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Abstract

In this research, experiments were conducted on the problem of image analysis
in atherosclerotic disease. The study was conducted from intravascular ultrasound
images that have been taken inside the blood vessels from patients with arterial wall
hardening or stenosis. These images are used by experts or specialists to analyze the
problem of the disease. There may be some interference from shadows or elements
that occurred while taking the image that may cause the incomplete image. We
propose an applied method by using computer techniques that help to analyze the
components within the image to find the area of interest by enhancement image.
Then, the pixel levels are analyzed and classified to divide the background from the
image. Next, the morphological operation is used to readjust image properties, and
blob detection is used to identify the region of interesting pixel values. In the final
process, Connected Component Analysis (CCA) was used to detect media-adventitia
and lumen boundary area The efficacy of segment results was measured by comparing
with the expert to measure performance as (media-adventitia, lumen) the Jaccard
Index, Hausdorff Distance and Percentage Area Distance. IVUS dataset was used from
Simone Balocco, Dept. Matematica Aplicada i Analisi, Universitat de Barcelona,

Barcelona, Spain.
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2.6 Blob Detection
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2.8 mMsnuaaUaanyu (Convex Hull)
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2.9 ¥UAYININANE (Types of Digital Images)

2.9.1 MWY1IA UTBNINENWAIFIUEDS (Binary Images)
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2.9.2 nMMNIZAUAWN (Grayscale Images)
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2.11.1 Jaccard Index
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2.11.2 Hausdorff Distance
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2.11.3 Percentage Area Distance

' '
! % % = A

M3IAANLENIRL U UFSAMULANANIA1UD I TN0dR TR FaATedllaTaLMaYTUlL

q q

(% (%
a v 1w 1 =1

gnsguALUesigusimuaaapaeuiunne1eiy Bnrsmdsnanidsaunsainanldusslewd

dmiunisAvianiIAIAl1NnNAesYasAsesiadalasnady laedunaunisiailldan

o

a o o ' o I ) P a Ao ' o =t
ABIALARBUANNND TN 2 109 LUURILUIBULNEUNITUTEUIUYDIIN NNVUIANINAU T

U 4 [

AndianulnaiAgaiu 0 aziinadwsnilauuanasiunadnsangideivngydes vselnaans

NdmuratAdITalnAABIIURLTIMEY AIFUNIST 2.5

Y

PAD =

A‘“‘;i| x 100 (2.5)

GT

108 Agyeo AONGANSIINMISAWTUNIRY, Agr AONAANTINELTEIVEY

2.12 UIWMNYI1V09
Mr. Simone Balocco wazame 1avinn1sAN®1INISIUNISLENEIUNINA18D AN TN

1AN18TUNAALEDANUSIIVDUNTINILAULEDA (Lumen Boundary) WazUSiiaduauNtie

SN

waamdon (Media-Adventitia) wuudmludfluauisedidedn “Combining Growcut and
Temporal Correlation for IVUS Lumen Segmentation” 38n1s7iunuldlusisedaonis
anAAuAIIAAAeLNe 9 Mintulutunoumslduwesnndesanseusmelunaen
dan (ntravascular Ultrasound Image) luanidseddlauidaymeanuaaiaiidlunmingld

WMATANITIATIZNAISEINNSUNIEAI135N1S ECG Gating Ingasnsilagyinnisiaenainlu



16

1 a [ o % dl Y Y QA' a v Y [~3 Y 1
A LARIRUYITIUNMTTIUTRSRIla eldunlgmniAnaniladuliidudmazdaa
Mmlinmidanueaiaedon Jeavarunsoannnuaatanasulalazsiiulsedansninluns
Uszanananmdneie Inglunuideilauvetunoussndu 3 Juneulunisauduau Tu
g &, a ¢ 1 ] ° | A
JupounsnaztlunszuiunTinTziaIsEnIansuteinin IVUS Tagvinnismia1ainnisi
Wlatdusgrsnsiazazdnsanainupalataaaulun1sUszutanaandunoull g9l
nszvaunsanduauludunsunsni azauisautsesnlasniduy 2 Tunoudey q wus
ganlu 1. N193LAT129A1 Model-Based Temporal Correlation Analysis 2. N353 URUMLY
A o a Y} | ] a:' av Yo &
WevAsussiiunanuaw IVUS d@rulutdunauiiaas nndlauiunssuiunistudunauunsn
UIAT BIINLENAIUNUTNDTEUUTIIUTDUNTINIGAULGRA (Lumen Boundary) fae
Tensuendiu Groweut 3aMstiagyinisudsuenadiuvasainlaglitoyaninuduiusideiiug
LAZAIIUAIAILTNT DI NATUAIW TuRBUAAINNToTURBEAYINY LAVNaFUNaNIs
anfiunuidelagldmogiwesnin IVUS argninvaenldeonfikanm19iy 3 wuu Laun 1.
& a a cs' o = Aa !

aomaantukuuUnd 2. naendeniusngasivlutiu 3. waendenniinasldvnain lng
a1usaAuInANugnfeslalagdIn rasnsAlau N siTeuisuiun e ILNng
ATenvey 2 Au lwwdteulasulnin s ndnauedhsiuaansouendiuntiviaonidontas

mapudenlaiiuszansamlunsdimdunasndoanusngesuludu

Tuaideaes Hannah Sofian wazane MvinsaneufeaiumsiaulsTuudmsu
N1TLENAIUNIN IVUS USIIauNilananntdon “Segmentation and Detection of Media
Adventitia Coronary Artery Boundary in Medical Imaging Intravascular Ultrasound Using
Otsu Thresholding” ‘i']zymﬁwummwsﬁﬂwﬂumuiﬁaﬁﬁa asulutuiuavavan v

YOUVDWWAUMaDAEDN F9aziitinisuendiuniessyusnaiuiinsluvasmdenduly

£
a o d\'Lvoad !

#ognsen Tnglusuddedliinisnisds q wssyuinameuneluiuiivesnineodans,
grudnelunaeniden dailduneuidnsduiunuldfelud lutunouusnldldisnsg
Otsu Thresholding Tun1s¥1 Binary image, 38n13AvuanITIdinesiun1s¥ii Binary image,
Empirical Thresholding wag Binary-Morphological Operation @sa1niitinuldsnifiueuy
muAteildvihnsidenin 10 fegna 9ndeya Dataset 4n B 483 Mr. Simone Balocco #s
FBnsildnanundiduasuanadniuinaveweuniivaoniden wazdiuna q aely
vagmden tngthndlduniuiiudunou otsu UM aAeILUsUTINTERINNgY
Toyanielunm Tngldar k iduaildlunisuvengs Tnetiuain k=0 auiis 255 343513
FonAwesisnig Otsu tuadendufiannsalsalaunsusansnguiinsnszanedh
tenfian uarluduneudeinnisdugiuvesingnislunmiudumsnununssuiunmsd
Redesiusunsamie duginevesingiioglunim Tnsaziiaseiingmudnuassunse

Ferzgnidnsialiegluguvesdiudszneuiilulassadadiniesy wazviinisnivue



17

Armrsrdmeslddandy 3 luduneusoun Ao Empirical Thresholding tJun131u1An
Threshold Tuszau Binary 1ngvinn19a519AIMLUU Binary 21nnnseauL (Grayscale) lag
wdewhmaasualunn q fnwadisnind Threshold llidvindu 0 favn wagdeu
Aluynfinuea fidnganda Threshold TiiiAndu 1 v druduneuisninisuifisusa
wliiBnaisufievssnimaitldanmsiteiiunadnsangdeny Tngldiatesdions
WSgUMEUNATENIN99IUI98 A Jaccard Index (JI), Hausdoff Distance (HD), Area Error

(AE) waz Percentage Area Different (PAD)

