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This thesis proposes three image segmentation methods based on the level set
method and prior shape knowledge. The proposed methods segment better than
conventional segmentation methods using the level set method with and without prior shape
knowledge. In the level set method, @ segmentation curve is represenied by the zero level of
the level set function and moved by the level set equation. The PCA basis calculated from
the training shape is used as the pror shape knowledge in this thesis. Three segmentation
methods in this thesis are 1) fine funing segmentation curve after shape esltimation, 2)
segmentation with intensity adjusiment alter shape estimation and 3) segmentation by
adjusting intensity during estimating the shape of an object. The first method is used for
segmenting homogeneous objects. The two latter methods are used for segmenting
heterogeneous objects. The intensity of the heterogeneous object is adjusted so that it
becomes homogeneous. In the experiment on segmenting homogeneous objects, the first
method gave a better performance than the segmentation by adjusting only the coefficient of
PCA basis. In the case of segmenting helerogenecus objects, the second and the third
methods yielded highly accurate segmentation. The third method segmented better than the

second method in most cases.
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(2.1)
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51197 M Win9A W uEAD I sN AN
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[ %

4. gnunsoin i iudeayaunAanadnaamialan s

Initial curve True curve Reconstructed curve

Splitting effect

Merging effect

917 2.1 flymnissansiauazuansaasdulaanldqaantn (x, y) Tunisuanadulsa e

WunuLdaudulAansasn1suazidud seugnaidulpangnnnsnasatiule

Fsnagavnammiudanasuanaudulas Ct) Iieglugiuasinuia (Surface)
AARANINNINAN 1 DR wazAlulR Wwdtunusadeaidy @ TelngnfazianulFidn
Signed. Distance -Function-feenuluannisi (2:3) 1ae d ilussaznieann x lddadu
IAe Ct) Tna @ azfAnduaunieludulse Ct) wazdatduuannauanidulss C(t)
pananslugiln 2.2 Tnaduldsiaulavzaduliuiisdauns Ct) UNITUIL X WA Y 299

y A . . . o
gﬂmq‘fmﬂm TILYNIWUUILUIL Z =0 294 Signed Distance Function Tugﬂmmm@

v

iraLfludunauiininie Signed Distance Function i Ausiiisias

d(x,t)=+d (2.3)
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®, +V VO =0 (2.4)
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a & al/ A rdl dl Y o é’
NFLALIUR UUAANWAUNADNURIANNTTN (2.4) LL’&G’N1@®Q‘H

V VO =ud, +v®, + WP, (2.5)

naNnNan . (2.4)ndrunsnudlatlogualy Discrete - Domain Wilaaldignnsdszaunuen
anius delaevialilannsodszunoulé 378 Aa First-order forward difference, First-order
backward difference Way Second-order central difference Aananalugannisi (2.6) 04

(2.8) AMNAAL

D'® = 62 ~ (I)i+l _(I)i
OX AX
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D —P.
X X
DOq,ai’zM (2.8)
OX 2AX

Waldnistseannmuannisayiusuiy Forward difference (ANN197 (2.6)) @unsilian

ann9n (2.4) T ladlu

(I)n+1 _ (I)n
At

+V1.VO" =0 (2.9)

o @", V" uay VO A9 analmaiandi ANt uan LasinsauFaadiaia L
HIFFUNNAY t. ANNAAL AL IAANNNITAIBURUT L TIN WA LA LN AT AN ANNNIT
n q
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L A 3
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nadi 1 u; > 0 lunseifinaesianaaiduinisaaannanndraliaanmugla 2.3(n)

HuABINaIazgNUNIHIAINdayanIde (@, ) AsuunIanayiusIaensiiayld First-

order backward difference AMN&NN199 (2.7)

nstif 2 u, < 0lunsailAnvadawngEaieiduanisaaeunannaan lidaningila 2.3(a)

TurinueaAaiLNSN 1 NavnayRugaz 1493 First-order forward difference AuaNN9%

(2.6)

ielumsindeuiizecanamaiaiudullatgniesindufesimuniulssesaunis
wnaalfidullnuSeulaes Courant-Friedreichs-Lewy (CFL condition) Asnvunls
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Al
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—
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) ) )
(I)x—l (I)x q)x+1
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D.®=D ®
) ) )
®X—l (DX ®X+:|.

(2)
31l7 2.3 N3auamnANeyRuSIag 14 Upwind Scheme

AX

A =S
- max{u[}

(2.11)

v
o

Au3ulunstlaudfTuANI8s At A3NAINARINANNITN (2.12)

- min{Ax, Ay, Az}
max{1\7 ‘} (2.12)
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1981 b ABANANN N LEAIBNTNATBIANANNIAG & AaAIAIINIAIDENANANN1T (2.14)
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2 2
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®, —bN - VB =0 (2.15)
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NV =22 vm—'v—q—:wq (2.16)
Vol T [ve)

TUARANNN9N (2.15) anunsataieslvad Loy
®, —bx|V®|=0 (2.17)

\esan ba|Ve| luaunsi (2.17) 1 Parabolic term sinliin1sAuInimY
] (7
auius liadudiasld - Upwind Scheme: @vluiiiazlddsnaslsynnninuy Second-order

central difference ANNANNIIN (2.8) Tun13Uszuntumt VO uwaz k

TunnsaAIpaLaeaNnNIda NI TN lAlaanag ) First-order Forward Euler
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q)l']+l QI’]
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! © o o A
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(Ax)* +(Ay)® +(Az)®

At < (2.19)

2b

V (k)

V()
b>0

(n)
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AUUANTINNAFIRNNAUN LAY TuRaA NG 9980N19a A LA NI HANNTDLE A9 1A

1ngl

Vo an 2:20

N : o 4 o ata}
WaunuArAnmsaluannisi (2.20) agluannisianatanazldannisanamlen s

¥
A a o

4 A o 7 v; P
AR UNAILAIMTNLTIANRINNLNLNIANE
®, +aVP|=0 (2.21)

Taamorndn a anursadlulsisunnuazay lunstin a>0 lWuAauving

dl dl clla al o o—ij/ -l dai Y o 6

1WA AEAAZIAAAUN AR ANIAATLINmasHIaIn N Tunstif a<0 @upausing
dll Q" a o U [ O‘:J/ "1 da‘l

YRR AL AL AR DU TUT AN IR AU AUt RasFeann N dazlunsdin a=0

Harduanalmnaz il 171Aaaun Fatn91addulAINAAauN A8 AINITIATNANNNTT

arusnuanaléilugiy 2.6 Tnedanuunli a=0.25 @ulAsaaiaeannINna ity

W lidnesani1suAgannIg ani9h (2.21) annsadeuwludleduaunii (2.22)

a®, a®, ad,

VP = ,
et Vo|'[va| [Vl Ve =0 (2.22)
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100 100 100
50 50 50
0 0 0
-50 -50 50
19900 0 100 oo 0 100 oo 0 100
100 100 100
50 50 50
0 0 0
-50 -50 50
1900 0 100 %00 0 100 oo 0 100
100 100 100
50 50 50
0 0 0
-50 -50 -50
%00 0 100 %00 0 100 Qoo 0 100

dl tﬂl ndl ¥ 1% ya a (=3 4
gﬂ‘V] 2.5 nMaAfaunuesdulaAsng lraninarasaniFiannAnlAg

100 100 100
50 50 50
0 0 0
-50 50 50
1% 0 100 %00 0 100 oo 0 100
100 100 100
50 50 50
0 0 0
-50 -50 -50
1990 0 100" %o 0 100 %300 0 100
100 100 100
. 50//§//\J// \\\/\\Z\\ 50/j?/rA\// \\JA\\}L\
0 0 0
_50 .50\&\ fj .50L ﬁj
1% 0 100 %00 0 100 oo 0 100

v
o

dl dl ai % va a < dl o ¥ %
gﬂﬁ/l 2.6 N9iAaauNTaddulAN g lFaNENaTaIANNITINAIRINALLEUTAS
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Tunstilazwidn Upwind scheme la@nansninunldinaAuaneayiug

A mFuudannig (2.22) 1 1lesanAtaaiaiusazaumbitevanaanieiduasaueg

o

uAreyRUTNAaINITazlszinniAn AnduiafiatsounTunu x taeld a> 0 wanisaii

a 2‘ va i// o dal
@WN’]?NLﬂﬂ%Mi@NVNMN@ 4 LULANU

NN 1 @, >0 way @ >0 lunsiilianariaistduazinfaun ln1saandasnsuanslis

(39 2.7(n)) @ azgnianldlunistseaunnuAayiusmnu Upwind scheme

NIl 2 @, <0 uar @) <0 lunsiiliaariaisiduazinaaunlinieiaie U 2.7(

7)) ®; axgninunldlunisdssnanrnayiusnIx Upwind scheme

1 ¥ v
N3t 3 @; <0 uay @) >0 lupsillAraausesanamaistduiluldisuanuaza

M bilaiaunsn’ld Upwind Scheme lunigilszunnsdreuinusé (319 2.7(m))

1 ! v
NIt 4 ®; >0 uaz @) <0 wAtIiUNTUN 3 AAINTITasaamANeiduulE

uanuazauyinliliannsn’ld Upwind Scheme lunastszannupnayiud é (gun 2.7(1)

a

% °

389n13183 Godunov [29] Tegninunldlunnsdastlsyunurnanyiug Inalu

a

o o J o &

nemziflugdsa - Vasuandlugln  2.7(p) Aneyiug

a

dd‘ & o al
NTEUN 3 LaLaLaaNIn Tz

£% ' '
! | =

o 1 d’j = A o 1 Al o % [ o a A 1 =

Auiatiacsas Ay 0 Wesinaumisiiane s adraiuqaniineau deliaasinig
waguulas oo e dmiulunaiin 4 W wnamaiaidussidneunduglde v nduin
Aauanlugi  2.7(9) TAAIEALATLNUNIARUAINABILUAIN U HANIWLAY uAaAN

2 1
= a ' aaa

AYRUS W AUNNTAZHANINAL @ ¥3e @, NAENENANINTIGA WTaNTIUIANINTIAA

q

1ULBY NIMANBURUEHREREN19989 Godunov dadnsnuandiiuannisialy A

—

DX<I>)2 ~ max(max(D;(I),O)2 | min(Dx*tl),O)z) e a>0 (2.23)

—

DXCI))2 x max(min(D;(I),O)z,max(DX*(I),O)Z) Wa a>0 (2.24)
Avsuiaularessn At Annldnsudaunislianasna

AX Ay Az

At < + +
Hy  [H,[  |H|

(2.25)

IneH,, H, uazH,; An ausiudaes alV@| Wauiy X, y uay z AMuaifu
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ANHIULNNIINNFIIDUALIALTATNINTY nisUsranniANaYRUE
V(®,)>0V(®@!)>0
o —
o (Dx+1 DX(I) = Dx (I)
(@)
(I)X
(I)x—l

V(®@,)<0V(®))<0
— —

(¢]

(I)Xi1 Q DX(I) = D:(I)
D, (o)
q)x+l
(1)
V(®,) <0V (®)>0
—
° D®=0
(Dx—l o
e (I)x+1
()

X

V(®;)>0 V(®)<0

° D,® = arg }max(N((I)x) )

@ DD

N(@))

@)

X

o
S

X+1

(I)x—l
()

917 2.7 nsAuanmnAteyRus Ina 1995989 Godunov

o a ad a L .
2.2 NSATUUAAANNLET T8 USLIUANUEY @ %0 (Velocity Extending)

o @ = = o = = Y o
Lu@wfmmmmmnmwmLiﬁmmnquugﬂuﬂﬁmmL?’Su‘im 7oAl @ =0

o Lg%

v v 1 ]
Wit seueIanfdufaanivuaa i lEAUNUR ol aan i AuAuTAae T8

q

=D

N

e

1
a

N1UA AT TRINURINAIUS (X, Y) HAWVINALAMNERINANARILIULAEY
Tnamseaziintlyman Auianldasliiduanamaieaidununfauldluauniad (2.3) i
TiAansasuulasetinesaniie i Aundelndnu @ = 0mugUit 2.8(n) Teananali

dl dl a a b2
nsszNNNTARR U AANRANAA L6
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a o

(@) NuRauasanN12a5141unlae 1433 Fast Marchin
g

Malladi wazAny [6]  IAEUAAEN1ININUARINNLET ITTLLFNN @ = 0

Tnaliaanidangnle AAavinfunsiudanenduldenlnddunnign vive

I:ext (X) > I:con (X}/) (226)

A
=

Tag X, e{x:®(x) =0} haz d(x, ,x)<d(x’, X)) (il X'e {x:®(x) =0} RGP L

anNITANUN AL AN InA AL A U A AR ST UNINNI

2.3 n1sAsaNuRL luNa g ulAstla (Reinitialization)

yanaInnNIAMUAR RIS It FeRasun e luiaded 2.2 udadu nis
WAsuuadetnesnEe o suwedilngsu ® =0 anaudleldlaantsaine @ luann C
mﬁqqmmﬁuj Lﬁ‘ﬂﬂ@’mgﬂﬁl"]\i’ﬂ@\i ()} ‘-lzﬂ'@?;ljL‘]J?QIHMLLU@\‘]?J@L‘ﬁﬂ‘l&“@ﬁﬂ@ﬂﬂ’]?ﬁ (2.3)171'
aztien iAdldddudiassre @ e € deslneialtaeiiuunliinieaiaais
waaiduludlunne n saunisAtuam ngA1 n g1N13nnuNe liRINAININ Iz AN

AM5UATNN985 @ Tustanusanin ldlneinisuiaunig Level Set

0
ot

UanaNRTI NN aue I FNuN Ut AT AU LA TIAL5IAaT  Fast

= sign(®@)(1- VD)) (2.27)

¥ ] 1
Marching Method WUIAAL893TNNTHAS d519aNN1TTILAASTNNANT IE lunsiAuN19T89

Eulaatle C TaaniuualidulfeBuimuni1anman T =0 Teannisvinluanunsouanals
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ANNANNNTN (2.28) Il T uaz F ﬁfaLfammemmﬁqﬁm"%muwmj Aelulauuees

o o dl ¥ gd % g 3| = 1 1 d} 1 ?.'/
NN ZQ'TWJ‘UNﬂuisﬂluﬂqﬂﬂ@mr]’]ﬁ‘uﬂﬂ F siasdaiduuanviseauatnelaatnenilawiniu

VT|F =1 (2.28)

'
a v

ANANN9N (2.28) aziiudnd i F = luazlfidulsatlaFusunaidunaudiofiniwmia

Audres ® azlddnAineuredannis T Nqalac ariAwinduszazn1endungaanidu

TAaTlnlidaqaiin FelaanuuuieAtafuann1i (2.27) atnslafianunisuiaunig

fludamnaasafvranieludulasdatazniguaniduldstla 4115 Fast  Marching
@ aa = Py 4 Py % - y

Method 1{l1agnnsuilslunasuiannisil tae 1R an1suiannisazanununsuiaun1suLL

UL ANNANNIIN (2.28) an1uualyd F =1 ga1unsalauludlsiduannisd (2.29) da

aunnsnumazine (i, j) aziluannisniaedes (Quadratic equation)

2 A
X y

Juaz T, =min(T, ., T, ;1 ) nsufannisfi (2.29) dwiumn T T

el T, = min(THJ T

i+1, j

RN AL E IR G I R L re

N3 1 T, § Alive point fraiagaieunilaununilaviniuannisi (2.29) awwnsnida
Tnadlondlu

T
[JA_J | (2.30)
XS

Taei T, =T, waz Ax, = Ax lunsiiiqadnaAesaes T, agluuni x

T, =T, uar Ax, = Ay lunsalnapdaintaes T, agfluunuy

annI97-(2:30) daassavnAanauldiiu T =T, £ AX A9RIAELAINNAL
2 v @ T oA A ol a G A :
gniaenldliduen T, tuillesaininatzesqaivinsainaaniiinuinndndeniauinnds

qANaLUN9AINgANILEATIAENILAND

ngeu? 2 T; { Alive point daimsarisaesuny azldaunisi (2.29) lunsmAneulngd
Tananazldapauiugudiaasainey soraiansiinainauldifluliaueulaves

srul AdlufasdnisuA lensnisvenauialidull iy Renlaaaszuy Henuld
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o (T-TY (T =T Y 231
(r”)_ AX " Ay '

'
=

d1 P(max{T,, T, }) > 1azl& T, <max{T,,T,} Fadudneuiinanainla

dluldanuRewlaresssunifiasaindiaes T; azfesnnddnilegieuane ienazld
AmeuiduldpiuReuly wadees T, A wnazgnavilluazazAiamumian T, a1n
annf (2.30) unw dowlunsiddl P(max{T,, T, }) <1 AmaLaasaNnisi (2.29) azdlagaas

o d@l o 1 A VG o
ARIAL mmmummn%gnL@ﬂnlmﬂummmm Tij

auFudumnenluni1suiaNnisfaeas Fast  Marching @1313ann AR

v ¥
Tunausasialilil

1. Initialization

1.1 AuuannanudulAsaEusu C i Alive point

17

1.2 Iandnaiags (Neighbor) aag Alive point kw4 Trial point

q
|
A

1.3 el,ﬁ'ﬂmﬂujl,ﬂu Far away point

2. Marching Forward

2.1 AuatUuAN T 999 Trial pointmnmuma‘ﬁ (2.29)
2.2 1aafiflen T fenfigaulu Alive point

2.3 1WiqadnatAe (Neighbor) 184 Alive point aalusiilu Trial point

2.4 dwmnandalaiidu Alive point nauldEuya 2.1 Ty

a q

nsuitloyulnes fast marching @unsnudnalasaaiy 2.9 Tnelusaasing

u

|
Y a L% b2

Y = = A ' Y o
L@uiﬂ\iL?Nmu@ggﬂLL@ﬂ\iﬁrJﬂ“}ﬂLWﬂﬂ 1 R (’ﬂqﬂ‘ln‘]_lslugﬂw 2.9(n)) AANIATINLAENTBNFA

=Dhe

{
a

Guazgnuiudlu trial point uazuaAn T annAngedqaiEasuLanlngqndmilugli 2.9(2)

o Zj/ 1 dl £ d' . . 1 v . . dl 1 .
WAIRINUIUATas gAY trial point Insiazgnusn il alive point iasannlidiqn alive

1
o

v 1 ¥ 1 ¥
point lpanunsa i uudsildaindnianudn am alive  point lnainlatazgnldlunig

a

] ¥

o dl 1 ¥ a o o dl . . dl
ATINe N ANTesqAdnaAtsTeaTuALans gl 2.9(p) qa trial point Tudildannen

wanslataeqadinilugiln 2.9(1) Walidqn trial Tnaiifinluainqe alive point NXT9MN

q

>

1 3

o =

& qandAANgalunguues tial dazgniiudlu alive point lusuanslaaqainulugili

u

v %
= 1% = o

2.9() NAIRNUUAA trial axgNAFINTUAIAAITUILN 2.9(R) A11FUqA trail NagdaiAeiy

a a

[ 1
1 %4

A ) al il P, ' o o =
"’3@ D 'Q::L‘]J@Eluﬂ'fluﬂimwﬂ’ﬂﬁ:ﬂmi@@’]ﬂD HUATUAENIN W@\?W’]ﬂuuﬂﬁzﬂquﬂq?ungﬂ

vl Fes ) aunsyivaannaaneulamunanlaianiuzidu alive point
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7U7 2.9 FiaeeinannaAIuanilagia fast marching

\avaandulAanasliaiae signed distance function inazlidneag
Wia (x, y) Mduanuauisiaznisuiannisi (2.28) 1nedd Fast marching azlfA1Amay

(FzEN8) RNIZANNA (X, y) MiTuaruiulfnmngu naun1sade  signed  distance

1
Yo Aa o a ¥

I ' 0w a o - =~
function "WIQ']Lﬂum'ﬂ\‘]ﬂﬁ‘gﬂqMﬂqﬁzﬂ51’]’]\11VﬂUWﬂﬁVI@%1ﬂ@ﬂUL UIAINTZAL AL Iuﬂ?m

a

N174514 signed distance function arnt&ulAe aneiznisanssareudulAisdnusoutialé

W 5-Anemuziuandlu gu9 2.10 B9aFlundsussunnissagnIsTesing (x;y) Al

o o A ~ Y A A yuisz o

nadit 1 TunstinidulAsiingnnedadagili 2.10(n) Aeqna p dqadraAeangnidulisdua)

= dJ 1 dl a 1 o =K L2 1 16) & dl ildl

WWeNuTleqA ANszaznIenan p azliAwinAy s Tauddaen s azldldezazniilndngaann
o 9 aw . ¥ = a9 = v oo A

qm p lUgndulAs udilesanszaenisresqandamesaes p nanfuniseadulfhesseay

qauudulAsqaineniy dupenisliszesne s un p azlivinliduldenidesiaeglu signed

. . dl o A o 1
distance function NTEALAUEINARNN upidalal
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9 A = ¥ P 9

Al Al v = o o A = Y o \
nIin 2 Iuﬂ?mmL@uiﬁ\mmm%‘lmmgﬂ% 2.10(2) ARAA p N"\ﬁsll']\‘]l,ﬂﬂﬂwgﬂl,@uiﬂ\‘]ﬁuﬂ%

Q Q
% 1 1

ae3qn tnsaesqailieg uiunfeniu Arszaznianan p sz ldainaunisi (2.32) tne

2 2
BROE

| '
a 9 Y o

nseidl 3 lunsaiduldeiinnganesiadiagiln 2.10(p) Aeqa p HqadraReasngnidulfiaiuag)

" <
d ARTZEIZNNNAR p

ANNAA ANTEZNNNA p Az bHAINaNNIaT (2.33)

2 2
(Lj + (9] - 2,39
min(s,,s, ) t

1
= 9

Al NA Yy ey A JIs P p ~ Y = Y o
nIin 4 sLuﬂ?mmL@uIﬁ\?Nﬂq?qqﬁmQﬁ\? 71 2.10(¥) ARA P N'ﬂ@mqﬂLﬂﬂﬂwgﬂL@uIﬂﬂﬂuﬂﬂ

u u

1 !
a

v 2
a999n Ineivaesqailog lulualanaiu AszEEn19nan p Az ldainannisi (2.34)

d = min(s,,s, ) (2.34)

v
[ ¥

nstid 5 TunsaindulAsiinnaanssonaglil 2.10(a) AeqaadnuAeynqazes p gndusioedu

1A Anszazneian p aviliaanannisi (2.35)

) () =

2.3.1 #@ddasn (Heap sort)

1 ]
4 = aa

35013 A T Nlasngantan ] ludunaui 2.2 Aedaslbaasn wagannld

q

o = dll A [ 2 9;/ dldyd o ¥ ai
nisAuanuies O(log(N)) e N Aaatuaurasleyaiaun s luntipaaiuiudeyan

aglungu trial deyaazgnifivludnsuzaessiulduuuminia (vinary tree) na1Aa usay

s

Tuuswie (parent node) MeNuny k agdlinagn (children node) A89AANANLMLS 2K LAY

'
a

2k +1 Tnaiungnazfiesiian T uinndnluuanaiane dupsAntaangaaes T lungu

294 trial - AB AN T ARumids k =1 nisdniasdayaiva iiluliauReulaassniaiy

¥ 1
o a o aAa

¥ = = 1 QI ¥ [ % o 9:/ dl A
%@H@LLUUEI‘]JN@\TH wagannuAn T Tudinuidunvasainnisatuansluiuneun 2.2 Ae

A T Tudazunun T dnlunstinen T duelungu trail agudn udazsadina T 1eq trial

o

1 v v
agavingTunsdiian T davidlu far away point ndsanniuen T Tulazgnufsauiay

Juen T Alnuanaveaadiu d1dudeAdasndi muanauessds Sufazaduaiwuadiuliueg
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Waunu uarargnuFaumauiulnuane lududaly s

Azat] o AuaANsiel

'
v a

317 2.10 Anwuznianedazasinaanuuin Indiduldnganiiulhl/ldvomna

Iugﬂ‘ﬁ' 2.11 LL'MNﬁ’)’ﬂﬁi’mﬂ’]ﬂﬂ?ﬂlﬂuuﬂ@ﬁﬂ’]ﬁhG‘ﬂ\‘i’ﬁﬂu”@Lﬁl@ﬁﬂ%‘ﬂﬁlﬁ’}
109 T Tmﬂgﬂﬁ' 2.11(n) memm‘”mG“m%mgm?uﬁmmu%ﬂ gﬂﬁ 2.11(2) WanaNng
Waguulasdn T lulvuai 6 (Tuumﬁﬁmﬂ,wm) nANANAS 3.1 111 2.0 wana A1 T
Inifiduanddlulvnd 6 A T = 2.0 Fafieandnaifinbe T =3.1 Andudegnunuiiday
T=20 ﬁumﬂugﬂﬁ' 2.11(2) WeFeudn T Alvuns 6 Aulnuane (‘Euumﬁ' 3) WUIIAN
104TuAgNiAITaENd, ﬁﬂﬁﬁmmﬁurﬁﬁLLmiqﬁszmTuum%mmﬁqLmeﬂugﬂﬁ 2.11(

