - |
15 (- 871855252/ TADS32465)" -——»
| \\ & e
\ +
C5 <4
~\ o
N, ',.-/
N
0 Y
Vd \f\
rd
L5k \ e
, \
s
-1 P +
5
i g ‘\\
A5F 4
n". \‘
) 1 1 1 1 1 1 \
2 5 A 45 ¢ a5 1 15 2

§ﬂﬁ 3.21 llﬂm'ﬁ'ﬂgﬂﬁt}ﬂ Normalize uan (mean subtracted) (a2 Eigenvectors Y83 Covariance

matrix franesue3d iy
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o ' o o A '
1ngUoziinld91 Eigenvector fiaoandnaiy Eigenvalue NUAMINITHIAHILNAI
g A ar 1 el. ar c:d.
ﬁ'ﬂgamﬁmmmﬁauﬂums Fit curve 'i’lrﬂlluﬁ @4 Eigenvector haoandoany Eigenvalue N

v
1 o as =t o w da
AntouazAInIndY Eigenvector usnuaziianudumiusivdeyalio

: P o [ ar
YUABDUN 4. Lﬁaﬂamﬂs:naunanuamﬂgﬂtmn feature vectors
: - o Vv . - o g At
VINTUABUNFININILIHAY 1A Eigenvector Naeandoany Eigenvalue NUAUINIY
Ld o e v A a s w o 9 '
Wueamszneunan (principle component) YDIVDYAIUDININUANINTINYNUVDYANINNN
o Y ' v n’:
(Tﬂﬂﬂ%lﬂu1ﬂ11w1ﬂﬂ1uﬂﬁ1ﬂﬂEJHEWIQ'HIJH)
o c’.r’ @ o A . ' o ar & [ = A
AIUULTIVIVALIYUY Eigenvector 1Hnﬂmﬂ’ﬂﬂﬁ1ﬂﬂj FIANADINY Eigenvalue NuAN

vnun lvnis

FeatureVector =|\w, w, .. W (3.12)
1 2 n

-0.6779 -0.7352
FeatureVectors(w) = 07352 0.6779

L 1
1ML AdeNIANE Feature Vector NWauuilu Basis niivesdoya

' -0.6779
BasisVector =

~0.7352

Ed ]
dumeud 5. Tsiindeyaasuu Basis Tna

s X W X, W X, -
X, =—*—tw +rt—w,+. . +——"W (3.13)
W, W, W, W, W, W

4 o o '
ievidoyalisiinasuu Feature Vector Thiiog 18

. |—0.828 1.777 -0.992 -0.274 -1.676 -0.913 0.099 1.145 0438 1.224
& —0.175 0.142 0384 0.130 -0.209 0.175 -0.350 0.047 0.018 -0.163

|



Data transformed with 2 egenvectons

2 T T T PR T ¥
foutlevechinal.dat”  +
15 .
D o s
s
+ + +
0 +
+ + +
+
£5 | -
A48 4
3 1 1 1 1 i L
-2 e -1 05 c s L. 1 1.5 2

i 4 o o °
37 3.22 uanayadeyain Iusiinaauuia 2 Eigenvectors 91nM3%1 PCA

Original data restored using only a single eigenvecior
3 T

T T
“Aossyplusmean.dat” +

K | L \

-1 0 1 2 4

w b

3 : o | o i = a
710 3.23 namagadeyai lsinasuu Eigenvectors NdAguINNgANes Basis 1AY)

3.3.2 Fisher’s Linear Discriminant

Fisher's Linear Discriminant (FLD) ifu38mshldfiuetrauminawlumsuonanume
wazaniiaveadoyaluaumadumsiiigliuy wafiaves Fisher ABMINMIAIAMIIYDS
. . ' 1 a 3 =t A o
msTilsida (3o Basis) W AldAmuAnmvesnimdsyeangulAa (ifeTusivadeyaasuu
a Hq ¥ i ' o ' b oy A
Feme ) vz fanaunlsdsiu (variance) 5OUAURDGVBINQUINANUUUAINUDY 1D

1 o o - o @ o ¥ o '
ﬂﬁ'l'.lﬂluﬂ'l@ﬂﬂlﬂﬂ"lﬂﬂ{ FLD 'ﬂz?‘l'lﬂ'lilai}ﬂﬂﬁﬂﬂﬂﬁiﬂimﬂ W ﬂuﬂiz'ﬂ@ﬂﬂﬂ&ﬂ‘ﬂﬂ‘]u'ﬂﬂ@
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= o " U =
WATNFNITNIZNVIEHINNGN (between-class scatter matrix) llﬂ:lhﬂ‘iﬂ‘fﬂ‘l?ﬂi:ﬂﬂﬂ‘lﬂ‘lu
U fimil . = =
NQU (within-class scatter matrix) AW INNEA [13]

dmsuilgmniiinnungy c ngu Amuald wasndmsnszewsznhangu i

Sy =2 N1, -, —p) (3.14)

i=1

nazmm?n%msmzmumu"lunq’u iy
¢ T
Sy =D D (x,—m)x,—1,) (3.15)
i=l x ekX;

A 4 oy = ' ) - ' A e
e p, Mo YBYAINALYRINGY X, p A9 YOYANALYDINANQN wag N, AD U

1 = a o 1 =
Yoyalungu X, 1S, 11y nonsingular matrix figmemsTsivn W, mnzauigase

- a daa v da - = (-: 9 ar ] .

ONNNIUATNFNUABANNN  orthonormal  1AUMMATNGH1HEAT 109U determinant YDA

a o ) ' ' o 1 §
WATNYNIINTTIWILHINNQY LAY determinant VDI wasngmsnszaenelunguin ldan

Joyai TUsauds iannniqa

w's,w|
Wap,=argm”§xm
=[w, wy .. w.] (3.16)

y r [ ‘ i
1o {w,.|:=1,2,...,m} 1D 1FAYDY generalized eigenvectors Y83 S, uaz S, W

3 o % % et P 2 .q'
ADANDDINY generalized eigenvalues NUATNINNTA m {ﬂ., |1 =1 2,...,m} , 1D

S,w,=AS,w,, i=1,2,..,m (3.17)

¥
ar

4 ° - P = % '
iions1@on Eigenvector NADaN1sud33 T si9ndeyaasun Basis 1

. . X W X, ‘W X, - W
X, =—t—tw +t—Lw,+. +—E—"

= w (3.18)
W, W, W, W, W W

m

m m
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fpture 1

UM 3.24 uamsnsifSouifiouseni19ms 19 Principal Component Analysis (PCA) 1oz

Fisher's Linear Discriminant (FLD) Auilgyminiideyaaengu

713511 Orthogonal Basis
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A " 1y ¥ aa 3 @t 5 %
1109910 Basis 1w ldninnsnszuounsanlidvesdoyalaviTmsvos Fisher's

" - z ¥ 3 EU o : A EEY o o ' aa
discriminant 1 18 Basis 113 Orthogonal Aufwiielddeyaimimsaavinalundaziia

[ - v o n’év:: o o -
Orthogonal  fin  1519al¥nszuaumsnundamansniiniulaeia lufenszuiumsves

3
Gram-schmidt 41911 1¥ Basis 1ns#iiilu Orthogonal basis
1
A32UIUNI5YDI Gram-schmidt WAL

¥ basis {xl, - xp} @ M5V subspace W U493 R”, A mMua

Vi =X
X,V
V, =X, v,
Vv,
X,V X.*V
¥y wxy ———lyy ==y,
Vv, V3*¥,
X sV X oV X oV
i 2 i
V,=X,- L vy, -2+ \’2—----—#’—\«',,_l
\7 V,eV, ¥Vt

¥ ¥
Ay {Vn sV p} 171 Orthogonal basis @31 W upNIINIYU

(3.19)
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Span{v,,..., v, } =Span{x,,..., X, } dmsul<k<p (3.20)
1 0 0
s 1 9/ 1 1 0 A =y = Y 1 4
0613 1 x, = X=| po=] | e {x,, %, %,} WhidaszFadusdraauysel
1 1 1

