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The thesis proposed atherosclerotic plaque segmentation in intravascular
ultrasound images for allow the diagnosis processes more convenient and time
saving. Ultrasound technique is being used in a number of medical diagnosis
processes. Vascular diseases are one of the group of diseases that used ultrasound
techniques to diagnose. These types of diseases may cause serious illnesses such as
heart failure, coronary artery disease and cardiomyopathy. Ultrasound technique
often provides a low-quality image due to the safety precaution. Thus, Intra-vascular
images produced by ultrasound techniques often have low contrast, high noises, few
shadows and different environments each of image. These features of the low-
quality image made it difficult to identify each layer of the Intra Vascular which is
needed to segment the actual area of the plaque. The proposed method can be
divided into four stage, the preprocessing process, those are speckle noise in the
image are eliminated. In the second stage, tunica media estimation is to locate the
Tunica Media on low-quality Intra-vascular imase. In the third stage, lumen
segmentation is to find the lumen in Intra-vascular image. For the final stage,
atherosclerotic plaque segmentation is to identify the area of between tunica media
and lumen. The proposed method provides an interesting result with the JI of
93.87% for tunica media estimation and 84.33% for lumen segmentation. These
results implied that the proposed method can reasonably be applied with both

shadow and non-shadow artifacts.
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media-adventitia and Lumen from Intravascular Ultrasound images using non-
parametric Threshold ing Faouddeivaueizmssaludfdmiunsasureuivnves
Lumen uay media-adventitia 910N NSaRTI¥ARADALGDA

Jiayong Yan warangldinausuideises A Novel Approach for Segmentation of
Intravascular Ultrasound image FaaTedldiaueiieafunisuluendiu Lumen uaw
media-adventitia 91nAWAY Intravuscular Ultrasound

J. R. Harish Kumar wagangliinauesiuidsizos AUTOMATIC SEGMENTATION OF
LUMEN INTIMA LAYER IN TRANSVERSE MODE ULTRASOUND IMAGES %aqwuﬁﬁaﬁlﬁﬁ%aua
Reafunsudeduwestu Lumen intima 91namsansigniusivaaniaung

Ju Hwan Lee tazaugladlduoi1uldeLsas Segmentation of the Lumen and

media-adventitial borders in Intravascular Ultrasound images using a geometric

v
av

deformable model 1uidillsthiausidnsutsdiunvuiasadasviadamnuguuuy
294 intima ag LdUVeU media-adventitial (MA) Tua1mdans19179 intravascular (IVUS)
PUANU
Anusorn Wong-od kagauzlaullaues1uive 1304 Intravascular Ultrasound image
Recovery and Segmentation Based On Circular Analysis @e113dsfitiaueisnistugly
6 1 A

n13NAuAINSanIIgIAvaeniianiliauysalnounazuuidiureulwnves Lumen uag

media-adventitia
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uauenitaaesesdUsznoufsnanudamsaliafuafunmitsn s finvieauysal way
gaving UITevesAn Anusorn Wong-od lafnAuignislunisuukenesddsenaufingan?
funmiiidnuaeiuasnndnuasdli wimsuwsniunwisaesdnvasiagdesiieg
FBiunnssiueenllegiaduds uarlunmiifidnuueiifvesuitedliviinindondo3s
manual femepaiitdmalinadnsoonupoudieg

FfedugideTainaue BnsUszinavevtemimasaidon ilenisusnosduszney
aelunasnidenainanniznisiin Artifact Tunmanesanirmnididanmuindensudougs
uazvhmIutsendesnaduden wevhnisseyuinaiuifiiaasunaia dwalisiue

ANNAEAINARWNMERLTE g luNMTIdadelsa

1.2 Uszulgnianuise

Usziiutgylunisulsdunelulassadiemaendonuazseyiiui o inasiunain
ALAUINNINEYDANINY1INVADALE DN A1U1T0IUNLARIT
- AMeegansImInrasnaen (IVUS) Ianuaudmsi
- ANWUEIBINAULEDR (Lumen) WarNtannaentunand (Media) Jvuin
Talasiaue
1 U % I3 = a v a d’(
- AmagRans1mInviaanaen (IVUS) danwazaaaaninduniglunin
Useuhun 1 INNINBANTIYIINVBINADALTDANIYNEILDDNUT FNYULVBININAL

o

AaudliauduLaslay inliaun nvesnmilalinnuaudaiiduinuas n1sanenIn

9
dans1wlinaziinaudygiasuniulszinn Speckle noise tindu dswansgnulinis

(%

WUALENIATIAS 19T DT UNTIVDIVADALA DA LA NMININLBINIEALUAT 399N15ULE UBITAS

au Speckle noise atuUszansnnlunisuuinenlasassvoIraonidon

Intima

Media

TR
Adventitia | Sse
s

Funtianielu N GRIRRITER AN
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a1n 1-1 ﬂ’]iLUiEJ‘UL‘1/|EJ‘U‘UENﬂ’]‘W‘VliJﬂmﬂﬂW@ﬂﬂUﬂﬂW%mqmﬂ’]W@ﬂ
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wrunaranelunasmdenlidvingu Wuawngivinlidnvazeosemafiuiben wasnis
waeaientunatinauldaiiarevseiinnsasuuuadlinasntusgiunignisavay

YDIATIUNAIATLAATU FIVINNNTUEUDITNITHUILENYBINIWAULR DA LATHTIVADALADATU
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A ]

naNs IesEymMiuiLazUSIamsiinaTIunaaiasategnslunasniien

AN 1-2 NMSUSHUIBUINIAYDITDIN AU DALATNTNADALEBATUNANS

Usziaudi 3 ngadayanmfiudnadunimasadentuuendiulngazludnves

Yaausy Collagen v3dnuwuEYRIATIUNAIANAANDY FIAT1UUNTIRRRTGN YL aLTIDUY
Ro3eddansgsilmduamguenisinuinnsaienimdansiendn nande Tidinun
(Acoustic shadowing) Fun1glunin Ltudwmaliianisuatsesausenaunieluvesasn
= =X o8 v | | % N = o ° ax

Wengainliensenisuukenlassaiienslunasndon J9insuILaUeIsNITUITIUIY

VYRINTWADARDATUNA LTTDTEUVDUTLNITIWBINTIVARATRATUNA AT BINAAULREN

UM LUFWAs USIve U UIveslaanidontunas

anAsdvdes UTaeaunivinmely anveinane

AN 1-3 ANWULIDINNDANSIYIUNTLINTUAUNIY
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1. shmsfnwuazduaitureuitussnaseuvesktmanaidontunansiifinua
ieszyveviiwiniwesmtivasaidondunariuazdemaiugon

2. fhnnsAnwnasAunituneuIansdmsUlunsuUendILUSINNS 9 189
vaoaden Weszyuiuiiud q Rrnsunanazan Taethimademeiunsussanananin
WgelunTInses

3. Wiwugeniifuuuuiiaunsolvierugndesazudugunndaulunsuisdiy
vesvaenLdon Lilearale uiimee 9 faulaniegluam ﬁﬂﬁ”’aé’qszhaaﬁ’uauumiéfm?iuh
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1.4 YaULUAVBIIUIIY

miAdeasuildvinsfnugatiufinsuaendiuesdusznauneluamlngnisiam
goldwasTiannsniinziesiUsznaunelunm Wy Bnatesmaiuidon wimaonidon
Funans unznimaondonduuen Wiaugndesudusunniian lnenstnausisnisuas
wadlaynasnumsUsznananm uagiitelinuideslveuiaidniauisldtmunnuaiiaild
TusmAfosil

1. qu%auuamwdw DATASET B (framel) a1n Computer Vision Center, Bellaterra,
Universitat de Barcelona, Barcelona, Spain (Balocco et al., 2014) U 50 NN

2. Sz MAITIUNTNAaRIRSIT wuady 3 UssLnn

(1) Non-artifact (2) Shadow artifact (3) Bifurcations
AN 1-4 SNWLIRININDANS1wULARLUTELAN

2.1 ANWULIBINMNGNN 1 Non-artifact nduainuszianilaziidnuvusnilanasa
= a1 v ¢ @ = = W 1 oA iaa &
Henideutsauysal nilivasndeniteusdeiueg1maiiios wazliiFssuniuusingiu

AU ALY 31 AW



2.2 Snwaizweanmnguil 2 Shadow Artifact nguamUsELANT TN YL V8L
Andu Fuaniliietuinanenunaiaviavisiiazauegaglunaonidon Swaunmld 14
AN

2.3 Snvuzresnwngudl 3 Bifurcations naunmUspaniiaziidnuasatmasaidon
lifierueiilesiu iesnnfiviAntuluuududrehlmAnenisueneenvesniivasaidon
(Mswenluaomng) S1uamld 5 am

3. gadoyaninitenun 50 mardidnuuenasnidenuuy Center Vessels wia 703

vmLaulﬁamﬁagu‘%lﬂm?’immqwhﬁ?u

4. YATRYANINNIMUA 50 N NALTVUIANNVNAY 384*384 pixel

1.5 Uszlavinaininazlasu

1. aunsavhnsUssanameureniasaidontunardlunndiingm Lﬁaizwauﬁ
Winssemtmasnidentunansasdeamaiuden

2. @NsRIiAsHENEINUSIMANN 9 nelutinavesaaniden Lﬁassqu'%nmﬁuﬁ 9
WNeas1unanraza lnedunaian1eniunisussananan nugiglunsiasei

3. @nunsanmugenkIsAuaty lunsuusdILYwaenldanLaLIlAS1EYiaIRUsENaU
mMelunm Wy vSnademnuiuden nlmaendentunals warusnaRuAfiie
asunanaazay Wiaugndeanindy ietaslunisidadelsavosunnd vie

ALY AUy NYIMTONTETIANTSHIAR
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N8 uazaUIeNAYIVaY
2.1 npuiiiieadas

2.1.1 Tassadnngluvasviasniaanvasuyud

¥

aigwae 9 lusnmelasuemseendiaulazaisonsou q iunszdidondug

e

al

yuasll  Teedenazinevswantululssesondevasndendunaiy  Fedivlavinui
< = = v o = Y] ' v P ~ A a X
Juasesguaaiidenivalilurasadenrdaninsnigldonmsluudgeniiveadainvy

-

PR [ 2 o A o Y Ao 1 1 a A [ a [
szaaﬂ%Lﬂuwuﬂﬂaaamwm%mmumamdﬂ Tngviinvesaoniaonlualu 3 YUA AN

ANA 2-1 A
NaoALaALAd (Artery)
yaanaann1 (Vein)

nasaLaenras (Capillary)

Capillary bed
|
I I

Capillary
Arteriole Venule
Precapillary — &= L
sphincter Thoroughfare

channel

Metarteriole (serves as
vascular shunt when
precapillary sphincters
are closed)

Arteriovenous
anastomosis

- 1% & '3
AN 2-1 Iﬂiﬂai’]ﬂﬂ’] EJIUW@Q%@@@L@@W%@Q&JHEEJ

(ﬁm: OpenStax College, Anatomy & Physiology, Connexions, Jun 19, 2013, Web site.
http://cnx.org/content/col11496/1.6/, December 5, 2018)
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naoAlaaALAY (Artery)

naondenLAs (Artery) Ao aandenfitidensanainiila Feazidudenniusuion

a [ A Aaa & o ! U 1 ) a I~
’e)’e)ﬂ“l]l,‘ﬂ‘uqflL‘UULaE]ﬂVmaLLﬂ\‘lﬁ@IULﬁEN’eJ’JEJ’JZWN‘]VI’JTNﬂ']EJI@FJLLUQE]E]ﬂLUu 3 BUN AD

- naendenunslngiionsini (Aorta) ivthiidndeadeaunsiignguanesnaniiila
Wosdedralasluniedundmendiutesaniazyeeies Inediduniuaudnans
Uszaas 1 i

. vrenidenkainantensmes (Artery) dnihiidndenluidssdiunieguessiane
vaemdennarverimeinlinduiionuniielimudeuswiuresden

- vaeadenunudnensiveslen (Arteriole) Faanunsnvzvensdmsonadaldiiie ey
nslvavesion

SnvnzvesviaenideninneddnuusdudundudofivuuasBangu Tnsvaondeauns

ﬁagﬂﬂé’ﬁﬂa%ﬁmmﬂmjﬁqﬂ drunaendenunsiviisanniilesenivasiivuindnaaion o
unatsidunaenidendes wulisafunasadendideusenevlufisteaniaiuien
(Lumen) waziileife 3 fufle
dedaduluanduileieyin (nternal coat wie Tunica intima)
funanafuideidondrniefiannsadanduld (Middle coat 3o Tunica

Media)

Wetdetuusniduidotdaiednundnnguls (External coat ; Tunica

9

externa ; Tunica adventitia)

AT 2-2 Tassasnanieluviaaniion

(17{11’1: Blausen.com staff (2014), WikiJournal of Medicine 1 (2), December 5, 2018)
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viaanLaann (Vein)

waandanm (Vein) fio vasndendiiidoniifvesdsuazmsuaulaoanles (Fon
i) fisrameldudrnndausineg veasrnienduidnglaesuuna (Right atrium) Liteth
ndululeniiven Tnearsluraendendiaziinudusi dmasndensiinnisanuindend
Tnaoenunazluansiivazasiase dauisamudenldienivasndenaunsindnuin Tng

A [ 1 [ a A
NADALADANLUIDBNLUU 3 YUA ABD

= ° i cs - o aAa v du A = |
- VieeALaRAAIluglIuIA121 (Vena cava) A9 viasntaaamfilntinsuidendsaindiu
A19vessnedgilanesvriiiedeioludivenlaoududu 2 du ldun viaen
LEOALIUIAIIAUUU (Superior vena cava) LagnasalanAtIuIAIAIUas (Inferior
vena cava)
& ° 3 o & A o & v Y i w = Y a o
- viaeaLdendINaaIu (Vein) Wuvasadenminiideandudngiila dantnven

£

YgInavAFaAMIABNITINELFoANNoaNTLauRANIaIEaNaUiNgTRlY iy

1Y

napaldonn1anUan (Pulmonary vein) wazvasniaannisudana (Umbilical vein)