A)

2.4 N5UssgnA MILALIRLER LU ULLNEI U

nsuLNdaunInAanIsuENA nIesingaulasananaInuaisedngand

q

Tajaula dalpesinldudnnaedngiaulagiuisouenaanainaInuad b lasanAauaunIn

q

Falutdnamanuduinisasuwlagatinasmsy @9 Malladi wazAtuy [6] 1w L g

fayar090UN MHNHENANTITeEulALedun N ad1glaAmudiasiinanung
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=

a 1 a o = a o ° b4 1 o ¥
ﬁumﬂummmwmmu NTANTNHATU U TLUNIUAN V]’]SLMLLN@’]N’]?GM’VH@N’J@%@\‘I

v o u

2aun NN IS Tunstddl Chan waz Vese [8] IoHintauanisienuadida1aabdulAauLig

'
a 1 a a

dnulnal Tnesvany g udnusnuniuresingainbaoiuasdanifiuisedanindiass

&9

o A ¥ dl v o
iU Ui ANEdun lnaAesi

T =0.6 (i=2, j=8)

T=1.3(3,5) T=23(628)

T=20(4,5) T=3.0(4,6) T=31(27 T=29(3,2)

(n) nsiEedayauULE
T =06 (i=2, j=8)
T=13(3,5) T=23(628)
T=2.0(4,5)

T=3.0(4,6) T=20(2,7 T=29(3,2)

(@) A7 AsANYIeIRNTN L trial
T =06 (i=2, j=8)
T=13(3 5) T=20(2,7)
T=20(4 5)

T=3.0(4, 6) T=23(6,8) T=29(3,2)

(A) N3dnFesdayanaIN9LsurIne s a1 e sm

9171 2.11 fhedmsapnuilawinasdpsusdayaunudilednndaaunlasdaya
a [
2.4.1 MIULINAHNFTIANUBLAN

WUIAANLFIULEY Malladi wazAniz [6] Ao aFudulAsiiniiindeunanin

%

pdiFaannglneinagaudadulfsilatiazfasnganunnmaunindaduisiauniuie
o A o & v oy 4 Apva a = = °
Fagnaulasanainainuas duae Wuldsassaziadaun i luisnandanuiluaausi
= @ v a P A o = -
wazdiaaaidadeaninluusnamianuiiuaeugs wanuaes Malladi BlildAnsmaue

(Gradient)  1un17uaA9AM NI LARLABIAIN N1FRLNNAINNLTIUDLFUIAIAI T3 19

3
c o A

AHLFadulAl AT ua AUaIAN TR F9Td
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kK, (x,y)= ! 2.36
T 14 |VG, * 1(x, )| (2:30)
vide K, (x,y) =e Ve 100 (2.37)

Taer k, AamronuFaaaadulienldainnan G, Aa fansasinidid@eu (Gaussian Filter) 73l
ANANNNLLSL99% (Variance) o MU5UANNNTLANA AN 1 1NN TLLNAIUATNAINTDLEAS

16satl

®, +k, (F, + Fg)|V®|=0 (2.38)

{4

Tt Fy AaAtpuiEafauniuanlAsesvumte o deauaiuannisi (2.14) wadaauiio
Hflugdausnudulaalinmen @y (Smooth) wazldwansadraauiiull d1aunisiama
saanalilludaaiani linisudedauniniianisasaniananaldfsgii 2.12 Tnaay
windn lusndngndnnsasuilasasadidugs @ldmisdnaiie) dulduisauwia

o o 4 1 ] a dal 1 o o < -dl-dl o ¥
nsuanfnauin N suiedauin e ueenemin 41usu Fyifluaonudiasnnansnsaliuls

FINANNIMNNTANINDATNANAATENINIAINTIRINN N K, wazpadiFaandulAs Fy

317 2.12 nsutisdaunniaelddeyavrasneunini ludinaaasaaulas o

al al [ [ & o o & A
2.4.2 N1SLARBUNURNLA L’JﬂL‘ﬂﬁﬂ:ﬂﬂ’ﬂ'\ﬁﬂﬂ’)ﬂ&lLﬂutu’ﬂtﬂﬂ’)ﬂu‘ﬂ’ﬂ\‘lwuﬂ

=3

HAIAIANITRUINAINNIEADN LA LA LTARI NN LA L WA PN AN TN b6

1
=

LA a a A o Y 1 o A | o = = \
’ﬂﬂﬁdﬂﬂ?t@‘ﬂﬁm‘w LuﬂuﬁiﬂslmLLUQQG]QVIMJ@UN]WIM%@L@‘LAM?@VLNN‘?J@UN]W LU ﬂﬂwﬁlugﬂ

1 ]
=

1 2.13 Chan way Vese [8] aslfinauailenuuaaNn1snaauluui il Araaansinss
% = o P = , a A = o
luafendes Taaannisidiitlnvuigna wususoAda uidunuuiAga iy
(Homogeneous  Regions) @8913190488nanniu 343an1sia18150919 U AR lunni s

Aryny1nUTUNING
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(n) (1)

= Ao o ~ o
g‘ﬂ‘n 2.13 (N) NMNWNHATYEYIUTUNIUGY (T) NTNNTNAURYAUDITALNIN

z%wﬁ?uumﬁmﬁugmmm Chan Uax Vese A8 NM9uLqan naanilungs
Tma%mmﬁgmdﬁﬁ'wmmmL%’m'aﬁmq'%wﬁmﬁumiﬁrﬁiﬂﬂf&lﬁmﬁu Tufe namuTes
mmmummﬁma‘wdwmmLimmnﬂﬁgmmwﬁumLfa?{mmmmLﬁumﬂiumjwﬁuj GED
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E(C)>0 E(C) >0 E(C)>0 E(C)~0
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E,(C)

‘I(x, y) — fi‘zdxdy (2.39)

nside(C)

‘I xy) -1, ’ dxdy (2.40)

- -[outside(c)

warresnneteduaawingagnidn i luaunisnisindeunaeas

4 oy . © Zy o : . o

wagn e liiduneuinftlanseunquingiedeuununaziiunguaesanninges <) el
watlnasiunnaludunewinftlaldgninsd e ldlhiduneuinftlaasaungunnis

v o y - o
N TnangaazliannisniseaeunaINaNniei (2.41)
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EC)=u- Iength(C) + v - area(inside(C))
(2.41)

1oy -1 axdy+ 2, [ [1(x,y) -

InSIde(C) outside(C)

A

Tt 1, v, 4, waz A iluanasinunnnangud dou |, way 1, Ae Aedsasspnuduniely
WATNNEUANAUARUTNFARINANSL  TUaNnIsn  (2.41) aznudInadany E depailu

1
=

Harduaaadulae C tsg1urrntdagundasuilmduiaiduaagianatds 1o ingld

o

ANHANRUSIRIUAALTATITTUFIT

C={(x,y)eQ:®(x,y)=0}
inside(C) ={(x, y) € Q: ®(x,y) <0} (2.42)
outside(C) ={(x, y) e Q: ®(x,y) >0}

1%

TUARNNANNTN (2.41) g 1xNsauand E lfidludeddunesianamaiandn @ Taaai

E(<I>)=uj S(@(x, )VO(x, y)dxdy +v [ (L—H(@(x, y)))dxdy

ey -1, | (1= H(@(x, y)))dxdy (2.43)

InSIde(C)

# A, xY)

out5|de(C)

e H(X) uaz 8(x) Aaterduduiulanilanidas (Unit Step Function) uas annadiaridu

(Impulse Function) AuNansL fNrduiagesdnisnnandleminNannisi (2.44)

AR e (2.44)
[ O T — '

d

Wupawinstlan e E(C) mw&mmmiamiéﬂmmﬁm@mm Euler uay Lagrange uaz s

o &

HRANTAN

=)

%":5@)[m+v+zi(|—fi)z—zo(l “iyE]<0 (2.45)
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A8n19aInaaINITanInElaALdI TRy IR re uN WA HAT N UILINAUES WanAINiiu

q

AL A UAR U ST AT NAUT ANBATZNINNINITNN9289 Malladi LAZATUY FUARAY
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2.5 Principle Component Analysis (PCA)

PCA Hunisutlasdadu (Linear Transform) ﬁﬁﬁﬂﬁmﬂ@w@:izummu
(coordinate system) lual laediagyafientlldaunuuan sidagrumanusnazinanuudstls
mn‘ﬁlzgm LL@SV’]’JWNLLﬂﬁ‘ﬂﬁ‘Qum‘ﬂ\ﬁ‘ﬂNﬂ@IwLﬁi@zLLﬂWW@ﬁ‘l)iﬁl/uﬁ/uvl,ﬂ U’Wdﬂ%ﬁ%ﬂ’]?ﬁgﬂlﬁ‘ﬂﬂdﬂ
Karhunen-Loéve transform  (KLT) PCA gnunun b luanunaneians i n1siaiuwuy
(Pattern recognition), m'a“LL‘Vlug‘]JmW (Image representation) LAY m?ﬁ‘]_lﬁm'ﬁ@uu@ (Data
compression) %‘ﬂmmuﬂqm’qumwﬁsl%mmg”‘ﬁ@m%mﬂiqﬂLL‘].iqzdfmmw a2ld PCA iiln
Waeunnsuamaduli mﬂL@LfmLenmﬁqrﬁ?ul,ﬂué@ﬂizam%fm@qﬂmuﬁﬂﬁ@%’N@fmmmi
naulneds PCA ﬁ'ﬁﬁ%‘ﬁfmiﬁmmmLmmLﬁuié’a1é’é’qa°i’@H@fﬁﬁmuﬁ@ﬂm wazidunng

Aringsaasdulfalniul ifneslunguaesansinen

naun1sin PCA anflunazsasdnmiunianazauanasglinasiaacingli
IndiResiuninige WuAe n1sdiuEn (Registration) azgniiannldinaligissuesusias
Foatielnunauarglinanindipesny lnaauinawnanunnazyin PCA azgnuiaslifdu
o 6 . dld 3 5| dJ a dl 6o a
nndnERigIuaes (Binary Image) niAuidndunile o tdnsiduanaimniien
4 ! C o I 4 o a dl oo ISP ! e
taandrgudnisluing uarianududuene o WennmisriduanamadAimnndigued

o dl 9 1 o A
NMEUANIAI) walidnesanislsuga

2.5.1 nsusuginnIn

\esannnansnigauasusaznIni ifanaifiuiauazinsdeuild

¥

o o [ 4 o 1 ?/ a o I -dl v a o A A
A9 AndusaslsulininAta 19 ANA T ULALILAZ TR AN INA LAY Tl

'
[ =

pNANRUSIUNINIAR Tnananualin wsaatinaudaza wluee {1 17,..., 1"} {ns

De

=

WURTESNUA (Spatial Transform) uamsdaannilimes4 faAn p=[a b h 6] laa a
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LA b ARITATNIINITAAAUNIULLILAYL X WAZ Y AINANAL 415U h Ae nnseleaans
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a o A

A o Al T = o o o
PAININ WAL @ AB NITUHURIBNNTN ULAD gﬂ‘VlQﬂLLﬂ@\ﬁ | AzlANANARENLIL RN AT

a

FE 7)) =10 y) (2.46)
Inel
X X
y |=Tlp] ¥
1 1
) (2.47)
1 0 allh 0 0}|/cos(d) —sin(@d) 0] x
=0 1 b{[0 h O} sin(@) cos(d) O0Ofy
0 0 10 0 1 0 0 1(/1

o A A a - A b o\ \ o — o ~
NsUSUEIA AR N1TUNNATIHLEDST P LW@WWIMEﬂnﬂgﬂQﬁQ@%lumqLLMu@Lﬂﬂ’JﬂuLL@zNN’]M?W

]
o a

. Y 2 . I _ -
dounlndipasiungs viatiamnsnmian p lalaeuidn p Al Cost Function Tuannis?

(2.48)

WAIAINARALNEazaIaaasn WA a9 iR AN INA 1AL TULEY A
melugﬂﬁ' 2.16 Lngﬂﬁ' 217 ‘EmamjmmmwﬁamﬁwﬁLﬁﬂmugﬂﬁ' 2.16 azgniliutinau
Inadnsuansldlugulil 2.17 nndnenlgiuaessazgnudasifiiu Signed  Distance
Function v Ing y <0 14 @;mmwﬁﬁmmﬁwﬂm uaz w>0 o fﬁmmwﬁ'ﬁmmﬁmﬂu
0 aniumnues Signed Distance Function {v.. v,y } avgnlflunisainagrunan

2849 PCA sl
2.5.2 NM9ATINFIUNANTDY PCA

PCA  gniaualuiveldaiegiunanainmmsaatieiuls iduldsiln

annrrnunuldlaeAndntlssdnsresgrunanunuiiazsidunauganaiumniesine)aes

i v
o o A

NI T LA b A b 5 ANNFUFIUNANN M TUaz A1 a1N Mean-offset Function

a9

o

e A o &
W W0, | BeAnuandlasall

~

v -® (249
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- A ] dl . . . dl o ¥ dl
ne @ Ag gﬂ?NL@@ﬂ“ﬂﬂ\‘i signed distance function TR UL LA RINANNN9N (2.50)

® =

S|

Qv (2.50)
i=1

MAI8NTIL Mean-offset function v, 1118 N, x N, azgnibhanGeaiilupaduidionmes g,
2u1n N =N, x N, {5 uaz y, ﬁiﬁm%gmﬁﬁmm%’wLuw?ﬂsﬁmuﬂﬁﬂuuﬂ@gﬂéw
(Shape-Variability Matrix) S =[y, ¥, ...y ] \nimasansiciany (Eigenvector) Lay An
AnEoUzIanng (Eigenvalue) 189 (1/n)SST fide FIUMANTAY PCA LazAuULlsLsIuaes

FIUnANUULLLeY

ANANELZLANTY (Eigenvalue) LAY LINWATANELIZIANIE (Eigenvector)

294 (1/n)SST anunsamliaeannian (2.51)
1
n
Tneusazanduiians U A8 wnwmesansnizieanizans (1/n)SST uay T Ae wvisndmues

SST = UzU’ (2.51)

a g o 1

44 (Diagonal  Matrix) %qmm@ﬂwmzmwwmﬂﬂuum Aun LLENHN?J@\?LNV]?WE waTinng

= [ o % o s s = v 1 1 I o

Feaansuannuinlluntias padudaniAas U, analzenlganasnegn gﬂmmnwmuaqu
. di dl = [ g r-;l o val

(Eigenshape) AN NLNBLTENARA NI NIRRT RNA L TN UN A N; x N, auauIn1aInIn

LA mwmﬁﬂmﬂuﬁ’mwﬁﬂﬁcﬁﬂﬁm (Principal basis) l1n13@514 Signed Distance Function

&

Wananaglinesiney lulawuaesngusiaetig

stlsepevdulAsnuanslag Signed Distance Function anunsnadnalsiag

n3udiuAaee w, %qLﬂuzﬁ“uﬂizﬁw%mmLLﬁimgmuﬁﬂﬁqLme"Lu@umiﬁ (2.52)

K
O[W] =D + > W, D, (2.52)

i=1

1 1 v
ANNANNIN (2.52) @ Alsazagluumdanaafiungusnagnayintu nng

Ml @ arnsapdeudaludaAiumiesne aelunindu falalaaivunls @

1 2
a o A

A UaaINIT R IAD 519N AULTIN WA AT

O[w,pl(x.y) = BF.5) + Y w®, (%, ) (2.53)

i=1
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= ° o ] \ ° o a £ oo o =
m?m'ﬂﬂmuquﬁsﬁuﬁﬂﬂwLMNW%@NGMLL[}]@%‘HMWW'}H@m@ﬂuquzﬁwﬂﬁ‘zmwij W, 'Vﬂfﬁll@ BN

dananepududaulunisAtuananas
2.5.3 flymaainmesasgrunanineds PCA Tnense

lunedfiEnismnnmesansuzianizaes  (1/n)SST Tnemsetuminlé
Aawudneenn Wesannussng S S8uauunafinnn i lfwssnd 1/n)SST  Haunaluny
AuldFesnrinliAu deaninennslunisAnuans (unsiaaaninaunm 128 x 128 Azl
fuUL09Te 16384 wnadaasia 1 wsdnd (1/n)SST flaunnde 16384 x 16384) N3
ANRUMIINIARSAN UL IANIZT8Y  (1/n)SST Asnsaninlddreaulagnislionines

ANWUANIZAR T TIRLTNAINANNIN (2.54)
1.r
T=-S'S (2.54)
n

pry (% A & o dl g
Waldl v Ag neesaneelantzaas T way 4 A8 ANANEUZIANIZT8Y

R
N
R

v Aduiuiiy T wnwesaneazianizaes (1/n)SS" aziAwindu Sv Geanunsnigus

gl
Y Tat
9 M = =SS (2.55)
n
M(Sv)= %ssT (Sv) (2.56)
58
=S =SS |v (2.57)
n

=S(Tv) (2.58)
sy (259
= A(Sv) (2.60)
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2.6.1 ANARIELEINUT (Area Similarity: AS)

nnanwnigiuaes A uaz A, azgnaeiuainduneuriafutedaunls
AINNIINARDILALLE WA WA FULINAIUF19BIRINA1FL TasiF iR A NT Nl uuilaAe

a [ dl 9 a dlg’ dl % dl =
U?L’JMT@\?’JWQW’&HSL“Q ﬂ’)’]Nﬂ@']ilL‘ﬂ\‘i‘WHV]’&’UJ']?ﬂV’]i@IF]’]N@QJT]’]?VI (2.61) Ineiaziipnat

Tuing [0,1]

_ 20(A A A) 061
" n(Ag) + n(A) |

A o o a 6 A i dld ¥ |
ne A PBAAAIHUNITUALA UAY n() ﬂ@mmmm@gmmwmmmmuL'ﬂu

=S
N
2.6.2 SEASNNANLAUADUN IS LUIRIUBAI9D

FLUTNNULUEAAATBIAA (X, ) Anidunauinfsnegs C, arwnsounls

ANNANNTN (2.62)

— min J/(x=)> +(y - )%, (x,y) isinsideC,
D(x,y)=4 D (2.62)
min /(x—1)% + (y = )%, (x,y) isoutside C,,

(i,1)eCr

dl % A v o 1 !
Wald (x,y) PegALNdUAaENITLLNgal C NI WLAAINIINIEAE DY
D(X, y) A¢gna5 WuuiNaLdaNn1anszaItaNnanaInaasnisuisdou Tnanswndnng

NITANYANAZUAAITNNITULNAIUNTAINDNHBIES

dl EZY ] al a o d’/ Yo dl
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981LNNANLAUADUTIIFULNAILAN9DY TIRLTENNANNENNIIN (2.63)

AED = (iT)LQRQD(I, I)) (2.63)
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MARNUIN N

NANITLUNAUN WAl UAINEN TANUS

N.1 NFLUNAEAMUNNIALNITIARAULAULAINE T UL LI UAINNANITLARDWN

n.1.1 NRUAN Jettest

AN99N 1.1 N@mﬂmm'mmwmmmﬁ‘u:]_iqmumw‘imﬁ%ﬁugmuﬁmm PCA WAz n19

diuduldaniglununsaianen k sine] 28909 Jettestt

No. of Basis 1 2 3 4 5 6 7

AS PCA 90.44 90.22 89.77 90.78 91.87 91.63 91.65
AS k=05 94.14 95.17 94.87 95.95 96.73 96.70 96.44
AS k=1 95.16 96.88 96.73 97.25 98.12 98.01 97.45
AS k=15 95.90 98.04 97.67 97.73 98.53 98.63 98.07
AS k=2.0 96.49 98.42 98.17 98.08 98.76 98.73 98.48
AS k=25 96.93 98.73 98.64 98.34 98.85 98.79 98.73
AS k=3 97.34 98.86 98.79 98.40 98.95 98.92 98.92
AED PCA 0.8209 | 0.8714 | 0.8609 | 0.7581 | 0.7842 | 0.7691 | 0.7237

AED k =0.5 0.7825 | 0:6769 | 0.6845 | 0.6285 | 0.5520 | 0.5199 | 0.5466

AED k =1 0.6411 | 0.5278 | 0.5509 | 0.5456 | 0.4552 | 0.4115| 0.4325

AED k =15 0.5758 | 0.4712 | 0.4914 | 0.5277 | 0.4164 | 0.3799 | 0.3861

AED k =2.0 0.5173 | 0.4271| 0.4387 | 04889 | 0.3898 | 0.3701 | 0.3771

AED k=25 0.5004 | = 0.4070 | 0.3978 | 0.4556 | 0.3821 | 0.3613 | 0.3553

AED k =3 0.4920 | 0.3973 | 0.3901 | 04500 | 0.3714 | 0.3640 | 0.3546
time PCA 406.33 | 465.56 | 538.73 | 624.81 | 700.97 | 775.28 | 852.98
time k =0.5 9.14 9.36 9.05 8.97 8.89 9.58 9.23
time k =1 8.84 8.83 9.41 9.23 9.19 9.41 9.11
time k =1.5 9.16 9.66 9.36 9.45 9.25 9.13 8.77
time k =2.0 7.97 8.70 9.00 8.70 8.89 9.09 8.84
time k =2.5 9.50 9.75 9.72 10.14 9.66 9.64 9.70

time k =3 9.11 9.45 8.81 9.05 9.11 9.38 9.33
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AN997 1.2 m@mmmmumwmmm';“LL'Li\izdfaumwimﬂ%'%ﬂ?ugﬁwﬁwm PCA way N9

duduldaniglunundninien k sine] 2890 Jettest2

No. of Basis 1 2 3 4 5 6 7

AS PCA 92.52 92.24 91.45 91.31 91.24 90.88 91.54
AS k=05 94.67 94.64 93.46 92.97 92.16 91.91 92.51
AS k=1 96.26 95.85 94.67 94.91 93.70 93.59 94.02
AS k=15 97.17 97.27 95.98 96.00 94.78 94.53 95.11
AS k=2.0 97.64 79 97.15 97.00 95.27 95.24 95.63
AS k=25 98.00 98.29 97.88 97.67 95.85 95.83 96.27
AS k=3 98.39 98.53 98.29 98.08 96.42 96.22 96.67
AED PCA 0.9566 | 1.0694 | 1.1213 | 1.0953 | 1.1419| 1.1776 | 1.1220

AED k =0.5 0.6941 | 0.9431 1.0186 | 0.9676 | 1.0968 | 1.1185| 1.0760

AED k =1 0.5454 | 0.7181 0.8884 | 0.8053 | 0.9277 | 0.9490 | 0.8930

AED k =15 0.6204 | 0.6031| 0.7601 | 0.6727 | 0.8458 | 0.8799 | 0.8217

AED k=20 0.4673 | 0.5421 | 0.6841 | 0.5586 | 0.7413 | 0.7858 | 0.7156

AED k=25 0.4370 | 0.4512 | 0.5805 | 0.5003 | 0.6976 | 0.7251 0.6634

AED k =3 0.3958 | 0.4237 | 0.4871 0.4669 | 0.6269 | 0.6806 | 0.6311
time PCA 369.73 | 441.20 | 516.84 | 608.30 | 685.53 | 757.73 | 829.66
AED k =0.5 9.14 Ot 9.16 9.38 9.09 9.50 8.88
time k =1 9.08 9.31 9.23 9.47 9.61 9.13 9.47
time k =1.5 10.16 8.84 8.75 9.36 9.31 9.92 9.08
time k =2.0 8.63 8.69 9.06 8.81 9.11 8.70 8.52
time k =2.5 9.77 9.20 9.66 9.73 9.562 9.59 9.03

time k =3 9.22 9.42 9.33 9.38 917 9.31 9.09
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AN9197 1.3 m@mmmmumwmmm';“LL'Li\izdfaumwimﬂ%'%ﬂ?ugﬁwﬁwm PCA way N9

duduldanielununania Al k sne) 2890n Jettest3

No. of Basis 1 2 3 4 5 6 7

AS PCA 87.12 87.33 86.98 87.58 87.70 88.31 88.50
AS k=0.5 88.77 89.73 89.42 90.45 90.47 90.03 89.94
AS k=1 89.56 90.25 90.16 91.66 91.25 90.59 90.33
AS k=15 90.35 90.59 90.55 91.94 91.74 90.91 90.59
AS k=2.0 90.51 90.82 90.62 91.92 91.74 91.23 90.99
AS k=25 90.84 91.04 91.02 91.84 91.84 91.45 91.16
AS k=3 91.05 91.17 91.15 91.88 91.97 91.50 91.20
AED PCA 1.8096 | 1.7285 | 1.8515 | 1.8969 | 1.8746 | 1.7766 | 1.7200