(Clearly linear independent) uaziu basis Tu subspace W 493 R* WA orthogonal basis

amsu w

1

D
=

Funoud 1. 18 v, =x, waz W, = Span{x,} = Span{v,}

: - 9 ﬂ Jd a g/ q a
vupeuil 2. W v, il naweinifianmsay x, AwTUsiin¥uvredueIuu subspace I,

awld

vV, =X; —Projy X,

X, -V, 4
=%y ——W e v, =x,
ViV,
0 11 [-3/4
RN
R IR
1 1| | 14

d H ar .
v, iuesfi)sznouues x, N orthogonal A x, uaz {v,, v,} 1ilu orthogonal basis

Y04 subspace ¥, 1 span lay x, ua x,

: { as ¥
Fumouil 2* (optional) A3 VVMIA v, Timnzaudiemsnisdin 4 9zld
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o P ¥ sd a ¥ 4 o w
YUADUN 3. 1'” vV, vflu LAWMDININAYINNITAY X, a0 1Usn¥uvDIR DI subspace VV2

Tau14 orthogonal basis {v,, v/,} Tumsdmnaldsidadu w,

projection of Projection of

X, onto v, X, onto v
\ \

Projy, X; = =ld v, + x? 'V:z v
z ¥i*¥ Y2 ¥y

1 -3 0

C201) 2 1| [2/3

a2 1 T2

1 1 2/3

0 0 0
. 0| 2/3 -2/3

Vy = X3 —PIOJy, X; = 1 2/3 1/3
1 2/3 1/3



a
Unn 4

MIAAUENILANGNUDY

.

MSLIANGY (Clustering) AiD M3ULial51AmN (Classification) vaadeyasaniiungui

uanaafy  Taveziisgadeya  (inszidlunnines) esonillungu  (Cluster) hdoyadil
o - ar - o A 1 = ar Q‘: ndd‘ ] ' as
audnyazmilouiu wieadoiudal3lunguivaiu duaeudsnldlunsutainguazeidy
-~ " " =) Va .. o a '
ANMUMiIDN  (Similarity) W50 ANUINATA (Proximity) lasAuIn9INMITATZUZIZNIN
I'd 9 [ v Y a o - Y o ar = o 3 aan
namesvestoya  msuiangudeyailumaiini lUnlFdmiunsinszideyanenda
4 . 4 . . .
magnuﬂﬂ%"luﬂmuqﬁwnmnum Machine learning, Data mining, Pattern recognition,
Image analysis 0% Bioinformatics
' v g 1 i ¥ . . ' !
MIULINGUIBYAILUANANINMSULIYszIANYOYA (Classification) 1ABIZHLNNGY
Foyannanuadie Tavlifimsdmum)szinnvesdoyalineu
uoNIIN Data clustering HAdWaTDAMAWwFONTANUMMIIMIIDUAY AiD  Cluster
analysis, Automatic classification, Numerical taxonomy, Botryology and Typological analysis
2 Ao w ' & ' oy &4 & aa o ) P
Fuseunddedunialumnisngudeyaife madenitmsiaszozvin duily
v ¥ ¥
fafmuah 2 esrdszneuiimuaniumiioudueiia’ls maudanguiiuldmsiaszesvela
2 WY A0 AuIAT (Symmetric) tag liauaAT (Asymmetric) Euclidean space fifaiearuiaiiu
[ ¥
szozviuuuaENNIAs (5zezv1anin A T B widuen B T A) dalunuudugivhioglu
qqy a a ] J = i ar "9 o
nsditl  Asmsiasvezvintwinadegluuudnuuzvesngudoya  mszuNeRIENOY
1 Y o 3 & n’: ;J " 1 1 Jd z a
pvzeglndnuesnlszneudy  MilvueyiuszezieTEnINednlsznoiug fiy
o d'l ar ' [l = oar aa [} "
penlsznoudu Areeuruy Tussuunng 2 A szeevnsevnge (x=1,y=0) uazya
Auta (x=0, y=0) 1M1AY 1 U1 A4 Norms 5554A1 (Usual norm) HATZUZHNITNINYA
(x=1,y=1) uazyasuiia iy 2,2 nie 1 H11F szo2vrauvy 1-nom, 2-norm 3e

infinity-norm Auaay
AanFuszozmalaona i

® FEuclidean distance (M30130071 52821 Crow flies N30 SLUZNILUY 2-norm)

=) a d 1 g - oar v a dl Ya s a 4
INNITNITUN ﬂ'l'i']lﬂ‘ﬂzﬂﬂﬁl]"l]ﬂlil‘ﬁ‘luﬂ'lu']iltl"ﬂ'lﬂﬂ']uq'llﬂ'IW’ﬂﬂ“.lﬂllﬂ'liﬁW!.IW

"
Y

' o & yo - & g i 2
wu mitaszezmadeiinduafiqalunsinyimediuil Mo Euclidean distance
N30 squared Euclidean distance

® Manhattan distance (ﬂ%ﬂﬁi‘ﬁﬂ’i] Taxicab norm n3o 1-norm)
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® [nfininity-norm
v o

®  Mahalanobis distance WLINGNUOYA1AYNABIAY scales NAINUUAZANNTUWUD

s2uNUYeInmls

sano3inlumsutangudoya Tasialie 18 2 Yszianlngiq Ao msmiauy
> ¥
fhidéudh (Hierarchical) taz mauyauvudaiihiau (Partitional) minisuvuiuddusu
¥ " ¥ ¥ ¥
i awmmsuanguenndudesiignuts Breuminiudmaienss daunsudawudaiiy

W ¥ 3
daniu msuiadoyanimuaaziuioaniuan,

¥
' J [ o @ W " . N
4.1 msnmanqmmmﬂumﬂuw (Hierarchical clustering)
' ﬂ o n’: = o - 1 A dv
msutspudluddudu el 2 AnuMEAD  HUUTINNGUHILANVYHUU
' | U L IJ ¥
(Agglomerative ¥38 Bottom-up) A0 iumsuiausiunguainngudesldingiuliises,
a v o ' 1A w A 1 1
Tausuannguingadelundaznquiifeyaiivsdufor oz  uvuusRaguwWIeUUaIas
(Divisive W38 Top-down) o ifumsiianennguainnguinglvdesTiisess Tavisunnngy
Tngiige Aenguirealideyayndreglungu
¥ ¥ 3
msuauududdudu 1Ty o3 (5wnqu) nioue (LUwenngy) HAUTUYeN
' ar ' o o w o oo H . &
nqudoya detialasialves S1uduil Afle $1AUTUILY Tree diagram (Dendrogram) &
' s ol y VoA A v ¢
urazeenlsznovvasiduTugahouazaguideail  Usznoulideynqesniszneuves
¥ . v v v
SduduBug FuneumsTIuNqUTNATIMUEAYB Tree diagram lumansaiudiuneu
MIUUAMENNGUITUNFINANAAYOY Tree diagram (Aauaaalugi 4.2 QRASIAAANINT

5IUNQY)

4.1.1 n15ll.‘ljdﬁﬁlﬂ"lll’ml‘u'lji’mﬂth(Agglomerative hierarchical clustering)

¥ ¥
auydndoyaiidudeyaiminuninguuay  Euclidean distance 81zl Distance

metric

® @
S OO

i 4.1 Yoyadvndalildihmsuiangy
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¥ " e w a’: 3 .!
22 1émsutiadduuLY Dendrogram  vesngudfeyail iflu