A o Y a

mhuihivudufeniiloandiaugs
a o & & A o a1 . aa A °
- vaealdendanIYa (Venule) Wunaeniiandiiegsiean vein lunasniions
TuilefanseadorzNadaninuaaluiiiu wazidunasadansNdsusanunasn
\Hoarey 138031 Venule davunady digudnansdsyana 7-50 lulasiuns
o = ° A o = v & oA & | a o =
ANWULVDIVADALADAMIALINUIUNY FIUTENBUMELLBLED 3 TU WIUREINUNABALADN
| ' o a A ' v v a & A v & ad & 9 v oA
LAuAu19ndT milsdanudanguladesmsziiiawonaiuie waslidunulilndenlva

goUNaU

2.1.2 TsaviaanLdonuadnds (Atherosclerosis)
Tuilagtutlymilutesvesannzudinveaasaidenuns (Arteriosclerosis) Lilu

awmmnsideindususuiu 9 vesnulne Ssgnwunusnnludgeeny sesanngulsauzise

wazaURme lsanasnidonunds 1inaInnsazauveInsIULHLUNGIA (Atherosclerotic

plaque) nelunasadon dwwavilintdivasadentuluiinnisivasunlas Insniivasn

'
v a

WWonduluaslanwals vt annuIfITu w1 tnnsazanvesluiiu (Lipid), ATIVLHUN

a1a (Plaque) waziilatdold@uly (Fibrous tissue) N1TATANVDIATIVLNUNAIALAAT

(Atherosclerotic plaque) arfiUsInaiuINTUazIAvaeadoninn1AY
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[ [y a A a =% o
waziluavsuedsannudulalings lsavasaidenausiu uludaduaivnvedsamla
MININT 2-3 viaealdenlalsun3 (Coronary artery) MluiaseialaiinnisAviu Jevinliiden

Tmdsuldidssanaruiaimlaliuinweeiaazvinlvnauiielaviadanla

© Normal artory

|
Narrowod  Plaque
artery

Amd 2-3 Snwarneluvasndenlalsuisnuniuaziasuudunain
(7ian: HEALTH SUPPORT HOUSE CO.LTD, (2017), "amiglasndiwelssluidengs’,
healthymax.net, December 5, 2018)

YpNANUMINNasaLdanilalanwurn1sAuLAUaIEiNlUSUdan i lualundas
4:‘4’ CY a o a 1 Y a CY Gl 2 4:’4’ CY =
deaialalivsunuanasardanaliinlsanilansalsanaiuiiaiilaviaiesn wariinasn
LHEANANBULUSLANUIDANVIA AININT 2-4 zdsnaliiadaneannlglunasnldonwazyin
Tivaoadeninnisgasuaininaniden dwalinaulewlaviadennsziuiu wanduiie

Y a [y [ Y a Aa v A
W’JIR]@?EJLLUULQEJUW&U LLﬁ%LUuﬁWLW@IMLﬁEJ‘U’)WWUVI

Normal Artery

Atherosclerosis/ Plague Buildup with Blood Clots Atherosclerosis/ Plaque Buildup

d' 9 A a S o a ™~
AN 2-4 aﬂwmzmﬂiuﬂaamaamﬂﬂm, UNTAUAY LALLNANITUILANYDIATIUNAIA

(Fan: daily news (2014), "Hypercholesterolemia", likerelax.com, December 5, 2018)
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2.1.3 MMndan311anvasasniaan (Intravascular ultrasound) :IVUS

v MslimnTadani1enad (Ultrasound) vunadninadivansaneaiuwilaniiy
dlumuaneaiugni Wouinamasadentiala (coronary) fifesnisnsia iensiaaey
aneaduvemasadoniila InsamillddauaziBenguazanunsanyugliseu 360
e axvhlifiunminvnemtadudonlutusing q Swediuntmasndeniilaway
nelunasndenilalaedsdaauslawundilagmisansiaanimnasaidenilale
ag19az8uAnI1N158nas5unN Wetiedlunisvenenasaieaiilafuldednad
U3z uazealdinnunanissnenlafnmninnzunsngdouss & n1s@ndnson1svin
veagulsisuiudedld vUs ynaiduegiuiansugiavemmmddn fuasmedliannse

aa Y = U v aa a
Wadeusesnwlanuisunid

17:27:25 0015

ANA 2-5 ANWULAINE1EINNLATEIO AN 1IN VDINABALA BALLIFAVIN
(#1311 San Antonio (2001), Interventional Cardiology,
Cardio Think, Inc., cardiothink.com, December 5, 2018)

Tunica adventitia

Shadow

Lumen

Tunica media

lﬂ' L v = LY ¥ s
A7 2-6 anwalglaswEs1vaendonlunIneans191IY



14

2.1.4 dygrausunduneglunin (Noise in images)
fyaasunuie duarailideinsiintulunw shlddumllaiiaeves
ANAT AL s?fﬁLﬁ@mﬂmidwmwé’wmmhLLmqqG] A3l ez lun1Ta18AINUIY 9
viogampiuazruinvenduaiiuamandie Tnefindauniu dndudefeddelfiaa
é’fy,ipnmsumuiﬁﬁgﬁu UnAdeygrusuniuaziivainralsuszianaieiu uadyyiusuniu
wedaiidninEnsidnegsunsuansasdl 4 Ussuansidl
sUkuUvedtyaausUNIU (TYPES OF NOISE)
1) Impulse Noise (Salt and Pepper Noise) L‘T;JugﬂLLuumaaé’igfynmsumuﬁLﬁ@
INNINTTIYUVUFY 5@@&4%1‘3@5&13LLamaiﬁLﬁuLﬂuﬂﬂLsdaﬁsunLLazﬁvﬁ’"uﬁ

\nTueg1UIUeN8lunIn

(n @)

Al 2-7 () amduatunay (U) nMwdaygIasunIuysznm Salt and Pepper Noise
(17'1|m: Zayed M. Ramadan (2004), American Journal of Signal Processing,

December 29, 2019)

2) Gaussian Noise (Amplifier Noise) L'fJiJgULLUU“UEN A0 QU IUANHAZNITHANKA
dyarasumudulyaugvuuuilaiduanunuiuiuvesaauiiazidy
(probability density function; PDF) aa9in1didau wargUuuUvsdey
sumuiidnuazadesydsai Lﬁwﬁﬂugﬂqumﬁl,l,amLmﬁuaqé{’fgzg'ﬁumu
fnuldialuanniigalusssuvd mndwrunguiiognadiunniuagsilinig

wanuasla 9 Juualildignisuanuasdnd agviliamiulldnuueiiuae
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il 2-8 (n) Amduatunay (U) Aw HeyQU1dTUNIUYTELAN Gaussian Noise
(fis1: Hovhannes Bantikyan (2014), Journal of Computer Sciences and Applications.,

December 29, 2019)

3) Periodic noise Aadyundzuluy (Pattern) nilanelugianan wse Ay
(Period) 131110 (an3nsainle) Ineguiuumina1IusInggweauniing fiu
MABAYINY NATUN hazlTeNNITIUATUFULUUNTINATY Yosdayananan

11 59U (Cycle)

A9 2-9 (n) Mwauatuuay (1) MwdeyusunIulszLav Periodic noise

(ﬁm: Image Degradation and Restoration (2017), uomustansiriyah.edu.iq., December 29, 2019)
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4) Speckle noise %QLﬂuﬁiyig'lmiumuLLUUﬂﬁ@m (multiplicative noise) 7
AnInnszuIuNIsasanam uimssiluendnuallunisnusssuiAves

oy Jsensienisaveen lavdrulngdyyiulssianiddnaziinuu

< <
(%

AMuagAdudsINRge Tanmanvazldilngdnazunainmaianis
grenmnIansunng Jagunsalnisarenmuuszlenldisasammendu

a a a o v ¢ - p gy
Heemnudge vise nmdani1e1iud (Ultrasound image) Uazawildnunizved

(% a . a .g [ a n:glj a o I [ [ a
UENUYUA Speckle noise WMNATU AYIMUTUALITLANWULLUULIALAN 9 7

WnvunglunInae

(n)

AT 2-10 (1) Mmduativuay (1) Mwdausumulseian Speckle noise

(fian: Image Degradation and Restoration (2017), uomustansiriyah.edu.ig., December 29, 2019)
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2.1.5 n15U5UU390 0 (Image Enhancement)

msviuUsam  Wunszuiunslunmsudasteyanmdaiauiiefazadnaniwiiiiy
swazduniifonis Ginsufussnmiagiimatiutoyauisd werandoyauisdu o
MnnszvIuMItarlinsuiul s e wiesnsesisegy vIeileulanes
(Nosrati, Karimi, & Harir, 2012) 3sflealdlunsidndayaasuniuniglunn dedsunm
Thidsudeu  wasilrudaouanndady %aﬁaﬂiaaﬁﬁagﬂufuamWiaﬁﬁmﬁﬁgfmmiumu
wuvanidauesdld viiedyaasunuiiinnndyainsaniiena tnendnnisvesiinges
fsegrutiy fio nislivhenaifedldtu fovwn 33 finia Taewihasezdewdiernig
Usznaraldlunn 9 finwalunmaindrglivnlagvinisiendunisineatagdu ()
iy Tsginaudidvesfinisasoutnedn 8 finwa withamanududuests o finieaun
vimaiFeadiduanntiesliann uddnidensinats viersisegiu (Median) deluunuiily
mudafinatagiu (i)

Al 2-11 uansiognsnsuuugsmsenislifnsesisegudlufinaliogiu

flo 153 Walasunisusulsaudasgniddeudue 92 Baduadsegiuvesdoya 9 finwa

Ali,j) I(i,j)

422 103

92 153|56 92
83 1501123 A

N(i.j) 34 22 103 92 155‘ 58‘ 83 150‘1‘2?

Sorted |27 34/56 §3 |92 103 12% 150 153

N(i,j) ¢ 'L ¢

Min Median Max

A 2-11 e ansvinuresiinselsegu

.. 1 ; i+
I1G,)) = Tt X flk 1] 1)
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Fenrsnseswuuedsinaindunisnseddudnwaeldidudadu Inedefivonis
YFudganimmenisnseskuuaisninaisme nelminnisiuasvesninieligaainuduees

Anwalululnudedtuy AanIng 2-12

AT 2-12 Hadnsnnsvin Smoothing agld Median Filtering

2.1.6 Contrast Limited Adaptive Histogram Equalization (CLAHE)

CLAHE Ao38mstiiunninimamitléuniswaunain Histogram Equalization (HE)
1ng S.M. Pizer (Pizer, 1990) %ﬁ%msé’qﬂa'nié’ﬁmsmﬁmaazLﬁaﬂsﬁagamﬂ HE Tunsay
AfiniauLuTnMiudLnasTesamiuaty Tashistogram fifissfuganiidadsdinea
Tusgdumazgnit ansgangliduyniinealunmssdumlagaiii snszaneazduen

histogram MilsgaugeninaAadeinwalusgAuwmBunuaieiuus N clip fanmn 2-13

# of pixels # of pixels

Na|-

MM

gray-level

gray-level

(n) (@)

o

a1l 2-13 (n) A1 Histogram Amdiuatu (v) @1 Histogram fignéa

U

(N Nww Kweau, 2556)
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Jailnalvin histogram AeNd1TAILUAN #19971NAY histogram dun3lUAe Jldaunsani
PUA TEAUAMUNUIMUUTDIANNNALAAINITNNTAINGTT AIUITOREAIANIAUNITA 2
E3
Ncr-xp* Ncr-vp

Ngver = N (2)
gray

Tagn

'
1 a

Nyyer  AD ARASNNLYA

)y

A !

Ngray — F® M88L0@UY83AN gray scale Tuldag Wi

Nep—x, 8 vnelavvosiinisalu X Taluusay Nuntu 9

Y

Nep_y.  fo vuneavlu Y dfvesfiuniu o
14

& PN ° cs'
NNNUFIUVBIEUNITN2  Ngp @10150AIUIUIINAUNTTN 3
N¢p, = Nclip * Naper (3)

No, D A15EAUNITANTI

'
=

Naip P10 Anasansng o Tusediu grayscalevas AadefinwaluAseaumimaanyusiu

Hu 9 TawA1 histogram 91NAIMNAUATULAASIUAINA 2-13 LUDNUIBLAVVDIRNLLATIAT

UINNTT Ny RNLGATUATYNGAR MINUUANTaIzgNnTEAalUTmniingalusesAum s
a

dun1sn 4

NZ clip
Na =

Ngray
1agfl Ngep A 90518UTENINATINVBIhIstogram ABANETEAUMIIINNUFIUVRIEUNTT

PIAUAITAAIUIUAITEAUTDY histogram Tuwsiagiiunanngfateuly

If Her (i) > Nep, Hyer(i) = Nep;
Else if Hcr (1) + Nacp = Nep, Hyer () = Negs (5)

Else HNCR (1) - HCR (1) + Nan
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e
. & ' a ) X A&
Her () Ao vinoiauvesumasfinealussausn) 2e9iuniuy o
i Ao MunemeveIAlusEAUMINAIRINNTEEAT histogram Tuailvifunniineaty

SEAUNIAIEUNTN 6

N ra
§=-IZ (6)
Npp
[T
S A8 Anhistogramnsiinszarelivniinies

Nyp Ao Arfinwafidauielgmuiaailng

2.1.7 n15A5233u9naun8lunin (Circle Hough Transform)
Circular Hough Transform (CHT) {138nslunisAunisnauneglunin (Pedersen,

2007) 35 stignianldiiesaniiaumuniulunnddyginsuniy n1senfiukarANEIN

Aumnsnafiu
Tuituitgefiienavanansassuieldlasaunisaeluil
(x—a)>+ (y—b)? =12 (7)
Tned (a,b) Ao AAUINAYRINNALLGY T Ap SATivedenay
x ylsnaunsit (8) y wildanaunsi (9)
x= a+r*cos(0) (8)

y = b+ 1 *sin(0) 9)

[ ' (%
A = o

a s < aa a s =
WUNYDINITLADTILLUUTULUY 3406 (a, b, 7) LasWITIURDIVNNNANADUAUDY (X, V)

L OYUUNURITBINTINUAINTINAUAUTS apex 089l (x, y, 0)
Y 9 Y

Tuiiuil 3 48 wisdimesvenasaiusassylalneandnvesiuiiunsigduIu
wnfimurualaggauena 2 7 nssuiumsianunsouvseandu 2 tunau loun Juneu
wsnAaNIsAMuASAT Antumaaudnasivnzauianveianauly 2 parameter space

JupouNaes Aon1smsalvivanzanly 1 parameter space
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s (Y

AUMINITITNDINUSATINGTN R

[%
&Y

nnIAiAgN 9Nt parameter space ¥anadnae 2 1R (FIWMUIY09qA

Audnasenay) dwsuusiazyn (X, ¥) vurnauiuusn duaiwisaiivue

Y

nauduaudnansd (X, V) mesall 7 amwauns (7) ednvednausingt?