AED k =0.5 1.7560 | 1.6050 | 1.6817 | 1.6464 | 1.6596 | 1.6781 1.6729

AED k =1 1.7817 | 1.6484 | 1.7203 | 1.6466 | 1.6213 | 1.6723 | 1.7030

AED k =15 1.7135 | 1.6407 | 1.6942 | 1.6117 | 1.6005 | 1.6931 1.7478

AED k=20 1.6942 | 1.6353 | 1.6966 | 1.6601 1.6771 1.6655 | 1.7190

AED k=25 1.6492 | 1.6213 | 1.6645| 1.6997 | 1.6815| 1.6097 | 1.7297

AED k =3 1.6373 | 1.6183 | 1.6387 | 1.7044 | 1.6772| 1.6463 | 1.7072
time PCA 388.86 | 449.09 | 535.64 | 600.38 | 665.63 | 744.11 797.94
time k =0.5 8.94 57653 993 9.56 9.17 9.55 9.20
time k =1 SReit] 9.38 10.08 9.44 9.67 9.70 9.44
time k =1.5 9.25 9.36 9.25 9.13 8.84 9.61 9.16
time k =2.0 8.64 8.75 9.20 8.72 9.17 8.89 9.00
time k =2.5 9.75 947 9.39 9.81 9.61 9.72 9.52

time k =3 8.92 9.11 9.14 10.53 9:34 9.38 9.31




108

AN997 1.4 m@mmmmumwmmm';“LL'Li\izdfaumwimﬂ%'%ﬂ?ugﬁwﬁwm PCA way N9

diuduldanieTununantia Al k e 2890n Jettestd

No. of Basis 1 2 3 4 5 6 7

AS PCA 90.44 90.22 89.77 90.78 91.87 91.63 91.65
AS k=05 91.28 91.07 90.43 91.71 93.09 92.80 91.72
AS k=1 91.10 90.78 90.51 91.72 93.49 93.14 91.84
AS k=15 91.42 90.60 90.49 92.04 93.55 93.29 91.90
AS k=2.0 91.28 90.58 90.71 91.99 93.45 93.16 92.09
AS k=25 91.08 90.66 90.82 91.91 93.23 93.08 92.31
AS k=3 90.82 90.74 91.00 91.82 93.08 92.63 91.94
AED PCA 1.0379 | 1.1862 | 1.2948 | 1.1628 | 1.0593 | 1.1296 | 1.1417

AED k =0.5 1.1861 1.2348 | 1.3381 1.2112 | 1.1462 | 1.1869 | 1.2398

AED k =1 1.2053 | 1.3350 | 1.4018 | 1.2692 | 1.1114 | 1.1470 | 1.3035

AED k =15 1.2410 | 1.4544 | 1.4093 | 1.2506 | 1.1137 | 1.1244 | 1.2950

AED k=20 1.2941 1.4820 | 1.83802 | 1.2468 | 1.1080 | 1.1092 | 1.2554

AED k=25 1.3619 | 1.4957 | 1.3668 | 1.2874 | 1.1724 | 1.1881 1.2731

AED k =3 1.4428 | 1.5162 | 1.3368 | 1.3550 | 1.1928 | 1.2400 | 1.2787
time PCA 386.84 | 460.33 | 536.39 | 632.64 | 704.72 | 783.50 | 848.89
time k =0.5 9.42 9.34 9.56 9.28 9.16 9.25 9.59
time k =1 9.02 9.69 10.19 9.44 9.45 9.19 9.08
time k =1.5 9.30 9.22 9.13 9.20 9.42 9.02 9.34
time k =2.0 8.86 8.84 9.02 8.89 8.56 8.95 9.45
time k =2.5 9.77 9.41 9.67 9.50 9.88 9.58 9.70

time k =3 9.34 9.25 9.53 9.67 917 9.02 9.20
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AN997 1.5 m@mmmmumwmmm';“LL'Li\izdfaumwimﬂ%'%ﬂ?ugﬁwﬁwm PCA way N9

diuduldanieTunundnia Al k e 2e90n Jettests

No. of Basis 1 2 3 4 5 6 7

AS PCA 92.82 93.70 94.92 94.56 93.24 94.18 92.87
AS k=05 94.98 97.62 97.51 97.57 94.64 95.82 94.22
AS k=1 96.68 98.43 98.02 98.38 96.30 96.68 95.89
AS k=15 97.18 98.58 98.47 98.73 96.96 97.39 96.25
AS k=2.0 97.49 98.63 98.57 99.13 97.18 97.90 96.77
AS k=25 97.74 98.83 98.83 99.18 97.68 98.41 97.29
AS k=3 98.41 99.03 99.13 99.18 97.99 98.56 97.44
AED PCA 0.6280 | 0.5927 | 0.4509 | 0.4555| 0.6425| 0.5735| 0.6422

AED k =0.5 0.4128 | 0.3802 | 0.3722 | 0.3491 | 0.6358 | 0.5708 | 0.6259

AED k =1 0.3920 | 0.3162 | 0.3334 | 0.3442 | 0.5434 | 0.5032 | 0.5502

AED k =15 0.3677 | 0.3169| 0.3184 | 0.3171 | 0.4831 | 0.4439 | 0.4959

AED k=20 0.3302 | 0.2872 | 0.3101 | 0.3056 | 0.4383 | 0.4095 | 0.4449

AED k=25 0.3191 | 0.2664 | 0.3032 | 0.2809 | 0.4187 | 0.3778 | 0.4049

AED k =3 0.2929 | 0.2647 | 0.2825 | 0.2756 | 0.3924 | 0.3623 | 0.3911
time PCA 427.83 | 508.80 | 584.50 | 67555 | 769.20 | 842.33 | 912.31
time k =0.5 9.31 8.92 9.11 9.28 9.19 9.33 9.23
time k =1 9.34 9.45 9.13 9.20 9.28 9.17 9.14
time k =1.5 9.47 8.99 9.02 9.25 9.06 9.11 8.97
time k =2.0 9.00 9.41 9.02 8.91 9.22 9.30 8.91
time k =2.5 9.61 9.67 9.58 9.42 9.42 9.23 9.50

time k =3 9.64 9.03 9.45 9.45 9.00 9.22 9.42




110

AN9197 1.6 m@mmmmumwmmm';“LL'Li\izdfaumwimﬂ%'%ﬂ?ugﬁwﬁwm PCA way N9

duduldanielununania Al k e 2890n Jettest6

No. of Basis 1 2 3 4 5 6 7

AS PCA 92.55 92.71 92.64 92.89 93.91 93.83 93.93
AS k=05 94.37 95.46 95.58 95.88 97.30 97.13 96.91
AS k=1 95.38 97.19 96.60 97.54 98.15 98.40 98.23
AS k=15 95.93 97.74 97.68 98.21 98.71 98.77 98.78
AS k=2.0 96.59 98.47 98.29 98.46 98.71 98.96 98.84
AS k=25 96.89 98.65 98.47 98.59 99.02 99.08 99.02
AS k=3 97.14 98.84 98.83 98.96 99.08 99.26 99.20
AED PCA 0.5903 | 0.6291 | 0.6345 | 0.5945| 0.5583 | 0.5596 | 0.5810

AED k =0.5 0.6307 | 0.5521 0.5294 | 0.5342 | 0.4467 | 0.4180 | 0.4248

AED k =1 0.5363 | 0.4078 | 0.4560 | 0.4348 | 0.3651 0.3403 | 0.3822

AED k =15 0.4893 | 0.3662 | 0.3960 | 0.3885 | 0.3576 | 0.3329 | 0.3538

AED k=20 0.4474 | 0.3359 | 0.3609 | 0.3643 | 0.3600 | 0.3267 | 0.3443

AED k=25 0.4213 | 0.3321 0.3392 | 0.3528 | 0.3328 | 0.3296 | 0.3367

AED k =3 0.3968 | 0.3231 | 0.3295 | 0.3336 | 0.3249 | 0.3124 | 0.3202
time PCA 436.14 | 511.38 | 611.08 | 687.41 | 754.75| 830.17 | 894.33
time k =0.5 8.99 965 9.45 9.19 9.25 9.33 9.09
time k =1 9.22 I3 9.14 9.34 9.05 8.84 9.23
time k =1.5 9.03 9.08 8.80 9.03 9.03 9.16 8.91
time k =2.0 9.36 9.34 9.19 9.20 9.23 9.56 9.28
time k =2.5 9.61 944 8.33 9.19 8.95 9.22 9.38

time k =3 9.13 9.39 9.22 9.47 9.69 8.70 9.47
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AN9N9N 1.7 m@mmmmumwmmm';“LL'Li\izdfaumwimﬂ%'%ﬂ?ugﬁwﬁwm PCA way N9

diuduldanieTununania Al k sne) 2e9nn Jettest?

No. of Basis 1 2 3 4 5 6 7

AS PCA 90.87 89.79 89.66 90.82 92.26 93.07 91.04
AS k=0.5 91.76 91.07 90.76 91.95 92.53 93.16 90.97
AS k=1 91.42 90.55 89.98 90.45 91.58 92.05 89.74
AS k=15 90.67 90.17 89.40 89.76 90.73 91.14 88.77
AS k=2.0 90.09 89.68 89.26 89.05 89.94 90.32 88.03
AS k=25 90.13 89.54 88.74 88.32 89.10 89.37 87.06
AS k=3 89.86 89.27 88.56 87.86 88.27 89.04 86.17
AED PCA 0.7643 | 0.9539 | 0.9707 | 0.8729 | 0.7817 | 0.7606 | 0.7877

AED k =0.5 0.8246 | 1.1269 | 1.1544 | 1.0658 | 1.0403 | 1.0479 | 1.0596

AED k =1 1.0513 | 1.2564 | 1.3906 | 1.3231 1.2486 | 1.3196 | 1.3613

AED k =15 1.2527 | 1.4913 | 16744 | 1.6326 | 1.5210| 1.5827 | 1.5578

AED k=20 1.3932 | 1.6958 | 1.6288 | 1.7376 | 1.6251 1.7222 | 1.7290

AED k=25 1.4391 1.5619 | 1.7025 | 1.9279 | 1.7919 | 1.8628 | 1.9516

AED k =3 1.4594 | 1.6469 | 1.6852 | 2.0614 | 1.9228 | 1.9123 | 2.0897
time PCA 423.92 | 507.58 | 587.r5 | 67238 | 758.78 | 834.74 | 904.08
time k =0.5 9.22 9.06 8.77 9.27 9.48 9.16 9.09
time k =1 9.41 9.31 9.09 9.20 9.22 9.36 9.08
time k =1.5 9.47 ©.25 8.88 9.44 9.66 9.06 9.45
time k =2.0 9.30 9.58 9.25 9.16 9.52 9.47 9.36
time k =2.5 9.25 9.09 9.27 9.23 8.84 9.50 8.75

time k =3 8.84 9.58 9.06 9.36 9.27 9.16 9.19
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AN9197 1.8 m@mmmmumwmmm';“LL'Li\izdfaumwimﬂ%'%ﬂ?ugﬁwﬁwm PCA way N9

diuduldanieTununania Al k sne) 2e9nn Jettest?

No. of Basis 1 2 3 4 5 6 7

AS PCA 91.38 91.24 90.02 89.28 90.22 90.42 89.41
AS k=0.5 91.61 92.21 91.23 90.21 90.46 90.74 89.33
AS k=1 91.29 91.57 91.03 89.62 89.61 89.41 88.14
AS k=15 90.69 91.03 89.81 87.63 88.51 87.95 86.74
AS k=2.0 90.18 89.99 89.27 86.42 87.17 86.55 85.87
AS k=25 89.64 89.44 88.50 85.30 86.04 85.85 85.29
AS k=3 89.68 89.21 87.86 84.96 85.39 84.87 85.03
AED PCA 0.8830 | 0.9131 | 1.0357 | 1.1228 | 1.0059 | 1.0145| 1.1649

AED k =0.5 1.1508 | 1.1736 | 1.2252 | 1.3031 1.1981 1.2127 | 1.3716

AED k =1 1.4062 | 1.3620 | 1.4064 | 1.4760 | 1.4409 | 1.5075| 1.6762

AED k =15 1.6748 | 1.5088 | 1.6983 | 1.8351 1.6897 | 1.7578 | 1.8776

AED k=20 1.6859 | 1.5741 1.6554 | 2.0043 | 1.9020 | 1.9790 | 2.0617

AED k=25 1.7031 1.6294 | 1.7921 21935 | 2.1082 | 21113 | 2.1466

AED k =3 1.6739 | 1.6148 | 1.8837 | 2.2760 | 2.2734 | 2.2959 | 2.2559
time PCA 430.00 | 515.97 | 586.28 | 664.72 | 755.94 | 831.44 | 902.56
time k =0.5 9.33 9.08 9.34 9.27 8.89 8.70 9.50
time k =1 9.06 9.36 9.11 9.06 9.48 9.17 9.59
time k =1.5 9.05 8.89 9.64 8.95 9.55 9.89 9.16
time k =2.0 9.24 9.11 9.56 9.56 9.45 9.11 9.47
time k =2.5 9.38 947 8.84 9.30 9.30 8.97 9.38

time k =3 9.00 9.11 9.13 9.20 9.05 8.94 9.52
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uneenITuLsdaunminesUiug unanaes PCA uaz n13

o 9 14 .i/ dl ° o dd‘ ¥ o/ dl
UsudulAsnialununaninaednn Jesttestt Ium‘mwmwQmumumﬂm&lm’]mmmum

SNR #9104 9 dB

SNR (dB) 1 2 3 4 5 6 7 8 9

AS PCA 1 basis 9218 | 92.18 | 91.53 | 91.71 | 91.63 | 91.96 | 91.98 | 92.08 | 91.17
AS PCA 2 basis 9215 | 91.92 | 9211 | 91.65 | 9248 | 91.92 | 91.01 | 92.49 | 91.97
AS PCA 3 basis 92.03 | 91.91 | 91.96 | 91.74 | 9256 | 91.95 | 92.33 | 92.10 | 91.80
AS PCA 4 basis 9220 | 9235 | 92.74 | 92.17 | 93.00 | 92.33 | 90.71 | 92.33 | 92.34
AS PCA 5 basis 93.14 | 93.11 | 93.01 | 92.97 | 93.09 | 93.03 | 92.68 | 92.92 | 92.30
AS PCA 6 basis 93.14 | 93.08 | 93.15 | 93.04 | 92.89 | 92.74 | 92.43 | 92.31 | 91.81
AS PCA 7 basis 93.47 | 93.33 | 93.49 | 9347 | 93.10 | 92.84 | 93.50 | 92.25 | 91.79
AS PCA 1 basis (Mask) 93.80 | 93.16 | 92.76 | 92.74 | 92.18 | 92.02 | 92.31 | 91.65 | 91.04
AS PCA 2 basis (Mask) 9521 | 9435 | 94.36 | 94.09 | 93.52 | 94.01 | 93.47 | 92.87 | 91.63
AS PCA 3 basis (Mask) 95.20 | 9450 | 9457 | 93.70 | 93.83 | 94.08 | 93.01 | 92.79 | 92.11
AS PCA 4 basis (Mask) 95.88 | 94.72 | 9457 | 94.71 | 93.70 | 93.44 | 92.60 | 93.12 | 92.11
AS PCA 5 basis (Mask) 97.01 | 9567 | 95.80 | 94.60 | 94.34 | 94.43 | 93.98 | 92.83 | 92.57
AS PCA 6 basis (Mask) 96.83 | 96.12 | 95.53 | 93.40 | 94.49 | 94.54 | 92.51 | 93.45 | 92.71
AS PCA 7 basis (Mask) 96.31 | 95.63 | 94.94 | 93.88 | 94.97 | 94.43 | 93.72 | 93.00 | 92.70
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dl ' d‘ & o o 1 ! ¥ a 1 ] ad jo
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]
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Faunanaes PCA uayr nistiudulsanieluiuiidaninesnin Jesttestt lunsiinnngn

SUNIUAREATY U UTLINALA SNR A9Us 1099 dB

SNR (dB) 1 6 7 9

AED PCA 1 basis 0.8397 | 0.8272] 0.9251| 0.8403 | 0.7997 | 0.8886| 0.8740| 0.8390| 0.9036
AED PCA 2 basis 0.8681 | 0.8393| 0.8730| 0.8838| 0.8339| 0.8945| 1.0251| 0.8676| 0.9012
AED PCA 3 basis 0.8787 | 0.8335| 0.8931| 0.8842| 0.8269| 0.8862| 0.8834| 0.8816| 0.9216
AED PCA 4 basis 0.8356 | 0.8454 | 0.7454| 0.9431| 0.7636| 0.8133| 1.0630| 0.7851| 0.8721
AED PCA 5 basis 0.7814 | 0.8065| 0.7591| 0.8603 | 0.7762| 0.7400| 0.8313| 0.7399| 0.8274
AED PCA 6 basis 0.7705 | 0.7868| 0.8060| 0.8556 | 0.7770| 0.7975| 0.8683| 0.7909| 0.8526
AED PCA 7 basis 0.7711 | 0.7871] 0.7546| 0.7969 | 0.7644 | 0.8088| 0.7652| 0.8503 | 0.8682
AED PCA 1 basis (Mask) 0.5004 | 0.5497| 0.6317| 0.6451 | 0.7048 | 0.7880| 0.6830| 0.8344| 0.8210
AED PCA 2 basis (Mask) 0.4153 | 0.5187 | 0.4956 | 0.5679 | 0.6912| 0.6267 | 0.6472| 0.7523 | 0.8576
AED PCA 3 basis (Mask) 0.4219 | 0.5247| 0.5246| 0.6042 | 0.6380| 0.7111| 0.6770| 0.7406 | 0.8699
AED PCA 4 basis (Mask) 0.4526 | 0.5199| 0.5638| 0.6214 | 0.6754 | 0.6817| 0.7684| 0.7716| 0.8033
AED PCA 5 basis (Mask) 0.4198 | 0.4674 | 0.4934| 0.6575| 0.5998 | 0.6494 | 0.6447| 0.7991| 0.7391
AED PCA 6 basis (Mask) 0.4047 | 0.4339| 0.4735]| 0.6485| 0.6202| 0.6911| 0.7522| 0.7651| 0.7425
AED PCA 7 basis (Mask) 0.4033 | 0.4300| 0.4813| 0.6456 | 0.6047 | 0.6233| 0.5838| 0.7818| 0.7451

A1T9N .11 L’?J@Wﬁluﬂ’iﬁ‘ﬁﬁu’)mm‘ﬂﬂﬂ’]’j‘LL‘LNE‘i’l“ﬂ’]WIﬂﬂ%Eﬂ%ﬁJﬁ’]%ﬂﬁﬂ‘ﬂ'ﬂ\? PCA uaz n19
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Usuiduldaneluiuiieninaeanin Jestiestd TunsalinamgnaunausaedtyyusLnau
SNR ausi 1 89 9 dB
SNR (dB) 1 2 3 4 5 6 7 8 9
Time 1 basis 267.72| 266.74 | 267.20 | 266.33 | 270.45| 268.56 | 268.48 | 282.39| 273.86
Time 2 basis 317.58| 319.83| 319.97| 317.13| 327.30 | 322.03| 315.78| 316.33| 317.91
Time 3 basis 385.06{384.11{-378.55 | 380.61| 382.41| 374.69| 377.33| 379.30| 377.05
Time 4 basis 440.08| 439.31| 427/42| 418.75| 431.55 | 431.03 | 431.31| 449.00 | 444.16
Time 5 basis 500.59| 496.80| 490.86 | 491.05| 494.48 | 493.88| 487.28 | 492.98 | 488.72
Time 6 basis 540,20 537.86|1534:33 | 521.611680176] 54561 | 52566/ 551.28| 550.67
Time 7 basis 591.45| 583.91| 584.77| 579,58 | 58381 582.99 | 574.86| 575.84| 581.88
Time adding 1 basis 953| 825 916| 933| 948| 995 925 880| 849
Time adding 2 basis 931| 944 969 959| 934| 891| 948 894| 933
Time adding 3 basis 9.80 9.61 9.50 9.80 9.86 9.99| 10.08 9.74 9.47
Time adding 4 basis 8.88 9.45 9.03 9.41 9.33 9.50 9.52 8.77 8.47
Time adding 5 basis 920 927| 986 955/ 980| 938 925/ 931| 944
Time adding 6 basis 949 942| 900| 923| 961| 930| 894| 933 838
Time adding 7 basis 970| 948 969 916| 936 936 928 936 9.14
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3UNIUN SNR F9uF 1 09 9 dB

Jesttest6  Tunstinnngnsunaudasdtynyns

SNR (dB) 1 2 3 4 5 6 7 8 9

AS PCA 1 basis 9249 | 9243 | 92.61 | 92.31 | 9242 | 91.54 | 90.46 | 90.39 | 88.52
AS PCA 2 basis 92.60 | 91.97 | 92.19 | 92.38 | 92.61 | 92.26 | 91.94 | 91.93 | 90.32
AS PCA 3 basis 9247 | 9228 | 92.31 | 92.36 | 92.62 | 91.70 | 91.94 | 91.54 | 90.42
AS PCA 4 basis 92.70 | 93.01 | 93.05 | 92.33 | 9249 | 91.72 | 91.94 | 92.17 | 90.14
AS PCA 5 basis 93.52 | 93.65 | 94.10 | 98.72 | 94.03 | 92.83 | 92.15 | 92,53 | 91.42
AS PCA 6 basis 93.93 | 93.82 | 94.13 | 93.85 | 94.17 | 92.98 | 92.21 | 92.96 | 90.85
AS PCA 7 basis 9419 | 93.82 | 94.26 | 93.80 | 94.22 | 93.10 | 92.73 | 92.85 | 90.81
AS PCA 1 basis (Mask) 94.22 | 93.77 | 93.33 | 93.66 | 93.92 | 92.32 | 91.57 | 91.28 | 90.21
AS PCA 2 basis (Mask) 95.82 | 95.08 | 94.48 | 94.90 | 9546 | 93.16 | 93.65 | 93.06 | 92.28
AS PCA 3 basis (Mask) 95.62 | 94.70 | 9450 | 94.59 | 95.00 | 92.70 | 93.28 | 92.95 | 91.67
AS PCA 4 basis (Mask) 96.07 | 95.08 | 94.98 | 95.20 | 95.73 | 93.17 | 93.93 | 93.77 | 92.25
AS PCA 5 basis (Mask) 96.60 | 97.15 | 95.89 | 96.34 | 96.43 | 94.48 | 94.74 | 94.48 | 93.38
AS PCA 6 basis (Mask) 96.91 | 97.05 | 96.28 | 95.53 | 96.21 | 93.91 | 94.87 | 94.33 | 92.69
AS PCA 7 basis (Mask) 96.94 | 96.75 | 96.18 | 95.13 | 95.98 | 93.75 | 93.93 | 93.24 | 93.01

AN N.13 ANTLULNNIAALANALAUABLTNTILN A UE 19BN 1TLLadaun W Ine AT

Faunanaed PCA uay nistiudulasnieluiundninesnin Jesttests lunsid

[l ¥
suNAUMBdtyyInisuNaun SNR AU 1 019 9 dB

1
=

nangn

SNR (dB) 1 2 3 4 5 6 7 8 9

AED PCA 1 basis 0.5985 | 0.5945| 0.5863 | 0.5884 | 0.5824 | 0.6360| 0.7898| 0.7517 | 0.9634
AED PCA 2 basis 0.6488 | 0.6147| 0.6571| 0.6561 | 0.6099 | 0.6667 | 0.6702| 0.6914| 0.8185
AED PCA 3 basis 0.6400 | 0.6282| 0.6621| 0.6596 0.6190| 0.7309| 0.6705| 0.7112| 0.8287
AED PCA 4 basis 0.6015 | 0.5970| 0.6577| 0.6389| 0.6334 | 0.6757| 0.6739| 0.7348| 0.8534
AED PCA 5 basis 0.5503 | 0.5700| 0.5579| 0.5740| 0.5474| 0.5921| 0.6581| 0.6528 | 0.7618
AED PCA 6 basis 0.5587.| 0.5621 | 0.5820| 0.54756| 0.5536 | 0.6042| 0.6219| 0.6239| 0.7414
AED PCA 7 basis 0.5598 | 0.5613| 0.5843| 0.5517 | 0.5471 | 0.6060 | 0.6337| 0.6248| 0.7630
AED PCA 1 basis (Mask) 0.5618 | 0.5787| 0.6193| 0.5931| 0.5909 | 0.7214| 0.8247| 0.8433| 1.0268
AED PCA 2 basis (Mask) 0.5210 | 0.5323| 0.5202| 0.5328 | 0.5250| 0.6591| 0.7019| 0.6690| 0.8230
AED PCA 3 basis (Mask) 0.5158 | 0.5091| 0.5305| 0.5640| 0.5426| 0.7072| 0.7102| 0.7123| 0.8651
AED PCA 4 basis (Mask) 0.4862 | 0.4796| 0.4675| 0.5367 | 0.5121| 0.6751| 0.6324| 0.5748| 0.7547
AED PCA 5 basis (Mask) 0.4862 | 0.4796| 0.4675| 0.5367 | 0.5121| 0.6751| 0.6324| 0.5748| 0.7547
AED PCA 6 basis (Mask) 0.4129 | 0.4031| 0.4411| 0.5020 | 0.4171| 0.6027 | 0.5554| 0.5747 | 0.6575
AED PCA 7 basis (Mask) 0.4320 | 0.4045| 0.4577| 0.5053 | 0.4666 | 0.5762| 0.6479| 0.6651| 0.7667
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SNR #4us 1 049 dB