abcdef

¥ ' E
51 4.2 A2et1 Taoma lvesmsutsan@uduuY Dendrogram

3 t:iv 9 o o n’:l -; o ' o ) [
duseuiiadedduiuiuunnestlseneuurazesnszney  Aremssaungu 'l
4 a ar ' =1 ' L3
Sovq aaludretnveusivemiuiuiil 6 esnisznovde {a}, (b}, {c}, {d} {e} uaz {f}
3 o = 1 o 1 o " e =
SugpuusaiImsinsanvstlsznen Inuiaziiunswaguin Tasdnduduseziosan
o o P ' 9 as a ¥ J o q’:
paftlsznow 2 pamlszneudieglndfiuinniigamuszozrinasening 2 esnidszaowiu
o a 449 o da oy . N ; 4 w_d
samadennilalutuneuiifoai 1 Distance metric 90114 Metric #0799 i-th nanh
) ' o 4 i ; { o ' 4
j-th fip szoEvesEneesmsEnoUR ith Uz j-th ATy vaziiimssungullisess uad
o ﬂ ' v 4 @ 4 d..dﬂ addVe o d1 ' '
uazndngniauilungy wazszuzvfzgnlivlye aeiindhiashgindualunmsuungy
Joya uazlidofvosmsinussuzvnszninngy
= o o d a ' 9 s = d"
quUNA 15MIMsTenlsznoy 2 paRdseney b uaz ¢ Neglnanuinige aeull
' P ' v A 4,
siee I8ndudoa {a), (b, o}, {d}, fe}, {f} uaziRoamsfiszsmnguieyamariide Fah
b 4 o i4 ' ' Yy d =a - ' ' '
1ATa rswuﬂuﬂmmszuzﬂnszmw {a} uaz {b c} LN BFUWNITLHUTHINITHINNYY
v
I ar =Y L] A L 1 A
foya 2 nqiiu TavinAudassozrinszning nquioya 2 nqu A uaz B Aewniidlu
o = 9 ] qy
fesurotnasil
] P a 1 o 1 ' AN A ' "
o szuzvTMINIgATENINBIAUsTNOUVBIANZNAN (M5DI5UNT1 Complete linkage

clustering) :

max{d(x,y):xeA,yeB} 4.1)
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o szuzvinitiosiigaszninenisynouveausasngy (M30i30n1 Single linkage

clustering) :
min{d(x,y):xeA,yeB} 4.2)

] 4 v a ' ' = '
® 5uz¥IUNALTZNINLIRUTENOUYBINADZNGY (M3BITUNT Average linkage

clustering) :

1 ZZd(x, y) (4.3)

card(A)card(B) A 7=

® HAINVBINN Variance NuTuNqy

s

a :a‘ o L .:; i . X i
o mumuIuvasnNusludmiunguYoyanzgns NG (Ward’s criterion)
3

] P vy A A o 1Y 7 o = a
® mmm%ani‘luw ﬂqwayamaﬂm.lmu"I.mnmﬂﬁaﬂwmsnizmmﬂmnu (V-

linkage)

T ' Q’I o = 1 J U ﬂ; J ' d.
Tumssunguudazai i lfiiaszesvinssninngudeyamuinniu wnnnneui

¥ I ¥ ]
yanssawngu B3neunihil uazegngaiimssaungy denguiuvaiuduluiivgs i1

MANMINITEEEHI) n3e Weliswounquildoswe (MANMINITILIU)

4.1.2 nnuﬁqﬁﬁu%’uuumwnnq'u (Divisive hierarchical clustering)
msutangudoyauuunonnguazassduiumsuiingudeyauuuiiungy  Tavez
] " " L] Y A'I =; U Idl =1 1 = = g LY
wianennauannguinglidesllisesq Tavsunnnguingiiiga fenquinsaiiveyanna?
v ¥ ] ¥
oglundy Tasdrinsanninglit 42 wwnuihduneuszisuiidudngaves tree diagram Ao
¥ "
frmavesgaas sz lunaseiudiuiuiuusmnguiiies
.’f c‘lv 9 o o q’; J [4 ' o 9/ 1
Fusouiiadudduiuiunninesdlsznevudazesiszney  Awmsusnngylyl

]
14

] " ' L4
Sovn Taotinsananglit 4.2 nqudeyailngiiqadsznoudis {a, b, ¢, d, ¢, £} 91N

¥
(L U v oo R
wonitlunguden 2 ndu A {a} uaz { b, ¢, d, e, f} NMIUAIIMIUBNGUdayTIEN i {a},
A'l 1 i u’: o 3 = 1 1 ' 9 W
{b, ¢}, {d, e, f} TliTowq °lum'iLwﬂﬂqmma:ﬂﬁam‘lmnmzuz'ﬁ1aszm1anquwgauavaa

b ] ¥ ]
Yoonimeuiiinsuonngu3deunihil uazezngamsuvnngy iwenguinlndfufun

azuondula (ManMsMaszezig) uie el uaunguiinnwe (ManMININTILIL)
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4.2 manvanguveyanvudmiluaIu (Partitional clustering)

msutsnquieyauuuiailudmannsouimmdnvazanuiuamdnvosdoya
18y 2 nuudaeiuiie s1amAisy (Hard Partition) 1ae WYAW S (Fuzzy partition) ¥4
annsaeseliidhladeiomwnnuuanma @i

W X ={x,x,..x,} Wudoyadvds o duinoudoyaiidesmszntanguioz
x, 1 x laqlay x, eR” Gausiadiadaniiy p) W P(x) Aemnesian (Power set)
vee x wiefnoAveuAton (Subset) Nasuiiiulyldves x vzldondmiiisuos X
fo {4, e P(x )l < i < ¢} Fumnoanwh 4, dusavesdoyaiioglunguidvaiuuas
¢ Aodnnungudeyaiidesmsznis  lunsdlvesmadwiidumunsodouiladsumngn
MW (Membership function) ¥93 x, Tu A aalu (4.4) Tay U, ADAIAINFNNIN (Membership

4 " -
value) Hal¥vonszauanuiilumndnves x, Tuwa 4,

Uy,

1,x, €A

- nk i (44)
0,x, &4,

= = = o'; Y = v 9 = ] = ’ n’: L

’luﬂimmmmﬂmwmw X, ﬂzﬂﬂﬂlﬂuleJ'I‘Hﬂ“UBQﬂQN‘U81J“ﬂmﬂdﬂ’qmﬂﬂ')m'mu 111

x, € X, A eP(x)i=12,.,cuaz k=12,...,n wannsadvuiuaums (4.5 uaz 4.6)

u,e{0h1<i<cl<k<n (4.5)

iu,.,‘ =1,Vkefl,2,...,n} (4.6)

i=1

: £
U 1 4 a ' ar & o 1 a  w
iinannnqudeyaudaznguezdesdicudnoiiados 1 dwazlifuiudeyaduimua

aunsovewiu 4.7)

0< iu,k <nVie {1,2,...,c} 4.7

k=1

= " a o o 9/ = -
fiowd 4.1 ;edwidu smuald X = {x,x,...x, } Dusavesdoyaduuas ¥, Aon
- o - a o < é
vouAINS NS U =[u, ] 111a cx n uaasdaaums 4.8) uaz ¢ ihuavdmunudnds
" " (] o " 4 v 9 1 | 9
fmeglugaa 2 < ¢ < n niendedrungudoyaiidensizinianeaInndl 1 NGuIAZADY

L ¥ '
hifudaudeyadunimun AniuananAFUd iy X uaaiasauns (4.9)
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= {U,,Uy,..,U, lu, €{0,1} uag (4.6) 1huv3a } (4.8)
M ={Uer,} @9)

gaeehan 4.1 W X uavessa 3 Au X = {x, = Ford,x, = Toyota,x, = Chrysler} Y

3 v
Fosmsuriathu 2 ngudoya (c = 2) sz lRendwminiduvos X 3 dsil

b g = A n 5 1 [ 1 V.9 v = A
&lafiGe (Criteria) vosmsutinguioyaiumsuisngudeyaseninsoeminuazgiju
v " aw o a = a K ]
wdr U, dnsilumiiduimnzauige  luanudusiuvavessoaminuazsodijul
] L4 ' = A o ' -
uiueuwzgUnssiudvessnamInuiuvediiu uazgUnsalnsduvessadiuilu
a o & Y A q 9 P ' ' - o &
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Handuanudluaandn
wy(x): X —[0,1] (4.19)

do p,(x) swnsadanuilumvesnnuiuandnnwvesiadszney x luiladisn 4
dmiuudar xe X (8w x duamndoves x) Hadian 4 cwsadouiuaaves

f}:ﬁ’lﬂ"‘u (tuples)
4 ={(x, pé(x))|xeX} (4.20)
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v o o . -
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o a ar o " $ 4
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& 2 A .
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o o [ » =
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1. giilow (Union) vosiladizn aziilu OR operation Tuerumsi (4.24) uag 3N 4.11

Haus (x)= Hy (x)v Hy (x) (4.24)
= max (2, (x), 415(%))
7
: — JB
4 B
0 g X

U# 4.11 giilowvesilasdiaon 4 uaz B

2. Bumosiyndu (Intersection) VoI FIHA 92131 AND operation Tuaunisi

(4.25) uazgﬂ?; 4.12
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= min(lu,g (x), #g(x))
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paiandAve uvay