A lUNUANI N5 dnAd 09 UINNINAVBINNAULAL

(n) ()
A7 2-14 Circle Hough transform wiag 4 YAUUNNAY

(‘1'7im: Own work, 2014, commons.wikimedia.org/, February 8, 2020)

#2150 4 AvenanlunIndg 2-14 (n) 39nay Hough transform e

o o o 1

U51nTUMAUNIN auyiiniSediuds dmsuusdaz (X, ¥) vegn 4 90

@9a17) Tuawduadu fuarursanirunlnauluiuinisidnes Hough 7

Asnane?t (x, ¥) desedl 7 dau accumulator matrix azdlidmsunisinmu

'
1 =

AARLY parameter space IUIUATUUUNITININVDIPANAANIY BIINAUTGAA

9

'
I a

WUz TUnilsnziuY 1nTuIsnUngegaluiosiu (Raduasmsenaidlunin

71 2-14 v ) shumia (@, b) w03 maxima azidugudnansvevenauis
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v AYv

- wAngeNaunNASAN3aNn R

Y

(%

ANUNSONUINAUVANYNNASATLRSIN UM B NAT AR BN

(n)

A7l 2-15 Circle Hough transform 484 4 3AUuNaL 3 19

(ﬁmz Own work, 2014, commons.wikimedia.org/, February 8, 2020)

%9l accumulator matrix A W# 2-15 (¥) AzA0edINGIan08190Y 3 90 T5N13

=~ o

CHT lail¥danasiufissystiuanizianzas Aoudneiisn1snne q Aaunsaranldlunis

fLiuns agelsAnulaginlunatanudunaunsndusseluil

1. miﬁ’m’ammLiéLLaﬂﬁ’ngLama% (Accumulator Array Computation)

a 1 v o o Y B oA v A Yo
Foreground finiwavasnistaseaudgegnivualidufineadudenuaslasuaugn

Igonides e’ luensduenmiyiawes Tunisldau CHT wuuaaadniinigasiden

'
aa o

svatpzuuulugULuuiegseudmindudnlurinauniisafineinini 2-16 (n) wans
Y 1 a v I a i a <2
Megvasfinieafmifenioguulanauaie (Jenauiiy) uazguuuunisasaziuy CHT

LUUAANEAN (19NANUTY) ANSUNNLLAGILEaN

Accum. Array Votes

PR

Edge Pixel

(n) ()

AT 2-16 sUnuunsimavesiinigaduion Classical CHT Voting Pattern



23

2. N15UszaaiAINane (Center Estimation)

azuuulmnvesfinaiilssunsdndondseglunnaunminazazaudidensisduen
Auiaweiiaenadaatuausnansweninay ftuguinauagnussdulnenisnsam
Waaamluendisdmazan il 2-16 (1) uansfogswosfineadidon (afiu) Mnaeg
ULNANTIE (8naudiv) wazgULUUANTAIAEUYY (3snaxdse) BensetuRnansves
WNANTIY

3. N15UszuuA15AY (Radius Estimation)

I v oA 1

nINSlYasLsdazansfgInuansuAISATuINAIMTeAIAuUNAludanas i
CHT 92@93Ussu1usATvI19naufns1anuIndudunauLens1911n (Atherton &

Kerbyson, 1999)

AasanUANsAwIR LTSI Assaluil:
A514 2-D Accumulator Array

NMswladluuALANYes Hough Aaenisensd 3 dallaifuaziuudmsusailnanasu
Fedanalidanudesnisiuiiudeyadruiuminuasldiaalunisussianauiuy widymil
Ialneldersisdiaranuuu 2 Shverdmsusalvianun ulinistasnedldiunouiuiueg

v Y] ° ° ' A o | v a
nsUszanuasasilagvilinisauialnanlnesinagaininlagianizideinanulugiesad

wunlvg dAen1sufuanldiuegrsnsvatglunisldau CHT Avivade
n1514 Edge Pixels

FoMNNUANUILAUT AL AMUSAYTINTUBE AUIIUIURNARILEDN BT

Y

=

uuvesnnrwnlasziudvesnndunadunaeiiieilliesfineavenislassaugs

Mgsiueglunistiuagiun
17874 a
nslddayaniAnieninuwulIvey
ANISluNsNYsEANS AR INAILIUGIeERdliURNwanty dadaiunsavinla

lnenisldtayaveuiniiluvieduiiosygnlvasrzuuulugisaindndanuianiawenisia

[y

e (A nf 2-17)
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I'min
I'max

Cmin Cactual Cmax

Voting along edge normal

29 2-17 IuAnNsasAgUL: ¥ane Radii, murmienislaseaud

2.1.8 19ulnsy (Entropy)

Entropy %50 toulnst WWumsinanulduuueu (uncertainty) veesyuunsonany

1 1d A a _a 1 a = ] ] N a A 1Y =)
Wnnziuiawiindasing 9 Beszuuianulduyueugs wulnstnazdadgs uidszuuiaig

a a1 o

liwvueutey oulvstnazdadinem Tnegnsnisduiaves Entropy fe

N
H(p) = —ZpiIngi (10)
i=1

4{' & I < A a 61 & ¢
LB p ﬂ@ﬂ'}qmqu\]glfuuwf\]gLﬂfﬂlf]ﬁﬁ!ﬂqimmqﬂ ] AMNYNUUA N L‘Iﬁﬁlﬂﬁm

A28e19
nsineuliniveu auyAdndaniunisaley 2 wuulviIeuiiieuiu e

- Tsn A euiduszlemadedin 50%

- Tsn B auiliduaeillenadedin 10%

- s C euiifuazlonmadedin 90%
mnmseuteyaivilimsuienusunsievedsaiia 3 via wiiainussadeya

gj d' 1 a 1 d' [3 % o VY 1 dl @ « 1 ] 9
Vamuafing 13w Andlsalamduudwilzaniivennssuvesauiniulse “ldwiueu” wn

=b

aqn
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fmeu o 15a A ez dwsuiiiefidulse A aziflenaiiazideTin 50% uvai
wnfarillonafiozldid@edingnde 509% wiriu Lidtmadwuiilonaiatuein o fu 'l
anunsaunlfiasianinmanisalln Seagulddaanuliuiueugs diulsa B uay C i
apdlsaildulsafifidnanaliuiueus nandefthsmameuaniianinfuaueslddule
woauals §Uelsa B Areudrsfimuniuswinvzlidedin wszilonadedinfies 10%

waziUhelsn C Areudalianuuiueuinasdedin

mnitgagInndeyalsana 3 lsasuuu Lsalafidan Entropy aswian 14lsa A aes

nAnlinseld? Amnuazduresnisiiamgnisalang o N waniseitu dniswanuasduiuy

=

Categorical (Categorical Distribution) @slunsdill Category MagiinTulanse
events = {@833n, ludeTIn

LERINNSANUAAL Entropy TeslsAsa 3 Idell
Entropy, = —(0.5log0.5 + 0.5l0g0.5) = 0.693
Entropyg = —(0.1log0.1 + 0.9l0g0.9) = 0.325
Entropy. = —(0.9log0.9 + 0.1log0.1) = 0.325

sziiuladndaduladunanisduivnlus A1vee Entropy 9zBatiosas asetiudiy

wign1saiiladuilaluraveanisdu Arves Entropy fagdeunniu

2.1.9 sz9zn1euuugAan (Euclidean Distance)

JreEnIuUvEAan (Euclidean Distance, Euclidean metric) Aassaen1aunfisening

a

PERIYALULLNAUATY B9a1aa1unsainlanigldussia dnunannguluniinilna we

a a

3un1 wuugedn esindunisinsseznidludigiuuugadn (MSeuduau3ginagu

9 Y
£

mely) Aeldianulawaglianunsairlvlase uaznisldgn si¥nszazniavinlinatedu

USniideszeenms Adszdniiiesdesiassenindu Alszduuugadn (Euclidean norm)
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§29814
N3MNIEEEDERIAll auNFil data points 2 9 (20, 75) waz (30, 50) 350159

svezvindlunind 2-18 lewdniinilnda (Pythagorean theorem): a® + b? = c¢?

(20, 75) (20, 75)

(30, 50) ¥ (30, 50)
(n) ()

NA 2-18 (1) MTPELYNTENINEDRN () MTTEEINTERINEDRAlaenan i lnga

Euclidean Distance #38 ¢ luna1n 2-18 (¥) @auasad1uIladregaiunan
Pythagoras @A#fas0ansIn (square root) iNsznauLsniinlnsalueniidiasiu a

uwag b 1iem ¢ ununugnslaned

d = /(20 — 30)2+ (75 — 50)2

AILUUAIINENIATU ¢ W38 Euclidean Distance = 26.92
FLYLNNHUVLARATENINANEBIN P kAT g ADAIINYTIVIAIUTDATUATY pg 0N
p = (pLp2,..,pn) was q = (ql,q2, ..., qn) Tuszuuiinaasideu \Jugaaesgauu

a

U39flndn n R seeenn99eningsa p v q AnalaaInaunisi 8

d(p,q) = XL, (pi — qi)? (11)

2.1.10 MsuUdayanIn (Image Segmentation)

N19¥11115 Segmentation f\]w‘iﬂﬁmmmLLEJﬂﬁﬁayjamwmadauﬁé’aamsaaﬂuﬂﬁ
3§ﬂﬁiﬁu§1uﬁm§ums Segmentation ABN1TNAITAUN Image amplitude (lann1sHANTIN
AUEINTBINTNEMSUA MUY Gray scale WagALLANAIYBIEdMSUAME) wonanil

YDUVBININLASINBUEYDY Texture MUusIAUsENaUNTdINaeinliaiuisainnisg
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Segmentation l#azandsiu FiEn1susndeyanmuesdiuiidesnsfifinaremaiageiu
ﬁwialﬂf: Amplitude segmentation methods, Region segmentation methods W& ¥
Boundary detection

FaaneAdeddlaldimadia Amplitude segmentation Iuﬂmwﬂ%’agamwmaqmuﬁ

Aeen1sennun dmsumaia Amplitude segmentation methods Hagifun1siarsanainu

v aa

WHve9Rasie 9 n1elunn (pixel) BenavainishentoyadzTuediuisnis Threshold ves

Y

] = o

drulsznauiilumnuduniedvesnin dmsuamunelinoell Snvaingiiauladiaiy
Y A = o & LYY 1 1% 1 v o [ £ = & IS
WunasiilaLieuiuiunasitegalauwn mveesiidnys (Text) iludu Fanwmvaitiasdl
ANULYRYIngNasaLeneanundslnegednlau (Haudutuasszaulawnaiudy
VOIINNUALANUTUVBINUNEY) WagN15YINN1T Segmentation anunsaybalaenisitvune
Threshold  Fuduaanudulifiafaunsausnaruuansavesinguas iundslamenig
| | Y A v v v [ o a v & Y
98199 NNVBIFISNINTAIUAUTUYRIRITNYITU 0 @6) wazlinuduvasnumas
D 255 @17) Aatluen Threshold  FeansasdiAwindu 128 wiedagliausaweningoen
sl IneunAudinisidenan Threshold  38queeiiu Histogram Y090 N AIUATNA

Y

2-19 wanIN15M1A1 Threshold  Imed1 Threshold A3I5NALLABNAT histogram 719g71qn

'
o

AAnTIBETE1NIN9Yngean (peaks)
Y 9 Y 9

L iryy >T

. (12)
0, otherwise

g(x,y) = {

o gx,y) Lﬁuﬁau“amw a4 Ul (x,y)
T \Juen Threshold

r)

! >
F f

AT 2-19 A159A0 Threshold 971 histogram
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2.1.11 NMSAMMUARUILAY IHEIUNLIDUNY (Connected Component Labeling)

Talun1s3ms1edIulsEnNaunsaus NN auAnNuwaL gl LT WENUS IR

5 eananAuTslilmilouduisdanenlngdIsnisimuanuneavlndiufiensu (Connected-
. @ ada a fa o 6§ .. ~ o a

component labeling) 1Wwis#lglunoniamosIviAl (Computer vision) lioRTIATUUILIU

MFauinfuuaInInaIaNwa ke laas lTglun1nueAxIun1sUsEIaNaN kA9 1Y

TunsduaLIUNISNTBILAENTAANIY

AT 2-20 WUURA 4 90 LTDUAULAZLUUIA 8 97 Lo

fian: http://en.wikipedia.org/wiki/Connected-component_labeling

' (%
a

‘:4' a o I & 44' Y Ao A )
1NN 2-20 "i‘]lﬂ‘ﬂ@%iall 9 Q@maqm%mmmﬂﬂa’mﬂa LW@UUWU@JWQLL‘UU"\!@ 4 "i]]@l LYBHNU

S Y] =~ Yy a4 v A
LL@%LLUU"\!@I 8 "\(]i@l LGU@NﬂUIWULWEJUU']UV]Lﬂ@mﬂuﬂ@sﬂ@‘U

v A

N13ANUANLIELATT 2 WUUABKUUYA 4 YALTaNAuLAIUURA 8 YALTRuAULiTe

=

! v A v & o & a A o i v ' I3
LL@ﬂWWQﬂUQ@ﬂ’]LﬂULLU‘UQ@ 4 i\!@lfﬁauﬂu@]gl’a@ﬂf\!ﬂwL%@NﬂULQW']%Uua'NGU']EJGU'J']LWVVHﬂLﬂu

a

WUURR 8 ALTu UL EaNTINATIDYLUNLEAINAUNUINAIIBN 4 AR

M 2-21 BNYIAUNUAN TN

fian: http://en.wikipedia.org/wiki/Connected-component_labeling
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'
a o v a 1