SNR (dB) 1 2 3 4 5 6 7 8 9

Time 1 basis 418.92 | 422.64 | 426.75| 428.09 | 428.81| 423.86 | 424.26 | 419.41 | 416.48
Time 2 basis 521.09| 506.97 | 501.25| 498.19| 496.80| 492.01 | 496.53 | 498.03 | 487.66
Time 3 basis 613.30| 615.22| 615.94| 607.14| 584.75| 598.30 | 588.50 | 572.89| 583.11
Time 4 basis 673.20| 700.52 | 734.16| 729.86| 724.86 | 711.41| 716.38 | 704.42| 695.84
Time 5 basis 810.36| 814.08 | 816.78| 814.89 | 796.88 | 765.66 | 764.84 | 764.56| 753.06
Time 6 basis 841.91| 837.77 | 837.19| 816.69| 828.47 | 823.84 | 909.88 | 896.67 | 894.59
Time 7 basis 888.41| 911.14 | 905.53| 892.97 | 889.58 | 890.51 | 894.39| 893.02| 883.83
Time adding 1 basis 8.62 9.51 9.03 8.69 8.87 9.16 8.75 8.48 8.22
Time adding 2 basis 8.78 g 9.34 2 9.17 9.61 8.75 8.39 8.70
Time adding 3 basis 9.34 9.33 9.11 9.37 8.91 9.64 9.23 9.58 8.97
Time adding 4 basis 9.23 9.17 8.72 9.34 8.92 9.30 9.45 9.45 9.09
Time adding 5 basis 8.84 9.36 9.51 9.28 9.22 9.19 9.70 9.58 9.17
Time adding 6 basis 9.36 9.52 8.62 9.38 9.20 9.55 8.86 9.27 8.22
Time adding 7 basis 8.20 8.92 CHil 9.25 9.38 9.56 8.84 9.09 9.1

ANSWA N.15 AIAMNAGIETINUATEINSLNdIUN IR ATLFUgunANTeY PCA UAz
o Y % -ij -dlo o dd‘ v %
nsdfudulAsnieluiunaninaesnan  Jesttestd  Tunstinnmgnasunausos &y

3UNIUN SNR F9uF 1 D9 9 dB

SNR (dB) 1 2 < 4 5 6 7 8 9

AS PCA 1 basis 88.96 | 90.37 | 89.94 | 88.38 | 90.49 | 89.55 | 87.71 | 88.77 | 86.60
AS PCA 2 basis 88.91 | 91.09 | 90.07 | 88.88 | 90.57 | 89.93 | 87.97 | 88.74 | 89.56
AS PCA 3 basis 89.80 | 89.78 | 90.07 | 87.80.4.90.58 | 89.01 | 89.83 | 88.77 | 89.89
AS PCA 4 basis 88.13 | 90.09 | 90.07 | 87.71 | 91.14 | 89.38 | 89.42 | 88.86 | 89.29
AS PCA 5 basis 89.11 | 90.18 | 91.02 | 88.44 | 91.13 | 89.50 | 86.52 | 85.22 | 89.07
AS PCA 6 basis 89161 90.10 | 91.01| 88.67 |91.32| 89:76| 86.:62 | 85.47 | 88.91
AS PCA'7 basis 86.26 |-89.54 [-90.78 | 88.61 | 90.76 | 87.98 | 86.99| 86.29 | 85.30

AS PCA 1 basis (Mask) 89.75 | 89.55 | 89.79 | 89.49 | 90.39 | 89.07 | 87.65 | 88.77 | 86.04

AS PCA 2 basis (Mask) 89.45 | 90.98 | 89.82 | 89.55 | 90.16 | 89.14 | 88.74 | 89.36 | 89.84

AS PCA 3 basis (Mask) 89.95 | 89.69 | 90.14 | 88.99 | 90.34 | 88.74 | 89.42 | 89.38 | 89.95

AS PCA 4 basis (Mask) 88.31 | 90.15 | 89.84 | 88.38 | 90.21 | 88.07 | 89.62 | 89.37 | 89.83

AS PCA 5 basis (Mask) 88.38 | 89.58 | 90.57 | 89.03 | 90.41 | 88.62 | 86.50 | 84.12 | 90.17

AS PCA 6 basis (Mask) 88.67 | 89.51 | 90.42 | 89.11 | 90.57 | 88.98 | 86.67 | 84.46 | 90.02

AS PCA 7 basis (Mask) 86.51 | 89.48 | 90.04 | 89.28 | 90.62 | 87.64 | 86.66 | 86.54 | 85.44
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Faunanaed PCA uar nistiudulfanieluiuiidaninesnin Jesttestd lunsiinningn

SUNIUAREATY U UTLINALA SNR A9Us 1099 dB

SNR (dB) 1 2 3 4 5 6 7 8 9

AED PCA 1 basis 1.2402 | 1.0346| 1.0816| 1.3244| 1.0464| 1.1938| 1.4591| 1.3311| 1.5427
AED PCA 2 basis 1.2733 | 0.9361| 1.0517 | 1.3220| 1.0480| 1.1744 | 1.4404| 1.3422| 1.1367
AED PCA 3 basis 1.1856 | 1.1305| 1.0660 | 1.4345| 1.0746| 1.2863 | 1.1972| 1.3402| 1.1546
AED PCA 4 basis 1.3773 | 1.1457| 1.0988 | 1.4489| 1.0388| 1.2715| 1.2237| 1.3169| 1.1799
AED PCA 5 basis 1.3537 | 1.1408| 1.0255| 1.3877| 1.0007 | 1.2336| 1.6449| 1.9388| 1.2435
AED PCA 6 basis 1.2599 | 1.1269| 1.0255| 1.8050 | 1.0062| 1.2321| 1.6925| 1.9347| 1.2672
AED PCA 7 basis 1.9250 | 1.3253| 1.0692| 1.4194| 1.1064 | 1.5398 | 1.7294| 1.9086| 1.8457
AED PCA 1 basis (Mask) 1.3008 | 1.0943| 1.3001 | 1.1319| 1.1729| 1.3512| 1.4319| 1.2287| 1.5485
AED PCA 2 basis (Mask) 1.3053 | 1.0479| 1.2678 | 1.2637 | 1.1030| 1.3626 | 1.4418| 1.2324| 1.0616
AED PCA 3 basis (Mask) 1.2106 | 1.2165| 1.2868 | 1.3597 | 1.1620| 1.3330| 1.2255| 1.2051| 1.0916
AED PCA 4 basis (Mask) 1.5340 | 1.1565| 1.1828 | 1.4648| 1.1219| 1.3511| 1.2660| 1.2012| 1.1132
AED PCA 5 basis (Mask) 1.4371 | 1.14441 11298 | 1.3861| 1.0615| 1.3073 | 1.5691| 1.9529| 1.0623
AED PCA 6 basis (Mask) 1.4143 | 1.1095| 1.1033 | 1.3112| 1.1103| 1.2657 | 1.5507 | 1.9117| 1.2834
AED PCA 7 basis (Mask) 1.9124 | 1.3796| 1.1355| 1.3874 | 1.1348| 1.5350| 1.6459| 1.7468| 1.7813

AN997 N.17 Lqmslumiﬁ’mammmnﬂﬂl,mmumwimﬂ%%ﬂ%ﬂﬁﬁuuﬁﬂm@q PCA WAz N9
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SNR #4104 9 dB

[ %
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ATUTUIDUTLNAUN
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SNR (dB) 1 2 3 4 5 6 7 8 9

Time 1 basis 262.24| 279.39| 273.28 | 263.91 | 275.45| 268.59 | 272.89 | 269.80| 271.97
Time 2 basis 313.56| 318.36 | 323.30| 316.30| 322.14| 327.22| 318.36| 315.11| 324.89
Time 3 basis 359.17|.369.47|.375.13| 395.06 | 374.02| 375.78 | 366.56 | 371.59| 376.17
Time 4 basis 537.55| 578.64 | 561.03| 571.06 | 586.45| 550.25| 552.05| 556.41| 598.38
Time 5 basis 638.41| 649.17 | 641.86| 625.03| 644.34| 631.72| 637.11| 685.11| 644.01
Time 6 basis 512,59 531.09.515.20| 512.98 | 522.88| 531.98 | 518.00| 514.70| 517.13
Time 7 basis 583.569| 575.91 | 686.36| 807.42 | 596.09| 581.53 | 565.95| 572.22 | 576.51
Time adding 1 basis 9.41 9.45 9.16 9.59 9.53 9.36 9.14 9.11 8.41
Time adding 2 basis 9.27 9.64 8.64 9.45 9.52 9.20 9.55 9.64 9.28
Time adding 3 basis 9.69 9.28 9.69 9.67 9.69 9.53 9.69 9.52 9.56
Time adding 4 basis 9.23 9.77 8.75 9.77 9.34 9.24 9.19 9.08 8.27
Time adding 5 basis 9.39 9.30 9.64 9.55 9.44 9.50 9.09 9.09 9.14
Time adding 6 basis 9.66 9.45 9.59 9.42 9.19 8.70 8.83 9.66 9.00
Time adding 7 basis 9.52 9.44 9.73 9.58 9.67 9.66 9.77 9.72 9.47
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Jesttest7  Tunstinngnsunaudasdtynyns
3UNIUT SNR Aaud 1 79 9 dB

SNR (dB) 1 2 3 4 5 6 7 8 9

AS PCA 1 basis 90.18 | 87.56 | 84.79 | 84.07 | 84.77 | 83.05 | 83.15 | 77.20 | 78.06
AS PCA 2 basis 90.60 | 89.91 | 86.49 | 84.84 | 85.93 | 80.48 | 84.10 | 76.97 | 78.26
AS PCA 3 basis 90.49 | 88.70 | 86.95 | 84.99 | 86.51 | 79.80 | 84.02 | 77.12 | 79.55
AS PCA 4 basis 90.70 | 85.97 | 86.74 | 78.88 | 86.35 | 77.08 | 82.01 | 78.19 | 78.99
AS PCA 5 basis 91.80 | 85.75 | 86.55 | 79.20 | 87.21 | 77.72 | 81.25 | 77.54 | 80.16
AS PCA 6 basis 91.90 | 82.34 | 86.39 | 79.27 | 87.36 | 77.61 | 79.26 | 77.99 | 80.08
AS PCA 7 basis 9191 | 87.76 | 85.87 | 7962 | 87.20 | 77.76 | 79.80 | 78.07 | 80.04
AS PCA 1 basis (Mask) | 90.17 | 88.26 | 85.19 | 84.22 | 86.28 | 82.89 | 83.40 | 77.50 | 78.94
AS PCA 2 basis (Mask) | 91.07 | 89.94 | 88.33 | 85.76 | 88.62 | 8251 | 85.29 | 78.39 | 79.35
AS PCA 3 basis (Mask) | 91.27 | 89.00 | 87.97 | 85.12 | 88.39 | 81.04 | 84.86 | 78.23 | 80.34
AS PCA 4 basis (Mask) | 91.61 | 85.85 | 87.40 | 80.12 | 87.97 | 77.99 | 83.83 | 79.94 | 79.00
AS PCA 5 basis (Mask) | 92.62 | 85.85 | 87.08 | 79.39 | 88.68 | 77.35 | 80.94 | 79.10 | 81.27
AS PCA 6 basis (Mask) 92.38 | 8217 | 86.91 | 79.61 | 8812 | 7719 | 79.32 | 78.82 | 81.68
AS PCA 7 basis (Mask) 91.66 | 87.93 | 85.13 | 79.90 | 87.78 | 77.24 | 78.81 | 79.12 | 80.95

dl ! dl o o 1 ! v a 1 ] ad jo
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SNR (dB) 1 2 <5 4 5 6 7 8 9

AED PCA 1 basis 0.8464 | 0.9926 | 1.4222| 1.5391| 1.3846| 1.6861| 1.6500| 2.5715| 2.3834
AED PCA 2 basis 0.8357 | 0.9066 | 1.2449| 1.4757 | 1.3500| 2.0527| 1.5318| 2.6288 | 2.3736
AED PCA 3 basis 0:8704 | 0.9922| 1.1917| 1.4722| 1.2538| 2.1816| 1.5803| 2.6139| 2.2997
AED PCA 4 basis 0.8603 | 1.2823| 1.2202| 2.1735| 1.2967 | 2.4493| 1.7482| 2.4110| 2.2831
AED PCA 5 basis 0.7598 | 1.3291| 1.2352| 2.2190| 1.1925| 2.3517| 1.9867 | 2.4677 | 2.0841
AED PCA 6 basis 0.7441 | 1.7856 | 1.3074 | 2.1847.1:1828 | 2:4523 | 2.2595 | 2.4982| 2.0985
AED PCA 7 basis 0.7483"| 1.0828| 1.2639|2.1058 | 1.1675 | 2.3826 | 2.1838| 2.4988 | 2.0669
AED PCA 1 basis (Mask) 1.0985 | 1.1511| 1.3267 | 1.4372| 1.2573| 1.5816| 1.3280| 2.2719| 1.9643
AED PCA 2 basis (Mask) 0.9863 | 1.0530| 1.3067| 1.5009 | 1.0840| 1.6954| 1.2080| 2.0791| 1.8160
AED PCA 3 basis (Mask) 0.9321 | 1.2183| 1.2107| 1.5307 | 1.1379| 2.0100| 1.2548| 2.2221| 1.6935
AED PCA 4 basis (Mask) 1.2179 | 1.4298| 1.3934 | 2.3188| 1.1282| 2.1309 | 1.3258 | 2.0044| 1.9146
AED PCA 5 basis (Mask) 1.1833 | 1.6146| 1.5274 | 2.4108| 1.0925| 2.2419| 1.9337| 2.3679| 1.7307
AED PCA 6 basis (Mask) 0.7598 | 1.3291| 1.2352| 2.2190| 1.1925| 2.3517| 1.9867 | 2.4677 | 2.0841
AED PCA 7 basis (Mask) 1.1436 | 1.4537| 1.6766 | 2.5237| 1.1199| 2.3687 | 2.1845| 2.3456| 1.7023
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SNR faus 1 49 dB

SNR (dB) 1 2 3 4 5 6 7 8 9
Time 1 basis 430.23| 417.89| 433.25| 428.38| 421.63| 426.97| 423.89| 429.19| 420.50
Time 2 basis 500.72| 504.84| 509.78| 491.94| 494.59| 509.34| 496.47| 503.63| 496.97
Time 3 basis 579.41| 581.09| 577.34| 565.45| 590.20| 579.48| 588.08| 575.00| 583.03
Time 4 basis 642.01| 613.84| 630.05| 611.08| 637.75| 656.81| 657.05| 656.95| 647.34
Time 5 basis 1210.00| 739.28| 733.08| 731.83| 738.17| 719.34| 717.52| 726.02| 713.42
Time 6 basis 1412.10] 1384.60| 1370.30| 1346.60| 1358.60| 1345.00| 1361.70| 1369.50| 1356.60
Time 7 basis 1633.80| 1618.80| 1610.50| 1594.40| 1598.50| 1582.10| 1555.80| 1571.30| 1539.60
Time adding 1 basis 9.14 9.33 9.16 9.61 8.87 9.42 9.19 9.12 8.83
Time adding 2 basis 8.80 9.48 9.38 GN(2 9.28 9.28 9.44 9.62 9.19
Time adding 3 basis 9.03 9.42 9.30 9.48 oL 1%/ 9.52 9.20 9.55 9.37
Time adding 4 basis 13.41 9.80 9.58 9.50 9.44 9.92 9.70 9.75 9.03
Time adding 5 basis 9.49 9.38 9.30 9.45 9.50 9.63 9.00f 10.34 9.63
Time adding 6 basis 9.50 9.38 9.17 8.73 9.33 9.58 9.24 9.22 9.53
Time adding 7 basis o2 9.30 9-or8 9.64 8.95 9.42 9.78 8.89 8.98
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No. of Basis 1 2 3 4 5 6 7 8 9 10 " 12 13 14

AS PCA 85.53| 86.36| 86.38| 86.51| 86.55| 86.52| 86.19| 86.07| 86.11| 86.42| 86.32| 86.21| 86.31| 86.37
as k=0.5 85.16| 86.17| 86.31| 86.31| 86.63| 86.63| 86.39| 86.28| 86.17| 86.58| 86.38| 86.63| 86.47| 86.48
as k=1 85.63| 86.42| 86.83| 86.81| 86.90| 87.12| 86.76| 86.95| 86.87| 87.05| 86.94| 86.80| 86.93| 86.83
as k=15 85.65| 86.59| 87.21| 87.17| 87.09| 87.13| 86.87| 87.05| 87.02| 87.20| 86.77| 86.79| 86.92| 86.85
as k=20 85.85| 87.08| 87.44| 87.37| 87.21| 87.63| 86.81| 87.05| 87.04| 87.40| 86.72| 86.90| 86.78| 86.65
as k=25 85.87| 87.06| 87.41| 87.40| 87.33| 87.26| 87.05( 86.96| 87.01| 87.57| 87.13| 87.67| 86.97| 86.76
as k=3 86.07| 87.07| 87.45| 87.33| 87.58| 87.65| 86.91| 87.54| 87.50| 87.70| 87.54| 87.45| 87.07| 86.94
AED PCA 2.7383|2.7034(2.6931|2.6581|2.6584|2.6587| 2.6971| 2.6865| 2.6801| 2.6536| 2.6615| 2.6773| 2.6778| 2.6781
AED K = 0.5 |2.8022|2.6014|2.6086(2.6047|2.5330(2.5377| 2.6110| 2.6327| 2.6583| 2.5692| 2.5758| 2.5504| 2.6328| 2.5844
aeD k =1 2.6649|2.5406(2.4441(2.4844|2.4308|2.4181| 2.5191| 2.4687| 2.4850| 2.4879| 2.4356| 2.5300| 2.5037| 2.5301
AED K =1.5 |2.6254|2.5807|2.4065(2.4508(2.3761(2.3799| 2.5066| 2.4944| 2.5026| 2.4522| 2.4967| 2.6622| 2.4713| 2.4864
AED K = 2.0 |2.6194|2.4073|2.2967|2.4163|2.4344|2.3733| 2.5216| 2.4846| 2.4905| 2.3951| 2.5307| 2.4349| 2.6108| 2.6520
AED K = 2.5 |2.6264|2.4596(2.3495(2.3806|2.4436|2.4318| 2.4504| 2.4888| 2.5001| 2.3862| 2.4387| 2.3096| 2.5111| 2.5571
AeD Kk =3 2.5975|2.4499(2.3477|2.3766|2.3403|2.3543| 2.5038| 2.4149| 2.4253| 2.3263| 2.3876| 2.3960| 2.5002| 2.4909
time PCA 546.24|649.70(726.53|824.61|923.45/996.49(1150.90({1178.60(1303.00{1373.80(1477.30|1620.30|1649.60{1810.70
time K = 0.5 12.91| 15.55| 15.45| 14.56| 14.31| 14.36| 14.75| 14.88| 14.83| 14.78| 14.00| 14.64| 14.06] 14.31
time K =1 12.92| 14.16| 14.72| 14.02| 14.22| 1497 14.52| 15.47| 14.59| 15.39| 15.27| 15.63| 15.11| 1517
time K =1.5 12.94] 14.30| 15.02| 15.14| 14.66| 15.68{ 14.34| 15.03| 15.52| 15.25| 15.83| 14.94] 14.20| 14.20
time K = 2.0 | 13.02| 14.02| 14.55| 14.81] 14.30 14.94| 14.72| 15.02| 14.52| 15.44| 1534 1525 14.74| 14.30
time K = 2.5 | 12.91| 14.33| 14.08| 15.30| 15.38| 14.22| 1531 14.39| 15.70| 15.28| 15.64| 1525 1550 14.77
tme K =3 12.97| 13.88| 14.74| 14.17| 15.11| 14.61| 14.59| 14.69| 14.81| 15.55| 15.34| 15.42| 14.63| 14.80
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AN9 N7 N.22 mmﬂmqmquﬂﬂwmmma?LL‘Li\‘imummeﬂﬁ%ﬂ%ﬂﬂﬂwﬁﬂmm PCA WAz N9

duduldanieTunundniniAn k e 28909 heartmask?2

No. of Basis 1 2 3 4 5 6 7 8 9 10 " 12 13 14

AS PCA 83.10| 83.36| 83.37| 83.40| 83.42| 83.42| 83.25| 83.44| 83.44| 83.45| 83.52| 83.58| 83.51| 83.67
as k=0.5 82.90| 83.08| 83.12| 83.25| 83.63| 83.53| 83.26| 83.38| 83.45| 83.49| 83.47| 83.52| 83.43| 83.65
as k=1 83.22| 83.45| 83.85| 83.69| 83.91| 83.98| 83.63| 83.70| 83.71| 83.82| 83.71| 83.75| 83.79| 83.71
as k=15 83.41| 83.51| 83.70| 83.65| 83.87| 83.82| 83.60| 83.73| 83.65| 83.69| 83.58| 83.65| 84.20| 83.67
as k=20 83.29| 83.48| 83.69| 83.69| 83.78| 83.73| 83.96| 83.62| 83.65| 83.85| 83.75| 83.89| 84.00| 83.79
as k=25 83.45| 83.65| 83.80| 83.77| 84.02| 83.74| 83.99| 83.65| 83.96| 83.77| 83.74| 83.89| 84.06| 83.94
as k=3 83.80| 83.74| 83.84| 83.91| 84.18| 83.91| 83.76| 83.81| 83.91| 84.03| 83.77| 83.74| 83.93| 83.93
AED PCA 3.1373|3.0939(3.0921|3.0690|3.0601|3.0629| 3.0886| 3.0787| 3.0757| 3.0491| 3.0512| 3.0590| 3.0633| 3.0588
AED K = 0.5 |3.1411|3.1041(3.1474{3.1091]2.9802|2.9492| 3.0138| 3.0052| 3.0150| 3.0049| 3.0400| 3.0089| 3.0064| 3.0217
aeD k =1 3.1000(3.0488(2.9983|2.9924|2.9579|2.9767| 2.9548| 3.0294| 2.9968| 3.0567| 2.9796| 2.9848| 3.0235| 3.0206
AED K =1.5 {3.0440(3.0330(3.0061|2.9887|2.9396|2.9493| 3.0076| 2.9905| 3.0363| 3.1715| 3.0434| 3.0088| 2.9965| 3.0238
AED K = 2.0 [3.0491|3.0217|3.1031|2.9878|3.0030|2.9701| 3.0850| 3.0261| 3.0202| 3.1530| 3.0586| 3.0190| 3.0806| 3.1539
AED K = 2.5 [3.0228|3.0030(3.0965(2.9566|2.9952|2.9796| 3.0394| 3.0246| 3.0640| 3.0367| 3.0651| 3.0322| 3.0786| 3.1000
aeD Kk =3 2.9352|3.0148|3.0597(2.9656|2.9755|3.0252| 3.0220| 3.0704| 3.0069| 3.0974| 3.1002| 3.0572| 3.0437| 3.0625
time PCA 554.84(648.50(725.52|824.48|917.00|994.89{1130.40{1213.90{1283.90{1393.80(1507.30|1611.80(1684.80|1820.20
tme K = 0.5 15.00| 14.92| 14.80| 15.44| 15.00| 15.06| 14.34| 15.16| 14.42| 14.55| 14.55| 14.13| 14.31| 14.20
time K =1 15.03| 15.38| 14.98| 15.02| 15.23| 14.64| 15.20| 14.92| 14.99| 14.89| 15.28| 14.73| 15.02| 14.61
time K =1.5 156.70| 15.03| 15.48| 14.08| 14.38| 15.19] 13.98| 14.31| 15.41| 14.97| 16.50| 14.67| 13.72| 15.53
time K = 2.0 | 14.47| 14.25| 14.58| 1528 13.94] 14.77| 13.94| 14.63| 15.22| 14.00| 14.77| 1452 14.31| 1453
time K = 2.5 | 14.95| 14.41| 14.81| 14.78] 14.97| 14.55] 15.27| 14.02| 14.23| 15.06| 15.38| 14.59| 14.41| 15.38
time K =3 15.95| 14.66| 14.25| 14.44| 15.06| 15.08| 14.52| 14.75| 14.41| 14.64| 14.84| 14.48| 15.13| 15.17
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qu,ﬂﬂwmmma?LL‘Li\‘imumemﬂﬁ%ﬂ%ﬂﬁmmﬁvﬂmm PCA WAz N9