Hy () =1-p,(x) (4.26)

gﬂﬁ 4.13 Complement voIflman 4
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Idemptency AUA=A uaz ANA=4
Identity AUO=A4 uaz ANX =4

ANO0=0 uaz AUX =X
Transitivity ) AcB.BSC a2 AcC
Involution Z cd

s v oA o a o a A o ¥
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310 4.16 AuFivnvesdniiaii 4.3 4N B

- {0 02 04 06 0.8}
A=4—+—+—+—+—
1 2 3 4 5



69

-
o
i

b : : .
— 1§ 2 235 3 33 4 a8
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4.2.2.1.5 Wanduanuiuaniin

o ar a v Aa o as
Aandunuiuaandn (membership function) iuflsndFuniimadimuaszaunim
a ar Ay 3 a Aw o o v o "
Fumndnvosuliidesnsldon  Tassunnmsunuidudumuiianlidanu i

L [
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1. Wanvumumaoy (triangular membership function)

& o 4 Ao a oA
HanFusumasuiiianua 3 wisiimesne {a, b, c}

0 x<a
(x-a)/(b-a) a<x<b
(c-x)/(c-b) b=<x<c

0 X>c

Triangular(x :a, b, c )= (4.27)

'
=

s 1 o £ 1w [ ") [ o a = ar
gt mualyl a Ry 0, b AU 5 uaT ¢ 1AL 10 uerasns TaAFUMasAIgY

4,19
i
4
14
1
1]
i
1
1
1
L}
1
\
; o
a=0 b=S5 c=10
51 4.19 nsmlveadazailailsdduaunmany
2. ﬂﬁﬂ?’uﬁmﬁunmmg (trapezoidal membership function)
Harudmdoumanyiinanue 4 msiinesine {a, b, ¢, d}
0 x<a
(x—a)/(b-a) a<x<b
Trapezoidal (x :a,b, ¢, d )=+ 1 bsx<c (4.28)
(d-x)/(d-¢c) c<x<d
| 0 xd

Frogaimuald a=0,b =2, c =8 uaz d =10 nanlAlAuaasAsg 4.20
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51l 4.20 nsmlvesilafFudmaouaamy

o o o A P - »
3. WaNF UM aweuU (Gaussian membership function)

4w /A A a  oa 4 o 1 A
Handumddouiinanua 2 wis1imeife {m,of ¥ m mnvderuRdy

uaz o Muwne ANdsAVUINATTIY

. !x ~m° }
gaussian(x :m, o) = exp(— J

Fretradlonmuald m =5 uaz o =1 VerdumdFounaasdagli 4.21
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4. Wanduszaianh (Bell-shaped membership function)

o o o o o a o 3 '
Hsrdugilszaanhiimiinesianua 3 Ao {a, b, ¢f

10

71

(4.29)
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bell — shaped(x a, b, c) = —-1—— (4.30)

1+

s " 4 o 1 =Y o [V 4
fograiiosmuammsimes a=2,b=4 uaz c =5 swldnswidwaaslugln 4.22

y7i
1 ’ ! \
0.9 i §
0.8 f

0.7 .
0.6 / !
0.5 .
0.4 ! 4
0.3 / !
0.2 \
0.1] ,/'j ) ) . N

%9 1 2 3 4 5 6 7 8 9 10x

U 4.22 nsmlveailanFuszaianth

5. Aanduanod (Smooth Membership Function)
¥
Hafdugddneaiimiimesiimua 2 Mo {a, b}

( 0 x<a
2(x—b)2 anSa+b
S(x:a,b)=1 o ) : (4.31)
]_z(x-b] atb_ .
b-a 2
| 1 x2b

sretraiemmualimanuihuandadaunin a=2 uaz b=8 wldnsmas

uaraalugih 4.23
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6. Waﬁ%’uﬁmmﬂ (Z-membership function)

L4
Handugiiueaiimsilinesiamun 2 Ao {a, b}

( 1 x<a
2
1—2(""”] anSa;b
Z(x:a,b)=< ;az :
Z(X_ ] a2 Lx<d
b—-a
0 x=b
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(4.32)

Sothadesmualdmanuiuandaiianduy a=2 uaz =8 wldnsmas

waaslugun 4.24
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9 P ar 3/ 40 1Y a d'l 9 o = - P
yoadoyafivziudnn  Tavamnsaimivdeudumelimsduinausisoy Fainuilu
auFnvatea la nazansunnuiluaunnldounaad T Iimunziuaundias

=

UjiiAnumsenunnudens

4.2.2.1.6 aawdsmmn (linguistic variable)
a o' - 1 o ] = o .5 -
anuuieFanIodszgna 1§ lumsssuieavesdusiruRuIRUEALLUAUAY
wu Uszlon “qunpiluioudu drh «du dudnlduannlSuagaungil Tumagihiy
ansamon @iy WSinagamgil Tusies i 130 Temperature Quantity is Cold A3
as . . P a d¢ o
Temperature Quantity (U5 M (linguistic variable) Fuilunuanaidaginluasing
= ar [ ° 1 a o = o’: v d
npuiled  daudimugisimuamuesdsiszesonaluglguam  Taslenasamn

1y a &
(linguistic term) tazluztifBaina Tavl¥eiFunuiiuaindn (membership function) &

- o ) ar a
narasnnuilumndnveuanuuilad walnnnlddmivamsuaaafauazesnnnuily

é o 1 ¢ o a A o 1Y @ a P
MIADAITVDINYBY dauilsisunnudumndniyse Temilumsiansudunyainiu
JoyaFaiuay
Highly comprehensible membership functions
A
1N ;.
mely L§ ow : Extrfmely High
s 08
2 - '
-
e 06
8
g 04 r
= [
02+
i
o A L A :
2 3 4 s 6
Universe of discourse
Complete fuzzy partitioning

1 4.25 Medredaunlinmn

Fusnmudumstsznoudy  (composition)  wesdlsdaydnual  (symbolic
variable) Lag@ANSIFUAY (numerical variable) a0t NFNIsHydnuel 19w “qulire 1Ty
M33IN352VON” (Shape = Cylinder) 131 “31l519” fudusiivendeglsnvesing deiei
wsiFuay By “Anmgaiiy 4 A (Height = 4) AunlsFuavesiildiulumunandn

= = - o 4 " LY W e o
Snowaas Sranssumnans asemaas msuwnd wazdu 9 daudulsdaydnueil
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o @ a a [ a o w o 9 ar
anudgluinnmsnnduiygnlszavfiaznisdaduls  mslddunlsnmuiiuns

o = @ o @ o LY ! a [ s
sauslsiFuaviudusdydnueididiei U0 425 uaasiediamadnlinmves

wadyd  laun Extremely Low, Very Low, Low, Medium, High, Very High uag
Extremely High

4.2.2.1.7 ngﬂm‘ﬁ (fuzzy rules)
a P ar =Y a Ao 1 a = adq ¥ a =]
Fnomsinernuilsdasiniisnaunn uantvuuaziimsdszynalsanumnnngamu
2218un ngilaSuuud-uds (fuzzy if-then rule) Motramsldnglumsusnnguasgui 4.26

Tugl 4.26 uaas3piiguuny (pattem space) M3 inanguAnY Ao

=
4

low

-
L

1 :
low >< high
0 . > X

51 4.26 Medrnf3giigluuumssanguaong ilad

ngUi 4.26 annsadoudunglugdyse Toanmn 1Adsil
ngve 1: 1 x, §if low uaz x, i low uda Yeya (x,, x,) iWlunqu C,

' ' ¥y ¥ !
nge 2: &1 x, fif low uaz x, e high udd Yeya (x,, x,) Wungu C,

nge 3: &1 x, fif high uaz x, I low udd Yoya (x,, x,) Wungu C,

ng¥e 4: 81 x, A1 high g x, 1M high udd doya (x,, x,) Wungu C,
o x, Wudusnnnludai 1, x, Sudnlsamnludad 2, low uag high Wuwninmn
(linguistic terms), toya (x,, x,) ifugidvvesiagiidesnisiangy uaz C,, C,, C; iz