Janya Onpans wazAny uideildvnaue ssuulunisuendiundaomden
“ Automated Media Segmentation in Intravascular Ultrasound Image using Geometric
Principal Component Analysis” mﬂ‘i%mﬁﬁﬁﬂmﬂgymﬁwuﬁamwWé’ﬂﬁagjﬁwdw
Lumen uaz Media adventitia dufuannglumadulsananfaaudas aneuidedls
Uauedsmstunisseymuviavaans1undn vunIw Intravascular Ultrasound (IVUS) ae
#n1suenaIuUIiIn MediaAdventita 33n1sluanddefuvady 2 fumoundn fe 1.
FunauNIAIELATM 2. %umaumﬁisqﬁuﬁﬁau%ﬁu?mm Media ludunauil 1 avuds
penidu 3 Jumouizves morphological Tnglduaniinaiauls Region of Interest Tngld
XOR, Morphological Processing 14 Dilate waz Erosion sﬁ"’umauﬁﬂiﬂﬁamsizqﬁuﬁu‘%nm
media Tngnslnisiases PCA mstssfiunaldnisilSeuiisusywinmwadldarnmsised
fuvauwaigaimunlaegidsanagy (Ground Truth) Tneldainisiusauiiiey Jaccard

Index(JI), Hausdoff Distance (HD), Area Error (AE) waz Percentage Area Different (PAD)

Matheus Cardoso Moraes kagae Launisn1susudgsnmarelunisussuianis
LUsdLHanIW Intravascular Ultrasound (IVUS) Bslevinnisiniauedsnislunisusuusnm
Aaaudintslunmaiensluraemdeniaedsnis 3D Reconstruction tnen15t1n1nvi
nsaddlmilngedeewsenauipuvesnmeeiy 4 Fserfen1sinduseuivenduvey
fuil wazdail nelufednufinuantinim esdUsznouuaslassadiamnanieiniaves

v

A r-:l' aa a (4 el' [ o/ a
naealaon Aunndlalunisitagy 'JLﬂi’]S‘ViLLﬁ%ﬁ?ULﬂﬂ?ﬂULLNUﬂ'ﬁiﬂ‘H’] maﬂizmu{]zym

% '
LY Y = 1 ] Y

yaalsa yausEasAluuideiuufaiewlsdiu nlwaonien (Media-Adventitia) 99NN
a1 VUS Tasluduneuusnldinaiia: Speckle Reducing Anisotropic Diffusion (SRAD)
Wavelet iisandssuniuniglunin iielminauuiugilunisdiduauluizdaluun
fetunarlinisudasnvidalunstnuanaeifuuzand aalunisdnduladmivan
desumuluuiiasing 9 luduneudnumimaildluyhnisasianmaeddu Binary fe3sns

Otsu Threshold a1nduyinnsmdugiulasasvesdiuntiasmaennisluneisn1smis
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AtAFA1ERS Mathematical Morphology waz¥inn1suinavesdiunlaunliiussuiisuiu

HAGNSINELTEIVEY

Pavel Sinha uavanuglaunaueiznislunisuendiumaiuionuasusianntdivaon
A 1 v (3 I Y I
Wennnmanedansizniuanielunasaiion (IVUS Image) voeiUisn1igvasnlionuns

& a o 1% o aa a ¢ v Y o ' = .
waiudu neliendeifinsimesiteyalagldvdinnisiassiieyussamiiiey Convolutional
Neural Network (CNN) 1ludnuuinisnilavesteygruszhivg Artificial Intelligence (Al) 10y
wAniddeyanindrgseAuding IVUS Image wvitn1seenuwuusiuiussuulasatie
Aawfiimes Wdsukuunsiaulumsfndinseivesatawyedluniswendiuesduseney
anaanan Tnglusuideduuldussgnanannisfinaisiuduifinisudasiuuiavias
(Wavelet Transformation) tJunszuaun1snvadnmansfitdasuialasassvesszuy
dyeuad NUsENoUMEFYIMRNIEYaNY 9 da NNty 3991n3in1sidulavinnis
UszendudasyndayassAusenavvesseauarinwanigluninaiy lagdeyanivianazgn
wUadlagldnisudasuuunvidn welildrdoyadudsednsnidnsing q iszduarunudn
19I5 AnVeISnsasnangagagliiendeyanviimsinseiduiannududoutiosas a1ntu
nsiuundeyailauiluusagainieriinismvuausnaiui 9 aula waginisivue
9 | a - v -y =~ o v o -

avinlugmusnavenmindululs Wuinawriels lngerduiduveuvesrilvasniien

9

LarvaunlIviaaniden tasuraganaunIensiazyinnisgndisialagvinfuysdfey
Fatoluil fafunu x=2 Safiunu Y=3 iemvionrundosvendibusiiou guinaimes
uAU X=5 gudnanswosuny Y uazihyndoyaildluvmsaeuslussuuluissuulagstng
Usnaifien mnduimaditdnluigisuisususadwinngiBoamg laenuidediuldld

YatoyanarNan1sinUseansnImainyadaya IVUS-Challenge-2011

Anusorn Wong-od lazaadglainsfinwiieiuinisiazisnistunisuendiunielu
Amanesansignnnslurasaldon (IVUS image) maqﬁﬂwmawaamﬁamLLmLLSﬁﬂﬁuﬁuﬁ
\nanNATIUNSATANSazaNag USIMKTIvaenLG R T,ﬂaqﬂﬂizﬁQﬂﬁquuiﬁaﬁﬁuazﬁwmﬁ
LendIuTe Nt IvaendenkazdtTeuILAmEansanatnan iesnluudndangn

[ & A [

uiiud 9 wnndvseidetviglolunisseynazinsendymvadse lnslutunaunis

Y

Y o

Anluaulve ﬁ%ﬁalmmﬂﬁuﬂﬁy’umuaaﬂLﬂu 5 duneu nglutunouusniinisusy
AautinuaineesesdUsenounegluningieisnig Image Enhancement lutumeui 2
hnmitlduvhmslesesiuasdangudoya Pixel aeluam Tuduneud 3 thwadoyanin
flduarnluty 2 insusuauanifosdusznovvasdugrunielunindieiznimig
adinA1ans (Morphological Mathematic) iiteUsuiAnlasssnaneluuasyiinisinmuadng

Alau1viinis XOR Auamilasinnis Filling Hole w3on1sidufudinigalifusianin lng
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nsTUIuMIInaazyhen 2 afe Mlildundausnaiidesnisvesnts 2 fiufisenuinin o
nntuludfumeudauludy 4 vhnsmdumisesfinaillvgfianuuninuaginnisusu
auavtRilemdngunmdnads lutuneuaaievinsmlassswesiagfildudeisns
Convex Hull 9ndutiraiildviinisuendiuis 2 eenuudaduhluioudieufunadns

INFBLIYIRY

M19197 2.1 Bnsthanyszenaliluaise

MuAseiiatas Fnsiiwszgndld
Mr. Simone Balocco uagmay WnsFpuLisuNatay Dataset
Hannah Sofian lLasay Morphological Operation
Anusorn Wong-od Laeany Image Enhance, Clustering Image

910013197 2.1 16n35n1sene 9 mnauidenifentes undssyndldlnelainiisnis
WIBUBUNan2838 Jaccard index, Hausdorff Distance, Percentage Area Distance Whag
YadayanIn IVUS 1131091398084 Mr. Simone Balocco wazaaiz Bnvedlatnisnis
Morphological Operation alglunsantiunisnsdugnineldneUsunaauifiveanin

o _aa d‘ o U va L4 U % 5
Laz1135n13 (Image Enhance) Litevinn1susulsenaaudinislunmlinudauasvdaaindduy
gvinsdangudeyaniglunin (Clustering Image) LiotnseuuendussAUsznaunigly
A Inglunisidivenun1sdeilatnadnsannawide viussuiguiurasnsanauide