duduldanieTunundniaien k e 28909 heartmask3

No. of Basis 1 2 3 4 5 6 7 8 9 10 11 12 13 14

AS PCA 83.56| 83.84| 83.85| 83.96| 83.96| 84.03| 83.98| 83.99| 84.08| 84.15| 84.20| 84.28| 84.23| 84.29
as k =0.5 83.51| 84.11| 83.87| 84.29| 84.16| 84.41| 84.20| 84.24| 84.52| 84.49| 84.48| 84.57| 84.61| 84.50
as k=1 84.21| 84.31| 84.85| 84.31| 84.60| 84.87| 84.67| 84.62| 84.74| 85.04| 85.01| 85.08| 85.25| 85.17
as k=15 84.43| 84.79| 84.70| 84.71| 84.71| 84.82| 84.67| 84.75| 84.74| 85.07| 85.16| 85.20| 85.31| 85.31
as k=20 84.39| 84.89| 84.87| 85.01| 84.72| 84.83| 84.57| 84.73| 84.98| 85.07| 85.11| 85.25| 85.31| 85.31
as k=25 84.51| 84.74| 84.49| 85.01| 84.69| 84.75| 84.70| 85.01| 85.01| 85.01| 85.05| 85.25| 85.33| 85.22
as k=3 84.39| 84.81| 84.52| 84.78| 85.07| 85.09| 84.78| 85.00| 85.01| 85.04| 85.08| 85.25| 85.31| 85.18
AED PCA 3.1485|3.1423(3.1506(3.1455|3.1279| 3.1312| 3.1257| 3.1083| 3.1263| 3.0986| 3.1030| 3.1064| 3.0781| 3.0856
AED K = 0.5 |3.1479(3.0956(3.1311(3.0267(3.0448| 2.9820| 3.0247| 3.0064| 3.0010| 3.0472| 2.9740| 2.9417| 2.9988| 3.0064
aeD k =1 3.0309|3.0303(2.8981(2.9527|2.8801| 2.8300| 2.8631| 2.8795| 2.8837| 2.8828| 2.8623| 2.8727| 2.8610| 2.8822
AED K =1.5 |2.9806|2.9496|2.9268(2.8966(2.8941| 2.8657| 2.9140| 2.8993| 2.9299| 2.8902| 2.8743| 2.8801| 2.8748| 2.8718
AED K = 2.0 |2.9767|2.9200|2.8612|2.8696|2.9514| 2.8879| 2.9574| 2.9185| 2.0069| 2.8752| 2.8742| 2.8522| 2.8392| 2.8627
AED K = 2.5 |2.9568|2.9662(2.9692|2.6623(2.9186| 2.9197| 2.9120| 2.9132| 2.9035| 2.9009| 2.8722| 2.8392| 2.8392| 2.8629
AeD K =3 2.9486|2.9622(2.9654(2.9090|2.8881| 2.8748| 2.9313| 2.8957| 2.9035| 2.8930| 2.8875| 2.8392| 2.8512| 2.8782
time PCA 559.30(654.61(727.61(836.44|921.72|1010.90|1126.70| 1192.10|1302.30|1420.90|1514.20|1617.10|1702.70|1812.10
tme K =0.5 14.61| 14.83| 14.48| 13.75| 13.92| 14.30| 15.27| 13.94| 14.78| 14.24| 14.05| 14.33| 14.52| 14.75
time K =1 15.28| 15.30| 14.22| 14.89| 14.25\ 15.09| 1577 14.81| 14.70| 15.08| 15.28| 15.00f 15.22( 14.81
time K =1.5 15.30| 15.52| 13.88| 14.25| 15.16| 14.31| 15.14| 14.23| 15.59| 15.06| 15.25| 14.83| 15.25| 15.28
time K = 2.0 14.59| 14.34| 14.88| 14.91| 14.89| 13.63| 156.47| 14.45| 14.61| 14.89| 13.34| 14.30| 13.63| 14.48
time K = 2.5 15.38| 15.38| 14.09| 15.13| 14.72| 14.84| 15.13| 14.72| 14.24| 15.19| 15.41| 14.00| 15.00] 15.31
time K =3 16.74| 14.53| 14.75| 13.84| 15.09| 15.39| 15.66| 15.67| 14.70| 15.09| 13.78| 14.47| 14.81| 15.19
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qu,ﬂﬂwmmma?LL‘Li\‘imumemﬂﬁ%ﬂ%ﬂﬁmmﬁvﬂmm PCA WAz N9

dsuduldanieunundniniAn k sine] 28909 heartmaské

No. of Basis 1 2 3 4 5 6 7 8 9 10 11 12 13 14

AS PCA 71.62| 71.88| 71.94| 72.00| 72.03| 72.00| 72.03| 7213| 7219| 72.26| 72.26| 72.26| 72.26| 72.26
as k =0.5 72.07| 73.01| 73.10| 73.38| 73.26| 73.32| 73.23| 73.48| 73.41| 73.41| 73.79| 73.57| 73.84| 73.75
as k=1 73.57| 73.91| 73.97| 74.34| 74.21| 7424 T412| T74.31| T74.48| 74.25| 74.28| T74.25| 7425 74.22
as k=15 T417| 74.70| 74.46| 74.73| 7476 T4.49| T4.47| T4.62| T74.53| T74.75| T74.65| T74.41| 74.59| 74.65
as k=20 74.18| 75.22| 74.61| 75.04| 74.82| 74.98| 74.75| 74.75| 75.03| 74.93| 74.93| 74.78| 75.04| 74.84
as k=25 T74.75| 75.47| 74.92| 75.28| 75.16| 74.98| 74.90| 74.96| 75.20| 75.38| 75.08| 74.90| 75.02| 75.08
as k=3 74.49| 75.59| 75.01| 75.40| 75.50| 75.23| 75.23| 75.17| 75.32| 75.82| 75.38| 7520 75.11| 75.35
AED PCA 6.3903(6.2924(6.2747(6.2671|6.2282| 6.2120| 6.2958| 6.2188| 6.2327| 6.2021| 6.1939| 6.1762| 6.1676| 6.1468
AED K = 0.5 [6.1941|5.9740|5.9416(5.8614[5.9312| 5.9190| 5.8825| 5.8893| 5.9728| 6.0672| 5.9141| 5.9037| 5.8287| 5.8691
aeD k =1 5.7872|5.7855(5.6892(5.6638|5.6173| 5.6020| 5.7224| 5.5912| 5.7029| 5.7394| 5.6791| 5.6657| 5.6597| 5.7663
AeD K =1.5 |5.60095.5900(5.6240|5.5492|5.5572| 5.5905| 5.5199| 5.5784| 5.5564| 5.4231| 55710| 55976 5.6001| 5.5879
AED K = 2.0 |5.6390|5.4628|5.5825(5.4995(5.5434| 5.4343| 5.5611| 5.5023| 5.2330| 5.5164| 5.4766| 5.4844| 5.4500| 5.5041
AED K = 2.5 |5.4966(5.2120(5.5401|5.4538|5.5048| 5.5143| 5.5565| 5.5053| 5.4794| 5.3251| 5.4700| 5.5300| 5.5441| 5.3999
AeD K =3 5.5339(5.3527(5.5051(5.4604|5.2579| 5.4562| 5.4673| 5.4184| 5.4495| 5.3347| 5.4393| 5.3158| 5.4950| 5.3314
time PCA 560.33(660.70(736.03(829.66|927.19|1019.80|1137.40| 1231.40|1337.50|1422.60|1548.30|1652.40|1696.10|1781.10
tme K =0.5 13.70| 14.89| 13.67| 14.78| 14.59| 14.67| 13.88| 13.69| 14.64| 14.20| 14.56| 14.44| 14.95| 15.02
time K =1 16.27| 156.25| 15.75| 15.64| 156.34} 156.27| 15.45| 14.97| 1572 15.69| 1522 14.77| 15.44| 15.39
time K =1.5 14.08| 14.48| 15.30 14.97| 14.16| 16.08] 13.69| 14.77| 14.91| 15.30| 15.28| 1541| 15.49| 1544
time K = 2.0 14.88| 13.61| 14.86 14.30| 14.20| 15.03| 14.80| 14.41| 15.06| 14.91| 14.58| 14.80| 14.55| 14.69
time K = 2.5 16.31| 156.27| 15.25| 14.75| 156.62| 15.20| 14.22| 15.42| 15.05| 14.61| 15.61| 15.33| 14.81| 15.24
time K =3 14.41| 14.92| 15.89| 14.44| 14.22| 14.80| 14.83| 15.14] 1491| 1561 14.03| 13.75| 15.00| 13.88
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qu,ﬂﬂwmmma?LL‘Li\‘imumemﬂﬁ%ﬂ%ﬂﬁmmﬁvﬂmm PCA WAz N9

diuduldanielunundniniAn k e 28909 heartmasks

No. of Basis 1 2 3 4 5 6 7 8 9 10 11 12 13 14

AS PCA 62.10| 62.22| 62.19| 62.19| 62.16| 62.16| 62.25| 62.29| 62.29| 62.26| 62.27| 62.27| 62.27| 62.30
as k =0.5 64.97| 64.81| 64.18| 64.60| 64.08| 64.52| 64.33| 64.25| 64.16| 64.34| 64.43| 64.35| 64.28| 64.44
as k=1 66.74| 65.99| 65.53| 65.61| 65.16| 65.43| 65.26| 65.42| 65.51| 65.57| 65.56| 65.59| 65.50| 65.53
as k=15 68.04| 67.62| 66.87| 67.23| 66.71| 66.75| 66.65| 66.60| 67.05| 67.00| 66.94| 66.96| 66.87| 66.93
as k=20 68.61| 69.21| 68.54| 68.78| 67.99| 68.00| 67.58| 68.03| 68.43| 68.20| 67.91| 67.95| 68.00| 68.09
as k=25 69.11] 70.25| 69.28| 69.64| 69.06| 69.24| 68.88| 69.06| 69.56| 69.61| 69.48| 69.25| 69.01| 69.20
as k=3 69.46| 70.95| 69.64| 70.27| 69.69| 69.61| 69.44| 69.71| 69.97| 70.21| 70.20| 69.96| 70.00| 69.92
AED PCA 8.2839(8.2167(8.2356(8.2146|8.1956| 8.1784| 8.3061| 8.1437| 8.1272| 8.0996| 8.0842| 8.0665| 8.0542| 8.0310
AED K = 0.5 |7.7184|7.8611|7.8280{7.8445|7.8875| 7.9536| 7.9209| 7.9043| 7.9134| 7.8748| 7.8581| 7.8608| 7.8750| 7.9641
aeD k =1 7.4582|7.8228|7.7510(7.7166|7.8448| 7.8122| 7.8373| 7.7956| 7.7371| 7.7301| 7.7453| 7.7478| 7.7598| 7.7565
AED K =1.5 |7.2289|7.4974|7.5006|7.5137|7.5957| 7.6168| 7.6380| 7.6405| 7.5584| 7.5722| 7.5637| 7.5825| 7.5921| 7.6059
AED K = 2.0 |7.1365(7.1133|7.2470(7.2408|7.3412| 7.3863| 7.4222| 7.3828| 7.3433| 7.3133| 7.3660| 7.3379| 7.3483| 7.3676
AED K = 2.5 |7.0644|7.0133(7.1726|7.1234|7.1595| 7.2033| 7.2028| 7.2455| 7.2064| 7.1561| 7.1837| 7.1864| 7.1586| 7.1590
AeD K =3 7.0075|6.8723|7.1290(6.9436|7.1089| 7.1104| 7.1764| 7.1360| 7.1266| 7.0931| 7.0256| 7.0482| 7.0529| 7.0351
time PCA 551.95(649.05(731.98(822.03|917.31]|1006.70|1119.50|1191.90|1302.40|1409.80|1504.70|1603.30|1690.00|1786.40
tme K =0.5 13.00| 13.98| 14.02| 14.50| 14.89| 13.84| 14.78| 15.02| 14.41| 15.41| 15.30| 14.74| 15.80| 15.28
time K =1 12.99| 13.72| 13.97| 14.72| 14.61 14.92| 14.86| 14.73| 14.89| 14.48| 14.44| 14.22| 14.83| 14.91
time K =1.5 13.00| 13.27| 13.56| 14.05| 14.42| 13.91| 14.98| 14.72| 14.14| 14.63| 14.08| 14.81| 15.17| 15.11
time K = 2.0 12.98| 14.08| 14.11| 14.17| 14.94| 14.64| 14.67| 1545 14.69| 1555 14.94| 1495 14.83| 15.16
time K = 2.5 12.98| 13.94| 13.83| 15.06| 14.53| 14.49| 14.69| 14.56| 14.86| 15.03| 15.47| 14.59| 14.72| 14.75
time K =3 12.91| 14.44| 14.75| 14.69| 15.41| 15.16| 15.74| 15.47| 14.52| 15.25| 14.59| 14.63| 14.13| 15.36




o
RM13NN N.26 NANNTLULINA

125

qu,ﬂﬂwmmma?LL‘Li\‘imumemﬂﬁ%ﬂ%ﬂﬁmmﬁvﬂmm PCA WAz N9

duduldanieTununsniniAn k sine] 28909 heartmaské

No. of Basis 1 2 3 4 5 6 7 8 9 10 11 12 13 14

AS PCA 82.77| 82.77| 82.77| 82.77| 82.77| 82.77| 82.77| 8271 82.71| 82.68| 82.68| 82.68| 82.68| 82.74
as k =0.5 84.65| 83.09| 82.32| 82.46| 82.92| 82.92| 83.03| 82.96| 82.90| 82.90| 8297| 83.12| 82.93| 8297
as k=1 82.40| 82.32| 81.96| 82.08| 81.92| 81.97| 82.13| 82.37| 82.15| 82.21| 82.18| 82.20| 82.17| 82.39
as k=15 82.39| 82.27| 82.04| 82.31| 81.87| 82.21| 82.13| 82.25| 82.11| 82.03| 82.19| 82.29| 82.24| 8229
as k=20 82.21| 82.22| 82.07| 82.36| 82.13| 82.13| 82.02| 82.21| 82.19| 82.09| 82.09| 82.08| 82.18| 82.29
as k=25 82.14| 82.06| 82.31| 82.63| 82.22| 81.92| 81.97| 82.22| 81.97| 82.11| 82.06| 82.14| 82.21| 8217
as k=3 82.18| 82.06| 82.36| 82.18| 82.39| 81.92| 82.00| 82.00| 82.00| 82.04] 82.10| 82.11| 82.24| 8217
AED PCA 3.2385|3.2404(3.2421(3.2498|3.2511| 3.2502| 3.2336| 3.2326| 3.2284| 3.2357| 3.2372| 3.2386| 3.2443| 3.2614
AED K = 0.5 |2.8568|3.1341|3.2644(3.2615(3.2258| 3.2286| 3.2416| 3.2277| 3.2288| 3.2240| 3.2317| 3.2026| 3.0711| 3.1356
aeD k =1 2.9558(3.4270(3.5612(3.4932|3.4943| 3.5000| 3.5164| 3.5208| 3.5239| 3.5057| 3.5261| 3.5081| 3.4740| 3.4457
AeD K =1.5 |3.1706(3.5430(3.71723.6070|3.6285| 3.6802| 3.6859| 3.6274| 3.6580| 3.6710| 3.7069| 3.6588| 3.6570| 3.6520
AED K = 2.0 |3.2402(3.6399|3.7661/3.6632|3.6726| 3.7039| 3.6785| 3.6886| 3.6849| 3.6635| 3.6863| 3.6769| 3.7683| 3.7238
AED K = 2.5 |3.3032(3.7080(3.68893.6585|3.6451| 3.8115| 3.6754| 3.6667| 3.8017| 3.6196| 3.6517| 3.6500| 3.7135| 3.6418
AeD K =3 3.3211|3.7013|3.6979(3.6048|3.6591| 3.8062| 3.6499| 3.8175| 3.8040| 3.6455| 3.6474| 3.6587| 3.7574| 3.6371
time PCA 548.70(659.34(735.25(818.75|919.47| 998.16|1150.60|1213.60|1326.10|1413.60|1537.70|1619.10/1698.30|1812.30
tme K =0.5 12.92| 14.34| 14.67| 14.33| 15.55| 14.97| 15.45| 15.00| 14.97| 15.09| 14.61| 1527 15.97| 14.89
time K =1 13.05| 14.14| 14.67| 14.83| 14.84] 14.80| 14.11| 14.86| 14.42| 14.77| 15.13| 14.86| 14.56| 15.63
time K =1.5 15.28| 15.45| 14.64| 14.91| 15.06| 14.83| 14.50| 13.77| 14.77| 1481 14.61| 14.14| 14.45| 1442
time K = 2.0 14.81| 156.19| 13.86| 15.02| 16.23| 14.27| 156.61| 1553 14.77| 14.88| 1524 15.31| 14.83| 15.63
time K = 2.5 14.95| 15.61| 14.88| 15.59| 156.22| 14.75| 15.02| 15.19| 14.52| 14.84| 15.23| 14.69| 15.22| 15.34
time K =3 14.77| 14.75| 15.24| 14.73| 16.72| 15.13| 15.27| 15.16] 14.81| 14.56| 14.91| 15.23| 15.36| 15.42
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qu,ﬂﬂwmmma?LL‘Li\‘imumemﬂﬁ%ﬂ%ﬂﬁmmﬁvﬂmm PCA WAz N9

diuduldanieTununsniaiAn k sine) 28909 heartmask?

No. of Basis 1 2 3 4 5 6 7 8 9 10 11 12 13 14

AS PCA 67.61| 67.64| 67.61| 67.57| 67.61| 67.61| 67.61| 67.67| 67.64| 67.57| 67.57| 67.61| 67.64| 67.64
as k =0.5 71.85| 71.81| 71.79| 71.99| 72.21| 71.85| 71.91| 71.88| 71.90| 72.05| 7217| 72.08| 72.11| 72.08
as k=1 75.11| 74.99| 75.05| 75.21| 74.61| 74.75| T74.53| T74.66| 74.96| 74.84| 74.96| 74.86| 74.86| 75.03
as k = 15 77.23| 77.19| 76.82| 77.06| 76.62| 76.68| 76.47| 76.68| 77.09| 76.82| 76.90| 76.76| 76.76| 76.69
as k = 2.0 77.76| 78.91| 78.27| 78.46| 77.79| 77.99| 77.73| 77.87| 78.13| 78.10| 77.98| 77.99| 77.89| 78.02
AS k= 2.5 78.37| 79.61| 78.67| 79.17| 78.96| 78.77| 78.77| 78.77| 79.06| 79.04| 78.85| 78.85 78.83| 78.86
AS k = 3 78.96| 79.99| 79.17| 79.70| 79.35| 79.22| 79.22| 79.14| 79.65| 79.59| 79.60| 79.18| 79.20| 79.32
AED PCA 7.2207|7.2048(7.1893|7.1737|7.1681| 7.1425| 7.2349| 7.2146| 7.2074| 7.1895| 7.1738| 7.1581| 7.1367| 7.1312
AeD K = 0.5 |6.3114]6.2820(6.2425[6.2197|6.3395| 6.4018| 6.4076| 6.3802| 6.3286| 6.3029| 6.2968| 6.3176| 6.2921| 6.3287
aeD k =1 5.56152|5.7161(5.6215(5.6016|5.7165| 5.7997| 5.7839| 5.7278| 5.6977| 5.6830| 5.6691| 5.6839| 5.6842| 5.6751
AeD K = 1.5 |[5.0540(5.1307|5.2290(5.2452|5.3716| 5.3692| 5.3964| 5.3443| 5.3549| 5.2983| 5.2952| 5.3814| 5.3192| 5.3483
AeD K = 2.0 |4.9413|4.8861|5.0765(4.9979|5.0907| 5.0631| 5.1653| 5.1281| 5.0291| 5.0564| 5.0660| 5.0776| 5.0600| 5.0788
AeD K = 2.5 |4.8332|4.6840(4.9697|4.8316|4.8778| 4.9002| 4.9242| 4.8974| 4.8644| 4.8639| 4.9053| 4.8878| 4.9258| 4.8924
AED k= 3 4.8378|4.5371|4.8720|4.7310({4.8036| 4.8268| 4.8285( 4.8443| 4.7240| 4.7327| 4.7727| 4.7929| 4.7763| 4.7833
time PCA 565.01(658.33(737.28(825.11|893.72|1006.80|1131.10|1215.60|1297.50|1408.20|1517.60|1632.80|1748.30|1809.30
time K = 0.5 15.03| 14.70| 14.77| 14.72| 14.42| 15.06| 14.38| 15.55| 15.23| 15.66| 14.98| 15.19| 15.28| 15.02
time k=1 156.27| 14.86| 14.16| 14.89| 13.39 14.83| 15.72| 14.36| 1591 1497 14.44| 1528 13.77| 15.25
time k = 15 14.75| 14.58| 14.50 14.06| 15.84| 14.73| 14.86| 14.67| 15.50| 15.06| 14.34| 15.31| 14.31| 14.72
time k = 2.0 14.55| 14.63| 15.20| 14.84| 16.25| 15.17| 14.89| 14.78| 14.34| 14.45| 1449 14.69| 14.53| 15.25
time k =25 14.61| 15.05| 14.70 15.22| 14.73| 14.56| 14.16| 14.39| 15.16| 14.80| 14.78| 14.41| 14.66| 15.63
time k =3 15.00| 15.28| 14.70( 14.80| 14.61| 14.88| 15.06| 14.95| 14.64| 14.20| 14.67| 14.74| 14.67| 14.73
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qu,ﬂﬂwmmma?LL‘Li\‘imumemﬂﬁ%ﬂ%ﬂﬁmmﬁvﬂmm PCA WAz N9

duduldanielununeniniAn k sine] 28909 heartmasks

No. of Basis 1 2 3 4 5 6 7 8 9 10 11 12 13 14

AS PCA 66.22| 66.19| 66.19| 66.13| 66.14| 66.22| 66.16| 66.24| 66.21| 66.21| 66.21| 66.24| 66.24| 66.29
as k =0.5 68.53| 68.48| 68.29| 68.31| 68.19| 68.20| 68.16| 68.22| 68.28| 68.17| 68.25| 68.22| 68.32| 68.25
as k=1 70.53| 69.92| 69.84| 70.39| 69.78| 69.90| 69.62| 69.81| 70.02| 70.04| 70.02| 69.89| 69.89| 69.92
as k=15 7179 71.64| 71.79| 71.81| 7111 71.22| 71.25| 71.33| 71.69| 71.65 71.61| 71.46| 71.44| 71.58
as k=20 72.54| 73.09| 72.84| 72.94| 72.37| 72.67| 7241 72.81| 7291| 72.98| 72.65| 72.57| 72.58| 72.76
as k=25 72.99| 74.20| 73.25| 73.63| 73.24| 73.19| 73.24| 73.29| 73.70| 73.90| 73.68| 73.48| 73.28| 73.50
as k=3 73.15| 74.67| 73.74| 74.14| 73.76| 73.83| 73.79| 73.85| 74.24| 7422 74.29| 73.88| 73.99| 74.05
AED PCA 7.0905|7.0961(7.0804(7.0395|7.0671| 7.0397| 7.1254| 7.0946| 7.0664| 7.0505| 7.0347| 7.0258| 7.0065| 6.9821
AED K = 0.5 |6.4910(6.7105|6.7775(6.7778(6.6253| 6.8187| 6.7937| 6.7964| 6.7297| 6.7544| 6.7491| 6.7540| 6.8711| 6.8077
aeD k =1 6.3690(6.4527(6.4457(6.4365|6.5547| 6.5698| 6.5855| 6.5320| 6.4678| 6.4570| 6.4604| 6.5047| 6.4858| 6.5420
AED K =1.5 |6.0727|6.2698|6.1176(6.2830(6.3122| 6.3202| 6.3704| 6.3124| 6.1984| 6.2030| 6.2204| 6.3505| 6.2672| 6.2555
AED K = 2.0 |6.0190|5.8717]6.0074(6.1199|6.2053| 6.0530| 6.1200| 6.0804| 6.0804| 5.9732| 6.0142| 6.0672| 6.0275| 6.0030
AED K = 2.5 |5.0053|5.8037(5.8571]5.9292(6.0512| 5.9542| 6.0028| 6.0220| 5.8807| 5.7572| 5.6829| 5.8297| 5.8274| 5.7687
AeD K =3 5.8173|5.6598(5.8589(5.8120|5.8063| 5.8841| 5.8039| 5.9147| 5.8731| 5.7449| 5.7411| 5.8478| 5.7275| 5.7801
time PCA 568.98(659.02(742.78(808.03|900.72| 995.76|1121.10|1227.00|1315.70|1400.50|1502.00|1560.60|1667.70|1771.50
tme K =0.5 15.45| 15.06| 14.73| 15.27| 15.47| 14.89| 15.19| 15.34| 15.92| 14.23| 14.59| 1550 15.41| 14.53
time K =1 15.67| 14.28| 14.53| 15.63| 14.38 14.77| 1495 15.16| 14.80( 15.14| 14.80| 15.59| 14.16| 14.97
time K =1.5 14.92| 14.89| 15.02| 15.13| 15.08| 14.75] 14.81| 14.30| 15.02| 14.14| 14.52| 15.23| 14.94| 1545
time K = 2.0 14.75| 15.09| 14.39| 15.14| 15.27| 14.42| 14.44| 14.52| 1511| 14.42| 15.34| 14.67| 14.67| 15.00
time K = 2.5 14.88| 14.55| 13.61| 13.95| 14.78| 15.19| 14.60| 14.63| 14.84| 14.05| 14.63| 15.19| 13.73| 14.75
time K =3 14.34| 14.28| 14.89| 14.80| 15.72| 14.89| 14.72| 14.99| 14.77| 15.13| 14.31| 15.24| 14.84| 14.50
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AN9197 N.29 miLL‘Li\‘m'faumWTmﬁ%'ﬂ%ugmuﬁﬂmm PCA a2 N17u1N421n 1 NInen1915y