AININT 2-21 AMUAlA p (pixel) WNUFANINAAIFINANTUT U WNUFANINTOE

Y

Auvianilen p L unuanniniiegiunisdnevadqn p agsurinaingraluviiwazuuas

Y 9
(% (%

A479 INVUYINNSIAUARUALIEAUTUN DU 9T

Tupauil 1 9nn i 2-21 6190 p lldganmlideugaludumiadaly é1 p Ju
gan Minsasdeuanuzves u waz | dlufigaladugaanli Avuenaneaulndliiuge
p il 1 gauduganmliihmneasvesgaunivualige p wadiduinnin 1 gaduganin

anunsathvaneiavreagalanliuimualige p lnefieimnmneauiisuwinbu

Junaun 2 eduganisawnuludui 1 9aamyn 9 IRLTNUBEUAINUALAUIN

ngavIsig Uiy Iisiunguuinemeiiiiguyiniy antiuivuannealiusasngy

TuRaUN 3 UneeYreIsasngNIINTUN 2 lUununinemwreanmiieglungy

a [
bAYINU

' v (%
[ al 1o v o W

[ ¢ a < 1 1 a =] o v
PNNAANSTNLAINNAINTA 2-22 aginuinlundazuSinaasivunsiavnnduldgiiuaedu

o

MNBLEUGEANABIUILUIIUIIINATI TN

AW 2-22 FI9E1IANNUATANLMNUS

fian: http://en.wikipedia.org/wiki/Connected-component_labeling
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2.1.12 wageaugn (Dot Product)
HAAMIA 1130 NaRaulana1s Tunsadinanans A Msdulunisminiavunnes
aosuluviglinuuendn Felvinaansidudinaanarsnbudiunass dsiunaguly il

U & s @ =
NAANSLUUNINLABDIDNDUNU

NAAYAVDIINKADS A uaznwes b Teuuvwiie a - b (8131 18 nen T)

fenulnenauInveInaguIznisaBnusasives a was b

a-b=X,a;bj=aby +ayb, + +ayb, (13

% s

Tudgiiwvvgadn naguluiiauduiusiuanueniuasyy dusunnmes a
NAGNSYDY A + A ABA&IE0IIANEN0d A ddulunsaivialdiile b Wunmesan
UMY UagliloagmyuLaZAINENITBIADIINNBSAZ LA

a-b
cosg = — (14)
la||b]

We |a| waz |b| unuaiuend (Wue) vesnwes a was b awawu a - b

WIUANINANNTST (13) Uag 0 AoyuTenInaInNmasianIagdomn

la| cos(6) Apmrueiveasives a luwuiniainluds b a1ugy wileyy
sgrdnannmesaaIndaiy alelvesyy 90° axwiiuaud I linanmugnvesaes

s o ) I3 ¢
L’JﬂLW@iW@QQWﬂﬂuT\]SLUu@USLﬂM@

A

a1 2-23 la] cos(B) fosnluuuidminuu b
(#11: Rocha, 2015, commons.wikimedia.org/, March 9, 2020)


https://th.wikipedia.org/wiki/%E0%B8%9C%E0%B8%A5%E0%B8%9A%E0%B8%A7%E0%B8%81
https://th.wikipedia.org/wiki/%E0%B8%9C%E0%B8%A5%E0%B8%84%E0%B8%B9%E0%B8%93
https://th.wikipedia.org/wiki/%E0%B8%84%E0%B8%A7%E0%B8%B2%E0%B8%A1%E0%B8%A2%E0%B8%B2%E0%B8%A7
https://th.wikipedia.org/wiki/%E0%B8%A1%E0%B8%B8%E0%B8%A1
https://th.wikipedia.org/w/index.php?title=%E0%B8%81%E0%B8%B3%E0%B8%A5%E0%B8%B1%E0%B8%87%E0%B8%AA%E0%B8%AD%E0%B8%87&action=edit&redlink=1
https://th.wikipedia.org/wiki/%E0%B9%82%E0%B8%84%E0%B9%84%E0%B8%8B%E0%B8%99%E0%B9%8C
https://th.wikipedia.org/wiki/%E0%B8%A8%E0%B8%B9%E0%B8%99%E0%B8%A2%E0%B9%8C
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2.1.13 n1sanaaauLIng (Convex Hull)

Convex Hull wSawdenyuvesing nanldiendesnivunadniigauesgamla o

FeyanelugngasmaanunsansoungunIaueale assenngasiingnvaalden

2w =)

1 aal 1 = . gj o a
weahuIslumsmusazaalunudenyu (Extreme point) Wunseyilagiiansanasdqala 9
VUEAA19UA L ADI9AAINA1 L T UYARUIATITENINEDINGUAIBANNITIEURTY AX,
+ by, — ¢ = 0 mndudinanaunsanisgedu o lreglullafedulivmun wansid

o a & g A = % B = a a =
aosgannsaniilugafiegaseugndu q vuee dminlifvsdeuiaiansamvigaden

yusiall walUdenyuresnimanunsaAialamuaunisi (15)

C = {Zlilill ap;: a; =20 foralliand lel\=”1 a, =1} (15)

g N Aedwiugadninvesiinaiiamii

p; wnuusazyaly N

a; AEAANUTEAVBLTNUINTNNATINYINAUNTS

a < ikakae.
2.1.14 manuanvau (Hole Filling)
MsBufumay As nszuaunsiududunduderinifeduneluing lnsardanism

44' | Y] Aa £ o o Y ) PN
f\mLGUEJMIEJ‘UENGUEJUMQVILﬂ(ﬂﬂJL!ﬂU“UEJUﬁJEJ&’JG]QIﬂ@Lﬂmmammi‘w (16)

Xk = (Xk—l @ S) ﬂ AC k = 1,2,3 (16)

(%

nsvumsriugaiienuiesounsinend k 6 X, = Xp_q
oy

A fe fufivesing

S fe structuring element

Xj P9 fiuNvewein
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2.2 ATeTieItes

Hannah Sofian uagaaiy (Sofian, Muhammad, Ming, & Noor, 2015) Tadnaue
11u3dei309 Lumen Coronary artery Border Detection Using Texture and Chi-square
Classification as1uitvatuififulfinauaifsfuitnmaturovresesmaiuion
(Lumen) melunasaidenrila Tnglinmdanirendvasaidon (VUS) Bnsiigninauefie
texture analysis uag Chi-square Classification Ine33nsiianunsansiaduveuuaziuan
Nuiimeludewaiuden (Lumen) nagouiunwsansmasaenden (VUS) s
30 NI NAN1INAABIRYYINShaRIadNsInaUSsusuiuA LAty wavwansliiunTg
\WABuuUatsEnIng 3 AThreshold  Awmndnsfiu(THS, THE,THT) tnednuseansaimain 5
ﬁ?ﬁﬂ@ialﬂ‘ﬁ Jaccard Index (JI), Dice Similarity Index (DI), Hausdorff distance(HD), Area
Overlapped Error (AOE) and Percentage Area Difference (PAD) 21nA1SNARDINUIINARNG
ldnsnsadureuiidian Weolden Threshold THS5

INASLEUDIBNITATIRNUTRIMGLAUEGDR (Lumen) vasnasnidoniila lagldisnis
BRIEF texture way Chi-square Classification wagla@1 Threshold TH5 wanaliLiugn
anunsaUTeufiouldiuisnisauale dldeves Hausdorff distance(HD) Wiesaiien 3o
Sraglianing mstlavidSeuiiieuldvomn 5 mfinanl3thesu

Simone Balocco lay Ay (Balocco, Basset, Cachard, & Delachartre, 2003) 1o
dnaueuisedes Spatial anisotropic diffusion and local time correlation applied to
segmentation of vessels in Ultrasound image sequences Fauiseatuildinauanis
wUsdIuYRIaealaanIINAINEans1wInlaaltisn15an Speckle noise Wag ¥iN1IMTI99U
YBUUOY Lumen A28733 Spatial anisotropic diffusion kag local time correlation 31n
awdanismdvaandan (VUS) Sesnuidedidadunisan Speckle noise tion1smsiady
¥0v warnsuvsduveailadoldogsgndesnniy

PMNNTUNEUDITN1TAN Speckle noise LAy YINN1TNTINTUVDIVOIUOINUAULABA
(Lumen) 3awani1snaassisnisan Speckle noise TnUszdnsn wlaainal The Signal to
Noise Ratio (SNR), the Peak Signal to Noise Ratio (PSNR) k@ e The Contrast to Noise
Ratio (CNR) La¥n15n5299UY09989909n19LAuLdan (Lumen) Tauszansainlaainan
Hausdorff distance(HD) waz Area Mean Error (AME) 91ANaN13MAa8s3an1shliAIA1Y

(%

gnaadlun1suUsdinresiunyeanisiuien (Lumen) uaznavein1san Speckle noise i

(%
[

AWl g sukarNunliauaateiuazf S hwinad nwazd Ayvasnnlile
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Bmsifianunsadiunmsdelulaleeisusuunisindoulniivednasnisiadeunivamas
Hanuns luewiane1avzaunsatidanesiumaiilinluvssendlduugunsaidansiiend

(IVUS) Tun15Us8anaauInuadvianntdan tawuutsealtng

Joel C. M. Than wagaag (Sofian, Than, Noor, & Dao, 2015) léunausuideides
Segmentation and Detection of Media Adventitia Coronary artery Boundary in Medical
Imaging Intravascular ultrasound Using Otsu Threshold ing Faudeilainaueiontu
NTUUIEULUUDRIULR (Automatics Segmentation) 1A8YINIA1TMIVOUVDINTINADALTDA
Funadluguuoswinunsvemasaidondtasiifiasunana landtymiluawd Ae msfveu
89 nifmasndenduen, nlmasndontunats, nimasmdentily uasdemnaiuiden
wgnnanulfidledinsunanaieduilidudededens fitedsiiaueiinislunuds
d2U (Segmentation) iemveuiiufivesnifinasmdentunats (Media Adventitia) 310
AMganinInveasaiaen (IVUS) mewmaila Otsu Threshold ing, Empirical Threshold
ing, Binary ta¥ Morphological Operation lagldn1nA188197151AAIIIUIU 10 AINAIN
dataset B 984 Simone Balocco 91nHan15nAas i osduiien1sinuszansaningld
Jaccard index, Hausdorff distanceby pixel, Area Error by pixel and Percentage Area
Distance with Mean Wag Standard Deviation Wuﬁﬂﬁgﬂﬂiﬁaﬂdﬁﬁmaﬂ Jones et al, Taki et
al wag Ciompi et al. wilsiuszanSandisnninizues Destremes et al, Sun et al. wag Vars
et al.

Anusorn Wong-od tazan (Wong-od, Rodtook, Rasmequan, & Chinnasarn, 2017a)
Iinauesuisedes Automated segmentation of media-adventitia and Lumen from
Intravascular Ultrasound images using non-parametric Threshold ing S?fmu'iai’aﬁﬁmua
BN OR LRGN UATIITUYOULURBY Lumen Waz media-adventitia 21nANEARNTIH1IA
Waemden Laueauns Stretching WiasinAuANdaveanIn IVUS wazldwadinnisudu k-
mean mi%’ﬂﬂdﬂumﬁLLU&LLaﬂaaﬂﬁuﬁ maﬁuﬁmwmé’uai%maﬂ%’wqqammwsuaqmw
LagsEyingale Convex Hull 33n1sddauenIn 20 IVUS 910 Simone YAUDUAVDY
Bolocco Idsumsfinnsannisnaneslinadnsiinfianelanfeuniuuiugigs Selunindu
HANNSNAABIUEASIATILINITNTVDANIN

slumﬁé’]’aﬁmuaLLUUé’G}Iuﬁaﬁ‘J%miLm'aa"gugLuuLLazﬁangﬁsmﬂ “ MNEARTININ
nagalien” (VUS) 3§ﬂ’13171'1§'n,aua§ua§ujﬁ'ums@‘mmmm%’m%'uﬂqqmw Adaptive

Clustering Tdmsun1sdnuuniinariiefimuanguaesnnududadusuunuiivesusas
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3 aa o o I = & Ao o o X Ady
aeRUsenou Isnsiinausyudulunnisueniunfaulaanamiaenisminnuniluiaula
n1snaaouwanINaansniwualiulun1suuedu Lumen wag media-adventitia Y8301
dmiun193dulusuian N uven13susul el seansainnisnsiaduwasUsul e

AMNENNTOTUNITANISAUNTADU 9 Vo9n I IVUS Asnaniaiunaonidenideindy 1a

Jiayong Yan uazamg (Yan & Cui, 2015) Idiiauesuiseises A Novel Approach for
Segmentation of Intravascular Ultrasound image Faadeilgiauefotunsutauen
@3 Lumen Wag media-adventitia 99nA WA Intravascular ultrasound anwauzd1AL V4
38015l Aensldnagnsnisudsdauiiuansiaiuniuddu dmsuveuves Lumen uas
media-adventitia 3911 2 &nwaildl feature Aumnsafu d1mfunsulsnendiuaes
Lumen 11115 combining AW gradient @38738015 fuzzy connectedness model Way
dM15UVOUTBY media adventitia 11A21A minimal path lagUszd@nsnmain1sianaves
3311533m910 180 ANeE8eaEUY 9 AY mamaﬂazLﬁuﬁm%’uLLu’mwﬁﬁ’]Laua%Qﬂ
saddefulunssd 1 afireudnsesesssuzninade (0.07f0.09) mm waz (0.07
£0.05) rmm @150 Lumnen way media-adventitia mu&iu) wazdnsidrunsiudeuiads
49 (88.92% f11.37% uay 92.95% fd4.61% @ %3U Lumen wag media-adventitia AM&161U)
sEyINswUsdindanesiuduwildud niunisuusdingaludifvesnin IVUS

J. R. Harish Kumar wazanz (Kumar, Seelamantula, Andrade, & Rajagopal, 2018) 1]
UNLAUDITUIY L‘%I 234 AUTOMATIC SEGMENTATION OF LUMEN INTIMA LAYER IN
TRANSVERSE MODE ULTRASOUND IMAGES #ea1uddeiildiauaiiienfiunisud sdiuwes
$u Lumen intima 91nnwdanssmusivaamuans Tngldimadna eliptical active disc Tu
nsutednu edlymndnuesnuilie msiauszansa iy local enerey function Taedl
5 Wsfwesfiedunednuasuas elliptical active disc nsldwadia Gradient descent Lite
MAIANEATBY energy function MABITY 5 Iilmesiiedune disc wonanild Green’s
theorem tiiaLfinUszAnEnmnsAuameuiususdn dmdunsdudulaedaluifves
active disc Aldnuag MHmaliadwanduiusuuuind Smansmeassdesduldnnindan
F19717UlMUA219 971 AN @1U1TaMTI9IV Lumen intima AAINLNUEIEY 97.63%
YBNINENSUUSEIL Lumen intima layer l¢iAade Dice index 71 94.83%

Ju Hwan Lee wazane (Lee, Hwang, Kim, & Min, 2018) léddiaussiuideiios
Segmentation of the Lumen and media-adventitial borders in Intravascular Ultrasound

images using a geometric deformable model &931uiTodladrtaunisnisuusdiu
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LUUTIADUTUIVIANANIUTURUUYBY intima wag LdWYDY media-adventitial (MA) Tu
A manTe intravascular (VUS) madisu msussiliudasiuvesueunaonidonshie
puiesdmsuIlsILInTesazd Uit U N s ssnan eI MY MY
YU MIANFITUNIU Wagn133n11 dead zone LloUuUTsUsEANBAINNISULYLEN 2Nty

duvsuaulutagaiuuenlasunisuszaialaeldisnis modified distance regularised

D

level set evolution model nan153vuuansliifiudslszansamivioniivesisnig
wuzidndunisusediudy intima waz MA 210010 IVUS AnduUssansanduiusa
aenndoatfuvasiudl useunaeniden urgunarvnendengugauaziduringuinaieg
LUgeER r = 0.782, r = 0.716, r = 0.956, and r = 0.874 &§5UNM 20 MHz AUAAY Uag

r=0.990, r = 0.995, r = 0.989 wag r =0.996 E1USUNIN 45 MHz AUAINU UeNANTENS

=b.