AL1T09U9 Hannah Sofian wag Anusorn Wong-od
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Uil 3

A5N15ANHUIUIY

&z

nuAdeildunsfnyinansiaiunsEuuAULUUEmMSUNISLENdIAIN IVUS Ui
mafudenlneizsnludd Tnefddutureuitnmadiiumuidedfnuifununedeya lu
fumpuiaunldvhnisoonuuuuasimulsunsy Wevhnsimunlusunsuudafeingg
naaeuTUsunsuduuuy mnnismaaeulusunsurhuudiluduneuanineTnhnsasuauas
fnvhaeau lnsduneuisduiueniddouansdisgudl 3.1 warlumuifedusznoulugae
MsfnwaznaasdiomaliasunIsUsEIananm Wnuitetieiiaszsilunisdiuun
psAUsEneUANIEFansTwmusneluvasadenvesiUasludiuntinasnidon dnns
ffiununiteanidu 2 dunoundn uarlunntuseuiinisinuegadnlu® Tasluduneu
i 1 Aonszurun1sUFuUTIn e (Pre-Process) Usgnoulufienszuaunis Image
Enhance, Clustering Image wasdumouil 2 uendivesdussnausiiomituiiniaulanelunmn
(Segmentation process)ﬁﬂimaulﬂ AI8ATEUIUNTT Morphological Operation, Blob

Detection, Connected Component Analysis, Convex Hull LLam@fﬂgUﬁ 3.2

| JURDUNITAHUIU

|

AnwuasnususILdeya

PMNEIVOINUATANTLENAILAN VUS

|

[y v <
RONLUULA AU TUTUNTUAULUY
NAFBUNITVINU iy

299lUsHhNTY

[ asunan sALuNuIdeLazIninsIeeu

5UM 3.1 dwiudunaulsnsaiiuaiy



21

3.2.2 Blob Detection

/IVUS image/
.| 3.2.1 Morphological
,L " operations
is] [£%)
g 3.1.1 Image enhance v v ;
E‘ il Erosion Dilation %
o 3.1.2 Clustering image 3
— - m
) pixel vl' \Ir =
3
=
2
8

¥ h
Contour Detect 3.2.3 Connected
Component Analysis

Boundary Detect |«

3.2 4 Convex Hull ,

JUN 3.2 UNUAIMLEASTUABUNTITMUNAIUN INENE BN 1YW

3.1 YUABUNINSENNNABUNITUSENIaNAENaIAUTENaUAIE TUAIN
2 & ) Y o ¢ A o v = Y
Wudunounsuivunnmilinguszasdiiiodsuuinnunainaden auaudaves
AW andegyQIansuniu (Noise) wazautnilonTausuraaaiAnTulusenInenszsuIuns
! =~ o [ Ay o A
18010 1audnTzuaun1sUTULA 2 NT8UAUNITNABINTE1IIAB Image Enhance way

Clustering Image Pixel ﬁa%ﬂuﬁ?fumau Pre-Process ﬁ'ﬁgﬂﬁ 3.3

IVUS image

3.1.1 Image enhance

3.1.2 Clustering image
pixel

S50 6'Jd'—éJ.:| L-'Q

JUT 3.3 ununmuanstunaunsnssunmneunIsuenasAUszneunglunm

ANNUITYANUNITUTLUIBNANIND AR I UANADALADANNIULNSINDINWITET 1a
Tiuaulalunisadaiiesuundiuuinuiui q aulalunisieszieenidu 2 dau daudn

1 AD @UUSIUTARANILALLARAN8UBN (Media-Adventitia) @3UT 2 USHIUTaBAN LAY

[y

wannglu (Lumen) wansdsgui 3.4 lnslunwideiiulagadulunisuendiuesdusenau

q

AMWUSIUNUIADALEATINULI ATNITINBUNAIUUSIIUNIaRINtana 1 I nauntn &9
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Fupoulumsisfeunimnounisuszinanaluaidel Uszneudeiu 2 duneu Tuisnnsd 1
yimsUFuUTsassUnIuAng 9 idaaliAnanuiinanglunimlagld3snns image Enhance
WelildandeseasiBenesdusznouresganmlifieudaaunniy duneud 2 vhnisdn
nguesAUsENOUNWIEAUI Bsfiansanlinnnsefudanuduseiudimassganineieds
Clustering Tnensvhauagyiinisdanguatesiusznauvasadganinlusefusing  dausen

v [y

seAudm aliAwindu 0 lUaudgeanseavdiniee 255

VEUEEY AB d@3UN 1 @UUSHIUDUNTI
NasANIILAULADAN18UDN (Media-

Adventitia)

1%

VEUAUIRUY A9 @UN 2 USHIUaUNLa

naganIAUaenn 1y (Lumen)

=Y

USUNUNELNEDY A USLIUALNNE

& v 17
n3etTeavyliainuaulalunis

JUN 3.4 vinaiunaulanigluam IVUS vevasniien

3.1.1 fumpunisuiuussnwdansreudaielunaenifien (Image Enhance)
N15U5uU590 M (Image Enhancement) 1lunszuaunistunisusulganliifiany
pudarlinmdaantu andssunaudng 4 Tagaiw IVUS feufiagsiunssuaunisuiulss
AnandAneluaw ssiinueudndideudisiuaziln deavinliiusavdamlunisuendau
fufifiaulotu fussAnsamanashlfihluUszananafiousnauiiuiifiaulalden 39l
n32UUN5IUN15UTUY 9 (Image Enhancement) 11U5UUTIN NAMEaNT1917U6
melunasaiden lnserdensiinszideyaandalaunsuainiduiinienguiuoglurised

=

agszAudlnIuAy 9 Wgavenelinszatgeanninwu Mo mlvdanuaudaiazaiuaziden

v
v

v '
= v I

WINTUNFIINTANIUNTEUIUNTUIUTUU TN MKET eunaziluidrgnszurunissield lag
o g w 'Y & ° Y 4 ] = S
nsvuIuNsivilinaw IVUS Aildauntuaansadwunueneez inguselasasnalanvy dedana
ililunsuszananadiasendiuvesiuniaulanislulaine awsassurglaanuuunin
:.; ad (% IS gj ! v PN v s 1
TUADUITNITUTUU I Laulitunous1e 9 Lanafagun 3.5 LagnadnsaInnITHIu
nsruIuMIUTUUTImdansenuaneglunasaiien Tneamneurinsuuueasiauasdl
ANUANTATIFT FandeanlavinnIsUTUUTINIMKET nnaziiaduaIwarANTANINTY Land

fr’i’agﬂﬁ 3.6
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- »

¥

ATHHRTWENFIA
U HIUNSEUIUATS

(n) ()
JUN 3.6 nmneulazraenIsUsSuUTanmangluvaeaiden (n) anneunsuiuusenInga
s I v % o/ I3
as1wnudnelunaeniden (Image Enhance) (v) MundeaInAsUTUUTINMTan191us

neluraeniaen (Image Enhance)

3.1.2 Juneunsinngudayalunin (Clustering)

nsdnndudoyalummndaniwudnisluvasadon (VUS Image) Wudunounisdn
nauilemesAUsznouvesAinitaig 4 Aelua 1y duuTnamaiuden UTnuiiAe
AsTUNdR Uinamiimanaidon waruinaiidaniiudeuainiag Ssmevdinnduneunis
i ndansigniuanigluvasnifeauiinisusuugnaantfvesganinnigly 3ainim
uadwsinaniildunvhnmstangudeyasesganin Indlutuseunsdndunuiuluutazdan
melunmdanswniuanislunasaiiondriainuduvesaninasutavainaiy el
Fnsdengudeyauvhmssuunndudeyalunin FianiBlunstangudmarinlidunsuly
MIuuNLeNdIuLLENINTY Fumeuitannnesunsldnudiu Tnsdunsunsniduan
msutengudeyanielunwesnidu 4 ngu nauusnimundisteyaidu o Widunguil 1 k,
naustoNivuAfits 1-30 Whunduil 2 k, 1297 31-100 1lunguil 3 ka9l 100 Tu