ANNLdNUAIRINNU sz 19R N AN NEIT 31U §192890 0 hearttest]

No. of Basis 1 2 3 4 5 6 7

AS 66.29 66.22 66.19 66.19 66.13 66.14 66.22
AS (Threshold) 90.30 90.37 90.74 90.64 90.67 90.64 90.60
AED 7.0892 7.0905 7.0961 7.0804 7.0395 7.0671 7.0397
AED(Threshold) 1.8188 1.8099 1.7576 1.7882 1.7821 1.7816 1.7872
Time 468.89 568.98 659.02 742.78 808.03 900.72 995.76
Time adding 22.86 26.27 24.66 27.95 26.36 24.67 25.88
Time(Threshold) 491.75 595.25 683.68 770.73 834.39 925.39 1021.64

F19799 N.30 NsutiedIun I InedaliugIunAnged PCA Uay n1sutdaunininaniswliu

¥ o ! v a !
mmLmuummﬂmiﬂ@zmmgﬂm\imn mmgmgﬂmwmmw hearttest2

No. of Basis 1 2 3 4 5 6 7

AS 87.52 87.56 87.56 87.56 87.60 87.60 87.60
AS (Threshold) 89.63 89.48 89.52 89.58 89.56 89.60 89.56
AED 2.3212 2.3241 2.3295 2.3294 2.3442 2.3433 2.3457
AED(Threshold) 1.9559 1.9701 1.9626 1.9695 1.9552 1.9558 1.9489
Time 468.59 564.13 655.58 744.86 836.94 913.64 1016.90
Time adding 24.95 24.59 26.14 24.05 24.77 25.49 25.72
Time(Threshold) 493.54 588.72 681.72 768.91 861.71 939.13 1042.62
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AN9199 N.31 miLLﬂ\azﬁ'qumWImﬂﬁ%ﬂﬁ*ugmuﬁﬂmm PCA LAY N176LN42 1N 1 NInen19151

AINNLNMASIAINNlsrNNugUIN9a N AN EITNL192890 W hearttest3

No. of Basis 1 2 3 4 5 6 7

AS 64.83 64.83 64.81 64.76 64.76 64.76 64.76
AS (Threshold) 70.32 70.35 70.36 70.35 70.35 70.29 70.31
AED 6.3784 6.3736 6.3662 6.3759 6.3791 6.3842 6.3730
AED(Threshold) 6.3244 6.3674 6.3152 6.3657 6.3729 6.368 6.368
Time 461.33 563.41 655.94 730.14 822.19 908.73 994.61
Time adding 27.11 26.56 22.74 24.91 23.55 25.33 25.28
Time(Threshold) 488.44 589.97 678.68 755.05 845.74 934.06 1019.89

AN997 N.32 ﬂﬁiu:]_i\‘]mumw‘imﬂﬁ%ﬁugﬁwﬁﬂmm PCA WAz N135LNd21n 1 nInen1915y

ANNdNUAIRINNTU sz NAnugL39RINANNS T 91T 192090 N hearttestd

No. of Basis 1 2 3 4 5 6 7

AS 22.61 22.58 2257 22.57 22.68 22.66 22.78
AS (Threshold) 22.57 22.68 22.63 22.72 22.68 22.64 22.64
AED 32.0640 28.9490 26.7340 24.7250 21.3460 20.4470 19.7500
AED(Threshold) 19.285 17.495 17.436 17.421 17.427 17.423 17.448
Time 483.45 571.09 681.03 751.23 849.45 942.33 1033.30
Time adding 22.50 26.49 25.92 25.02 25.89 2519 26.02
Time(Threshold) 505.95 597.58 706.95 776.25 875.34 967.52 1059.32

N36i7 3

AN997 N.33 ﬂ”na‘LL‘Liqzﬁ'qumw‘imﬂﬁ‘%ﬂﬁ*ﬂgmuﬁﬂmm PCA 1Az N134LNd21n 1 nInen1915y

ANNLNMASIRINN s srinigiNeaanANNNGETagLs 198NN hearttests

No. of Basis 1 2 3 4 5 6 7

AS 81.85 81.81 81.81 81.73 81.88 80.61 75.30
AS (Threshold) 78.27 79.19 79.61 79.63 79.96 78.44 75.60
AED 41141 4.1546 4.1348 4.1266 4.0811 4.3883 5.6185
AED(Threshold) 5.5356 5.2525 5.1865 5.162 5.1571 5.3937 6.0346
Time 457.31 552.28 661.69 718.78 828.88 922.25 1008.80
Time adding 24.67 24.72 23.56 25.77 24.48 25,53 23.64
Time(Threshold) 481.98 577.00 685.25 744.55 853.36 947.78 1032.44
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AN997 N.34 ﬂ’]ﬁ‘LLﬂ\i’sﬁ'fJuﬂﬂWImﬂagﬂ§Ugﬁuﬂﬁﬂ°ﬂ‘ﬂ\1 PCA a2 N1761N421n 1 nInen1915y

ANHINNAIRINNU sz N4 19ANANEIT 931 $192890 0 hearttest6

No. of Basis 1 2 3 4 5 6 7

AS 81.74 82.00 82.18 82.32 81.91 78.72 76.29
AS (Threshold) 83.24 81.42 81.25 84.19 83.82 80.79 79.37
AED 4.0784 4.0609 4.0617 4.0313 4.1227 4.7918 5.2356
AED(Threshold) 3.9211 4.2707 4.2595 3.6076 3.7277 4.8171 5.6575
Time 468.31 564.73 652.42 736.20 825.23 918.08 1319.60
Time adding 25.30 25.50 25.08 25.41 24.33 26.17 26.27
Time(Threshold) 493.61 590.23 677.50 761.61 849.56 944.25 1345.87

N6 4

A9 N.35 ﬂ’]ﬁ‘LL‘]_i\‘]’&'fJuﬂ’]WIMEI?J%ﬂ§Ugﬁuﬂﬁﬂmﬂﬂ PCA WAz N135LNd21n 1 nInen1915y

ANNdNUAIRINNTl sz NAnugLFNRINANNG T 93T 192090 W hearttest?

No. of Basis 1 2 3 4 5 6 7

AS 61.70 55.50 52.46 52.91 52.71 52.99 55.46
AS (Threshold) 60.34 59.37 58.65 58.84 58.73 58.84 58.92
AED 8.0153 9.0207 9.4122 9.3941 9.3744 9.2557 8.7368
AED(Threshold) 7.3761 7.4756 7.5773 7.5622 7.5684 7.5595 7.5343
Time 435.77 502.24 616.28 694.69 779.22 847.49 952.97
Time adding 24.77 23.39 26.14 24.42 24.95 23.34 25.19
Time(Threshold) 460.54 525.63 642.42 719.11 804.17 870.83 978.16

F1999 N.36 NsutiedaunInedaliug unanaes PCA uay n1sutdaunininanistliy

ANHIMATRINN 9L sEHAngL$19aINAYINTITAgLT192B9N N hearttests

No. of Basis 1 2 S 4 5 6 7

AS 66.42 62.82 60.34 60.76 59.53 60.34 60.57
AS (Threshold) 79.28 74.61 65.86 66.53 64.36 64.83 63.19
AED 7.1265 7.7608 8.0348 8.0486 8.1608 7.9469 7.7793
AED(Threshold) 4.8715 5.8096 6.3564 6.5717 6.5417 6.4241 6.552
Time 435.64 516.98 623.98 699.58 773.86 858.51 935.59
Time adding 22.42 23.69 23.31 24.56 24.78 24.27 2413
Time(Threshold) 458.06 540.67 647.29 72414 798.64 882.78 9569.72
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N3 5
AN99N .37 miLLﬂ\azﬁ'qumWImﬂﬁ%ﬂﬁ*ugmuﬁﬂmm PCA LAY N176LN42 1N 1 NInen19151

AINNLNMASIAINNlsriNugUIN9a N AN EITaL$192890 W hearttestd

No. of Basis 1 2 3 4 5 6 7

AS 89.68 88.11 87.03 86.53 86.61 87.31 86.90
AS (Threshold) 89.34 88.70 88.27 88.13 88.09 88.17 88.19
AED 1.9942 2.1291 2.3439 2.3286 2.3444 2.2457 2.2262
AED(Threshold) 1.9004 1.9695 2.0187 2.0249 2.0314 2.0212 2.0158
Time 475.89 569.01 672.69 749.13 838.83 935.30 1022.20
Time adding 24.38 25.42 26.63 25.70 26.23 25.67 26.06
Time(Threshold) 500.27 594.43 699.32 774.83 865.06 960.97 1048.26

AN9197 N.38 ﬂﬁiu:]_i\‘]mumw‘imﬂﬁ%ﬁugﬁwﬁﬂmm PCA WAz N135LNd21n 1 nInen1915y

ANNdNUAIRINNTUsE NN 3999 INANNGITIg 192890 N hearttest10

No. of Basis 1 2 3 4 5 6 7

AS 88.65 87.47 86.62 86.54 86.38 86.72 86.92
AS (Threshold) 89.07 88.80 88.40 88.53 88.35 88.38 88.60
AED 2.0154 2.2454 2.3329 2.3568 2.3364 2.2604 2.3733
AED(Threshold) 2.0521 21157 21671 21761 2.1761 2.162 21707
Time 463.23 566.09 668.06 740.72 822.14 916.97 1013.60
Time adding 24.34 27.08 26.14 24.58 24.84 2513 25.91
Time(Threshold) 487.57 593.17 694.20 765.30 846.98 942.10 1039.51
N3ciT 6

AN9197 N.39 ﬂ”na‘LL‘Liqzﬁ'qumw‘imﬂﬁ‘%ﬂﬁ*ﬂgmuﬁﬂmm PCA 1Az N134LNd21n 1 nInen1915y

ANNLINMASRINN s sz nigUiN9aan ARG 1989A W hearttest1 1

No. of Basis 1 2 3 4 5 6 7

AS 88.30 87.95 87.92 87.85 87.81 88.08 87.98
AS (Threshold) 92.04 92.33 92.22 92.14 92.24 92.30 91.63
AED 2.3067 2.3521 2.3528 2.3447 2.3254 2.2505 2.2743
AED(Threshold) 1.6394 1.5505 1.5708 1.5732 1.5688 1.5451 1.7188
Time 476.49 563.06 663.80 755.19 835.70 936.23 1044.70
Time adding 25.47 25.97 2411 24.16 25.13 24.67 25.00
Time(Threshold) 501.96 589.03 687.91 779.35 860.83 960.90 1069.70
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AN9197 N.40 miLL‘Li\‘]mumw‘Emﬂ'a'Eﬂﬁ?ugmmvﬂmm PCA a2 N1761N421n 1 nInen1915y

ANHIHNATAINNTLU TN L9 A INGITNELF192890 N hearttest12

No. of Basis 1 2 3 4 5 6 7

AS 91.07 90.61 90.47 90.54 90.54 90.76 90.63
AS (Threshold) 93.34 93.44 93.18 93.48 93.26 93.42 92.24
AED 1.7624 1.8583 1.9017 1.8930 1.9044 1.8049 1.7958
AED(Threshold) 1.4161 1.4411 1.5092 1.3889 1.4913 1.3957 1.6525
Time 484.38 587.14 654.72 749.66 850.94 945.97 1044.90
Time adding 2413 24.36 24.20 25.45 25.34 25.42 25.59
Time(Threshold) 508.51 611.50 678.92 TATAS | 876.28 971.39 1070.49

n.2.2 MmsdSuanunsannunsiszanugilseainaugidaglss

PN
NTUN 1

d‘ 1 1 a dg’ d‘ 1 ! ada o o
R1TNN N.41 ﬂ”lﬂfJ’]}Hﬂ@’]ﬁlL°T]<'I‘W1Wl‘l|®\’iﬂ’1iLL‘]_I\‘]ZQQuﬂ’]WIﬁﬂ‘Jﬁﬂﬁ‘Uﬂun@ﬂm@\‘l PCA Lag

nsutedaunininenistiundiduniunsdsrinnglineanaAnngizaglsneeann

Jesttest1
__Basis 1 2 3 4 5 6 7
Kfirst K

200 94.14| 93.92| 9336| 9337| 93.18| 9329| 9344
200 500 9411 | 93.92| 9336| 93.33| 93.18| 9326| 93.40
1000 9414 | 9392| 9336| 9337 93.18| 9329| 9344
1500 9414 | 9392| 9336| 9333| 9312| 9326| 9341
200 9410|9385 | 9342| 9343 | 93.49| 93.38| 9353
500 500 9421 | -93.84| 9349| 9335| 9324| 9328| 93.46
1000 9416 | 93.89| 9351| 93.38| 9351| 9358| 9343
1500 9421 |~ 93.84 | 9349 - 9335 | 93.24| 9328| 93.46
200 94.06 | 93.93| 9355| 9335| 9327| 9344| 9359
1005 500 9430 | 93.82| 9352| 9335| 9326| 93.34| 9359
1000 9416| 93.89| 9351| 9338| 9351| 9358| 9343
1500 9426 | 9379| 9354| 9339| 9339| 9343| 9362
PCA Method 6629 | 9414| 9392| 9336| 93.37| 9318] 93.29
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AN9N7 N.42 ANTLLNNIRALIANNLAUAALTINFILINA 1WA 9R9a9N1ThLN A uN N Tae A F5y

FIUNANIes PCA uay nisuidaunninanisdiuasnudusauiunisdszuinigsneann

ANIITI3LT192890 N Jesttest]

__Basis 1 2 3 4 5 6 7
Kfirst K
200 7.0892 | 7.0905| 7.0961| 7.0804| 7.0395| 7.0671| 7.0397
e 500 1.0355 | 1.1284 | 1.2340 | 1.2570 | 1.2541 | 1.2560 | 1.2667
1000 1.0402 | 1.1322 | 1.2419| 1.2554 | 1.2592 | 1.2350 | 1.2784
1500 1.0355 | 1.1284 | 1.2340 | 1.2570 | 1.2541| 1.2560 | 1.2667
200 1.0456 | 1.1255 | 12382 | 1.2554 | 1.2510 | 1.2496 | 1.2624
500 500 1.0292 | 1.1297 | 1.2181 | 1.2449 | 1.2200| 1.2363 | 1.2583
1000 1.0025 | 1.1381 | 1.2064 | 1.2303 | 1.2272 | 1.2284 | 1.2597
1500 0.9802 | 1.1088 | 1.1776 | 1.2130| 1.2157 | 1.2124 | 1.2349
200 1.0025| 1.1331| 1.2064 | 1.2303 | 1.2272| 1.2284 | 1.2597
G 500 1.0237 | 1.1222| 1.1968 | 1.2308 | 1.2232 | 1.2258 | 1.2444
1000 1.0093 | 1.1218 | 1.1985 | 1.2224 | 1.2269 | 1.2196 | 1.2339
1500 0.9802 | 1.1088 | 1.1776| 1.2130| 1.2157 | 1.2124 | 1.2349
PCA Method 7.0892 | 7.0905 | 7.0961| 7.0804| 7.0395| 7.0671| 7.0397
F15999 N.43 AIANARIETNN LN L8N TR U N Ine AT UguMANT8Y  PCA uaY
n1suthgaunninanistiuanfsidxgoniunistssiinglieannaAudidaglinaesnan
hearttest2
__Basis 1 2 3 4 5 6 7
Kfirst K
200 90.03 90.01 90.10 90.16 90.10 90.09 90.01
- 500 90.07 89.91 90.10 90.16 90.05 90.07 90.16
1000 90.03 90.01 90.10 90.16 90.10 90.09 90.01
1500 90.03 89.88 90,10 90.10 90.07 90.10 90.24
200 90.31 89.91 90.10 90.13 90.11 90.13 90.22
500 500 90.54 91.35 90.54 90.96 91.36 91.26 91.21
1000 89.99 89.91 89.85 90.00 89.90 89.92 89.83
1500 90.54 91.35 90.54 90.96 91.36 91.26 91.21
200 90.34 90.00 89.97 90.05 90.10 90.15 90.01
B 500 90.42 91.45 90.92 91.68 91.70 90.90 91.18
1000 89.99 89.91 89.85 90.00 89.90 89.92 89.83
1500 90.29 90.44 90.95 90.75 90.64 90.64 90.75
PCA Method 87.52 87.56 87.56 87.56 87.60 87.60 87.60
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AN9NT N.44 ANTLUENNIRALIANNLEUAALTINFILINA 1WA 9R9a9N1TuLNAduN N Tae A F5y

FIUNANIes PCA uay nisuidaunninanisdiuasnudusauiunisdszuinigsneann

AINIIT31I19890IN hearttest2

__Basis 1 2 3 4 5 6 7
Kfirst K
200 1.8405 | 1.8708 | 1.9092 | 1.8889 | 1.8631 | 1.9374| 1.8954
e 500 1.8221 | 1.8875| 1.8333| 1.8127 | 1.8699 | 1.9174 | 1.9027
1000 1.8405 | 1.8708 | 1.9092 | 1.8889 | 1.8631| 1.9374| 1.8954
1500 1.8405 | 1.8987 | 1.8918 | 1.8600 | 1.8724 | 1.9244| 1.8834
200 1.7853 | 1.8934 | 19108 | 1.8938 | 1.8497 | 1.9287 | 1.9188
500 500 1.7952 | 1.6472 | 1.7783| 1.7362 | 1.6318| 1.6408 | 1.6527
1000 1.8733 | 1.8743 | 1.9434 | 1.9086 | 1.9403 | 1.9662 | 1.9336
1500 1.7952 | 1.6472 | 1.7783 | 1.7362 | 1.6318| 1.6408 | 1.6527
200 1.7970 | 19063 | 1.9084 | 1.9105| 1.9201| 1.8819 | 1.8890
G 500 1.8082 | 15931 | 1.7067 | 1.5344 | 15624 | 1.7241| 1.6817
1000 1.8733 | 1.8743 | 1.9434 | 19086 | 1.9403| 1.9662 | 1.9336
1500 1.7999 | 1.7799 | 1.7441| 1.7635| 1.7685| 1.7785| 1.7850
PCA Method 23212 | 2.3241 | 2.3295| 2.3294 | 2.3442 | 2.3433 | 2.3457
NTELN 2
M1979% N.45 AMANNAEITINUATEINITHINAIuN N A B U Ug uMANYeY  PCA uaY
nisusdaunininenistiupinidusauiunisdsrinnglineannaanniizeglineaeanin
hearttest3
__Basis 1 2 3 4 5 6 7
Kfirst K
200 84.43 84.54 84.63 83.92 83.90 84.26 83.65
e 500 84.33 84.03 83.75 83.76 83.44 82.86 83.54
1000 84.43 84.54 84.63 83.92 83.90 84.26 83.65
1500 84.52 84.64 84.55 83.66 89.29 89.26 89.26
200 85.09 84.62 83.87 83.79 84.14 83.09 83.54
b 500 86.05 86.56 86.85 86.41 86.30 86.33 86.87
1000 88.59 88.54 88.76 88.70 88.54 88.71 88.93
1500 86.05 86.56 86.85 86.41 86.30 86.33 86.87
200 85.22 84.73 85.23 84.78 84.39 84.70 | 84.41
G 500 86.94 86.67 86.86 87.25 86.72 87.28 87.32
1000 88.59 88.54 88.76 88.70 88.54 88.71 88.93
1500 87.56 87.74 87.33 87.64 87.64 87.50 87.90
PCA Method 64.83 64.83 64.81 64.76 64.76 64.76 64.76
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AN9197 N.46 ANTLULNNIRALIANNLAUAALTINFILINA2 1WA 9R9aIN1ThLN A uN N Tae A F5U

FIUNANIes PCA uay nisuidaunninanisdiuasnudusauiunisdszuinigsneann

ANIIT31I192890IN hearttest3

__Basis 1 2 3 4 5 6 7
Kfirst K
200 25120 | 2.5782 | 2.5669 | 2.7257 | 2.5384 | 25742 | 2.7138
e 500 25675 | 25424 | 25808 | 2.7452 | 2.7457 | 2.7569 | 2.7050
1000 25120 | 25782 | 25669 | 2.7257 | 2.5384 | 2.5742 | 2.7138
1500 25171 | 2.4437 | 25669 | 2.7182| 1.8181| 1.8178| 1.8010
200 2.3999 | 25707 | 25854 | 2.6941| 2.4992 | 2.7658 | 2.7241
500 500 22085 | 2.3326 | 2.2349 | 2.1850 | 2.1863 | 2.1582 | 2.1960
1000 1.9308 | 1.9111 | 1.8497 | 1.9084 | 1.8922 | 1.8552 | 1.8035
1500 2.2085 | 2.3326 | 2.2349 | 2.1850 | 2.1863| 2.1582| 2.1960
200 24669 | 24729 | 24141 | 25191 | 25633 | 25270 | 2.6083
G 500 21831 | 2.1846 | 2.0977 | 2.1455| 2.2057 | 2.1190 | 2.0837
1000 1.9308 | 1.9111 | 1.8497 | 1.9084 | 1.8922 | 1.8552 | 1.8035
1500 20778 | 21197 | 2.0478| 2.0291| 2.0325| 2.0393| 2.0216
PCA Method 6.3784 | 6.3736 | 6.3662 | 6.3759 | 6.3791 | 6.3842 | 6.3730
F13999 N.47 AIANARIEINN LN L8N TR U Ine AT UguMANT8Y  PCA uaY
n1suthgaunninanistiuanfsidxgoniunistssiinglieannaAudidaglinaesnan
hearttest4
__Basis 1 2 3 4 5 6 7
Kfirst K
200 73.23 73.56 73.84 74.21 74.22 7451 75.15
- 500 73.23 73.62 73.87 74.21 74.22 74.54 75.22
1000 73.23 73.56 73.84 74.21 74.22 74.51 75.15
1500 73.23 73.56 73.87 74.21 74.77 74.96 75.40
200 73.17 73.42 73.81 74.09 74.13 74.45 74.90
500 500 72.77 73.65 74.08 74.18 74.25 74.60 75.25
1000 24.86 55.96 24.51 24.49 24.55 24.41 25.16
1500 72.77 73.65 74.08 74.18 74.25 74.60 75.25
200 23.38 56.67 23.37 23.12 23.39 23.48 23.41
B 500 24.35 56.46 23.95 23.64 23.84 23.84 24.41
1000 24.86 55.96 2451 24.49 24.55 24.41 25.16
1500 24.61 55.18 24.87 23.89 24.15 24.16 24.47
PCA Method 22.61 22.58 22.57 22.57 22.68 22.66 22.78
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AN997 N.48 ANTLLNNIRALIANNLAUAALTINF LN 1A 99 aIN1TuLNAuN N Tae A F5

FIUNANIes PCA uay nisuidaunninanisdiuasnudusauiunisdszuinigsneann

ANIIT31I1989NIN hearttestd

__Basis 1 2 3 4 5 6 7
Kfirst K
200 47674 | 4.6810 | 4.6806 | 4.5807 | 4.5987 | 4.4972 | 4.3695
T 500 47674 | 47296 | 4.6785| 45813 | 4.5941 | 4.4795| 4.3595
1000 4.7674 | 4.6810 | 4.6806 | 4.5807 | 4.5987 | 4.4972 | 4.3695
1500 47674 | 4.6810 | 4.6785| 4.5807 | 4.6352 | 4.5458 | 4.4263
200 4.7660 | 4.6988 | 4.6889 | 4.5935| 4.6053 | 4.5311 | 4.4096
500 500 47952 | 4.6936 | 4.6047 | 45752 | 4.5640 | 4.5848 | 4.3914
1000 | 10.4500 | 6.6654 | 23.0650 | 24.5720 | 22.9410 | 22.5460 | 19.5880
1500 47952 | 4.6936 | 4.6047 | 4.5752| 45640 | 4.5848 | 4.3914
200 | 29.4970| 6.6335 | 27.8390 | 23.4880 | 23.9090 | 22.1740 | 20.9820
G 500 |  18.5960 | 6.6096 | 26.8210 | 24.5460 | 23.7310 | 22.3940 | 21.1460
1000 |~ 10.4500 | 6.6654 | 23.0650 | 24.5720 | 22.9410 | 22.5460 | 19.5880
1500 | 14.4240 | 6.6500 | 22.1140 | 24.8990 | 23.8330 | 22.8350 | 21.6540
PCA Method 32.0640 | 28.9490 | 26.7340 | 24.7250 | 21.3460 | 20.4470 | 19.7500
NTElN 3
M1979% N.49 AMAINHAGIEITINHATEINTTHLNAIUN N AT U Ug uMANYeY  PCA uaY
nisusdaunininenistiupinidusauiunisdsrinnglineannaanniizeglineaeanin
hearttest5
__Basis 1 2 3 4 5 6 7
Kfirst K
200 84.90 86.66 86.99 87.07 87.55 87.04 | 86.18
e 500 84.42 86.64 87.34 87.13 87.51 87.17 86.42
1000 84.90 86.66 86.99 87.07 87.55 87.04 | 86.18
1500 84.76 86.90 86.96 87.16 87.84 87.22 86.29
200 85.29 86.53 86.58 86.95 87.67 87.21 86.31
b 500 74.72 83.70 87.06 85.88 86.71 86.94 | 86.06
1000 81.57 86.91 87.31 87.50 87.94 86.86 84.98
1500 74.72 83.70 87.06 85.88 86.71 86.94 | 86.06
200 87.12 86.74 86.72 86.55 87.66 87.04 | 85.26
G 500 82.01 86.13 86.47 86.88 87.38 87.21 85.13
1000 81.57 86.91 87.31 87.50 87.94 86.86 84.98
1500 79.52 85.49 86.51 86.87 87.38 86.98 85.03
PCA Method 81.85 81.81 81.81 81.73 81.88 80.61 75.30
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AN9197 N.50 ANTLLNNIRALIANNLAUAALTINFILINA 1WA 9R9aIN1TuLNAuN N Tae A F5y