AATIENNTONNBELTUFUTEYIINTHUSEIUMEAUIREAINARIEATITUgRE 19l ded1Ary
r> 0.967 Wag r> 0.993 F1USUNINA 20 wag 45 MHz auaInu
o & a a = o v & = = ' a a ad a

NASNSLTIUSUIUYBINS AN YIRLEAILAIUD AN UL BN INUSEENT A NVe I DN EUD
d1mSUNSUUINGY intima wazlduYaY MA 31ANSALAY 2D IVUS AduilLeiionazns
RG1909N1TUIAIUAEAULBILASUNITASIvaa Ul ULIURY IEV kay IRV A1duUsean’
AVFUNUSVDINTUT L UNANIITMBTTINDG A, VP, MVD waz MLD A 0.782, 0.716, 0.956
wag 0.874 @msunIw 20 MHz anuaiautag 0.990, 0.995, 0.989 wag 0.996 dnsunNIW 45
MHz #18810U WaNANLAISILATITINISONNDULTLE U AKNEANNUILY DD DVDINTLUIAIY
PenULe9Rz U r> 0.967 way r> 0.993 dusU 20 wag 45 A MHz audau

Anusorn Wong-od kagae (Wong-od, Rodtook, Rasmequan, & Chinnasarn, 2017b)
Taundue91uITUL3049 Intravascular Ultrasound image Recovery and Segmentation
Based On Circular Analysis @a91u3dedidnawadsnshrailunisgaunindansivninvasa
HennlilauysaliounazuusdInvaulunved Lumen waz media-adventitia lagiauanis
ALV UIINALLNBUSEUIUAT Lumen kg UaUvad media-adventitia wazlgmnaianig

| A v a a o L Ad aa Yo Y]
wnsnszaeefAuiniwanidemenisluiunfinsiany Bnsavelasunimaaeuiuye
Joyaunsgundnrilaemeuiamesaudnisueaiiu Universitat de Barcelona, unsiglaun,
ESP wan1svaaesuandbiliuinisnisidiaueionsinisusulysaie 11% Weliisuiuau
du 9 A8n1sluswll Jaccard, 9% @ mSusyegns Hausdorff, 12% vuiUesiduassoynialu
X A ° o Y a v ) X A
NUN 6.2% FNSUVBRANAIA MUNISTRUNUVBINUN

MATetaueTBnslnailunisulinguueulunvedgiuiay media-adventitia 310 IVUS

MagmenmgnuatelaedaussavgianlutunounsnUsulsanmunIngasnin IVUS adg
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Contrast-Stretching WiuAuANdavoInIn daluidu Adaptive Clustering 35n15lilasunis

a =

firsuniietisanaududouresnmun VUS nmdeiufindanesidussdusenoundnd
onlinswiifisidulasldnsiinssdituiniewsnaudnuusluuiasdiuiiodld udaain
niweusazanud: mrsulneUssanmeiguuLay Adventitia Samdsiiufiiognéuny
Tngldnsiianginuvanan gaveldiBnsdsrnseduifioutsduvouianvesguuiay
Adventitia UszAvBamvesisnisitiausgninlaglénsinuinsgiu evlusunanienis
Uiudsuismsiiauedmivativayunsdiiiaulauisegnadunsdilgudiumisvequiy

LAZVADALIBAKAIBEIIAINATINANUBININ

Mehdi Faraji wagaady (Faraji, Cheng, Naudin, & Basu, 2018) T@daueuidoiios
Segmentation of arterial walls in Intravascular ultrasound cross-sectional images using
extremal region selection @991u3 e LA d1taueLiaafuIsn1s Extremal regions of
extremum levels ns1aduiiuiliiioninvouresdnvardomiuiuden (Lumen) wazui
waendentunats (Media Adventitia) lun1w Intravascular ultrasound leunlngindes
A5299U 20 MHz wonaniudainauenszuiunis region selection tileintherdenveuves
Snwazdemaasaiden (Lumen) wasntisvasnidentunals (Media Adventitia) Tngld
ANFIBENINITNARDITIUIU 326 NTWAN dataset B 283 Simone Balocco wagidennini
ﬂszﬁﬁﬁﬁqm AINHANITNARDILE BIFUAEN15TAUSEANS A1 NIAeld Jaccard Measure,
Hausdorff distance, Percentage of Area Difference wuinasnsildlgalunisnsaduitud
Fosmupudenuasnifinasntunads lunsdlfiain Intravascular ultrasound fidnweaz
Aouthafuazauysal il Artifact anelluniw widhlunsdifinm Intravascular ultrasound 3
Artifact istunneluninazyiild patterns vesdownaiudonuasniimasndondunarain
mRaUnR Fuilinnsudwendiuvesdnvassieaeadululdeonn e3s EREL extraction
algorithm

Artifact AAntumelunm dnlwgjazdavnamsasasuvevvesiuiindmeonden
Funans (Media Adventitia) LLﬁﬁuﬁﬁaﬂmﬂawﬁaamaLaulﬁam (Lumen) §9p3a10150911
nsudsdulfegragniesusiug wiwdlunsdifim$eiigavesnsudaendiudomiaiu
vaeaLEen nanfe n3iil bifurcation artifacts sduniglun musnanisnnassiildiings

Tauseansnmdsasiian Hausdorff Distance NIANIIBNNTOU 9 WlUNNAUAU N1TLUIEIU

Ao

YpnilaaenlfentunatuinaussulmNInAUNSUAT Artifact tinduntglunimn
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AN1IANTLUUNTIU
TuunflagesureTunaunsaiunuUnnuYeIn1sUsTELIaNan W uanstunauls
famaluil
( Start )
L 4
Input
IVUS Image
| Preprocessing ¥ T k
: Noise Reduction :
| Using |
1 Median filter 1
1 |
Tunica Media Lumen
:Es.timaﬁon Tunica media : :_Image Enhancement :
| v 1
1 1
| — "Media | : Contrast Enhancement :
: unica e : 1 Using Contrast Limited Adaptive 1
I Lo callzatmn I | Histogram Equalization !
1 1
1 1
: Mapping Tunica media : I i il
! Using 1 [ty Sl 1
1 . ¥ 1 Segmentation Lumen 1
. Circular-like . : .
! 1 | Segment lumen 1
P : ! Using Thresholding X
| Candidate Selection : e !
1
- - 1
| Identify Candidate | Frmmmmmmm e — - .
: - Using : : Lumen Detection il :
| Buclidean distance I I Detect Lumen Using I
1 ¢ : : Contour Extraction :
1
| Selected Candidate o \
: Using Dot product N D
|
|
(SRR EDE ERSRDEPEERE Y et Rl |
_______________________ . Region of interest 1
| Tunica Media Detection : ! ! :
1
| Detect Tunica Media Using e Identify region of interest i
I Contour Extraction : ] Using Subtraction :
: 1 : !
1 1 !
—————————————————————— -1, 1
DY A

AN 3-1 BHURIDSUIENNTYINIU
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3.1 YUABUNISIATIEWHUUIUIINATNGY

v v

o9 nmAadani1sInaten1ansenndinelnulsanielunasndanvinlalnely
AmengAdudsRINAge 3B A1ndans1911 (Ultrasound image) 1WumATAN13nTIam

ANNAAUNATEIT1IN18NTUsEANSNIMEIENmTs udegdlsiniu auninuasauANtn

&

YadayauuNNENgAdUdEIAUDgRzgnanneulagdeilizandt dyarasuniuLuuaUn

(%
LY [

\Aa (Speckle noise) ANUUNIIA

I~ =)

Wadyyrusunusuuanidasenatnaingieaduides
Awdgs Sudumsuszaananmilduarwadlauazduadesiloativayunisitdaden
Fudusionsuszendnissnunisunng ilerndndssuniusenainamuazanmiuazidenves
awlimngan Wediuannslunisuszanana tnglddwansenuiulasiasmdnvesnin

uardensneazdendAg it

3.2 Yumaurdndney1assunau (Speckle noise) Tag1433 Median Filtering
n1su1n nduatuniinisavdssuniu (noise) tastiarmidanszuiunis

Convolution AU Median Filtering Feaun1sfi (1) Fafrrunvuinaeauidn window size

1919 ndsarnamguatulinIun1snsessie Median Filtering nwradwsfildaziiaay

WABWAY smooth 1NTU

(n) (%)

A9 3-2 MdIsuliisunaansszinenmauatu (n) AU ANEIUNISNTES Median Filtering (1)
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1AgYIIN5INAMAINYBININIINAT SNR Aeaun1si (17) BeAnflavuaniisunn signal uae

noise MElUNIMIIN AR WA TUELAITANAIMVDININNLINTUNS DANAS

1 .
MN 212140
Ji - = (17)
o \/W bin Al — pl?

Slovhnsmaasseznuin sausindn window size 3*3 FunniSes 9 9zlA1 SNR = 1.2 uag
ueitdtusinasnauiaundn window size 17%17 @31 SNR Waswdu = 1.3 uazan
N5 Mazdaunaiuitdausudn window size 17*17 ulU 9:fidn SNR Ailddssiings
Wasuulasluampusilusdsnan 3-3 mniinismaaesianuafu 50 nnazldead

[y

WEngauiunnnImaLIdn window size 19%19 dsnuazuladn A1 SNR Madefnianiuy

)

mwasﬂiﬁ window size 19%19

4,55 The trend of image quality measured by SNR value
B T T ji i

1.31 /E/B/@/@/a J

&)

1.29 - 8

SNR

1.27 - =

1'25 1 1 1 1 Il
0 5 10 15 20 25 30

Window Size

A9 3-3 ATUTEUTIEUAAE NSNS IAAMAINYBININIINAT SNR
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3.3 YUABUNISUTEUIUVDUVDINUINADALADATUNAY

I [

Mnamaesaniwntaznuiningidunasnideanelunmaiidnuagrieguina

[

& v & = o t9 L Aa &
WU9NAN A9UUIININITAUNING N ﬂwmzL‘Umqnammsﬂumwmmalﬂu

q

3.3.1 N15AUNI9naunIelunn

3.3.1.1 fuunveUARTAsLEnTuNaNS
desndnuaramnauiidanelunmdne Lildifsauddnuazvewtmasndondu
nanufisantufie) urdnvuzevasadenrseteiniudeniianvuzgusaduinay
dudeatu Jumeuifvwhnistmuaveulslifuntmasaidendunans iiedumniing
Snwagrnauiifituiindemlmasndentunanaviiiu Tnsveuwadildimunainaiisegu
(Median) s1¥uniadedidetendeyadunisfinvinguiegrsesniduasadiuiinfu
(Inevszana) Tagagyimsmainyadeyaveuivn Ground Truth Adeamgyldinsssyly

¥ v

I@EJ%LLU@Lﬂum‘uﬁagmmaqsqwuagasﬂmuwaamLaamsuuﬂma (Tunica Media) &A1y

€

[

90 finta wazAlsegIuTRIYRTayasAlitamILALEeAYTe Lumen dAwindu 70 finwa

Y

u,asmﬂamuaﬁwmmmawaamLﬁamﬁmmwmﬂwmﬁuagjﬁ’umiazamamswwmﬂ R

ANNANYDINL AR DATUNAILAZ Y9I AW A oAU LT WY 1URINITUNS AT IraaALA DA

unana %‘NﬁﬂﬁmﬁwaamLﬁamsi'j’uﬂmwaasqm%'agaﬁ%“mwm%’mﬁszij 70-90 WnLwa

fefnanawalunnd 3-4 lnenilaviasnidendunaisavisas mﬁm 70 fintwa (r_min) kag

afqmn 90 NALga (r_max)

‘Compare Radii Data from Different

AINA 3-4 AINAAUASALVDULIAVDINTINRBAEDATUNAS
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3.3.1.2 AurnaunNvaulnlagleas Circular Hough transform

[
v

NAMENBULYDITALNTIaoAHATUNA1Y TunBUlaEINITAUNTINg SN YAy

ddu

Aoy a | Ao Y Y]
'Nﬂalﬁ/]lliﬂll'EJ%&[,H&U'NV]ﬂ']‘VTu@IVL'JﬂWEJIuﬂ']‘W 3-4 'JG]QV]llaﬂ‘l‘ﬂmzﬂaqﬂﬂﬂﬂﬁllﬁ]']u’lu&l']ﬂﬂ]uﬂﬂ

9

ALlaglEInIsTWes a, b way r Aaaun1sN (7) waglonannisauiide 2.1.7 TunisAumn

=

WNAUAINATT WNAUNNTEYNADHUNVDINTIvARALABATUNA19EABITN TN DT 1

AVUAYIOYTENIN r_min Wag r_max fakanslunin 3-4

A7 3-5 ammadnsvanisAu Ingunaumelugunm

o A A o = &
3.3.2 N19AALADNAIINUNVDINUIKADALADAYUNANY
) ° v Y Ay B 9 o fav v o N 2
NAINMINITAUNNNAUNILITTNAULAD HaansSTlaRaTianauindun1elunIn
naneazluNunuI9991zt Ui uNveIvaaaldaantunaie (Tunica Media) Lalunag

naufunufivenanuIresazlilsiunvemasndentunals Aaudswewinnisssym

a & & A A ) U O ! &
WAUUNUNVDIVIADALADATUNANS msuumaumlﬂu

3.3.2.1 maszyanauiifianuinsduiuiinimvasadandunas
1. tvuaasdudulunisinszeznielagds Entropy
fumeunisszyrsnanfifiaiunee Buiiuiindiveenidestunats Buanfiansmn
Audnuzraiaendentunats fudmasaidendunansasiigafnarwiesumeiosey
Tuvinadomauiuden (Lumen) fadnuuzvosommuiuidensedidnuusduiiuiidm
MnmnasemuIgeisnaafstuluinademaiudentvatsn uilusumiuasiad
vonsusazanaglivhiy SuilfAanmslesginuiluasunuihiuiladenulngifes