Widungu 71 4 k, Wnenadwsandsnisdangudeyalunin wanddsgud 3.7
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(n)

UM 3.7 amnaulandswesnsinngudayalunin (n) nmnewdngiunauisnisiangy

2

[

Poyalun1m (1) MNHATNENAINNIUNISIANGu TRy aluA M

3.2 ASHENEIUVDUNIILAULADALAZYDUNUINADALADATINAINDANTIYIIUA

nelunasnidan (Segmentation)
TudunounsuendruveumaiuidontarvauniataondonanaIn Sanse1us
melunaenden Junssuanmstendiunmeesusnaiuiifiaulaeenu neludunouns
ALHUINUEVIINIFUININY19 (Binary Image) 1’7im'mﬂﬁﬂ%’uamauﬂ’ammm%’mmsﬂuuﬁa
u luduneunisaiunistupaudau Aevinisuendauiieataetiui q auls gelu
fumumsuendinagliitnismiaduaeurhsfionlassweme unimasaidonuasrau
maduden Tnedunoulumsuandruduazdsznaulddae ¢ 3315 Ao Morphological

Operations, Blob Detection, Connected Component Analysis, Convex Hull ﬁﬂgﬂ‘ﬁl 3.8

3.2.1 Morphological
operations
' | .
&
Erasion Dilation ‘g
z
v ! 5
E
3.2.2 Blob Detection =
Le]
&
@

A
3.2 4 Convex Hull 3.2.3 Connected
Boundary Detect  « Component Analysis

Contour Detect

UM 3.8 ununmLanstuneunIsienasrusznaunglunm
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3.2.1 nMsUFulsaninerdeisnisiugiulunismdugiunielaseinavasing
(Morphological Operation)

FBn1susulsanlunisnidugiunielasesisvesing idnugaglunisusuwss
eAUsznavdunm Tngluduneunsuendiuoumaiudenasinniiui q s
fnunveunlidignszuaunisuensnn (Dilation) Wiieveneesdusznaunieluesnmiiie
wisunmiielildusnavesveunifavaeniien (Media-Adventitia Boundary) wazlu
%"’umaudaumil,wﬂai';u%ﬁwmwLam%’waj%gumauﬂﬁm'aumw (Erosion) tievin1snseu
psfUsznoumeluvdrusenluiewmisunmieliliuinuveweuntmiufuiden
(Lumen Boundary) andsnniildianimeunssuannisdidunuiinssuiunisvsisam
waznszUILNINIeunIn aevlildundaninnadnoonin 2 a1 uansdeui 3.9 Mntuds

INIFUININFINAIIN 2 L[ETUADUNITUENEIUNNVDUNTBLATITI

(n)

sUN 3.9 NIMNAANEIINITN1T Morphological Operation (A1) HASNSVBIUTLIUVDUNTY

u

a = v 1 aa g v aa t&l o/ =) !
NNLAULA DA ‘VIEN’R]’]ﬂN’]’H’Jﬁﬂ'ﬁﬂi‘U‘UE\‘LﬂTWE)’]F’iEJ'Jﬁﬂ'1iWL!SW‘Lﬂ‘UﬂWiﬂ’mmﬂ’]w}ﬁ@Iﬂi\ﬁN‘U@ﬂ

799 (1) HATNSVDIVTINVBUHTIIVABALTDA NaIAINHIUITNTUTUUTININAEITANS

nuglunsmangIuMsolasI19vasing

3.2.2 %unau Blob Detection
‘m%’qmﬂﬂ%’uﬂqqmwmwﬁ’mmaiumwLLazé’mﬂzjumwszé’UﬁLmLLé’aﬁ?u Tunis
fifuruduseudaly vinisihamdldnnssuiunmsdandulneuUamadwsvosguninli
oglusuuuuvesnluu Tnethsunmdsnanluyhnsiesgiesdussnounielunm il
mﬁuﬁmauLﬁumsuaw'%nmﬁuawﬁfwaaﬂL?iam (MA : Media-Adventitia Boundary) kag2autus

USUUDUNTINIUAULEDA (LM : Lumen Boundary) Tagagyinlalaundsusiiass 2 dau

=

[ 1 I a d' aa dy o v v 3 d'
fanandaduusnaunaula ONITUILVIINTUUAININDINFULUUNINTZAUALNT Tduninn

= [ o a 1 [ 14 I [J & - v v
1ANUY 0 way 1 ﬁ/ﬁaL'ﬁEJﬂ']’]ﬂ'lﬁi/ﬂﬂ’WWGLME]QFLHEULLUU“UTJGYI lagludunauidinningid

Y
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N5¥UIUNTS Blob Detection %qazﬁfmsmﬁuaummaaﬁuﬁﬁaﬂaLﬁaﬁ%wﬂi’mqaaﬂmﬂ
Hunds Woadadunszunlumsmveunudy sgyhnmsmauaudiniglunim LLﬁmﬁQEU‘ﬁI
3.10 (0), 3.10 (A) uag 3.10 (@) awwinlgilufiufiddassnarsnm Ainwady 0 Weldnns
31A5129% Blob Liledumdunsiineadsn Tneluduneunissdunuayininisinsizsien
29AUTLNBUYBIAIANLAARAT tA8vinN1SAUUIINEada191ng18lUvI1 91nUUALaI9T89
Usnammmanslunm Tnenadnidildainnssurunsiiu asilnldundasnaiuinala
melunmds Wonuafinwadmusnaiuifauls ssvhnmsssysundeosnfineadsdy

i a o

Puazldaneundsiudu 1 Tunisndududlanuainwadunnusnuiunnaula agviinis

'
oA

o " [d
3314?1’]‘1/]9]’1%‘1/1‘14@‘14‘141,@14 0

[xiy]] = x.9,>0=1
fan = 3.1)
0 otherwise

x Wi n {1 < n
i = ﬁ[ 2, % | W = N[Zj:lyj] (3.2)
naun1sh 3.1 waz 3.2 19 N iludnuesiinanavuaiiegnielunn uazli x;,
y; iudumismeluaesfinaa N Gu 9 pf, g Qudnivdumidsiingg lagaunisdang

asunelamesanasiumua1nwalull

A1919% 3.1 Sanesiulusunsy Blob Detect

9anasnuluswnsy Blob Detect

Input
1 =l o L7 1 1 a b4
Tanmluwisndsindangueninisanas feew
Compute
a a d‘ d‘ a d‘
mWﬂLszjamnLwamzszqﬁuauLsummmmwau% 2 =[x,y
Looping x;, Y;
= x _ 1 n
WO x; = 0 UINANENVOININ pf = — [Xies xi ]
o ¢ _ = y l n ]
ABANY Yj = 0 JUINAINGBININ py = — [Z,-:l Yj ]
If (Fiiniwa == 1) Iisyysuniei x;, y; wagldnndu 0
Else szusinuvus x;, y; wagldnndu 1
Return

HadnsINNsendun A mlagly  Blob Detect fiy )

1nA15799 3.1 ludunounsnazinn1md1gnszuiun15ves Blob Detect fiy,y)

a

PAIDINUUNINITAIRNGAFVNININUA LNONVESLUVBULIRVDINUNNAUTATI92ININ15hen

9
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o g Loy WS &
Tageenaniiunas ¥ = [x;,y;] Yuseudaluvinisawnumanfiniwanuslununiauls
lngisua1nued x; 9 0 Waufisanuenvesnin uazaeduil y; 71 0 lUaufsminugeesnin
Y 1 a = N’ v o o E% g YY)

aArfnwanawnuyandy 1 livinmsssydundald x;, y; wagldandu o lunenduriu

A a1 [ 11 [ o/ v 1% [y !