FIUNANIes PCA uay nisuidaunninanisdiuasnudusauiunisdszuinigsneann

AINIIT31I192890IN hearttest5

__Basis 1 2 3 4 5 6 7
Kfirst K
200 3.4571 | 3.1969 | 3.1375| 3.1058 | 3.0008 | 3.0476 | 3.2482
e 500 35123 | 3.1337 | 3.1118| 3.1051| 2.9286| 3.0168 | 3.1949
1000 3.4571 | 3.1969 | 3.1375| 3.1058 | 3.0008 | 3.0476 | 3.2482
1500 3.4562 | 3.0668 | 3.0659 | 3.0947 | 2.9256 | 2.9955| 3.2006
200 3.3596 | 3.1593 | 3.1346 | 3.0157 | 2.8965 | 3.0447 | 3.2650
500 500 5.0902 | 3.7132 | 3.1132 | 3.3141| 3.1543| 3.1185| 3.2802
1000 44263 | 3.1913 | 3.0564 | 2.9937 | 2.8487 | 3.1932 | 3.5273
1500 50902 | 3.7132 | 3.1132| 3.3141| 3.1543| 3.1185| 3.2802
200 29699 | 3.1673 | 3.2528 | 3.2363 | 2.9529 | 3.0833 | 3.4757
G 500 3.9174 | 3.2596 | 3.1763 | 3.1381| 2.9624 | 3.0791| 3.5528
1000 44263 | 3.1913 | 3.0564 | 2.9937 | 2.8487 | 3.1932 | 3.5273
1500 43721 | 3.3018| 3.1576| 3.0926 | 2.9684 | 3.1775| 3.4499
PCA Method 41141 | 4.1546 | 4.1348 | 4.1266| 4.0811| 4.3883 | 5.6185
F13999 N.51 AIANARIEINN LN LeIN TN U Ine AT UguMANT8Y  PCA uaY
n1suthgaunninanistiuanfsidxgoniunistssiinglieannaAudidaglinaesnan
hearttest6
__Basis 1 2 3 4 5 6 7
Kfirst K
200 88.02 88.02 87.73 88.33 88.19 88.35 86.89
- 500 88.06 88.15 87.61 88.13 87.89 88.07 87.52
1000 88.02 88.02 87.73 88.33 88.19 88.35 86.89
1500 88.04 88.10 87.66 88.16 88.26 88.08 86.98
200 88.14 88.19 87.64 88.53 88.02 87.79 87.25
500 500 83.16 87.85 88.10 88.34 87.99 87.88 86.73
1000 82.91 87.83 87.99 88.74 88.11 87.34 | 8561
1500 83.16 87.85 88.10 88.34 87.99 87.88 86.73
200 88.09 88.20 87.80 88.87 88.07 87.70 | 86.14
B 500 84.65 87.91 88.14 88.81 88.01 87.58 85.95
1000 82.91 87.83 87.99 88.74 88.11 87.34 | 8561
1500 81.88 87.81 88.02 88.72 88.11 87.38 85.66
PCA Method 81.74 82.00 82.18 82.32 81.91 78.72 76.29
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AN997 N.52 ANTLLNNIRALIANNLEUAALTINFILINA 1A 9R9aIN1TuLN A uN N Tae A F5

FIUNANIes PCA uay nisuidaunninanisdiuasnudusauiunisdszuinigsneann

ANIIT31I1989NIN hearttest6

__Basis 1 2 3 4 5 6 7
Kfirst K
200 27521 | 2.8231| 2.9056 | 2.7649 | 2.7054 | 2.7049 | 3.0835
T 500 2.7257 | 2.8477 | 2.9063 | 2.7852| 2.7554 | 2.6971| 3.0043
1000 27521 | 2.8231| 2.9056 | 2.7649 | 2.7054 | 2.7049 | 3.0835
1500 2.7355 | 2.8594 | 2.8984 | 2.7724| 2.7041| 2.6930| 3.0722
200 2.6989 | 2.8430 | 2.9030| 2.7136| 2.6918 | 2.8069 | 3.0608
500 500 3.6872 | 2.9052 | 2.8127 | 2.7395| 2.7489 | 2.7752 | 3.1224
1000 3.9515 | 2.8959 | 2.8140 | 2.6878 | 2.7485| 2.9334 | 3.3711
1500 3.6872 | 2.9052 | 2.8127 | 2.7395| 2.7489 | 2.7752| 3.1224
200 2.7345| 28405 | 29094 | 26187 | 2.7776 | 2.8921 | 3.2136
G 500 3.3659 | 2.8876 | 2.7857 | 2.6774| 2.7797 | 2.8920 | 3.2694
1000 3.9515 | 2.8959 | 2.8140 | 2.6878 | 2.7485| 2.9334 | 3.3711
1500 3.8778 | 2.9371| 2.7896 | 2.6898 | 2.7745| 2.9317 | 3.3378
PCA Method 40784 | 4.0609 | 4.0617 | 4.0313| 4.1227 | 4.7918 | 5.2356
NTEuN 4
M1979% N.53 AMAINAEITINUATEINITHINAIuN N AT U UguMANYeY  PCA uaY
nisusdaunininenistiupinidusauiunisdsrinnglineannaanniizeglineaeanin
hearttest7
__Basis 1 2 3 4 5 6 7
Kfirst K
200 78.04 82.12 85.13 84.96 85.18 84.81 84.20
e 500 77.98 80.94 83.37 83.35 83.24 82.62 81.96
1000 78.04 82.12 85.13 84.96 85.18 84.81 84.20
1500 77.96 82.12 85.31 85.01 85.26 84.83 84.12
200 76.17 79.74 81.83 81.51 81.29 80.54 | 79.39
b 500 75.59 78.46 80.02 79.80 79.50 78.75 76.58
1000 71.51 72,57 74.28 72.88 70.78 70.85 67.36
1500 75.59 78.46 80.02 79.80 79.50 78.75 76.58
200 72.32 74.61 77.04 76.00 74.82 74.37 71.51
AT 500 71.67 73.64 75.26 74.25 72.79 72.75 69.11
1000 71.51 72.57 74.28 72.88 70.78 70.85 67.36
1500 71.60 72.88 74.73 73.31 71.98 71.70 67.96
PCA Method 61.70 55.50 52.46 52.91 52.71 52.99 55.46
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AN997 N.54 ANTLULNNIRALIANNLEUAALTINFILINA2 1A 9R9raIN1ThLNAuN N Tae A FU5

FIUNANIes PCA uay nisuidaunninanisdiuasnudusauiunisdszuinigsneann

AINIIT31I192890IN hearttest?

__Basis 1 2 3 4 5 6 7
Kfirst K
200 5.2195 | 4.1512 | 3.5942 | 3.6194 | 3.4787 | 3.5983 | 3.7275
e 500 5.2325 | 4.4898 | 4.0002 | 4.0128 | 3.9302 | 4.1182 | 4.2703
1000 5.2195 | 4.1512 | 3.5942 | 3.6194 | 3.4787 | 3.5983 | 3.7275
1500 5.2425 | 4.1512 | 3.5528 | 3.5887 | 3.5035| 3.5705| 3.7581
200 5.5600 | 4.8478 | 4.2575| 4.3507 | 4.4116 | 4.4821 | 4.7745
500 500 5.7449 | 5.0890 | 4.7065 | 4.7694 | 4.7952 | 4.9628 | 5.3490
1000 6.4197 | 6.0927 | 5.7925 | 6.0386 | 6.2829 | 6.1766 | 6.4681
1500 5.7449 | 5.0890 | 4.7065 | 4.7694 | 4.7952 | 4.9628 | 5.3490
200 62846 | 5.8230 | 5.3458 | 5.4799 | 5.7227 | 5.6786 | 6.1084
G 500 6.3242 | 5.9523 | 5.6377 | 5.8114| 5.9289 | 5.8749 | 6.4160
1000 6.4197 | 6.0927 | 5.7925 | 6.0386 | 6.2829 | 6.1766 | 6.4681
1500 6.3763 | 6.0291 | 5.6969 | 5.9431| 6.1017 | 6.0613| 6.4521
PCA Method 8.0153 | 9.0207 | 9.4122 | 9.3941 | 9.3744 | 9.2557 | 8.7368
F15999 N.55 AIANARIELINNUNLaIN TR U Ine AT UguMANT8Y  PCA uay
n1suthgaunninanistiuanfsidxgoniunistssiinglieannaAudidaglinaesnan
hearttest8
__Basis 1 2 3 4 5 6 7
Kfirst K
200 84.33 89.02 90.99 90.97 91.84 9120 | 91.51
- 500 83.45 87.49 89.49 89.42 89.65 89.34 | 89.51
1000 84.33 89.02 90.99 90.97 91.84 91.20| 91.51
1500 84.38 89.00 91.04 91.13 92.07 91.25 91.33
200 82.62 87.18 89.28 89.43 89.64 89.16 88.98
500 500 81.83 85.55 87.46 87.56 88.12 87.72 86.92
1000 78.42 80.72 82.94 82.86 81.58 81.00 | 77.83
1500 81.83 85.55 87.46 87.56 88.12 87.72 86.92
200 79.48 83.72 85.70 85.37 84.74 84.45 83.59
B 500 79.05 82.13 84.14 84.09 83.43 83.02 80.75
1000 78.42 80.72 82.94 82.86 81.58 81.00| 77.83
1500 78.82 81.39 83.53 83.40 82.08 81.77 79.31
PCA Method 66.42 62.82 60.34 60.76 59.53 60.34 60.57




140

AN9197 .56 ANTLLNNIRALIANNLEUAALTINFILINA 1A 9R9aIN1TuLNAuN N Tae A F5y

FIUNANIes PCA uay nisuidaunninanisdiuasnudusauiunisdszuinigsneann

ANIIT31I19890IN hearttests

__Basis 1 2 3 4 5 6 7
Kfirst K
200 3.8037 | 2.6560 | 2.1760 | 2.2337 | 1.9627 | 2.0919 | 1.9539
e 500 3.9643 | 3.0582 | 2.5664 | 2.5912| 2.4970 | 2.5575| 2.4837
1000 3.8037 | 2.6560 | 2.1760 | 2.2337 | 1.9627 | 2.0919 | 1.9539
1500 3.8058 | 2.6985 | 2.1691 | 2.1935| 1.9187 | 2.0699 | 2.0944
200 4.1426 | 3.0899 | 2.6228 | 2.5370 | 2.5290 | 2.5876 | 2.5902
500 500 43729 | 3.4411| 3.0148 | 3.0528 | 2.8992 | 2.8652 | 3.0343
1000 5.0494 | 4.4224 | 4.0807 | 4.0653 | 4.2831| 4.3087 | 4.8459
1500 43729 | 3.4411| 3.0148 | 3.0528 | 2.8992 | 2.8652 | 3.0343
200 48010 | 3.9106 | 3.3376 | 3.4073 | 3.6058 | 3.5794 | 3.6915
G 500 48693 | 4.1888 | 3.7229 | 3.7661| 3.8729 | 3.9306 | 4.3668
1000 5.0494 | 4.4224 | 4.0807 | 4.0653 | 4.2831| 4.3087 | 4.8459
1500 4.9618 | 4.3633| 3.9361| 3.9040 | 4.1492 | 4.1272| 4.6971
PCA Method 71265 | 7.7608 | 8.0348 | 8.0486 | 8.1608 | 7.9469 | 7.7793
NTEN 5
M1979% N.57 AMANNAGEITINHATEINITHINAIuN N AT UguMANYeY  PCA uaY
nisusdaunininenistiupinidusauiunisdsrinnglineannaanniizeglineaeanin
hearttest9
__Basis 1 2 3 4 5 6 7
Kfirst K
200 91.09 91.16 91.16 91.27 91.24 91.91 91.87
e 500 91.13 91.20 91.16 91.27 91.24 91.87 91.87
1000 91.09 91.16 91.16 91.27 91.24 91.91 91.87
1500 91.13 91.16 91.16 91.27 91.24 91.91 91.87
200 90.98 91.09 91.13 91.20 91.16 91.63 91.66
b 500 90.80 90.87 90.91 91.09 91.16 91.72 91.69
1000 89.99 89.76 89.91 89.85 89.87 91.07 91.11
1500 90.80 90.87 90.91 91.09 91.16 91.72 91.69
200 90.51 90.58 90.65 90.76 90.84 91.47 91.36
G 500 90.16 90.39 90.43 90.30 90.43 91.40 91.43
1000 89.99 89.76 89.91 89.85 89.87 91.07 91.11
1500 91.09 91.16 91.16 91.27 91.24 91.91 91.87
PCA Method 89.68 88.11 87.03 86.53 86.61 87.31 86.90
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AN9197 .58 ANTLLNNIRALIANNLEUAALTINFILINA 1A 9R9aIN1TuLNAuN N Tae A F5U

FIUNANIes PCA uay nisuidaunninanisdiuasnudusauiunisdszuinigsneann

ANIIT31192890IN hearttest9

__Basis 1 2 3 4 5 6 7
Kfirst K
200 1.2510 | 1.2387 | 1.2267 | 1.2256| 1.2165| 1.0791 | 1.0831
e 500 1.2552 | 1.2387 | 1.2267 | 1.2256 | 1.2165| 1.0841 | 1.0831
1000 1.2510 | 1.2387 | 1.2267 | 1.2256 | 1.2165| 1.0791 | 1.0831
1500 1.2552 | 1.2387 | 1.2267 | 1.2256 | 1.2165| 1.0791 | 1.0831
200 1.2656 | 1.2498 | 12305 | 1.2257 | 1.2071 | 1.0812 | 1.0669
500 500 1.3244 | 1.3092 | 1.2815| 1.2728 | 1.2680 | 1.0984 | 1.0878
1000 1.4718 | 1.4443 | 1.4386 | 1.4285| 1.4248 | 1.1939 | 1.1739
1500 1.3244 | 1.3092 | 1.2815| 1.2728 | 1.2680 | 1.0984 | 1.0878
200 1.3088 | 1.3196| 1.3106 | 1.2991 | 1.2861 | 1.1259 | 1.1300
G 500 1.4394 | 1.3826 | 1.3455| 1.3562 | 1.3443| 1.1620 | 1.1321
1000 1.4718 | 1.4443 | 1.4386 | 1.4285| 1.4248| 1.1939 | 1.1739
1500 1.4398 | 1.4393 | 1.4344 | 1.3693 | 1.4100| 1.1718| 1.1648
PCA Method 1.9942 | 2.1291 | 2.3439 | 2.3286 | 2.3444 | 22457 | 2.2262
F13999 N.59 AIANARIETNN LN L8N TR U N Ine AT UguMANTBY  PCA uaY
n1suthgaunninanistiuanfsidxgoniunistssiinglieannaAudidaglinaesnan
hearttest10
__Basis 1 2 3 4 5 6 7
Kfirst K
200 92.23 92.41 92.41 92.34 92.48 93.02 93.22
- 500 92.27 92.41 92.41 92.34 92.48 93.02 93.08
1000 92.23 92.41 92.41 92.34 92.48 93.02 93.22
1500 92.34 92.41 92,41 92.38 92.48 93.36 93.19
200 91.66 91.86 91.86 91.56 91.68 92.93 92.86
500 500 91.65 91.81 91.94 91.56 91.87 92.89 92.82
1000 91.33 91.01 90.92 91.10 90.95 92.55 92.42
1500 91.65 91.81 91.94 91.56 91.87 92.89 92.82
200 91.21 91.32 91.43 91.54 91.35 92.73 92.66
B 500 91.40 91.10 91.32 91.28 91.28 92.48 92.48
1000 91.33 91.01 90.92 91.10 90.95 92.55 92.42
1500 91.29 90.95 91.10 91.13 91.21 92.45 92.45
PCA Method 88.65 87.47 86.62 86.54 86.38 86.72 86.92
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AN9197 N.60 ANTLLNNIRALIANNLAUAALTINFILINAUA9R9aIN1ThLNAuN N Tae A F5

FIUNANIes PCA uay nisuidaunninanisdiuasnudusauiunisdszuinigsneann

ANIIT31$192890IN hearttest10

__Basis 1 2 3 4 5 6 7
Kfirst K
200 1.3422 | 12862 | 1.2798 | 1.2640 | 1.2605| 1.1098 | 1.0731
e 500 1.3270 | 1.2862 | 1.2798 | 1.2640 | 1.2605| 1.1098 | 1.0876
1000 1.3422 | 1.2862 | 1.2798 | 1.2640 | 1.2605| 1.1098 | 1.0731
1500 1.3403 | 1.2862 | 1.2798 | 1.2640 | 1.2605| 1.1024 | 1.0731
200 1.3679 | 1.4223 | 13684 | 1.3247 | 1.3102 | 1.0667 | 1.1048
500 500 1.3679 | 1.4209 | 1.3789 | 1.3287 | 1.3468 | 1.0004 | 1.1184
1000 1.4791 | 15683 | 1.4629 | 1.4495| 1.4274| 1.2298 | 1.2201
1500 1.3679 | 1.4209 | 1.3789 | 1.3287 | 1.3468 | 1.0004 | 1.1184
200 1.4583 | 14263 | 1.3889 | 1.3718| 1.3621| 1.1911 | 1.1966
G 500 1.4755 | 1.4645| 1.3976 | 1.4062 | 1.3623 | 1.2068 | 1.2105
1000 1.4791 | 1.5683 | 1.4629 | 1.4495| 1.4274| 1.2298 | 1.2201
1500 1.4650 | 1.4680 | 1.4498 | 1.4333| 1.3972 | 1.2097 | 1.2164
PCA Method 20154 | 2.2454 | 2.3329 | 2.3568 | 2.3364 | 2.2604 | 2.3733
NTElN 6
M1979% N.61 AMANNAGIEITINUATEINITHINAIuN N AT UguMANYeY  PCA uaY
nisusdaunininenistiupinidusauiunisdsrinnglineannaanniizeglineaeanin
hearttest11
__Basis 1 2 3 4 5 6 7
Kfirst K
200 91.90 92.33 92.78 92.78 92.78 93.72 93.72
e 500 91.93 92.33 92.87 92.81 92.81 93.72 93.72
1000 91.90 92.33 92.78 92.78 92.78 93.72 93.72
1500 91.86 92.33 92.75 92.78 92.35 93.56 93.53
200 91.80 92.30 92.62 92.78 92.81 93.72 93.78
b 500 91.77 92.27 92.52 92.62 92.59 93.72 93.44
1000 91.41 91.91 92.27 92.39 92.45 93.75 93.06
1500 91.77 92.27 92.52 92.62 92.59 93.72 93.44
200 91.75 92.17 92.33 92.52 92.52 93.78 93.44
G 500 91.57 92.10 92.33 92.49 92.55 93.72 93.35
1000 91.41 91.91 92.27 92.39 92.45 93.75 93.06
1500 91.48 91.94 92.27 92.39 92.35 93.75 93.25
PCA Method 88.30 87.95 87.92 87.85 87.81 88.08 87.98
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AN9197 .62 ANTLLNNIRALIANNLAUAALTINFILINA 1A 9R9aIN1ThLN A uN N Tae A F5U

FIUNANIes PCA uay nisuidaunninanisdiuasnudusauiunisdszuinigsneann

ANIITIFL1909NIN hearttest11

__Basis 1 2 3 4 5 6 7
Kfirst K
200 1.6216 | 15462 | 1.4689 | 1.4570 | 1.4450 | 1.2242 | 1.2198
e 500 1.6435 | 15462 | 1.4692 | 1.4461 | 1.4404| 1.2246 | 1.2198
1000 1.6216 | 1.5462 | 1.4689 | 1.4570 | 1.4450 | 1.2242 | 1.2198
1500 1.6271 | 1.5462 | 1.4536 | 1.4509 | 1.5827 | 1.2721| 1.2488
200 1.6421 | 15678 | 1.4927 | 1.4551 | 1.4496 | 1.2212 | 1.2241
500 500 1.6493 | 1.5836 | 1.5307 | 1.4929 | 1.4974 | 1.2320 | 1.3081
1000 1.7209 | 1.6464 | 1.5725| 15642 | 1.5455| 1.2401 | 1.3290
1500 1.6493 | 1.5836 | 1.5307 | 1.4929 | 1.4974| 1.2320 | 1.3081
200 1.6323 | 16231 | 15320 | 15187 | 15132 | 1.2246 | 1.2736
G 500 1.6776 | 1.6108 | 1.5356 | 1.5100 | 1.5045 | 1.2234 | 1.3226
1000 1.7209 | 1.6464 | 15725 | 15642 | 15455 | 1.2401 | 1.3290
1500 1.7045 | 1.6168 | 1.5551 | 1.5400 | 1.5352 | 1.2225| 1.3125
PCA Method 23067 | 2.3521 | 2.3528 | 2.3447 | 2.3254 | 2.2505 | 2.2743
F13999 N.63 ANANARIETNN LN L8N TN U N Ine AT UguMANTBY  PCA uaY
n1suthgaunninanistiuanfsidxgoniunistssiinglieannaAudidaglinaesnan
hearttest12
__Basis 1 2 3 4 5 6 7
Kfirst K
200 94.41 94.80 95.04 95.06 95.10 96.14 | 96.15
- 500 94.49 94.77 95.32 95.06 95.10 96.08 96.15
1000 94.41 94.80 95.04 95.06 95.10 96.14 | 96.15
1500 94.53 94.77 95,19 95.03 95.16 96.08 96.18
200 94.22 94.74 94.94 95.00 94.90 96.14 | 96.15
500 500 94.33 94.73 94.90 94.81 94.96 96.08 96.05
1000 93.94 94.43 94.66 94.76 94,73 95.21 95.22
1500 94.33 94.73 94.90 94.81 94.96 96.08 96.05
200 94.20 94.63 94.90 94.83 94.87 96.05 95.93
B 500 94.04 94.57 94.77 94.82 94.86 95.60 95.80
1000 93.94 94.43 94.66 94.76 94.73 95.21 95.22
1500 94.04 94.47 94.70 94.82 94.79 95.37 95.25
PCA Method 91.07 90.61 90.47 90.54 90.54 90.76 90.63
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AN9197 .64 ANTLLNNIRALIANNLEUAALTINFILINA 1A 9R9a9N1TuLN A uN N Tae A F5

FIUNANIes PCA uay nisuidaunninanisdiuasnudusauiunisdszuinigsneann

ANIIT31192890IN hearttest12

__Basis 1 2 3 4 5 6 7
Kfirst K

200 1.1399 | 1.0524 | 09965 | 0.9778 | 0.9624 | 0.7970 | 0.7780
200 500 11292 | 1.0524 | 0.9784| 09773 | 09624 | 0.7989| 0.7761
1000 1.1399 | 1.0524 | 0.9965| 0.9778 | 09624 | 0.7970| 0.7780
1500 11292 | 1.0535 | 0.9821| 09778 | 09593 | 0.7954 | 0.7792
200 1.1646 | 1.0539 | 1.0225| 0.9915| 09716 | 0.7977 | 0.7747
500 500 11646 | 1.0529 | 1.0246 | 1.0123| 09832 | 0.8224 | 0.8003
1000 1.2466 | 1.1800 | 1.0696 | 1.0520| 1.0571| 0.9370 | 0.9299
1500 1.1646 | 1.0529 | 1.0246 | 1.0123| 09832 | 0.8224| 0.8003
200 14822 | 11064 | 1.0211| 1.0276 | 1.0213| 0.8254| 0.8376
1000 500 1.2025 | 1.1170 | 1.0554 | 1.0292 | 1.0240 | 0.8947 | 0.8539
1000 1.2466 | 1.1800 | 1.0696 | 1.0520 | 1.0571| 0.9370| 0.9299
1500 12086 | 1.1518 | 1.0913| 1.0272| 1.0585| 0.9058 | 0.9171
PCA Method 17624 | 1.8583 | 1.9017 | 1.8930| 1.9044 | 1.8049 | 1.7958
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Abstract

Most segmentation algorithms are based on the assump-
tion of intensity homogeneity within an object. However,
in many applications, the object of interest contains more
than one homogenous region. Even when the object’s shape
is known, such object is not effectively extracted. In this
paper, we propose a segmentation process for the objects
containing 2 homogenous regions. Our method is based on
the level set method. We construct the shape model from
the set of manually extracted objects. The parameters that
represent the shape model are coefficients of PCA basis. In-
stead of defining a new cost-function based on heterogene-
ity assumption, we repeatedly form a homogenous region
inside the evolving curve and evolve the curve by. the level
set method. Our experiment on medical images indicated
that our method effectively segmented object with one and
two homogenous regions.