UINYDINIBAULEDANINTAA TIINNTFANRIINNGFNTIUVRRMIAAUGEA USILL
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fimsiasuulasivesoyareudstes szesduiuiniludnvasvesdmainuazliid
aulrUuagluuINAMINa1 LaraIgmnNallReRsauyRgIuIMINUSIMYRmMIuAUGEEAIINTS

[ 1

WasuwasrvesteyaiitosuinasinaniasdesiidieulnsUfidfmeuiu 3uihnsia
AnoulnsUssavaseulnsd (Entropy) fauns (10) minluituflvensnansda Sneu
Imaﬁﬁﬁwﬁqﬁu,amd'ru‘%L'Jmmaaﬁuﬁimaﬂauﬁ?mﬂuﬁuﬁmm‘*daamaLﬁulﬁaﬂ
MERINMSAUnANT AT ANTY Fendnsiuiesiuiiudazisnauiavue
aelunimeenu fuiredrsarnamihanauiiatunelunwioma 14 29 (1nd 3-5)
MuMsuenuAazItEDNILER LAt T UTve wwRaza WRLeUB T us LT R e

=l 1 ¥ 1 U U td'
VU UlNTUUDILARL WA ILIUAUAININT 3-6

Image radit 2 Entropy: 5.1089 Image radik 3 Entropy: 4.2189 Image radik 4 Entropy: 4.7716

Image radik 7 Entropy: 7.1604

Image radit 10 Entropy: 6.4202 Image radii: 11 Entropy: 6.9772 Image radik: 12 Entropy: 6.4667

Image radii: 13 Entropy: 6.5022 Image radii: 14 Entropy: 6.2177

A9 3-6 MwSeuisuRadnSiwisarAteulnsUvassiay naNignAuN UL
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786 Agreement Min Entropy

65/ o °

Entropy Value

) Image radii: 3 Entropy: 4.2189

0 2 4 6
Order of circles

AN 3-7 NINANBUINTUYDIARZ IVBNINAUNIMHATIGNAUNY

= & & o % = a a | a
INAINN 3-6 IHGU‘LJG]E]U‘UT\]%‘VHﬂ’]iﬂu%’]"ﬂqﬂﬂ\‘iﬂa’N“UEN’NGLGWIE]@JELU‘U’iL'JQJGUENVINL@u
= 14 U = -] -] 1 = 1
Lﬁ@ﬂﬂ’lﬂﬂ?iﬂﬂ’]ﬂﬂ%@ﬂiﬂiﬂ ﬂﬂﬂ/]’]ﬂ’]i‘ld']ﬂ’]L’EJTJIVI?U"UEJ\‘ILLG]ag’J\W!ﬂ’NNWLLﬁﬂﬂiugU‘U@\‘iﬂﬁﬁ‘W
1Y a 3 ! ! P | A o 1 A = [ Aa va
PNNINN 3-7 QBL‘W‘U’Nﬂ’]L’e]‘lJIV]ﬁ'UV]C‘I’WlE‘MﬂEJGI’]LL‘MTNSUEN’NﬂaiJ’NVI 3 GENLUH’NVINQQJ?{?,JUG]

nsafivauyRgIunaal ity

| radii: 3 Etp:4.2189

'
o

- v & o =
AN 3-8 mwmaawamamwmmLauim“dmam

q

nadnsdunalainaivonailidulumunaantfnuvemilmasndentunans uaz

o 6 A My X A 2 b & o %
nelurnnauniiaeulnstinaaliladuiuiivewasndentunalsvivun dnalaainnin
- o = b A Y a A v oA ] P = 2 A
71 3-8 YoulAHTaRAEEATUNANTILTIITIRBIdUTRUAMARY druduveudunshorinauiidl
ALaUlNIUAER wansvirfansdifiufivewmasndentunatvasrienislulnaudu o fgn

AUNUDNAY
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UBNAINWNANNNANDUINTTY ANFALAINLADIAUNINNANDY 9| NANUNVDIVADALEDATU

q

[ ' [%

CX L4 1

nanedngluieiiu 9 laensldganinansvesisnaundaieulnsUmanuazaniuaziedsg

q 9 Y
(%

Tuvsnadaamuiuden Wugasuiulunisdumienandu o idvigiresiiiunivesvasn

Hondunansvasndeatdely

2. ssyranauiifinruinanduiuiindveonidentunaislagd’s Euclidean Distance
n¥anldgaduiunieqn Seed point Mntuneueunting seluagiinisin
spopvsEningaisufuiugafinatsvesinauyniinde dnam 3-9 Tagldisnnsin
S¥E¥MaUUUYAANA (Euclidean Distance) mufiadungliluaunsi (1) dmsuingrenaslnd
favopvieszrisgaduduiugniananswenstutiosniiyii 37 finia AnezuiTenay

Arutaulvtazduusnuvevasndontunals (Tunica Media)

Seed point

M9 3-9 MMNNTIRTEEERRINgA Seed point lUdranaudu 9

n1sidensrerinavesisnanegusalndiAesivinauyasuiume ssegvineloy

" A A

ALYINAU 37 ANLaNlau1INKNANITNAADY BIATTLTUAINAINITOAANTDIIINAUNT

A v

Audnwuglnalfssiunilivaanientunalalauiniantudunalaannsmnismaassinen

ANYNFBIYTT Jaccard Index azwuinFmNNgNFBsgeEAsgil distance point 37 finlea
ﬁé’mﬂﬁ?ummmgﬂﬁmmﬁLama WINT8YWTAININATT 40 ﬁm%ﬁ%mﬂwawmﬁmmq
Nﬂamqﬁuwlﬂayjiuu’%mm%aaﬁdmmalﬁwﬁam Fonunedaldnsenudoulvvesdnuus
Uinammasadendunatiuazannsmami 3-10 wndonseegineiiiAiuinni 37 fin
wa uinmgndesiiaindulidsundas Seaguldinszeginaflmunzauiigadetesnin

WINAU 37 NNLaa
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°
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Accuracy Value
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8

T

0.84 - @

L L L L L L
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Distance point

M7 3-10 AransgnaedlunIsiionuaysreEiaNaNdY 9 fulnau Seed point

nanlavinnisinssegviaesiaviun 14 wnaugnAunulagldReuludnewiu Juh
Thanauanvianun 14 ssgnAnnseslivdeissianun 7 savitiuidulusmuteuly dunm
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3.3.2.2 Aavaanla9nauiidununuiasevanilsiasnidandunand

1. M39529UVaULIAINg luudazetindulagds Thresholding

' [
v =

PA99NNUILNNITUINQNTNUNVBINTINa0ALaATUNA1 N8 TUIINANLARL

9

[% 1%
1 ¥ ]

Snuazvesiufindmaondendunatsasiituiadeudeiin 3aaglden Threshold 7 0.5 Ty
NSLUEn mniinwaladiAuinnasewiniual Threshold  TiuSuAnglufinigawindu
1 @v17) wanninlgalada1tesninal Threshold  TiusSuAaelufineaivndyu 0 @en)
deldnmmadnsanmautsdeyanimiioninguds vdsmniuasshnsiveungfeisns

Convex Hull #isaun1sit (15) ananluws ieningniivundutegaieluiainay wmindng

Ao o 2 v I3 M v & a1 a o o '
NUANWULLUUNDULAN g]Iﬂlﬂﬂaﬂwmgwaﬂuiﬂ'ﬂQJSU@‘UGU'PJQFNﬂall mamﬂma%gﬂaULWiwgﬂ

Y 9
[ [

Adeuveulvanendunnauly 9 uimningiiegusinveureriinauuasiidnuauziiuwoy

[ [ 1 LY

gnafnfuduniu Weldnnsfiveusieds Convex Hull udringnifdnuaziinandinsinegi

YDUVBINNAY FINNA 3-12  (9,9,2,%) 1Hudu

Image radii: 1 Binary image Generate convex hull image

(M) N139TITUVOUVDLINGINANN 1

Image radii: 2 Binary image Generate convex hull image

(1) NMINTINTUVBUVRIINGWNAUT 2



Image radii: 3

Image radii: 4

Image radii: 5

a7

Binary image Generate convex hull image

@) MIRTINTUVDUVDING1NANN 3

Binary image Generate convex hull image

(1) MInITUVRUVRIINGINAUT 4

Binary image Generate convex hull image

(3) MINTINTUVBUVDIINGRNAUT 5
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Image radii: 6 Binary image Generate convex hullimage

e

(®) NMINTINVUVBUVBIINGNNAUT 6

Image radii: 9 Binary image Generate convex hullimage

(%) MIRTINTUVBUVBIINGNNAUT 7

a il 3-12 Fupsunisulaanimuluunduasnisiidening

2. ARNLABINNNANTILYIRS VRN EIaRAlaanTUNa19ln83s Dot product
wasnnsidenmingluusiazisdnssiy wuindleniiingiidundvasadonduusn
| A Ay o 1% o v W I ad A & 9 a LA
agn1eluaa Weddeuinguad ssvhliedenaniiundundldiiulg sedmadiaiuiuiives
0 A & a v ! t4 ! o e = a a 1 v
Wiaaenidentuuen Audiunlulsdwalvsusivensiuliiluinauvsessuiednegidls
31 “enudunsnanazmgludieitnguisasadenduuenuaty” winlafiddnwuslu
Hunvewtmasniiontunaeiasagliidiuvesiunndmvasndontuuenagnigluas
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wyhlnuTvensminanianvauziiunnay dudsinisiaanuduinayvensiifdey
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TURDUNLIN YINTINTLEENINYANINAVBNIFF N TR TUNNIATOUI (3951
Ju) fanmd 3-13 (n) lneldgnsvesds Euclidean Distance faun1si (9) ¥asa1niuinen

5oUe9szezanwlaslmdunnmessaning 3-13 ()
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Center circle e

Euclidean distance 70
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RIINUWINNITIAAINATI8YBRINMES 2 YALAI8TT Dot product FININA 3-16
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YoviaeaFentuLansaAIUNA1ALA 9 agneluas

Image radii: 9 Image radii: 9

Similarity of two vectors
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AN 3-16 MNTUABUNITIAAIUAAIYVDIINADSTIED

PNAINA 3-17 Aua199EnUINeRE U ulaileinn1s Dot product A1Y18anuA
WINAU 1 A997Ua 3 29lak0 29NN 1 A9NINT 3-17 (1), 29NaNT2 A9NINT 3-17 (3) way
21NAUN3 AININT 3-17 (A) FaNuNn TN 3 2UTLAUSIUNUNVDIVADALEDATUNANS 3
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Image radit: 1

Image radit 1

Similarity of two vectors

100 o Similarity of two vectors
o 80
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(n) 2naud 1 (¥) Wnauy 2
Image radit 3 Image radik 4
Similarity of two vectors - Similarity of two vectors
00 0 ’ 4« 60 0 o 0 0
(A) 2NauN 3 (1) 2naud 4
image radit 6 Image radii: 6
Similarity of two vectors - Similarity of two vectors
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Similarity of two vectors

40 60 80 100 120 140 160 180 200

(%) Qanaud 7

ANT 3-17 T9ANUARIEAFIUBILINADITAILID Dot Product

3, $9UFIUNAUNIANATABSS Union

MnTuneudaduInauiunsfuserinduituinTmasndeadunans (Tunica
Media) fis1uauanuasdenin 3-18 (n) 91ntuthauaesanansauddefusaunisi 19
nadwETlaAoNuilneUssuvesanndentunans (Tunica Media) dananslunini 3-18
()

AUB={x:x€ Aorx € B} (19)
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X A9 du13ninwa
A Fa Toyaigniinis
B #ie doyaiwniiaes
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(n) (v)

AT 3-18 MnauNNIUNISAAERNITURNUN Tunica Media

U L4 = g ad
3.3.3 NNINTIVIUVDVVDINUVAALADATUNANGLABAS Convex Hull
WelduiilagUszunauvemasndontunaiad sialuazinnisssyduniweuvas
.«.&J d‘ A :Jl v L% o % % Yad
funvaeaieatunalslunnsuatu Ineiinisnsiaduveuinglaeldisnis Convex Hull
AeEun1sN 13 Tunsmveuiwnvesing KadnsvauvesNuNvaendantunalslun nsuady

fan i 3-19

AN 3-19 NAGNSASUSEUUVDUYBINTIMADALE DATUNAS
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3.4 YUADUNISHUSIAIUVDITDINIIAULADA

3.4.1 YSUAIMUEI19089nNIAg3S CLAHE

o v o

nintuneufdaduanasuniu (Speckle noise) 1ngld3s Median Filtering uwéa
WU mHaENE T AT E N AoUNE vl uTive s aiudeauasiufindimaoniden
Funansfianuadiendsfuann mnazuYemaiudendevsvilrilenaldiudine
waenLdentunanIIdIY SedesinnisUsunouNsIaveININEIEIE CLAHE feaunisi (2)
dielinmiirneunsagetu e TarneunsaiUSeudivuanaunsd (20) delfinaam

1 ! d’{l d‘ 1 a = £ A gj v =
LWANAINTENINNUNVBIYDIN A ULA BALAS N UINADALADATUNAINANATINN 3-20

Medianfilter image: 0.76863 CLAHE image: 0.9967

(n) (%)

'
a1

AT 3-20 (n) NAEWSTIHIWIS Median Filtering(w) NMWHASNSTIRLAT CLAHE

1 e
Contrast = -Rex min (20)
maxtImin

- ‘:4 I a a a
W0eh Lyqy A9 AMfN@ETININTER

q

‘:4 A Sy A
Lnin Po Aiiinwaiitesiian
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3.4.2 YINSUUILENTDINAULEALAEAS Thresholding
wdnlE AU UARUNSIERE3S CLAHE wdrandunmuudaaduly
Ui e ingidesns lnsauyignudnvazvestesmaiuden Ae finwadsfoguina
AS9INATBININTIF N BAULAEIE2NAUFININT 3-21 2INANANLNTOFLNATIAILLANAIIV D
vihaiuinaulawariuiiiliauleanndudsusiu ddduduneudaenismiiufive wwes
Madudenaziinisudsdrulaeldan Threshold lda1nAIAINRUTUSIUTBIN NG

[y

AUNTSN (21) NANSNHIUNISUSUABUNI AN 8IS CLAHE MNANLaballAtaenI1A1nINy

[ |

wU5UT2U Azinnisusualuiineatduat 0 waziinwalallAyindunsauInniIAIAINL

wUsUTIU Aevinsusuanlufinaldy 1 Aaun1si (12) Lansn nNadnsaanIng 3-22

Out of interest

Region of interest

9 3-21 aunAgiuvesingiaulauaziniliauls

MN
e > Ay —ul?
= v —12, i —H (21)

ij=1

lngil Y Ao Anadsves A;j mldanaunisi (22)

Ajj fie finwwausiazfiniwavesnin

MN
1 (22)
H= i 2, A

ij=1
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AN 3-22 ANRAGNSNN5YN Threshold

3.4.3 yinsiinYesieneluinglagds Hole Filling
[ S o a [ ! @ ! 1 B a 1% aa
nasaInUuyhMsanaLdunidugesinmglunmluuivesnmdunnsigds Hole
=

Filling Agaun1si (16) lagagyinmsvyaieusiavesvauinginduiuveuvesingtiufes

AN INHATNSAININGA 3-23

.