wnawnunuaineaiandu 0 Wldandu 1 apmeumazlanadnslunisuendiuninain
75115 Blob Detect 88031 fixy) LAETUABUILITUAUIINAITUININDIGNTEUIUNT
ndanturinismusnanunaulalagnisfsingaigluninesnainiundddagyininismi

asdUsznauvasiinanigluiunfauls Jaaglaingaulasenin uansisgun 3.10 (n)

9

@)

- o o al
WILSLI AU
aula

vizaAlsEnauyas

i WO A5

wArTanaTuwuy
iaula

v ()

SR EEE LT ALASA
AUnNTTUIUATS

U

(n)
5UM 3.10 Juneuuazisn1sves Blob Detection (n) WNUAIMLEAINTTYIIILUITN5U04 Blob
Detection (¥) MWLAAIISNIIMIVBUWAUSHIMNUITAULY () MnwansnIsasAlsenay

asfinwanisluiunnaula @) nweadnsnlandiainiasadunszuiunis Blob Detection
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3.2.3 %gumaumsmqﬂﬁL%amiaﬁ’umnﬁqﬂ (Connected Component Analysis)
Tudumeunszuiunisdniunuiify vdshnsieseiosdusenaulngléisnis
AuA312% Blob Detection itilildundsusnniiuiifiaulafidneanainiiunds ogalsfia
nadwsanTBnounthitunadnsiilduniudilianysel WWosmndlinguisdiunielunmd
laidesnnseg slfihumatia Connected Component Analysis anlfilevhnsiiaseilunis
Aumudnunauvesfinwandsdimadeudedstunniian vililfndeunvesuinavey
Hilavaenlaan (MA : Media-Adventitia Boundary) WaguaulUnUSIAUBUNTINIALGULEEN

(LM : Lumen Boundary) LLamé’ﬁgUﬁ' 311

(%)

()

sU# 3.11 nninanadngnidinigaldeusnanuuiniga (n) Juneuisn1sves Connected
Component Analysis itglun1sAumUs NG uvasinwaneudefulInianludIuyed

a ) a oA A A Yy oo 9 o ¢
YOULIAUIIUVDUNTIM9LAULABA (Lumen Boundary) ABAIUTILEUALASABUTOU (V) NAGNS
YDIUTNUVDUNTINIUAUEADATNLAA1NITN1T Connected Component Analysis (A) Tunou
78n13984 Connected Component Analysis #1l4lunsAuMUSIUNgUveIinwailouss
Aunnfigalud1uve e ulIAUTINYIUNTINABALTN (Media-Adventitia Boundary) Ag
AUNMAUALAIADUTOU (1) NAANTVDIUSIIUVDUNLIaDMADANLA1NI5N1S5 Connected

Component Analysis
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3.2.4 YumaunIsIEAURanyY (Convex Hull)
lutupaunsaiunuiiugmaninlutunounsmnnweuseiuNgaLa 113U
lpan@eausiniaulans 2 d AoUnaveUNTvaoAaaALA USIATEUN IR UTADNA

a < [y a o i v & av o a = g v a

LR QSLWUI@?W‘U?LU@U@Q?‘I@W?SQLUNEUW?QWI@JL?EJ‘ULUEJU QﬁisﬁﬂqiﬂqL%@LUa@ﬂHu
(u) (@)
(@) (@)

JUT 3.12 TuneuuazisnImalEenyu (n) AMMIBINAANTYDIVRULIAUTII MR UNT

(Convex Hul) Tuduneuiluaslanadns wansisgy 3.12

-

()

vaeniien (Media-Adventitia Boundary) (¥) nwisnsvianildenyu (Convex Hull) vas
YOULUAUSLINUOUNTINAALA0R (Media-Adventitia Boundary) (M) AMWNASNS1A121A
%gumumwmszjmﬂﬁamgu (Convex Hull) Y848 UWAUSIINYBUNITINADALGEA (Media-
Adventitia Boundary) (§) ATWY8INARNEVDIVBULIAUILIUVBUKNTINILAULEER (Lumen
Boundary) (3) A1nW3snsveaiUaanyu (Convex Hull) ¥9930UNanIafiuden (Lumen
Boundary) (2) mwmaé’ws‘wé’qmﬂsﬁy’umaumimLezjmﬂ%"améu (Convex Hull) v9998UNUY

MAAULEeA (Lumen Boundary)
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unil 4

NAN1528LaZN15AUS1ONE

¥
v A

AT IUNTANYILAE AU TTUUA LUV NS UNISHENEIUATN IVUS USLI0d
maiudenlaeIsonlui® Fe91nnanisnaaedunsTuunLeNEILEIUNNEN ST aRT R IUA
melunaenidon T utuneunsIsnnmuaztunounswend@uusnanslun Ll
ponlu 2 @1 AeuSiiuvaun LAuLaen (Lumen Boundary) LagvaunianiannLion

(Media-Adventitia Boundary) lngiinanisidsuasniseAusgnansil

% o Y a v
4.1 Naawﬂumimmumu’mﬂ
10119 LA TABIT ST EUN1TANA1UNDNITHEAGIUNINE D8R 5T
¢ 44 o v o e a & oA v \ & |
gunnglunasaiden YAlALGNaaNsVIUTIANUT 9 Aesnasiasuisenilu 2 du
AD VOULINTBIUIIITUNTIraeALden (Media-Adventitia Boundary) Laguaulunusii
£% a A 4! d‘ ¥V % [ gj 1 Y = Y o -]
YDUNUINIWAULADA (Lumen Boundary) Fadlalanaawsye 2 @runaldsbainnisiinanis
| Ay v o a & A % a = a a A
wenduilaun luvinsseyusuaiunauunn Ingdusdiasfousiiaroumasiugion
LAZLFUALNRDIADUIIVD UUDINITINADALA DA TINAANTNI 2 dIUULU ADWUN o) unng

A voA

el ldlun1sidadedymaeddsa kanedsgui 4.1 wagradnsilianauidely
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1U13AT1ERAMNLLUE I UN T US MTRINLAULEeaA1UulY (LM : Lumen Boundary)

LarUSAYaUMLAUEDAAUUEN (MA : Media-Adventitia Boundary) laRin151991 4.2

AN5199 4.2 HansUSEUMIBUANULIUEIUNNSLENEILYBY Media-Adventitia kag Lumen

IVUS IMAGE Method (Media-Adventitia, Lumen)
JI HD PAD

0.9667 (MA) 0.6477 (MA) 0.0325 (MA)
02 0001 001

0.9652 (LM) 0.5152 (LM) 0.0352 (LM)

0.9542 (MA) 0.5745 (MA) 0.0371 (MA)
02 0001 002

0.9637 (LM) 0.5226 (LM) 0.0335 (LM)

0.9781 (MA) 0.6795 (MA) 0.0311 (MA)
02_0001_003

0.9493 (LM) 0.4827 (LM) 0.0304 (LM)

0.9672 (MA) 0.5882 (MA) 0.0337(MA)
02 0001 004

0.9621 (LM) 0.5325 (LM) 0.0443 (LM)

0.9833 (MA) 0.6242 (MA) 0.0212 (MA)
02 0001 005

0.9587 (LM) 0.4899 (LM) 0.0371 (LM)

0.9591 (MA) 0.5987 (MA) 0.0324 (MA)
020002 004

0.9565 (LM) 0.5422 (LM) 0.0359 (LM)

0.9503 (MA) 0.5966 (MA) 0.0811 (MA)
02 0002005

0.8797 (LM) 0.3889 (LM) 0.0486 (LM)

0.9643 (MA) 0.5291 (MA) 0.0233 (MA)
02.0003_001

0.8848 (LM) 0.4873 (LM) 0.0592 (LM)