C, Wunaudoya 1,2, 3 uaz 4
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auydlingde 1, 1= 1,2, ..., L dudrduvesng Wleyailu x =[x, x,, .., x, il

]
= aa

o aa o = 1
n Whudmudavesdoya W 4, duwninnlungded 1 1a7 i uezlingudeyaiiu

3
Vo A

C,, k=12, ..,K i llvesngiladamusndonlddeil
ngdle 1: &1 x, fim 4, uag x, I A4, uaz - uag x, fim 4, uds Jeya x i
nqu C,
£ b - a0 o 9 9
AU 2: 01 x, UM A4, Uag x, UM A4,, Uag --- Uag x, UM 4,, 1A Yoya x iy
nau C
N 2

3 = 1 =
ngue I 0 x, UM 4, uog x, UM 4, uaz - uag x, UM 4, udn ‘i’l’oy‘ﬁ x 1

n

nau C
* k

4.2.2.2 Nwdaau (Fuzzy c-mean)
Axaaiudumaiansuingudoyns  Mudazyadeyaiiszivanuitlumninvos
U A o o 1 _ . = dy o &
nquasszgnimualasedumandnnn (Membership grade) mainiigminauelay Jim
| & @ ad ] ] k1 a ;
Bezdek il 1981 [Bez81] Faihugausnqueamaimuniimsuingudeya madaiiiy
ad P 9 o J w Y a aa yﬂ ¥ o ' a
S nsfuaasldiuizamnsaiudeyaieglunarwnia ilunquamimau (rgu)
Aoamsldedisls
a a R Aaa a o by o o =R @ a R
Sanosnuvesiaddiuziidnyazadunudanssiuves K-mean 110 Tasdanoiny
et o ' ' Y Y a 1d s [ =t as
yoalaFdiuszimsassmanuulstsulunguliiesige  uaniiynuswaeiny K-
' i n’: J I ar : s
mean fioAnlooigatiuilu Local minimum uasnaduagiumsaonimiin
nsfisaneIsuladdiu U =[u,]eM, uaz V =(v,v,,.,v,) ¥ v,eR’ ozil

.
r o

td
Harsuinglszadaail

JU.V)= ii("‘m Yl = v (4.33)

k=1 i=|

¥ U’ af A 1 o _ l:: 1 L
Tao m AeausnTuwhnimin (Weight exponent) duilumsmuausisiieglusg me(l,«)

nquiit 31 Widoya X = {x,x,..x,} F9 x,eR” lav 2<c<n uaz me(l,o) uaz
auydn x, —v,|#0 dmiv 1<k<nl<is<c davi U=[u,] woz V=0,v,,....v,)

"
' o

mwhganuy lanea (Local minimum) vos J, (U, V) die
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U, = I —Jl<i<cl<k<n (4.34)
e[ e —v.] |
J= ”x,‘ Y "
- m
Z (ufk ) Xy
v, = &= I<i<ge (4.35)

Sy

a ad 4 "o
(4.34-4.35) cnusoingnl 1dd03E mIgauuaIns el (Lagrange multiplier) 44 liinnuaag

all
Tunil

o act ' ' aaa
dane3sumsuanguuuuWITFIu
a &
1. muyandeya n yadeya X ={x,,x,...x,} ¥ x,eR’” lay 2<c<n-1 uaz
Suduld m uaz UV eM,
9 ﬂ @ ° 9 et
2. W 1=0,2,... PJudrweniurusovss 1dnanesaiiu (C-means vectors) (4.36)

i(ug))m Xy

ML CEE—— P P (4.36)

N0

k=1
3. yhmsswan (Update) maanmwnn UY - U Tauld 4.37)

uf?t = 1 —l<i<cl<k<n (4.37)

(b )

_ 0|
=l

v
4. wWivuioy U su U dail
M ||U(’*‘) —U(”” <& (ManuRanaanuausu'ld)
HA1 NI

=

v v '
finztiu 1 =1 +1 uaznau Ui ludusoun 2

ar a Aaa . | a o = Vo ag e
i]'lﬂﬂﬁﬂi)iﬁi]‘ﬁ“ﬁ“ﬁ‘lm‘u‘i)zW‘i.l’J'll.lW'l‘i‘lilmﬂi (Parameter) NUINNDANDITUIIATUY

) é s ' | o’ ar ﬂ'ﬂl i L) 1 A U
ognilsdafemasmimin m nlaeglugie me(l,0) HIA m WAIUAUANUAUIATD
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(Fuzziness) voamidszuianasionua 1 m 1€h1nd 1 winq (m — 1) sz lidanessuilad
aa A Y o o a8 ] -~ =) o 9 = =t -
Fiuiinnulndifvstadanestumadiiunn @eifeuildmmndnnmihuiios 1 wie o
¥ "
i) §1 m 1918 o 19 (m > o) i ldan j, hlnd 0 1ng (5, — 0) iiesan
1 = 1 L} 4 ] ar o ar ﬂ' J J 4
mandnmmweglugaa [0,1] dlesnfdsdsiduigeiueziiandilngd o windunseua
9 A 1 - J [ = b n’;‘ Y 1 Ty
anwldiuiden m Tageiu msusmmninnmuesdoyariululinuisaznguieyase
=) J U U C: : or 1 =Y
fianuazdoaniniu  aglldanmndiimin  m  9EANAUVOLIVATDIMAINTANINYDY
v 3 ' "oy 4 9 o v o o o a _=a o A a 1
Foymiuq luudaznqudoya Fedimualdwniineinndrludaneibunsi eium m
[ Yy o 9 " .&’ 9/ =) aw 9
winld j asawaziliinanlumsgidh (Convergence) Wmvudn Hamidonawanula
4 o & a .; ' o [ et - = " P :’ Y
nageUMsIABN m MmauazHaninaiy oo lsnawds luiingu) lunmsionmineiimin

- ' " [ & = o ' o a giv
Aiueu MmIgihvesszuunanIdIauMs (4.38) Famswgasy biiunuaasluni

J, U, ye)< g [0®,r0) (438)
s [ a 9 9 Y o as as et ar :
NNAWDHNN 4.2 N 1PN 10ND3VI0aND5 FUHITTUUAIN ¢ = 2,m =125, =0.01 uag
v ¥V
fmuamaFnisuAual
o _[0.854 0146 0854 .. 0854
10.146 0854 0.146 ...  0.146],
£ @ asf e & ' a (5) ar o
¥901nMInaans dane3suiwddiusenyaile /=5 wazmmndnam U uaasaagii
é ' = = 1 as 1 L] n’: J
427 Faziud x, Imandnamlu 4, vhdy 047 uaaah x, egluisaesngudeyalas
- a = o d ar = 1 L) Gy! J
fimandnnwlndifvaiudenssduanuitiuaien x, annsoey ldnsdesngudeya

A

X [ B
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ox o
1 0

o2 @5 X o o< e @14
1 1 99 47 .01 0 .01
o o
1 0
.X| @Xn:
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43 PMIIMISIUNGUININTANAIINANNITVRA Yofen (Elbow criterion)

ar 1 P 9/ e z - o :i 9 a 1
wanmMIves aaunsendwdesen (Elbow criterion) ADMANTITUAN IFHIMINAS
widenldFimuvesnguiiuesls dethaugu msnngudeyouuy K-means 1aznsiie

Gk "u%'usmm'mﬂfju (k-means and agglomerative hierarchical clustering) ﬂ’Jiﬁﬂ%’hﬂTﬁiz‘q

" ¥
nquluaeusuduiusinnuduiusaeysz@ninmvesgluumsduiumslunsugaie
a,: = d q’: u’:
maERstiunlsT IR zingudeyatiunalenie
N B 4 9 =) [ "o s A : "y
Elbow criterion 1121371 A2svzidenimuauvesnguinmssauiunguauiulildsu
4 a - : o 4 & o

foyanifivane  AorssuiiennuFanutsiu immdunsi unudsie Variance unuLoY

A o ' A o oA ; _ dat 1 A 3 & ' 9 ¥

Ao maundy Taodesnunguiiuiiy Variance AliAuRudy Falunguusnzsmdoyall

= z |dl o n. J o n’: o =

110 () Variance 110) IANU199ASATIMNSIANLTUYDY Variance uanavi IFifayuvens v

J 1 d‘ U 4 dv ' U L%
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w ¥ 14 < E ) v & o
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4.4.1 MIATBNVDYAUATUUNANHUSIAUYDITY IV
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»  ARfit o | a > $
= a, Data
Preprocessing . | a. |
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2. msutsdoyaiiuddudunuuaniuy (Botom-up) nie Wumsutawusmngy
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dana dnialei 1dden 16 luamddsidudyana i ninlain 1deng wdeya