1. Introduction

Image segmentation is a basic problem in computer vi-
sion and image processing. Its aim is to partition an im-
age into a finite number of meaningful regions. One of the
widely used methods is based on an active contour model,
also known as snake. This method was first introduced by
Kass et al. [3]. The contour is extracted according to the
image and internal force, which are defined by the gradi-
ent of an image and the curve characteristic, respectively.
However, this method fails to extract edges at the sharp cor-
ner. Melladi et al. [5] introduced level set method for im-
age segmentation. The segmentation contour is extracted as
pixels with the zero signed distance value. Since both active
contour and the level set method use the gradient operation,
which is very sensitive to noise, they do not perform well on
noisy images. Later, Chan and Vese [1] defined image force

Proceedings of the 3rd Canadian Conference on Computer and Robot Vision (CRV’06)
0-7695-2542-3/06 $20.00 © 2006 IEEE

as the function of the region homogeneity. Their method
can effectively segment for objects with no distinct edge.

In some applications, e.g. medical image analysis, image
information alone is not sufficient for extracting the object
of interest, because the intensity difference among objects
is not always distinct. In addition to image information, ob-
ject shape must also be considered. Chen et al. [2] used
the mean shape of the training set as prior knowledge. The
final contour must minimize the summation of the inten-
sity difference and distance from the extracted object to the
mean shape and image energy. Later, Rousson and Para-
gios [7] described the shape model by Gaussian distribution
function. Their shape model was used instead of Chen’s
mean shape. Leventon et al. [4] derived shape parameters
by PCA on a set of signed distance of training images. Seg-
mentation is under the influence of image force and shape
parameters estimated by MAP. The shape parameters are es-
timated at every iteration of the level set computation. Tsai
et al. [8] also represented the model by parameters derived
from PCA. Tsai’s method estimated the coefficients of PCA
basis and used the estimated coefficients to construct the
segmentation results.

All of the discussed methods are based on the assump-
tion that one object has one region. In case of the object
with two regions, the level set method may gives the final
curve far away from the actual boundary, even though we
have the perfect shape model for the object. Figure 1 shows
one example when we wanted to extract the heart which
contained 2 regions. The initial curve is shown in Figure
1(a). The results of Chan and Vese method and the gradient
based method are shown in Figures 1(b) and 1(c), respec-
tively. The result clearly shows that both methods gave the
boundary far away from the actual boundary even though
the initial curve was very near the actual boundary.

In this paper, we propose the shape-based level set seg-
mentation method for objects with 2 homogenous regions.
The shape is represented by PCA basis calculated from
the training shapes. With this representation, the extracted
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Figure 1. Problem of segmenting an object
containing 2 regions: (a) segmentation re-
sult by aligning the mean shape, (b) seg-
mentation result by using Chan-Vese method
to evolve the curve in 1(a). (c) result by
using gradient-based method to evolve the
curve in 1(a)(By courtesy of Dr. P. Katerut-
takul, Department of Radiology, Faculty of
Medicine ,Siriraj Hospital, Mahidol University,
Thailand)

Threshold = OTSHI_inside);

I_dark = I_insidelI_inside<=Threshold):
I_bright = I_inside(I_insides> Threghold):
New_wral = MEAM({T_dark):

I_inside = New_wval;

Figure 2. Pseudo-code of the intensity adjust-
ment

shape would be in the class of interested object. The region
inside the segmenting curve is iteratively adjusted such that
it is a homogenous region.

The rest of this paper is organized as follows. Section 2
explains how we construct the shape model. Our segmen-
tation system is described in detail in Section 3. Section 4
shows experimental results and discussion. We then con-
clude this paper in Section 5.

2. Shape Representation
2.1 Prior shapes alignment

Our shape model is constructed from the set of manu-
ally extracted objects. Objects are in binary format with
pixel value “one”-inside the object and otherwise “zero.”
All training objects are aligned to the same pose and scale.
To achieve this task, we estimate the pose parameter which
gives the minimum cost. The cost function is defined as
follows:

Eatign = ZZ{W} (1)
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Figure 3. Flow chart of our proposed method.

where 1'(%,5) = I'(T[p][zy 1)), the ith binary image,
and ) denotes the image domain. The pose parameter, p,
consist of x-, y-translation, scale and rotation. The optimal
pose parameters are found by gradient descent method.

2.2 Shape Representation

Signed distance function is used to represent the object
shape. Pixels inside and outside the object have the nega-
tive and positive value, respectively. The magnitude of the
signed distance function represents the distance of the pixel
to the nearest edge. The boundary is embedded in the pix-
els with the zero signed distance value. The shape variation
is-captured via mean-offset functions {\ilh lI~12, R lI~1n},
which are the value of n signed distance function subtracted
by. their mean level set function, ®, at that position. ® is de-
fined in Equation (2).

3\'—‘

Z @)

where ¥, is the signed distance function of image i. Each
mean offset function is stored in lexicographical order form-
ing a N = N; N, elements vector. n principal basis from
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Figure 4. The comparison of our method and Tsai et al’s method. Images in the first row are the
test images. Images in the second and the third row are the results of Tsai et al’s method and our
proposed method, respectively. Ten basis were used to represent the heart. (By courtesy of Dr.
P. Kateruttakul, Department of Radiology, Faculty of Medicine ,Siriraj Hospital, Mahidol University,

Thailand)

n training curves are found by eigenvalue decomposition
of (1/n)SST, where S is the N x n matrix defined as
S = [\ill Uy \iln} Eigenvalue decomposition is defined
by the following equation:

1
=8s” —uzu” 3)
n

The n orthogonal basis are stored in each column of U.
We reorder the column of U from N;N5-D vector.into
N; x N» matrix, called eigenshape (®;). The magnitude
of eigenvalue shows the degree of variation among the train-
ing images in the direction of the corresponding eigenshape.
Small eigenvalue indicates small variation from the mean
value Small variation can be ignored, so at the direction
with small eigenvalue, the mean is sufficient to represent
the entire set of training images. Thus, the image is repre-
sented as follow:
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k
Blw] =P +) w® @)
i=1

where £ < n and w; is the result of projecting image to

®,. The pose of the object is changed by adding the pose
parameter into Equation (4) as shown in Equation (5).

k
®(w,pl(z,y) = 2(p) + Z w; ®;(p) Q)

3. Segmentation process

The segmentation follows the assumption of Chan and
Vese [1], which segments an image into two regions. It is
assumed that each region contains one intensity which is
different from the other’s. The segmentation is the problem
of minimizing the following function:
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BQ =N [ |lay) - Ifdsdy
inside(C
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+/\0/ |I(]}7y) 710‘2dxdy7
outside(C)

which is equivalence to the energy function of w and p pa-
rameter as defined in Equation (7).

E(w.p) =\ /Q I(z,y) — L2 H(~®(w, p))dA

(7
Y / (. y) — L,2H(~®(w, p))dA,
Q
where
0 ifx <O,
Hw) = {1 if 2 > 0. ®

The optimal w and p are found by gradient descent method.
The boundary of an object is extracted from the zero level
of &(w, p).

The shape, represented by the optimal parameters de-
rived by minimizing Equation (7), accurately represents the
object as long as the object contains one homogenous re-
gion; however, this extracted shape is not correct when the
object contains two or more homogenous regions. In order
to extract the shape correctly, we add the process to trans-
form the object into one region. Initially, we have no infor-
mation about the location of an object. However, after some
iterations for finding w and p, the contour usually comes to
lie inside the object. The case is guaranteed when our initial
curve is inside an object. Although this curve does not at-
tach to the object boundary, it always covers 2 regions with
different intensity (in the case that the object consists of 2
homogenous regions). We then change the region inside the
curve into one homogenous region whose new intensity is
the intensity of the region near the boundary. So our scheme
depends on the characteristic of the object in the image. In
our test sequence, the heart consists of 2 regions, heart tis-
sue (the dark region), and the diffused substrate (the bright
region). The heart tissue must surround the diffused sub-
strate, so it is clear that bright pixels must be adjusted to
the dark ones. In our work, we change the intensity of the
pixels in the bright region to the mean intensity of the dark
region.

The pseudo-code for our intensity adjustment is shown
in Figure 2. First, Otsu’s method [6] is used to estimate
the threshold to separate the region inside the curve into 2
regions. The mean intensity for pixels having intensity less
than the threshold is calculated. Then all bright pixels inside
the curve are changed to the mean intensity.
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Figure 5. Area similarity measurement of
Tsai’s method and our proposed method.

After the intensity adjustment, the curve is evolved
again. Because the adjusted region may not contain the en-
tire bright region, the pixels inside the curve must be ad-
justed for every k time the curve is evolved. The adjust-
ment must be repeated until there is no bright region inside
the curve.

This intensity adjusting scheme based on Otsu’s algo-
rithm can also be applied to objects with one homogenous
region. The segmentation result is not much different from
the one without intensity adjustment.

The flow of our method is shown in Figure 3. Our curve
is evolved until the error of the current curve and previous
curve is less than the predefined threshold, €.

4. Experiment
4.1 Quality assessment

In this paper, we used area similarity to evaluate our
method. We compare our method to Tsai et al.’s method.
Area similarity measures the similarity of the extracted ob-
ject to the reference (ideal) result, which was extracted man-
ually. The value of 1 indicates the perfect segmentation. Let
A and Ag be the binary images of extracted object and the
reference object templates. Pixels with the value of “one”
lie inside the object and pixels with value “zero” lie outside
the object. Area similarity can be calculate as follows.

2n(AR A A)
n(Ag) + n(A)’

where A is an-“and” operator and n(-)-is the number of the
pixel inside the object.

C))

Sarea 3

4.2 Experiment and results

We compared our method to Tsai et al.’s method by ap-
plying to cardiac MRI. The shape model in Tsai et al.’s
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method and ours was represented by 10 PCA basis. The
basis were calculated from 16 training images. Figure 4
showed the segmentation results of Tsai et al.’s and our
method. When the heart contained only one region (Figure
4(a)), both algorithms gave the similar result (Figures 4(e)
and 4(i)). However, when the heart contained more than
one region (Figure 4(b), 4(c) and 4(d)), Tsai et al.’s method
failed to attach the final curve to the boundary of the heart
(Figures 4(f), 4(g) and 4(h)). The curve was mistakenly at-
tached to the boundary of the bright region inside the heart.
On the other hand, our proposed method still gave the good
result (Figures 4(j), 4(k) and 4(1)). The extracted boundary
was close to the true boundary.

We also quantitatively compared Tsai et al.’s and our
method. Ten images were used. The heart in all images
contains one bright and one dark region. Figure 5 shows the
area similarity from the result of both methods. The result
clearly shows that our proposed method had better perfor-
mance than Tsai et al.’s method in all cases.

5. Conclusions

In this paper, we propose the shape based object seg-
mentation to segment objects containing one and two ho-
mogeneous regions. Our segmenting curve is represented
by the coefficient of PCA basis derived form the training
shapes. Our segmentation method is based on the level set
method. The intensity inside the curve is repetitively ad-
justed during the estimation of the coefficients of PCA ba-
sis. The adjusting process first groups the pixels into 2 ho-
mogenous groups, then all the bright pixels inside the curve
change theirs intensity to the mean of the group with lower
intensity. Although our method is designed for segment-
ing object with two homogenous regions, the experimental
results indicated that it could work on object with one ho-
mogenous region as well. In objects with two homogenous
regions, our proposed method gives the better performance
(both qualitative and quantitative perspectives) than Tsai et
al.’s method.
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ABSTRACT

Most of segmentation algorithms are based on the assump-
tion of intensity homogeneity within an object. However, in
many applications, the object of interest contains more than
one homogenous-intensity region. Even when the object’s
shape is known, such object is not effectively extracted. In
this paper, we propose a segmentation process for the objects
containing 2 homogenous regions. Our method is based on
level set method. This method is divided into 2 parts. In the
first part, we estimate the pose parameters of the mean shape
of the object. In the latter part, the region inside the curve is
adjusted to form a homogenous region. Then we segment the
adjusted image for the object by level set method. Our experi-
ment on medical images indicated that our method effectively
segmented object with one and two homogenous regions.

Index Terms— Image segmentation, Biomedical imag-
ing

1. INTRODUCTION

Image segmentation is a basic problem in computer vision
and image processing. Its aim is to partition an image into a
finite number of meaningful regions. One of the widely used
methods is based on an active contour model, also known as
snake. This method was first introduced by Kass et-al. [1].
Edge is extracted according to image force, defined by the
gradient of an image, and internal force, defined by the curve
characteristic. However, this method fails to extract edges at
the sharp corner. Malladi et-al. [2] introduced the level set for
image segmentation. Edge is extracted as a group of pixels
with the zero signed distance value. Since both the active
contour and the level set method use the gradient operation,
which is very sensitive to noise, they cannot work well on
noisy images. Later, Chan and Vese [3] defined image force as
the function of the region homogeneity. Their method works
well on segmenting regions with no distinct edge.

This work was supported by the cooperative project between Department
of Electrical Engineering and Private sector for Research and Development,
Chulalongkorn University, Thailand.

In some applications, e.g. medical image analysis, image
information alone may not suffice for extracting the objects
of interest, because the intensity difference among objects is
not always distinct. In addition to image information, an ob-
ject shape must also be considered. Chen et al. [4] used the
mean shape of the training set as a prior knowledge. The final
contour must minimize the summation of the intensity differ-
ence and distance from the extracted object to the mean shape
and image energy. Leventon et al. [5] derived shape parame-
ters by PCA on a set of signed distance of training images.
Segmentation is under the influence of image force and shape
parameters estimated by MAP. The shape parameters are es-
timated at every iteration of the level set computation. Tsai et
al. [6] also represented the shape by parameters derived from
PCA. Tsai’s method estimated the coefficient of the eigenvec-
tors and used the estimated coefficient to construct the seg-
mentation results.

All of the discussed methods are based on level set method
which assumes that one object has one region. In case of the
object with two regions, the level set method may give the
final curve far away from the actual boundary, even though
we have the perfect model for the object. Figure 1 shows one
example when we extract the heart which contains 2 regions.
The initial curve is shown in Figure 1(a). The results of Chan
and Vese method and gradient-based method are shown in
Figures 1(b) and 1(c), respectively. The result clearly shows
that both methods gave the boundary far away from the actual
boundary even though the initial curve was very near.

In this-paper, we propose the shape-based level set seg-
mentation method for objects with 2 homogenous regions.
Our method consists of 2 parts. In the first part, we first ap-
proximate the object’s location by aligning the mean shape of
the training images to the image. The pixels inside the aligned
mean shape are considered to be in the object. In the second
part, the pixels inside this area are transformed to form a ho-
mogenous region. We then apply the segmentation method by
Chan and Vese to extract the object.

The rest of this paper is organized as follows. Section 2
explains how we extract the mean shape and our segmenta-
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Fig. 1. Problem of segmenting an object containing 2 regions:
(a) segmentation result by aligning the mean shape, (b) seg-
mentation result by using Chan and Vese method to evolve
the curve in 1(a). (c) result by using gradient-based method
to evolve the curve in 1(a).

tion process. Homogeneity adjustment is described in detail
in Section 3. Section 4 shows experimental results and dis-
cussion. We then conclude this paper in Section 5.

2. SHAPE INFORMATION EXTRACTION AND
OBJECT RECONSTRUCTION

2.1. Training Image Alignment

Prior shape is built from the set of manually extracted objects.
Objects are in binary format with pixel value “one” inside
the object and otherwise “zero”. All training objects must
be aligned with the same pose and scale; however, extracted
objects may have different pose and scale. Thus we align
them by minimizing the following function:

_Zz{ffg 2da} (1

alzqn P J 1 f fQ Iq + Ij)2da

where I'(Z,5) = I'(T[p][zy1]7) is the ith binary image,
and denotes the image domain. The pose parameter, p, consist
of x-, y-translation, scale and rotation. The optimal pose para-
meters are found by gradient descent method. After aligning
all binary images, a signed distance function is used to rep-
resent the object shape. Pixels inside and outside the object
have the negative and positive signed distance value, respec-
tively. The magnitude of the signed distance function repre-
sents the distance of the pixel to the nearest edge. The bound-
ary is embedded in the pixels with the zero signed distance
value. Each shape can be represented by ;. In our frame-
work, we use mean shape ® as a prior knowledge. The mean
shape is calculated from n aligned object shapes as follows:

_ 1 <&
@zﬁz;z/)i. )

2.2. Segmentation Process
2.2.1. First part: aligning the mean shape

We use level set segmentation method proposed by Chan and
Vese [3] in our system because of its tolerance to noise and

its ability to shrink and expand the curve. Following Chan
and Vese, we first consider an image containing two regions
and align the mean shape to minimize the intensity variation
within each region. Our cost function is as follows:

)= [ ooy M) = Ly

inside ) 3)
+)\0 |I(.T,y) _IO|2d'rdy7
outside(C)

where C, I; and I, represent the curve for the boundary of the
mean shape, intensity inside and outside the curves, respec-
tively. \; and \; are predefined constants. The mean shape is
aligned by applying the pose parameter, p, to the mean shape.
The segmentation problem becomes the problem of finding
the pose parameters so the cost function becomes as follows

E(p) =\ / I(x,y) — LI2H(~®(p))dA
4)
42 / I(.y) — L H(~®(p))dA,

where ®(p) denotes the aligned mean shape. And Heaviside
function H (z) is defined by

H(z) = {0 o<, 5)

1 ifx>0.

The optimal p is found by gradient descent method. The
boundary of an object is extracted from the zero level of ®(p).

2.2.2. Second part: fine-tuning segmentation

The object extracted from the first stage has the same shape
as the mean shape. Its boundary, though near, is not the true
boundary of the object. The extracted boundary needs to be
further evolved so that it can attach itself to the true boundary.
However, in case that the object has more than one homoge-
nous region, the boundary often drifts away to a homogenous
region inside the object. Figure 1 is one example of this case.
Figure 1(a) shows the extracted boundary from the first stage.
It was very near the boundary of the heart. When we fur-
ther evolved the boundary by Chan and Vese segmentation
method, the final boundary is shown in Figure 1(b). This fig-
ure clearly shows that most-of the boundary was moved to
the boundary of the dark region which represented diffused
substrate inside the heart.

In the second stage of our segmentation process, we first
need to adjust the intensity inside the aligned mean shape (the
result of the first stage) to form a homogenous-intensity re-
gion. We make use of the fact that the white area of dif-
fused substrate is not used to distinguish the heart from the
surrounded region so we adjust its intensity to the intensity of



Fig. 2. Algorithm for homogeneity adjustment.

the dark area. This adjustment is described in Section 3. Then
we apply the segmentation algorithm of Chan and Vese’s to
evolve the initial boundary to the true boundary. The bound-
ary is evolved according to the follows equation:

E(C) = p-length(C) + )\i/ |I(z,y) — L)*dxdy

inside(C)
+Ao/ (2, y) — L[ dady,
outside(C)
(6)

where p is predefined constants.

3. HOMOGENEITY ADJUSTMENT

In order to transform an object with two homogenous regions
into the object with one homogenous region, we need to know
which of the two regions is used to distinguish the object from
the surrounding. In this paper, we are interested in MRIs as
in Figure 1. The bright region shows the diffusion area of the
injected substrate and always lies inside the heart, whereas
the dark region is the heart tissue where the boundary of the
heart can be extracted. When we use pixels in both regions
to distinguish an object from its surrounding, we include the
information that is not related to distinguish an object from its
surrounding. Only the intensity inside the dark region of the
object should be used because it is the dark region that shows
the boundary of the heart.

In our method, we estimate the threshold by Otsu’s method
[7] to separate an object into two regions. Pixels whose inten-
sity is lower or equal to the threshold are considered to be-
long to the dark region. The remaining pixels are considered
to be in the bright region. We estimate the mean intensity of
the dark region and change the intensity of pixels inside the
bright region to this mean intensity. The pseudocode for our
algorithm is shown in Figure 2.

Figure 3 shows the effect of our homogeneity adjustment.
Figure 3(a) shows the organ containing two regions. Figure
3(b) shows the result of our adjustment. It is clearly seen
that the intensity inside the organ became more homogenous.
We also tested our algorithm on organ with one homogenous
region (Figure 3(c)). The result (Figure 3(d)) shows that the
effect was almost invisible. The difference between the means
of the object before (0.106) and after adjusting (0.076) was
small. (The range of the intensity was [0,1].)

(a) Mean=0.500 (b) Mean=0.356 (c¢) Mean=0.106 (d) Mean=0.076

Fig. 3. Effect of homogeneity adjustment: (a) object con-
taining two homogenous regions (mean intensity of the ob-
ject=0.500), (b) the object after adjusting the intensity (mean
intensity of the object=0.356). (c) object containing one ho-
mogenous regions (mean intensity of the object=0.106), (d)
the object after adjusting the intensity (mean intensity of the
object=0.076).

4. EXPERIMENT

In this experiment, we employed our segmentation method to
extract the heart’s boundary. The shape model was created
from 16 training images. Test and training images were taken
from the same patient at the different time. We divided our
experiment into 2 parts. In the first part, we searched for the
instance that our algorithm might give the incorrect segmen-
tation. In the second part, we compared our segmentation
method with Tsai et al.’s method [6].

In the first part, we found that our algorithm sometimes
gave the incorrect segmentation, when the segmentation re-
sult aligning the mean shape contained the area outside the
heart. Figure 4 shows one such example. The result of the
first stage segmentation is shown in Figure 4(a). There were
some pixels outside the heart mistakenly considered as the
part of the heart. The final segmentation result is shown in
Figure 4(b). Our algorithm mistakenly included parts of other
organs as the heart. We believe that the cause of this error
1s the intensity similarity among organs’ tissues. Usually, the
cavity among organs (black area) is used to separate organs.
If the cavities are taken as a part of the organ as in Figure 4(a),
there is nothing to separate different organs and organs were
merged together. We can solve this problem by controlling
the aligned mean shape to be inside the heart. In all subse-
quent experiments, we reduced the size of the result from the
first part by 80 % before starting the second part.

In the second part of our experiment, we compared our
method to Tsai et al.’s method. The shape model in Tsai et
al.’s method was represented by 10 PCA basis. The basis were
calculated from the same 16-training images as our method.
Figure 5 showed the segmentation results of Tsai et al.’s and
our method. When the heart contained only one region (Fig-
ure 5(a)), both algorithms gives the similar result (Figures
5(b) and 5(c)). However, when the heart contained more than
one region (Figures 5(d) and 5(g)), Tsai et al.’s method failed
to attach the final curve to the boundary of the heart (Fig-
ures 5(e) and 5(h)). The curve was mistakenly attached to the
boundary of the bright region inside the heart. On the other
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Fig. 4. Segmentation with the incorrect initial curve: (a) seg-
menting result of the first stage, (b) segmentation after adjust-
ing 4(a).

(a) (b)

(d)

(@ () ®

Fig. 5. The comparison of our method and Tsai’s method.
Images in the first column are the test images. Images in the
second and the third column are the results of Tsai et al.’s
method using 10 basis and our proposed method, respectively.

hand, our proposed method still gave the good result (Figures
5(f) and 5(i)). The extracted boundary was very close-to the
true boundary. We also quantitatively compared Tsai et al.’s
and our method. Ten images were used. The heart in all im-
ages contains one bright and one dark region. Area similarity
was chosen for measuring the correctness of the segmenta-
tion. The value of 1 indicates the perfect segmentation. The
result (Figure 6) clearly shows that our proposed method has
a better performance than Tsai et al.’s in all cases.

5. CONCLUSION

In this paper, we propose the shape based segmentation by
level-set method to segment objects containing one and two
homogeneous regions. The method can be divided into 2

Brea similarity

Testing image

Fig. 6. Area similarity measurement of Tsai’s method and the
proposed method.

parts. In the first part, we align mean shape to the image
boundary using rigid transformation. In the second part, we
adjust the intensity of the result from the first part to form
a homogeneous region. Then the segmentation by Chan and
Vese is employed to detect the heart’s boundary. Our experi-
ment indicated that our proposed method worked well on ob-
jects containing one and two regions.
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