0.9795 (MA) 0.6674 (MA) 0.0132 (MA)
020003 002

0.9392 (LM) 0.5629 (LM) 0.0454 (LM)

0.9698 (MA) 0.5768 (MA) 0.0457 (MA)
040048 003

0.9564 (LM) 0.5882 (LM) 0.0415 (LM)

0.9424 (MA) 0.5488 (MA) 0.0342 (MA)
040048 005

0.9673 (LM) 0.4988 (LM) 0.0537 (LM)

0.9711 (MA) 0.6365 (MA) 0.0116 (MA)
04_0050_003

0.9681 (LM) 0.4595 (LM) 0.0546 (LM)

0.9472 (MA) 0.5656 (MA) 0.0332 (MA)
04_0050_004

0.9437 (LM) 0.4658 (LM) 0.0622 (LM)
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VUS IMAGE Method (Media-Adventitia, Lumen)
JI HD PAD

0.9658 (MA) 0.6383 (MA) 0.0431 (MA)

04_0050_005
0.9486 (LM) 0.4998 (LM) 0.0524 (LM)
0.9759 (MA) 0.6441 (MA) 0.0367 (MA)

07_0018_003
0.9563 (LM) 0.5589 (LM) 0.0467 (LM)
0.9633 (MA) 0.5960 (MA) 0.0382 (MA)

07 0018 004
0.9739 (LM) 0.5796 (LM) 0.0374 (LM)
0.9712 (MA) 0.6587 (MA) 0.0384 (MA)

07 0018 005
0.9576 (LM) 0.5844 (LM) 0.0226 (LM)
0.9592 (MA) 0.5987 (MA) 0.0471 (MA)

07_0019 001
0.9476 (LM) 0.5498 (LM) 0.0355 (LM)
0.9753 (MA) 0.6433 (MA) 0.0362 (MA)

07 0019_002
0.9598 (LM) 0.5884 (LM) 0.0319 (LM)
0.9765 (MA) 0.6479 (MA) 0.0367 (MA)

07 0019 003
0.9587 (LM) 0.4874 (LM) 0.0275 (LM)
0.9597 (MA) 0.5905 (MA) 0.0244 (MA)

07 0019 004
0.9351 (LM) 0.5996 (LM) 0.0412 (LM)
0.9724 (MA) 0.6423 (MA) 0.0133 (MA)

07 0019005
0.9586 (LM) 0.5895 (LM) 0.0368 (LM)
0.9686 (MA) 0.6554 (MA) 0.0121 (MA)

070020005
0.9694 (LM) 0.4757 (LM) 0.0391 (LM)
0.9644 (MA) 0.6447 (MA) 0.0412 (MA)

07 0021 003
0.9503 (LM) 0.5291 (LM) 0.0322 (LM)
SD of media boundary 0.010388531 0.29975791 0.014656378
SD of lumen boundary 0.023046964 0.52674492 0.010143827

NPT 1N 4.2 waawsannauidedlaunluilSeuifisuainuaaiends lnen1sia

UszanSnamanunilousie 3 33015 As 1. Jaccard Index 1un1sinuszansainainy

wilaumign1snsivaeumuaa1efiuvesingnigluninsenitanadnsve s iieiviyiu

Hadns il lneidenseurvasnuieniiauinfgn wetnadnsainauifeun

\WIguifiguiunaansangilieivgyazladi Standard deviation (SD) ¥@a0UIRYRIUSIM
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younfinanaidon (MA : Media-Adventitia Boundary) #2633n1549 8¢ SD = 0.0103
LAy A1 SD = 0.0230 fiveulwau3IaYoUNTIIsLAwEen (LM : Lumen) 2. Hausdorff
Distance tun1sihainaniannuadieadsiunadndaniidesvgladenszozainy
uanssfitieniian axleie SD = 0.3997 MveulvnvesuIInmeUNTmasaiden (MA : Media-
Adventitia Boundary) wag A1 SD = 0.5267 fluaulunudiiavounianisiuien (LM
Lumen) 3. Percentage Area Distance t{uslU3ouliiaunisuszanamesinfidinanuuansig
futfenfignsgninmadniangidormquasnadnsieisnslusuided aldd so = o,
0146 fivoulnveIUdnvaUNtvasndon (MA : Media-Adventitia Boundary) wae A1 SD

= 0. 0101 NIVOULUAUSLIUVBUNLINILALLEDA (LM : Lumen Boundary)

M19197 4.3 LU URAE ISR lIRENURNRSNSNEL T8 910y

04_0050_004 04_0050_005 07_0018_003 07_0018_004
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07_0019_004

07.0019_005

07_0020_005

07_0021_003
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Automatical IVUS Image Segmentation
and Detection Using BLOB Analysis

Nippitch Onhirun and Pattama Charoenporn®

Department of Computer Science, King Mongkut’s Institute of Technology Ladkrabang,
Bangkok, Thailand
{61605040,Pattama.ch}@kmitl.ac.th

Abstract. In this research, experiments were conducted on the problem of image
analysis in atherosclerotic disease. The study was conducted from intravascular
ultrasound images that have been taken inside the blood vessels from patients
with arterial wall hardening or stenosis. These images are used by experts or
specialists to analyze the problem of the disease. There may be some interference
from shadows or elements that occurred while taking the image that may cause the
incomplete image. We propose an applied method by using computer techniques
that help to analyze the components within the image to find the area of interest by
enhancement image. Then, the pixel levels are analyzed and classified to divide the
background from the image. Next, the morphological operation is used to readjust
image properties, and blob analysis is used to identify the region of interesting pixel
values. In the final process, Connected Component Analysis (CCA) was used to
detect media-adventitia and lumen boundary area The efficacy of segment results
was measured by comparing with the expert to measure performance as (media-
adventitia, lumen) the Jaccard Index = (0.9570, 0.96695), Hausdorff Distance =
(0.5259, 0.6304), Percentage Area Distance = (0.0382, 0.03395) IVUS dataset
was used from Simone Balocco, Dept. Matematica Aplicada i Analisi, Universitat
de Barcelona, Barcelona, Spain.

Keywords: Blob analysis - Segmentation - Atherosclerotic disease - IVUS image

1 Introduction

Atherosclerosis is a vascular disease [1] characterized by the thickening of the walls of
blood vessels. Plaque is formed by an accumulation of fat and fibrous tissues, and this
leads to the narrowing of the blood vessels. This plaque may lead to less blood supply
to the peripheral organs and eventually necrosis of them. Atherosclerosis is a chronic
disease that is common in the elderly, and it is the leading cause of death in countries
around the world after cancer and accidents. Heart disease is caused by the presence
of plaque clinging to the walls of blood vessels, blocking the flow of blood, especially
when clogged coronary arteries that supply the blood flow to a heart are reduced. When
examining the plaque, that it is full of cholesterol fats mixed with cells, cell debris,
fibrous proteins, and calcium. The plaque may gradually accumulate and increase in

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
P. Meesad et al. (Eds.): IC2IT 2022, LNNS 453, pp. 1-10, 2022.
https://doi.org/10.1007/978-3-030-99948-3_1
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size, causing the artery to narrow, blocking the flow of blood, or it may rupture until
it clogs the blood vessels at that time. This hardening leads to narrowing of the blood
vessels resulting in less blood supply to the peripheral organs and eventually the death
of the peripheral organs. This causes the need to cut off the said organ or may cause the
patient’s death. If an expert can early diagnose and treat this morbidness, it will reduce
the mortality rate.