ﬂ’W\l‘VI 3-23 AMNHAaN5N15Y1 Hole Fi Wing

3.4.4 yinn1sauanIngn1elunmlagds Subtraction
NANUULININHASNGIINNT5911 Hole Filling A9 il 3-24 (n) 11vin1sauiunIw
NadnSTleaNNSY Threshold  danndl 3-24 ( Iuﬁuumauﬂawmmﬂmmwaﬂﬂm

AR 3-24 (@)
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90 .-

M 3-24 AMMTUABURUILENINY

3.4.5 yinnsnviuananetavlidunvaunulneis Connected Component

Labeling
PN PNINNAGNSAIEID Subtraction IINTUABDUINNAULEY NNHAENTALAB1AY

1% LY = [ 1 o

¥ngarglunmvargingaieiu Jvihnsivuanuneavliiuingudasdiniiviing

4 4
14 14

=b.

[

BUADAUAININA 3-25 LA8TIUNBUITAIIUD 2.1.11 NNUULADNNUELAVAANUNTOURD

LY ] [ L =
fusnnanduingnaula

AN 3-25 ANTURBUNISITUMLEYIEIULT DU
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3.4.6 N13NTIVIUVVIULYAVDIYAIMLAULAALAEAS Convex Hull
d' vd A [ A 1 o 14 @ o LY ! ! a A
dieldnunvesingiiaulaegiadaaundy AMN1InsIRduveuveddIugesiudion
N3P UVRIINYLEIT Convex Hull AI@Nn1SA 15 NMNHATNSAINING 3-26 (n) wagyiin1g

AvauInguUAMNAUATUNININ 3-26 (V)

AN 3-26 AMNHAANSTRINILAULGDN

3.5 Jumaunisszudumsuiamaula (ROI) 135 Subtraction

= v A o = ) Y PN & A | a A
LN@I@WUWNUQWﬁ@@La@ﬂsﬂ'Uﬂa’NLLa’JWQﬂqWW 3-27 (N) LagNUNVDIYDINLAULADA

[

FININA 3-27 (@) Yisassnnnadnstunvinnisaudu lenasnsiduiuninaulasaning 3-27

() 1 WUUS NN AANISAZENYBIATIUNATIALAATUINATWAURT UL ULARININT 3-28

(n) (%) ()

AINA 3-27 ANTUMBU Subtraction
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uni 4
NANISNAADY

Tuundl Wudunanmanisaassiitdanmsldisilstaueluluund 3 Saamedae
Fanrenniinasadon (VUS) Iikiunszuiunmsuiuussnunmaesnmlnensaudssuniu
mmfuL‘Zhgjﬂ3zmuﬂwwizmmawaa%uwﬁwaamL%am%"’uﬂa’mLLazmiLLUad'suﬁawmau
Fon Fsannamsnnassesuneneazdonluusaziu dsellil

gadoyanindanireaditiunldlunismeaesildungin IVUS Challenge data
Ims@m Simone Balocco 911 Universitat de Barcelona, Spain 31479u 50 A1W 21N

Dataset B yntoyaunsgrunmuailidalviinfslnegsasisae

4.1 NM3UFUUTIAUAINVBINN

flesannnnaedaniiennt dnvuzresnmazAoudadauduuasion vinlk
aanmyesn wildtinuaudaiinunnuay msden wsanireinazfiedudyg
5UNUUTEAN Speckle noise Lﬁﬂﬁul,maﬂagmaiumw 29009111138V Speckle noise. A
A 4-1 (9) WieufulssaunmesmmdieSanieineudgnasuiunisutauendunds
nasAdentunaarteI iU Een mﬂmimaaa%’umauﬁlﬁﬁ'}mﬁmmmwmaqmwﬁ
N13au Speckle noise uazinAuNINYBININFURTUWTEUTIBURUAI8AT Signal to Noise
Ratio (SNR) minanladl Noise nngluniwann A1 SNR fagein ANANIINAFDIIN N34

4-1 AT IANAAMNINVDINNENLIANTIYIUNAINTFUIUNITAU Speckle noise

(n) AwAUaTY (v) NSLUIUNITAU Speckle noise

4 T o .
A9 4-1 Fumeunsvinaulunseuiunisau Speckle noise
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MINT 4-1 MTIARAAMANYDINNENESaNT 1w UM INTLUIUNITAY

Speckle noise

nwangdani1givasatdan (Intravascular Ultrasound image)
awaauil A1 SNR Y890 WAUatY A1 SNR w290 WaU Speckle noise
1 1.2054 1.2517
2 1.1811 1.2294
3 1.1544 1.2014
4 1.1645 1.2118
5 1.1699 1.2213
6 1.1597 1.2099
K 1.1622 1.2075
8 1.1583 1.2025
9 1.1601 1.2055
10 1.153 1.2013
11 1.1704 1.2138
12 1.1641 1.2167
13 1.1827 1.2307
14 1.2037 1.2660
15 1.2214 1.2765
16 1.2442 1.3034
17 1.2183 1.2773
18 1.2217 1.2819
19 1.1995 1.2647
20 1.2027 1.2682
21 1.2166 1.2768
22 1.216 1.2821
23 1.2098 1.2714
24 1.1868 1.2405
25 1.2076 1.2706




SNR Value
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49

1.1721 1.2367

50

1.1261 1.1896

SNR

NUNYLVIG):

9

Order of images

A7 4-2 mMsidseuliiuldieyininisan Speckle noise 913 50 AN

v oA ell

ddumanInyvinn1sau Speckle noise a7

v
a A

a o v LYY} v yal .
duduAenmauatudelilaiinisau Speckle noise

[ Median ter

[ Orignal mage
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4.2 N5USTANIVaUYB KT IABAEENTUNANS

URIINNSUTUUTIAUNINIDIN N awrhmsUsznameueskimanaidondunans
#833m3 Circular-like Tngazvimsimuaiiuiinlomeendontunandiduldldsanmn 4-3
) mﬂﬁ?uﬁwmimwﬂauﬁy’wmﬁLﬂulﬂléﬂ,umwﬁqmw 4-3 (p) Ae Circle Hough
Transform uazyiin1svenandiilen entropy Milgadsnin 4-3 (1) 1haafsnanalsianan

< . Y = o A o Y
\Ju seed points kagn1szeeN199INANLUERANINAINNEY o Mndesgdanin 4-3 (3) mn

U

= 1 74 I 1 a o A v o 1
19lafTE8E MR RENINNAY 37 WNLLAALIINITIAaNIAININ 4-3 (@) MASTLUSLLYN

a v % o

A18A Threshold 91 0.5 wazfasunig Convex Hull A9nn 4-3 (¥) Ka991nAaau NN

9
(%

MIAUAAIATIVOIINADINIABIAI83D Dot product AIAIW 4-3 (%) LAPINARNEIINON

Y

A 2

ALEENAININ 4-3 (1) LESaudiihmsniunmadimeiuaglanunvivusvekiiamasndon

ee e

=

UNANAININ 4-3 (5)

(n) NMwRIUAIZUIUAY Speckle noise () vmsimuaiuiilululdvewilmasnden

-

(A) imsvaenauvisiue i dululalunim (1) ¥nsnenaudidien entropy fnfian
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Seed point

(3) ¥N15UN528EN19INIA seed point U

centers 29U 9 < 37 WnLwa

'
[

() uiignAnLdenINTuneURaunTtil

Image radit 9 Binary image Generate convex hull image

() YMNSUIENA38AT Threshold 71 0.5

wazRasune Convex Hull

Image radi: 6 Image radii: 6

. Similarity of two vectors.

(%) YNSTIANUARYATIVDIINLADINIFDINIY

75 Dot product

o

(ew) 2iignAndenduiiuiivaendenduna

(sy) vyt ieiuaslaiunvunve i

YADAEDATUNAS

AN 4-3 ANTURBUNITYININUIUNTEUINNTUTEUUVDUVBIHTIVaDALE BATUNANS
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4.3 NITHUILENYBINIAAULADA

MAIINNSUTUUTAUAMNVBININAININ 4-4 (n) U3 ¥IIN5UTUANNATINVBIN N
Fanm 4-a () Mntuuiuendesmaiuden Tasazutaueningiee Threshold  Fanm
4-4 (p) ntuindiugesniglunminim 4-a (1) fe3s Hole Filling wagin1niluduen
Fosmaiudonnaznmilfindudesnelunminauiu fanw 4-4 @) agldingiiavlarin

N5ARBNINOAINGINMEIT Convex Hull vunmauatuianim 4-4 (2)

(N) MINENUNILUIUAY Speckle noise () MINENUNTZUVIUUTUAINAT
(A) INswUaeningaIuan Threshold (@) vinsidudingeanigluing

@) Y1NNHAENS (A) ey (V) aunu

() vihnsideuingilauunnduadu

AT 4-4 MnLEnsTuneunN1sYnUlunsSEUINMSUUILENTB AR LEDA
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4.4 AMWHAANSIINNISNAABWUSIUTBUNUNTWAUAUU
seuunmitlddmSuyadeyade Sis (Volcano Corporation) Anssangaiululuisg
Eagle Eye 20MHz AU Computer Vision Center, Bellaterra, Universitat de Barcelona,

1% A

ursiglauwn Usemaau lugadayaiisusnaasanseninuaseiiugiugniinsieielag
mmmmmmuaﬂaummaiaasmmsuaqmaamuumﬂma mmLLaJumﬁuaﬁ%ﬁﬁ'lLauam’m
Taelgdeil Jaccard Index (JI) Hausdorff Distance (HD) Wag Percentage area difference

(PAD)

Jaccard Index (1) {umsiapnuwiugmugiinafidnuinseaunisaeludl

]I(Iresult, Igt) = M (7)

|1resultUIgt|

<

I Lﬁuﬂﬁuﬁmaaqﬁmﬂﬁﬁwﬁu Lyt L‘Uuﬁuﬁummwm‘%mﬁmﬂ Al Jaccard 1AA74
pipndsiuresndeyariadesn Wosidudfigendy vunedsiuiiveansBedaundrondsty
At

Hausdorff Distance (HD) L’ﬂumii’mmmLLajueT’]mmgUi"mﬁﬁmamImEf[fi’faumi

selud
disty(X,Y) = max{max min|la — b|[, max min|la — b||} (8)
a€X bey bey alelX

1 vunefiaszeznwuugadn X Aaidumiueswegiinig ¥ ilugus $19itAnYy HD “qu

AN WesNAAUE Nt NaaNENaY el UUTToIAUN IR Y
Percentage area difference (PAD) tun1sinadnuuduginiuginiadiuaueig

aunisealull

Iresult_lgt

PAD (ILyesuir, Iye) = + 100 9)

Ige

[

yanew: Wunnanduns Ao nsussnameuntmasndentunanlngside
GusnaudiBen Ao nisussnameuntmaondentunarilaediBeavy

WuenaudEiu Ae NsulenYaamnafiutenlag 5Ty

¥ a = 1 | a = ¥ d
L@ u9naud AD NSULUILENIBINLAULABALALTD ORLTYIUEY



A5199 4-2 MTNIANANITNABDININUA 50 NN

Object Tunica Media Lumen

Performance
Jaccard Index (JI) 0.9387 0.8433
Hausdorff Distance (HD) 3.8208 5.1386
Percentage area difference(PAD) 0.0377 0.1404

67

AINAITNANITNAADIANTIN 4-2 WARIDINANITNAADININUA 50 AW TR

VaoalaentuNa1elnIugnAeeil 0.9387 A18n157n Jaccard index, 3.8183 fa8n157A

Hausdorff Distance wag 0.0377 A18n151A Percentage area difference kagtoInNI9LAY

\ieallAlugnAeedl 0.8433 A18n157A Jaccard index, 5.1386 n38n153A Hausdorff

Distance waz 0.1404 Aen15in Percentage area difference

4.4.1 dNWMLVRININNEGNN 1 Non-artifact

AN 4-5 (n) sUnmAuaturesn M frame_01_0016_003, (1) MwHadnsiuSeuifisuiu Ground Truth

WWudleafa Ground Truth UeausUHTlaviasndentunan (Tunica Media), @UELAIAD NAANSNNSUTTUNQULEY

YRUVBIHIIMABALADATUNAN, WUETNAB Ground Truth Y89 TR uALLEDs kagldudtIkuAD Nadnsnns

LUSLENYBINI AU DA
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9 4-6 (n) sUMELRTUYBININ frame_01_0020_003, (v) nwnaansiuTeuliieuiu Ground Truth,
WuEeRe Ground Truth YesvaUNTIviaandandunans (Tunica Media), ldUaELAIAD NaaNSNNTUTTUMEY
YUVBINLIMABALAATUNAN, LEUETNAD Ground Truth Y89Y0INNIAALLEDNA LAYLEUELUNNUAD NAANSNNT

LUSBENYDINIUAULE DA

MINN 4-3 MINIARANITNARBIVBININNGUT 1 1InuA 31 AW

Object Tunica Media Lumen

Performance
Jaccard Index (JI) 0.9403 0.8551
Hausdorff Distance (HD) 4.019 4.9952
Percentage area difference (PAD) 0.0378 0.1334