U o

MIT-BIH Arrhythmia Database iﬂwﬁmmﬁmjymﬁmmsxﬁanmﬁﬁ'auﬁu 6 S1in 1O

1. dyaa Wi lednd (NORMAL)

2. Left bundle branch block beat (LBBB)

3. Right bundle branch block beat (RBBB)

4. Paced beat (PACE)

5. Premature ventricular contraction (PVC)

6. Atrial premature contraction (APC)
Fudhuriiadaa i liddeyaeginniiqa 6 Suduusnuaziiuyiiafiionld iy
mauvalszian [3][4]1[5][6]

niwinmsuadyaifinileenduindery  awildndnudludmves
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SMSUMINATOUTIUY  (Testing data) Iasdeyadmsumsinaeuszlddmiumsna
g_mt'fﬂmwm‘ffegmwiazﬂ'cjnﬁwﬂmc‘f}%ﬁuiufwﬂmmmﬁlﬂﬂﬂuszw dudeyadmiy
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Training Testing
ECG Beat
Accuracy Accuracy

Type | Number |Correctly beat Number |Correctly beat
(%) (%)
Normal 1000 981 98.1 1000 978 97.8
LBBB 1000 981 98.1 1000 993 99.3
RBBB 1000 985 98.5 1000 942 94.2
APC 1000 951 95.1 500 489 97.8
PVC 1000 969 96.9 1000 942 94.2
PACE 1000 965 96.5 1000 956 95.6
Total 6000 5832 97.20 5500 5300 96.36
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ECG Beat Type
Class

N L A% P
1. 450 0 2 0
2. 542 0 1 2
3 8 2 4 1000 23 2
4. 0 0 0 0 974 0
5. 0 0 0 0 o | 549 :i':
6 0 0 0 0 0 447
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ECG Beat Type
Class

N R A L Vv P
1. 979 11 20 0 5 0
2. 11 796 42 0 0 2
3. 1 190 931 0 0 1
4. 9 3 6 501 12 1
5. 0 0 1 499 12 1
6. 0 0 0 0 971 0
7. 0 0 0 0 0 513
8. 0 0 0 0 0 482
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ECG Beat Type
Class
N R A L \4 P
1. 991 | 995 | 992 1 2 3
2 9 5 8 23 1
3. 0 0 0 0 - 01, 0
4. 0 0 0 0 0 996
Accuracy 99.13%
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ECG Beat Type
Class
N R A L A% P

1.(N,R,A) | 991 996 | 992 1 2 4

2. (L) 9 4 8 99! 23 1

3.(V) 0 0 0 o | 95| o

4.(P) 0 0 0 0 0 995
Accuracy 99.13%
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® Record No. ﬂmﬁfgtmmﬁﬁmmaaaa
®  Normal beat Record No. 100, 117, 212, 219 uag 234
® [ BBB Record No. 109, 111 ttag 207
® RBBB Record No. 118, 124, 212, 231 uag 232
®  Paced beat Record No. 107 i1a% 217
®  pPVC Record No. 116, 119, 219, 208, 213, 221 Loy 228
B APC Record No. 118, 200, 219 uag 232
o $nmoufiAvesdoyailadaiuningy|8aiqauu Basis i Orthogonal
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" udi 1 iy 4 nqu Ao {LBBB}, {PVC}, {Pace} uaz { Normal, RBBB,
APC}

= §ufl 2 MU 4 NQu AB { Normal}, {RBBB}, {RBBB}, {APC}
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Testing ECG Training ECG Training ECG
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14 Fisher’s discriminant 3200 UA¥¥ &y

Training Testing
ECG Beat
Accuracy Accuracy

Type | Number |Correctly beat Number | Correctly beat
(%) (%)
Normal 1000 989 98.9 1000 985 98.5
LBBB 1000 999 99.9 1000 1000 100
RBBB 1000 988 98.8 1000 952 95.2
APC 1000 966 96.6 500 494 98.8
PVC 1000 975 97.5 1000 958 95.8
PACE 1000 996 99.6 1000 984 98.4
Total 6000 5913 98.55 5500 5373 97.69
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M 5.12 wamsnondsziandygin Iddmale Milveyadmiumsdeussyuyuaaz 800

beats
Training Testing
ECG Beat
Correctly Accuracy Accuracy
Type Number Number |[Correctly beat
beat (%) (%)
Normal 800 787 98.37 1000 978 97.8
LBBB 800 800 100 1000 999 99.9
RBBB 800 796 99.5 1000 953 95.3
APC 800 770 96.25 500 495 929
PVC 800 747 93.38 1000 733 73.3
PACE 800 795 99.38 1000 984 98.4
Total 4800 4695 97.81 5500 5142 93.49

M3 5.13 mamsuondszandayana Iinialy ffideyadmiumsasuszuusiiaas 500

beats
Training Testing
ECG Beat
Correctly Accuracy Accuracy
Type Number Number |Correctly beat
beat (%) (%)
Normal 500 489 97.8 1000 970 97.0
LBBB 500 500 1000 1000 1000 100
RBBB 500 499 99.8 1000 942 94.2
APC 500 484 96.8 500 493 98.6
PVC 500 480 96 1000 862 86.2
PACE 500 498 99.6 1000 989 98.9
Total 3000 2950 98.33 5500 5256 95.55
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5.2.2 manfTeumsunaiuisen

msnffouifivunadt 185yl fusauanslunsms$reta Fal§35ms lumsii Beat i
uanemady msnfSoudisuseiifuszuumsi Beat 3918 8ou I ums s nadail Fuzzy
Hybrid Neural Network (FHyp-HOSA) [3]; multistage system using MLP (MLP1) [18];
multistage system using MLP (MLP2) [19]; expert system using Kohonen and SVD (SOM-SVD)
[20]; LVQ and autoregression AR MLP (MLP-LVQ) [21]; uag Fourier and MLP (MLP-Fourier)

(22]

= P ac A o Y q‘ Yy a
MIT149N 5.14 ﬂ'ﬁﬁ.ﬁUﬂlﬂﬂﬁﬂﬁ‘“ﬂ\l')ﬁﬂ'ﬁﬂu'uﬁuﬂﬂuwaﬂllﬂﬂﬂthl'l']'iﬁ1561~3ﬂ\3

Method Number of beat types Efficiency
Fisher-FCM 6 98.14 %
FHyb-HOSA 7 96.06 %

MLP1 2 920 %
MLP1 13 84.5%
SOM-LVD 4 92.2 %
MLP-LVQ 2 96.8 %

MLP2 12 92 %

MLP-Fourier 3 98 %

5.2.3 mannasanuyiiaveanau lrvhiiale

5231 mamalszamadiiviinile 7 ¥iia
msnaaosludauiiinszuumsmioumsnanesiiimn Feensoagy
MwnziBuavesmInanodARei
® Record No. ﬂjmﬁ”u;iymﬁﬁmmﬂam
®  Normal beat Record No. 100, 117, 212, 219 uag 234
® [ BBB Record No. 109, 111 ua2 207
® RBBB Record No. 118, 124, 212, 231 l1a® 232

B paced beat Record No. 107 1oz 217
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®  PVC Record No. 116, 119, 219, 208, 213, 221 1z 228