The method for distinguishing atherosclerosis is an image-processing study that
identifies different regions of the visual element, e.g., lumen, media, adventitia. These
regions on the artery wall are regions of interest because they are where the plaque was
built up or they can be used to indicate the abnormalities. This research focuses on sepa-
rate things that were mentioned above apart to identify the areas that make the diagnosis
more convenient. However, the previous study found that there are interferences for
image analysis on IVUS which have been caused by several factors such as the shadows
that occur during taking images of the arterial junction at the imaging site. These reduce
the accuracy of the results.

In the previous research for detecting the calcification boundary area, Hanah Sofian
et al. [2] proposed the Otsu threshold, morphological operation and empirical threshold
value to segmented media-adventitia boundary. Janya O. et al. [3] used ellipse analysis
to estimate areas and apply the Principal Component Analysis (PCA) method to locate
the media adventitia regions. Anusorn W. et al. [4] proposed method to segment Media-
Adventitia and lumen boundary. IVUS image was used to adjust the intensity with
contrast stretching, then classifying intensity with adaptive clustering and preprocessing
intensity into a binary image. Then, the image was segmented the area and detected
contour by convex hull.

2 Background Knowledge

2.1 TImage Description

1. Obstruct area

2. Media-Adventitia boundary
3. Lumen boundary
4. Media-Adventitia (Artery Wall)

Fig. 1. TVUS image.

According to Fig. 1. Plaque commonly forms in the intima layer where located between
the lumen boundary and media adventitia boundary. This plaque caused it more difficult
to identify layers of blood vessels. This figure is divided into four areas: The image area
where shadows or noise results in an incomplete image, the outer vascular wall. Part of
the inner vascular wall, part of the artery wall.

The region of interest is the area between the boundary of the artery wall and the
lumen of the artery. In this research, the focus is on the identification of the blood flowing
area of the image with imperfections from shadows and other elements.
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2.2 Enhancement Methodology

Image enhancement [5] is a process of improving values pixel in the grayscale image to
perform the data quality. It is one of the steps to optimize a data value in the image via
improving the quality of the image to a better level of detail and clearly before being
analyzed. These result in more quality images. The grayscale image was improved by
using the histogram analysis process. The frequency of the image data in the histogram
image represents the density characteristics of intensity values due to the darkness within
the image. It is an adjustment in the sharpness of the image data by image stretching from
the original intensity value in a grayscale range is separated until the maximum gray
level that the computer can display (256 levels), resulting in more sharp images. Image
stretching from the original intensity value in a grayscale range. This method expands
the frequency range of the data within the histogram using linear mapping, which takes
the highest mean from the histogram and adjusts the range of dense data in the dark to
spread out. Linear contrast mapping is a simple method to adjust the grayscale level or
the brightness value. By expanding the range of the gray level of the original data to be
more valuable until the full range 0-255 by using a linear lookup table such as techniques
standard deviation linear contrast stretch, minimum-maximum contrast stretch or data
scaling.

2.3 Clustering Method

The clustering method [6] is a data grouping by divide data from their similarity. In
addition, this method is used to classification data in groups depending on their intensity.
The data with an intensity value of 0, 1-30, 31-100, more than 100 will be consecutively
classified as groups 1, 2, 3, and 4. After clustering data, data that belong to groups 2, 3,
and 4 will be used to set a threshold for converting images into binary images to identify
the lumen area. Then data that belong to groups 3 and 4 will be used to set a threshold
for converting another binary image to identify media-adventitia area (Fig. 2).

(b) () (d)

Fig. 2. Classification process. (a) original image (b) scatter diagram that demonstrate the distribu-
tion intensity value (c) scatter diagram that demonstrate value of each group (d) result of clustered
image divide intensity to 4 groups.

2.4 Morphological Method

The morphological method is the process of integrate the processes of non-linear ordinary
differential equations which are related to the contour of the characteristics structure in

50



4 N. Onhirun and P. Charoenporn

the image. Morphological operations are an image processing tool for erode or enhance
the edges or structure of an image. By using the set theory, the set in morphology
represents the shape of the object in the image such as a cluster of black and white
within the binary image be used to remove noise and obstruct, dilate the area of the
object to be larger.

3 Methodology

Morphological
operations

——

component

A

Sdntorfdbtodt Connected Component
Analysis

Fig. 3. Method diagram.

% Image enhance o
H a
E_ Erosion Dilation 3
& 2
o Clustering image pixel i T &
Blob analysis E

Q

a

w

]

Figure 3 shows a diagram of all the processes to segment the IVUS image. In the Pre-
process step, consist of are two processes are used. The first process is an image enhance
to stretch the light within the image using an image stretching. Next process, the image
was clustered pixel groups to define the component in the image and classify the pixel
in 4 groups from the image. Then, converting the image data obtained from the cluster
into a binary image before the Segmentation step. The Segmentation step is segmenting
the area of interest that is the lumen and media-adventitia. There are three processes, the
Morphological operation is used to readjust image properties. After that, Blob analysis
[7] used to segment the image pixel that has already been extracted from the background.
By the black pixel was identified position. In the final step, the image was segmentation
with the most connected white pixels using the Connected Component Analysis method.
The contour is obtained. Describing in Fig. 6.

There are 2 processes in this method; Pre-process step and Segmentation process.
Pre-process step, to improve the image properties to adjust the component within the
image. In the preprocess step, the image is extracted into two parts: lumen and media
adventitia, dilation method was used to identify lumen. Erosion method was used to iden-
tify media-adventitia. Segmentation process, we bring the image obtained by adjusting
the component within the image from Pre-process step after classified the group of pixel
value convert to binary image.
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3.1 Morphological Operations

e Dilation operation
The Dilation method [8] describing the pixel value from the structuring element each
value of the pixel is defined by checking the pixel of the position on the image. After
checking the pixel, the pixel value of 0 is changed to 1 in the area around the object.

D(x,y) = Dilate f(x,y) & ST, (D)

D(x, y) is a result of dilation process and $7'1 is a disk of the structure element.

e Erosion operation
On the other hand, the Erosion method is the opposite method of Dilate operation.
Erosion method was used to identify media-adventitia area, by dilating image and
then erode after. Equation as follows;

E(x,y) = Erodef(x,y) © 5T 2)

E(x,y) is a result of dilation process ST is a square of the structure element.

3.2 Blob Detection

After image enhancement and clustering grayscale image. The next step, taking the
image obtained from the classification process by converting the result of the image into a
binary image and getting the image into the analysis of the components within the image.
Media-adventitia and lumen boundaries are obtained from this process. Therefore, the
region be specified for the segmentation process.

Figure 4. It can be seen that in the black area in the middle of the image, the pixel
value 0 when using blob analysis to find the black pixel position. Continue to find black
pixel from left to the right, top to bottom. When it finds a black pixel, these around the
connect area until the whole image is completed process.

‘r “AJ b
(b)

Fig. 4. (a) Blob detecting of media-adventitia. (b) Blob detecting of lumen.

[xi, vil = x5,y > 0,=1

f(x,y) = {0 (3)

otherwise

1 n , 1 n
Hi = ﬁ[zizlxi]’uj - ﬁ[zj_l yj] @)
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Where N is the number of pixels in the blob and .;, y; are the x and y coordinates
of the NV pixels, respectively. In situations where the blob contains. And scan on first to
N pixel. Find the area and perimeter of the following shapes a blob is the length of the
contour in the blob. This can be found by scanning along the boundary coronary artery
(region of interest) and the whole of image an object and result in the number of pixels
encountered.

Input
IVUS binary after classify from cluster pixel [
Compute
To find all white pixel for scope area to analysis with blob
To find pixel values all over image ¥ = [x,y]
Looping

n

Row x; = 0 to width of image uf = %[Eizl x; ]

Column y;.= 0 to height of image pu; = %[ =15 ]

If (pixel == 1) then 1 label at x;,y; to value = 0

Else return intensity = 0 then .label at x;,y; to value = 1
Return

Result pixel values from segment with blob fiyy)

According to program code. The first step obtains the values from binary f(y ), then
finds all white pixels for all the area scope to analyze with blob. Next, to determine
pixel value all over the image by looping x; row equal to zero until a width of an image,
looping y; column is equal to zero and until the height of an image. If a pixel value is
equal to 1 and to do position identify at x;, y; value equal to zero and then label this
position. But the pixel is zero to do the value is 1. Lastly, obtain the result pixel values
from the segment with Blobf(y ).

3.3 Connected Component Analysis

In the next step, after extracting the image using the blob analysis method, these result
are obtained image all pixel values of interest in the binary image. However, the result
from the before method can identify component areas of interest. And this process was
given result is incomplete. Therefore, the technique of Connected Component Analysis
[9] has been applied to find connected regions which are most interconnected. The result
in the acquisition of media-adventitia and lumen show from Fig. 5.
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(b) (©

Fig. 5. The results segmented with blob and CCA. (a) The image after the blob analysis process.
In the figure (b) and (c) an image with the line that calculates the maximum width and height that
emerges around the object.

(k) (M

Fig. 6. (a) original image, (b) enhancement image, (c) clustered image, (d) result of binary image
(value of clustered groups 2,3,4), (e, j) lumen and media-adventitia area obtained by Blob analysis,
(f, g. k, I) lumen and media-adventitia area obtained by CCA (convex hull), (i) result of Binary
image process by cluster value (value of clustered groups cluster group 3,4), (h, m) result of lumen
and media-adventitia boundary from segment.

4 Results and Discussion

4.1 Performance Measurement Tools

In the performance measurement process the results of the image segmentation were
obtained. Compare the boundaries between the results obtained from the proposed
method and the results of the expert who segment the area on IVUS image. In this
comparison, there were methods: 1. Jaccard Index 2. Hausdorff. Distance 3. Percentage
Area Distance.
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1. Jaccard Index
Jaccard Index (JI) is a principal verification similar for the object area that compares
the result of the proposed method with the result of ground truth. Selected the maxi-
mum difference value is close to one, which Mg, is a result of the proposed method,
Myan 1s a result of ground truth.

_ Mseg O Minan|

JH Meq, Mpan) = 1
( s ‘ ) |M.s'€g U Minan|

(5)
2. Hausdorff Distance
Comparison with the Hausdorff Distance (HD) has obtained the result area to mea-
surement similar with the result of ground truth. selected a minimum distance value
has a between 2 results. Which M, is a result of the proposed method, My, is a
result of ground-truth, d is a sum of the scale with a comparison of 2 objects. Haus-
dorff distance is a measure performance result of segmentation by propose method

were compared with manual segmentation of ground truth the result of Hausdorff
Distance close zero is better.

HD(Myeq, Mypan) = [ max [d(a, b)], max [d(a,b)]} (6)

A€M eq eMpan

3. Percentage Area Distance
Percentage Area Distance (PAD) is a measurement of the relative error object area.
In this step, a comparison of the relative error between 2 objects and an estimate of
the minimum difference value is close to zero. Ata My, is a result of the proposed
method, My, is a result of the ground truth.

M seg M man

PAD = ‘ x100 (7

man

In this research experiment, the image algorithm was used to adjust the properties
to obtain clear internal elements. Then, the result was taken to group with segmentation
process. Next, the result from the segmentation process was pre-processed again with
the morphological operation. Then, analyzing the properties of the area of interest, such
as lumen and media-adventitia were performed by Blob analysis to extract both areas.
The properties of acquired images were adjusted by CCA analysis, and the results were
compared with the previous research, as shown in Table 1. The results of the fractionation
efficiency by taking all the results obtained to find the standard deviation were determined
as shown in Table 2.

However, from the experimental results with 24 images, in the proposed method got
results value as compared with manual segment boundary by the expert from lumen
boundary were obtain 0.9570 on Jaccard Index (JD) (Eq. (5)), 0.5291 on Hausdorff
Distance (HD) Eq. (6) and 0.0382 at Percentage Area Distance (PAD) Eq. (7) JI when
compared with the results, the method of this research approach is closer to 1, which
is more accurate than the other methods, whereas HD approaches 0, therefore more
accurate than the other methods. IVUS dataset [10] was used from Simone Balocco.
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Table 1. Show the comparison between propose method and other.

Method I HD PAD

Anusorn w. 0.9453 0.5683 0.0167
H. Sofian 0.8541 0.7921 0.4360
Propose 0.9570 0.5291 0.0382

Table 2. STD (standard deviation), comparison media-adventitia and lumen boundary with results

by expert.

IVUS IMAGE

Method (media-adventitia, lumen)

JI

HD

PAD

frame_02_0001_001

0.9667,0.9652

6.4772,5.1524

0.0325, 0.0352

frame_02_0001_002

0.9542, 0.9637

5.7456, 5.2267

0.0371, 0.0335

frame_02_0001_003

0.9781,0.9493

6.7958, 4.8276

0.0311, 0.0304

frame_02_0001_004

0.9672, 0.9621

5.8827, 5.3254

0.0337, 0.0443

frame_02_0001_005

0.9833, 0.9587

6.2426, 4.8998

0.0212, 0.0371

frame_02_0002_004

0.9591, 0.9565

5.9878, 5.4225

0.0324, 0.0359

frame_02_0002_005

0.9503, 0.83797

5.9667, 3.8899

0.0811, 0.0486

frame_02_0003_001

0.9643, 0.8848

5.2015, 4.8733

0.0233, 0.0592

frame_02_0003_002

0.9795, 0.9392

6.6744, 5.6293

0.0132, 0.0454

frame_04_0048_003

0.9698, 0.9564

5.7689, 5.8827

0.0457, 0.0415

frame_04_0048_005

0.9424, 0.9673

5.4882, 4.9884

0.0342, 0.0537

frame_04_ 0050 003

0.9711, 0.9681

6.3654, 4.5953

0.0116, 0.0546

frame_04_0050_004

0.9472, 0.9437

5.6569, 4.6585

0.0332, 0.0622

frame_04_0050_005

0.9658, 0.9486

6.3838, 4.9983

0.0431, 0.0524

frame_07_0018_003

0.9759, 0.9563

6.4417, 5.5896

0.0367, 0.0467

frame_07_0018_004

0.9633, 0.9739

5.9604, 5.7965

0.0382, 0.0374

frame_07_0018_005

0.9712,0.9576

6.5872,5.8447

0.0384, 0.0226

frame_07_0019_001

0.9592, 0.9476

5.9878, 5.4981

0.0471, 0.0355

frame 07 _0019 002

0.9753, 0.9598

6.4332, 5.8843

0.0362, 0.0319

frame_07_0019_003

0.9765, 0.9587

6.4793, 4.8748

0.0367, 0.0275

frame_07_0019_004

0.9597, 0.9351

5.9057, 5.9962

0.0244, 0.0412

frame_07_0019_005

0.9724, 0.9586

6.4238, 5.8957

0.0133, 0.0368

frame_07_0020_005

0.9686, 0.9694

6.5543, 4.7574

0.0121, 0.0391

frame_07_0021_003

0.9644, 0.9503

6.4472,5.2916

0.0412, 0.0322

STD of media boundary

0.010388531

0.39975791

0.014656378

STD of lumen boundary

0.023046964

0.52674492

0.010143827
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Conclusion

In the conclusion, this research is applied methods are used to segmentation region of
interest in IVUS images. Consist of the following methods are image enhancement to
adjust properties within the image, image cluster pixels to classify the data of grayscale
image, the image properties were then adjusted using morphology. Then, blob analysis
to segment the lumen and media-adventitia boundary from the image. In the final step,
the extracted images are taken and analysis to detecting contour with the CCA. That
may contribute to supporting the expert or physician to decision in the diagnosis. In the
future, we will improve the segmentation methods and results to be more efficient and
more accurate.
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