®  APC Record No. 118, 200, 219 uag 232

®  FVNB Record No. 108, 109, 114, 124, 200, 201, 202, 205, 208, 210, 213, 214,
215,223 uag 233

o $nuiiauazinnungudoyaifaddiuuinguldanga Ao 6 nqulu 4 ia

M3 5.15 wamsuvangudeyanau Infwiale 7 wiia soniilu 6 nqu lu 4 a

ECG Beat Type
Class

N R A L v P F
946 57 46 0 12 0 26
2. a3 943 950 0 1 4 6
3. 1 0 4 1000 24 3 14
4, 0 0 0 0 952 0 9
5 0 0 0 0 0 993 0
6. 0 0 0 0 11 0 347

o Snnuildvesdeyaiifladdiuuniingy1ddngaun Basis 1 Orthogonal
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Testing Data l Training Data | Training Data
N,R,A, L V,P,F N,R, AL V,PF N,R A N,R, A
Projection Data Fisher’s Projection Data Fisher’s
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to 4 new Bases discriminant to 2 new Bases discriminant
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15197 5.16 wamsuvalsznnaau I 1e 7 #iia Taul4 Fisher's discriminant 323U

WU
Training Testing
ECG Beat
Correctly Accuracy Accuracy

Type Number Number |Correctly beat
beat (%) (%)
Normal 1000 993 99.3 1000 986 98.6
LBBB 1000 1000 100 1000 998 99.8
RBBB 1000 993 99.3 1000 963 96.3
APC 1000 970 97.0 500 494 98.8
PVC 1000 952 95.2 1000 924 92.4
PACE 1000 993 99.3 1000 980 98.0
FVNB 402 347 86.32 398 272 68.34
Total 6402 6248 97.59 5898 5617 95.24
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® Record No. mmﬁmtymﬁﬁmmﬂam
®  Normal beat Record No. 100, 117, 212, 219 uag 234
®  LBBB Record No. 109, 111 tag 207
®  RBBB Record No. 118, 124, 212, 231 uag 232
®  Paced beat Record No. 107 uag 217
B pY(C Record No. 116, 119, 219, 208, 213, 221 1A 228
®  APC Record No. 118, 200, 219 tiae 232
®  EVNB Record No. 108, 109, 114, 124, 200, 201, 202, 205, 208, 210, 213, 214,
215,223 ung 233

®  VFW Record No. 207
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ECG Beat Type
Class

N R A L \% P F fl
1. 909 52 57 0 14 0 22 18
2. 91 945 936 0 0 2 5 10
3 0 3 7 999 26 3 18 198
4. 0 0 0 1 945 0 12 1
5 0 0 0 0 0 995 0 1
6. 0 0 0 0 15 0 345 8
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m3af 5.18 wanmsutalszinnaau Idnia1e 8 viia Tavld Fisher's discriminant 3Ry

FHIu
Training Testing
ECG Beat
Correctly Accuracy Accuracy
Type Number Number |Correctly beat
beat (%) (%)
Normal 1000 993 99.3 1000 986 98.6
LBBB 1000 1000 100 1000 998 99.8
RBBB 1000 993 99.3 1000 963 96.3
APC 1000 * 970 97.0 500 494 98.8
PVC 1000 952 95.2 1000 924 92.4
PACE 1000 993 99.3 1000 980 98.0
FVNB 402 347 86.32 398 272 68.34
Total 6402 6248 97.59 5898 5617 95.24
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ECG Classification Using Fisher’s Discriminant
and Fuzzy c-mean

Sayan Rakbanjong and Yuttana Kitjaidure
King Mongkut’s Institute of Technology Ladkrabang
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Bangkok, 10520 Thailand
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Abstract- In this paper, we propose a new algorithm for ECG
classification that is less sensitive to the morphological variation
of ECG. In the feature extraction process, the multiresolution
wavelet transform and autoregressive modelling (AR) are
applied together to obtain the feature vectors of ECG data. For
the classifier, we have applied the fisher’s discriminant and fuzzy
c-mean working as hierarchical clustering with a top-down
strategy. The results of experiments have confirmed good
efficiency of the proposed algorithm. The investigations show
that the method may find useful in practical applications for the
classification of different type heartbeats.

I. INTRODUCTION

The electrocardiogram (ECG) is a graphic record of the
direction and magnitude of the electrical activity that is
generated by depolarization and repolarization of the atria and
ventricles. One cardiac cycle in an ECG signal consists of the
P-QRS-T waves. The analysis of the ECG has been widely
used for diagnosing many cardiac diseases. The most difficult
problem faced by today’s automatic ECG analysis is the large
variation in the morphologies of ECG waveforms, not only of
different patients or patient groups but also within the same
patient. The ECG waveforms may differ for the same patient
to such extend that they are unlike to each other and at the
same time alike for different types of beats. This is the main
reason that the beat classifier, performing well on the training
data behaves badly, when presented with different patients
ECG waveforms.
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Several algorithms have been developed in the literature for
the detection and classification of ECG beats [1], [2], [3], [4]
which various algorithms used ECG beat in the same class
from only one person or record for training and testing those
systems, in fact it may be unable to use in real situation due to
above-mentioned reason. In this paper, we propose a new
algorithm for ECG classification that is not complex model
but gave a good efficiency. Fig. 1 represents the difference of
ECG beat in the same class.

In the remainder of this paper, an overview of preprocessing
algorithm for ECG data is firstly presented. Then, the feature
extraction through the wavelet transform and autoregressive
modelling (AR) is described in the next section. After that, in
the classification, the Fisher’s discriminant and fuzzy c-mean
are presented. The training and testing process for each class
of ECG are given next. Finally, the work is concluded and the
suggestion for the future.

II. ECG DATA AND PREPROCESS

In this paper, ECG signal from Modified Limb Lead II
(MLII) are chosen for processing due to they mostly found in
the database. The recordings are digitized at 360 samples per
second per channel. Each record has its respective annotation
file that indicates the class of the heartbeat. We select different
abnormal QRS complexes from several records. It is noticed
that, there are six types of QRS complexes appeared
frequently in the database. Therefore, we mainly deal with
these six types heartbeats which include normal beat
(NORMAL), left bundle branch block beat (LBBB), right
bundle branch block beat (RBBB), paced beat (PACE),
premature ventricular contraction (PVC) and atrial premature
contraction (APC).

In the preprocessing phase, the continuous ECG signals
must be separated into many segments which contain only one
heartbeat. The extracted data of ECG complexes are centered

;‘;‘ : 4‘ i ,I, IL ; ' ﬁ around R peak, we have selected the segment of 250ms before
E e i_, il S SN I 4 o ] the R peak point and 400ms after that with the R peak point is
: ; ks ; 2 the 90th point. The R peak is detected using the Pan and
. A LA BN Tompkins algorithm [5]. Thus, each segment must contain one
) ) ECG heartbeat. Fig. 2 shows typical waveforms of the six
F'g“”]'o'oN‘:?;‘“ll? .Cg.‘;”é gp:lz ;;ff'd o types of ECG segments described above.
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Figure 2. Typical waveforms of the six types of ECG segment.

I1l. FEATURE EXTRACTION

The recognition of heart rhythms requires generation of
feature vectors which represents the original ECG segment. A
good recognition system should depend on the features
representing the ECG signals in such a way that the
differences among the ECG waveforms are suppressed for the
waveforms of the same type, while the differences should be
emphasized for the waveforms of belonging to different types
of heartbeats. We perform recognition process of heart
rhythms on the single heartbeat of the ECG, proposing the
description or representation by wavelet transform and AR
model.

A.  Wavelet Transform

From the wavelet multiresolution analysis properties [4], [6],

and for any function f(k)e L*(R), f (k) can be expressed by
the approximation and detail wavelet coefficients
(1)

fx)= Za,,.,m,.(k)«»ZZd,nw,,(k) J > jos

J=fe n

where a,,, are the approximation coefficients at scale level J,
#,.,(k) is the scaling function, d, are the detail coefficients
at scale level j, w,, (k) is the wavelet function, and j, is the

finest decomposed scale level. For simplicity, the wavelet
coefficients will be written without the suffix n (e.g., a,, and

d,, will be denoted as a, and d, , respectively). More

detailed explanations of the wavelet transform theory and its
applications are found in [6], [7], [8], and [9].

The selection of appropriate wavelet and the number of
decomposition level are very important in analysis of signals
using the WT. The number of decomposition levels is chosen
based on the dominant frequency components of the signal.
The level is chosen such that those parts of the signal that
correlate well with the frequencies required for classification
of the signal are retained in the wavelet coefficients. Usually,
tests are performed with different types of wavelets and the
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one which gives maximum efficiency is selected for the
particular application. Therefore, the wavelet used in this work
is Daubechies wavelet of order 8, the chosen number of
decomposition levels is 4. Thus, the ECG signals are
decomposed into the details d, -d, and one approximation as.

Feature selection is also very important component, For
each heartbeat, the detail wavelet coefficient d, are usually
noise signals that must be eliminated and d,, d;, d, represent
high frequency parts of the ECG signal. Since the
approximation wavelet coefficients a, represent the main
feature of each heartbeat, then we choose a4 to be the feature
of each heartbeat. For one heartbeat, the original signal
contains 300 points, and a, contains 32 points. Fig. 3 shows
the wavelet feature extraction of some normal heartbeats in
record No. 100.

B.  Autoregressive Modelling

In an AR process of order p, the signal x[»] at time instant
nth may be represented as a linear combination of p previous
values of the same signal. Specifically, the process is modeled
as

)= 3 dlilxin- i1+ eln] @

i=l

where a[i] is the ith coefficient of the AR model, e[n] is a
white noise with mean zero, and p is the AR order. Various
methods are currently used to estimate the coefficients of the
autoregressive process. The criterion used to evaluate the
model order selection in this work is ARfit method [10].
Eventually, we select 4-order AR model to represent each
heartbeat of ECG signals.

C.  Generation of The Feature Vectors

The feature vector is composed of wavelet coefficients and
AR coefficients. For each ECG heartbeat, the original signal is
a vector of 300 dimensions {y), ¥3, .., Vo). The wavelet
coefficient for this is a vector of 32 dimensions {w;, wy, ...,
wsa}, together with the AR coefficient vector of 4 dimensions

—-+——JL~_.J—~

|
Figure 3. Wavelet transformation of normal heartbeats in record No.100.
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{ay, as, a3, as}. Then wavelet coefficients and AR coefficients
can be concatenated together to form the feature vector {w,
W2, ...y Wiz, @1, @3, a3, aa} for classification.

IV. ECG CLASSIFICATION

A.  Fisher’s Discriminant

Fisher’s Linear Discriminant (FLD) [11], [12] is a widely
used method for feature extraction and dimensionality
reduction in pattern recognition. Fisher’s idea is based on
seeking projection direction W that separates the class means
well (when projected onto the direction W) while achieving a
small variance around these means. Mathematically, FLD
selects the projection W in such a way that the ratio of the
between-class scatter matrix and the within-class scatter
matrix is maximized.

For a c-class problem, the between-class scatter matrix is
defined as

Sy =2 N,(n, —wn, -p)’ 3)
i=l
and the within-class scatter matrix as
S =2 2 —m)xe 1) )

i=l x,eX,

where p, is the mean samples of class X; , p is the mean

sample of all classes, and N, is the number of samples in class
X; . If S, is nonsingular, the optimal projection W,, is

chosen as a matrix with its orthonormal columns that
maximizes the ratio of the determinant of between-class
scatter matrix to the determinant of within-class scatter matrix
obtained from the projected samples, i.e.,

. s, w|
=["‘"| W, “'m] &)

where {w, |i = 1,2,...,m} is the set of generalized eigenvectors
of S; and S, corresponding to the m largest generalized

eigenvalues {/L |i= I,2,...,m} , where

Sw, =4S, w,, i=12,.. (6)

sm

B.  Fuzzy c-mean

Fuzzy c-means (FCM) [2], [13] is a data clustering
technique wherein each data point belongs to a cluster to some
degree specified by a membership grade.

Assume that the vectors representing the data under
classification are denoted by x, for k=12,..,p where

p =[x”,x,,2,...,xh,‘,]jr € R". Let these vectors be partitioned

into ¢ clusters, each represented by the center
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vector ¢, =[c,,,c,2,...,c,~]T . Denote Ue R”, the partition
matrix of the elements u, represents the membership degrees
of the data vector x,(j=12,.,p) in the ith cluster
(i=1,2,...,¢). The fuzzy clustering algorithms will search for

the partition matrix and cluster centers such that the objective
function E is minimized

E= iiu;dz(xf.c,)

=l y=I

(7N

subject to

(8)

Z”u =1

i=l
for(j =1,2,..., p) . The parameter m controls the fuzziness of
the clusters (typically m=2). The function d(x,,e,) measures

the distance between the data vector x, and the center ¢, of
the ith cluster.

9

d*(x,,¢,)=(x,-¢,) (x,-¢,)

At the given data vectorsx ,, choose the number of clusters ¢,

the weighting coefficient m, and the termination tolerance £ .
Initialize the partition matrix U randomly in such a way that

conditions Zf_luu =1 for all vectors x, are satisfied. Then
iterate through the following steps.
1) Determine the cluster prototypes ¢, (i =1,2,...,c)

P

UK,
¢ =L (10)
Z)‘-lu‘f
2) Compute the distances d,f,(:'=l,2,....,c and

Jj=1,2,...p) between the input vector x, and the cluster

centers ¢, using (9).
3) Update the partition matrix u, entries (i =1, 2,....c and

j=1,2,p)

1
u, = ; d,j I (11)
R
"

d

If d, =0 for somei=1/, take u,, =1 and u, =0 fori=1,

iterate until UU' -y " < ¢ for two succeeding iterations.

V. EXPERIMENT AND RESULTS

In the experiment, twenty-two difference patients taken
from MIT-BIH arrhythmia database [l14] have been
considered, patients numbered 100, 107, 109, 111, 116, 117,
118, 119, 124, 200, 201, 207, 208, 212, 213, 217, 219, 221,
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228, 231, 232, and 234. The ECG beats being classified are
separated into two groups: one used in the learning and the
other used in the testing mode, each feature vector of ECG
beats is a vector of 36 dimensions from the feature extraction
process described above.

A.  Training Process
In the training process, the ECG feature vectors prepared for
the training are processed by the Fisher’s discriminant

technique in order to seek new basis vectors {w, li=1, 2,...,m}.

After that each of the feature vectors is projected onto the new
bases corresponding to m largest generalized eigenvalues

{2, i =1,2,....m} . The number of the m new bases is obtained

from the number of vectors that give the best discriminated
class when using FCM. From the experiment, six types of
ECG according to Normal, RBBB, APC, LBBB, PVC, and
PACE type are trained. However, by the FCM, only four
clusters give the best separation in the first place. Therefore
the process should be multistep clustering based on top-down
strategy called hierarchical clustering.

In the first step, the FCM roughly separates all ECG data
into four destined clusters such that Normal, RBBB, and APC
are in the same class and LBBB, PVC, and PACE belong to
the individual class respectively. In this step, the ECG feature
vectors are projected onto 3 new bases by the Fisher’s
discrimination.

In the next step, Normal, RBBB, and APC beat types are
further separated by projecting onto 2 new basis vectors via
the Fisher’s discrimination. In this second, the FCM will
separate these three classes into four sub-clusters. Where the
RBBB type composes of two clusters due to the distribution in
this class.

B.  Testing Process

In the testing process, the tested feature vectors are
projected onto the 3 same bases as done in the training mode
based on Fisher’s discrimination technique. Then, the
distances between the unknown feature vectors (in 3
dimensions) and the centers of each cluster (4 clusters) are
calculated to classify them into the rough class. If they are in
the mixed class (Normal, RBBB, and APC), they must be
further classified by Fisher’s discrimination and FCM again,
otherwise the vectors belong to the single class.
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It is interesting to compare the obtained figures with the
results presented in the literature by using different methods of
beat classification. The comparison of proposed method with
the different methods in [2] indicates high efficiency of the
proposed approach.

V1. CONCLUSIONS

The new technique of ECG classification utilizing the
multiresolution wavelet transform, autoregressive modelling,
Fisher’s discrimination, and fuzzy c-mean has been proposed
in this paper. The feature sets have been carefully chosen to
provide enough information and good accuracy. The wavelet
transform is used to extract the ECG waveform features.
Simultaneously, autoregressive modelling (AR) is also applied
to obtain the temporal structures. The Fisher’s discrimination
and fuzzy c-mean are used to reduce the dimensions of feature
vector and to classify the ECG beats respectively. The
proposed algorithm is less sensitive to the morphological
variation of ECG. The results of experiments have confirmed
good efficiency of the proposed approach and also give good
accuracy.
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