IINAITNNANITNAGBIAITIN 4-3 UWAAITINANITNABOITINUA 31 NTNVBINTT
aoadondunananguil 1 faugniesdl 0.9403 #aen13¥n Jaccard index, 4.019 #8013
10 Hausdorff distancetlay 0.0378 a18A1930 Percentage area difference LagaoIn1aLAY
Lﬁamﬁmmgﬂéfmﬁ 0.8551 A38n157M Jaccard index, 4.9952 aa8n153a Hausdorff

distanceltay 0.1334 A8nN151A Percentage area difference
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4.4.2 EnWAILYRINIWNGNT 2 Shadow Artifact

M9 4-7 (n) sUnmsuatuvenw frame_01_0031_003, (¥) MwnaawsiuTeuliiguiu Ground Truth,
WWudUenAe Ground Truth veaueUNTlavasnaentuUnan (Tunica Media), W@UELAIAD NAANSNNTUTTU
LAUVDUURINLIADALEDATUNANY, WEWUETNAD Ground Truth UBITRIMNLALLEDN kaztduFUNRUAD NaaNS

NTHUIENTDINIBAULE DA

()

29 4-8 (n) sUMFLRTUYRININ frame_01_0049_003, (v) nwnaansiuTeuliieuiu Ground Truth,
Wudleafa Ground Truth veausUNTlaviasndentuUnan (Tunica Media), @UELAIAD NAANSNNTUTTLUQULEY
YOUVBINTVIADALEBATUNA, WEUETNAD Ground Truth YoeRWNRRAWEDR wWagldudukuAe NadnsnIs

LULENYBINIA UL DA



AN5197 4-4 miw’g’mwamswmaawmmwnduﬁ 2 Yl9%UA 14 AN

Object Tunica Media Lumen

Performance
Jaccard Index (JI) 0.9306 0.8304
Hausdorff distance(HD) 3.4299 5.1401
Percentage area difference (PAD) 0.0410 0.1444
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PNAITNNANITNAADINNTIN 4-0 LAATINANITNABDINIANA 14 NINVDIHNTINADA

\FOATUNANNENT 2 UA1UYNADIN 0.9306678A159A Jaccard index, 3.4299 f18N1TIA

Hausdorff distancewaz 0.0410 AIEn151A Percentage area difference WagaanaAuLden

ﬁmmgﬂﬁaﬂﬁ 0.8304 A28n1597 Jaccard index, 5.1401 Aaen1539 Hausdorff distanceway

0.1444 ¢m8n133n Percentage area difference

4.4.3 SNYULVBININNEGUTN 3 Bifurcations

(n)

A7 4-9 (n) sUnmFLRtUT M frame 01 0042 003, (1) MwNadwdlu3euidisuiu Ground Truth,

WWuETeaAe Ground Truth YesraUNTavaandantunNans (Tunica Media), EUEWAIAD NaaNSN1SUTTUNLEUYBY

Yaanaviaendantunans, Wudnnfe Ground Truth vestadmaRuden waslduduldufe NaansnIsLUILen

YRIMLAUGDA
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M9 4-10 (n) gUawduatuveanIw frame_01_0043_003, () AMmwaansiuseuiieuiuGround Truth,
WudilTenAe Ground Truth veswaunlsaamndandunan (Tunica Media), lduaLaIRAD Naansn1sUsTaNM
UV UVDINLIVRDALEDATUNANY, WUANIAD Ground Truth UBIUBINILALLEDA LAY EUFUIRUAD HAaNSNNT

LUSBENYDINIUAULE DA

AN5197 4-5 miwﬁﬂwamswmaawmmwndmﬁ 3 Y19UUA 5 AN

Object Tunica Media Lumen

Performance
Jaccard Index (JI) 0.9507 0.8057
Hausdorff Distance (HD) 3.6612 6.0234
Percentage area difference (PAD) 0.0281 0.1723

INANTNHANITNARDINNTT 4-5 LanadananIsnaaasianun 5 nmveaiimaon
Foadunarenguil 3 faaugndesdl 0.9507 daen133a Jaccard index, 3.6612 faen1s i
Hausdorff distancewag 0.0281 A18n15iA Percentage area difference WagapsnaauIden
fimnugndeail 0.8057 fensin Jaccard index, 6.0234 fMs¥a Hausdorff distancelay

0.1723 $18n153n Percentage area difference
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4.5 pnKaansNNITEINUNRaula (ROI)

(%
o

o lANUNNTIa AL A DATUNALAILAS NUNVDIYDINIWAULADA INNUULINIEDS

1% '

v e [ [y 14 v 5 & & A4 & A v [ a ) =
AMNAAFNTUNININITAUNU %31®N66W6LU‘U‘WUV}W?MI% NUNKNAANTILLUUUTIUNUNISY

ATIUNAIAEEANRY Lnedlfiag 19N MNANTNARBIAAL]

¥

AW 4-11 (n) sUAELRTUYRsAM frame 01 0047 003, (%) nMwwadnsiuiinala

1
'3

A 4-12 (n) sUnMELRTUYesAM frame 01 0032 003, (v) MwwadnsiuiTiala



¥

A 4-13 (n) sUAFLRTUTsAM frame 01 0016 003, (v) Mwnadwsiiuiinasla

1
'3

A 4-14 (n) sUnMELRTUYBIAM frame 01 0041 003, (v) MwwadwsNuTiTala
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5.3 9IUIYNILNIAD LUBUIAR
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plaque mu‘i%’wialﬂﬁamﬂmmﬁ]%‘v‘hm'ﬁ{f@ﬂdm (Classification) UsgtnnasIun

a1ase 9 Nnatnesu tieliwnmdviediseimgiiluidadesely Wunsanau

[y

VDUNNEVTORLTEIYIEY wazivanszezatunsnIRIdduadle
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Tunica Media Localization in Intravascular Image
with Shadow Artifact Constraint
using Circular-like Estimating Techniques

Jiraporn Wongwarn
Burapha University, Thailand

60910063 (@go.buu.ac.th
Abstract—The adv t of dical technolog
allows diagnosis pr more comn and time

saving. Ultrasound technique is being used in a number
of medical diagnosis processes. Vascular diseases are one
of the group of diseases that used ultrasound techniques
to diagnose. These types of diseases may cause serious
illnesses such as heart failure, coronary artery disease,
and cardiomyopathy. Ultrasound technique often
provides a low-quality image due to the safety
precaution. Thus, Intravascular images produced by
ultrasound techniques often have low contrast, high
noises, and few shadows. These features of the low-
quality image made it difficult to identify each layer of
the Intra Vascular which is needed to segment the actual
area of the plaque. In this paper, Circular-like estimating
techniques is proposed to locate the Tunica Media on
low-quality Intravascular image. The proposed method
provides an interesting result with the JI of 87.45% for
images with shadow constraint and 92.06% for non-
shadow constraint images in dataset A. In addition, the
proposed method achieved JI of 63.90% for shadow
constraint images with various patterns in dataset B.
These results implied that the proposed method can
reasonably apply with both shadow and non-shadow
artifacts while those earlier works have to attempt them
with different methods.

Keywords-component; Tunica Media; Circular-like;
Intravascular ultrasound; Shadow Artifact; Entropy;

£ INTRODUCTION

Atherosclerosis is a disease caused by the expanding of
plaque inside the arteries. If the blood vessels have a
plaque made up of fat, cholesterol, calcium, and other
substances. which can be found inside the blood
vessels. Gradually, plaque becomes harder and it
narrows the arteries. This blocked the flow of oxygen-
rich blood to the organs and other parts of the body.
which be the cause of serious problems with
atherosclerosis, including heart attack, stroke, or even
death. So, the causes of failure identification within the
circulation system are indispensable.

Medical diagnosis technique of these types of
diseases uses ultrasound technique. Intravascular
images produced by ultrasound techniques may provide
high-profile information in some cases. However, the
latest ultrasound device innovations for the internal
coronary artery examination sometimes fail to produce
the high detail of the vascular structure.

The ultrasound photos of those failed cases not only
be low in quality with low contrast, high noises, but

978-1-7281-1019-6/19/$31.00 ©2019 IEEE 83
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they also contain the shadow that blocks out data details
of the vascular structure. The shadows are the
specialists’ obstacles to diagnosing medical vascular
diseases. In order to identify the diseases effectively,
the doctor must clearly localize the elements within the
vascular images. Tunica media is the main component
within the blood vessel which is essential to be
localized. As shown in Fig. 1, in case that the image
contains a lot of shadows that is overlap with the tunica
media, the doctor was unable to specify the exact area
of the tunica media.

Tunica media

Fig. 1 Intravascular image with shadow blocked data details.

Recently, a number of research works are proposed
in this area as follows. Hannah Sofian et al. [1]
proposed a method to find the edge location of the
median artery wall or Tunica Media from Intravascular
images using Otsu Thresholding, Empirical
Thresholding, Binary and Morphological Operation.
Anusorn Wong-od et al. [2] proposed an automatic
method for detecting lumen and media-adventitia
boundaries from vascular ultrasound images by

applying a stretching equation to increase the clarity of

the Intravascular image while adaptive K-mean is used
to reduce the complexity. The two separated areas are
then segmented using the Convex Hull method. Mehdi

Faraji et al. [3] proposed the Extremal Regions of

Extremum levels method to detect the areas and to draw
the boundaries of the lumen and the tunica media
vascular wall in the Intravascular Ultrasound images
obtained from the 20 MHz ultrasound device. They also
presented the region selection process to label the edge
of the vascular channel (Lumen) and the median artery
wall (Tunica Media). Ju Hwan Lee et al. [4] proposed a
geometric deformable model-based segmentation
approach to segment the intima and media-adventitial
(Tunica Media) borders in the sequential intravascular
ultrasound images. Anusorn Wong-od et al. [5]
proposed a new way to recover intravenous ultrasound
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images and segmentation of lumens and media. A
circular analysis is proposed to estimate the lumen and
media. The spreading technique was combined to
recover damaged pixels.

In this paper, a method to localize the Tunica Media
in the Intravascular Ultrasound Image that contained
shadows using Circular-like estimating techniques is
proposed. The localization of the Tunica Media can
then lead to the process of evaluating the amount of the
plaques accumulated within the arteries. The related
concepts and theories are presented in the following
section.

II.  BACKGROUND KNOWLEDGE

A. Anatomy of Blood Vessel

Blood Vessel [6] is a part of the circulatory blood
system in the body that has the following elements: the
outer covering of the artery (tunica adventitia), the
actual wall of the artery (tunica media), the layer of
endothelial and other cells that make direct contact
with the blood inside the artery (tunica intima). By
nature, arteries tunica intima is thin. The lumen is the
actual open channel of the artery through which the
blood flows shown in Fig.2.

Fig.2 Anatomy of Blood Vessel

B. Intravascular Ultrasound

Intravascular images are used as input for medical
imaging analysis methodologies. These types of images
retrieved by using a specially designed catheter with a
miniaturized ultrasound attached to the distal end of the
catheter [7]. From Intravascular images in Fig. 3 (a),
there are elements as mentioned above in the anatomy
structure such as Tunica Media, Lumen, Tunica
Adventitia and Shadow as depicted in Fig. 2. The
characteristics of the images used in this experiment are
2 types: Shadow and Non-Shadow Images. The
experiment was also done with two sets of data. Dataset
A contained both Shadow Image and Non-shadow
Image as shown in Fig. 3 (b). Dataset B contained only
Shadow Image as shown in Fig. 3 (c).

>
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Group Type Example of images
1. Shadow
Dataset A
11. Non-shadow

Dataset B | Shadow

(b)

Fig.3 (a) Intravascular ultrasound image and (b) Example of image
in each group

C. Circular-like
For the circle shape of objects detection, the well-

known algorithm known as the Hough transform is
often used to detect the Circle-like structure [8]. The
purpose of the technique is to find circles in imperfect
image inputs. That can be done in the following three
important steps.

—  Accumulator Array Computation

—  Center Estimation

— Radius Estimation

x=a+r=*cos(t) ;

il RS (t)}WlthtE(O,Zn') (1),
where (a, b) is the center of the circle, and r is the
radius, When the t varies from 0 to 2w, a complete
circle of radius r is generated.

D. Entropy
One of the important measure in information
theory is "entropy". Entropy is used to measure the
amount of uncertainty of data. That is, if the datd33,
highly chaotic, the value of entropy is high.
n m

AT Gmingen = — Z Z p(’ij)lagzp(lij)
=1 =1
where p is the probability of intensity image, n and m
are width and height of image and I;; is the intensity of
the grayscale image.

E. Euclidean distance

Euclidean distance is a normal distance between
two points in a straight line. In a segment xy, if x =
(x1,x2,...,xn) and y = (y1,y2,...,y_n) in the
cartesian coordinate system, is the two points on the
Euclidean space, and n the distance between the point,
then x and y is calculated from eq. (3).

n=./(x1-x2)% + (y1 — y2)2 3)

F. Merging
Merging is the operation of the set to create a new set
that results from combining all the elements. The
union of two sets A and B is the set of elements which
are in A, in B, or both A and B is calculated from
eq. (4).
AUB={x:x€Aorx €B} 4)
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ITI.  METHODOLOGY

In this work, a method to localize the Tunica Media
which is a component needed to identify the plaque
area in the arteries of Intravascular Ultrasound Images
is proposed. The proposed method can be used to locate
the Tunica Media for both Shadow and Non-Shadow
Constraint Imaged. The details description of the
proposed method is described in the following steps.

y N\
{ Start )

Input
IVUS Image

Preprocessing
Noise Reduction

Using
Median filter

Mapping Tunica media
Using
Circular-like

Nearest Circular
Merging

Fig. 4 Diagram of the proposed method

A. Preprocessing

The first step, the speckle noise is reduced using
the original image convolution with a median filter.
The output of this process was a blur and smooth
image as shown in Fig. 5.

(a) (b)

Fig.5 (a) original image and (b) result after convolution with a
median filter.

B. Estimation

In this step, a noise reduction image from the pre-
processing step is processed further to locate the
Tunica Media using circular estimation to determine
the candidate areas of the Tunica Media using the
following steps:
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* Tunica Media Localization

From the observation, the appearance of the
Tunica Media edge is always larger than the circular
shape of the lumen area. From the experiment result,
the proper radius size of the Tunica Media for the
dataset A is range between 70 and 90 pixels as shown
in Fig. 6. For dataset B, the proper radius size is range
between 35 and 60 pixels. With these observations, the
Tunica Media candidates are located using the
minimum radius ( r_min ) and maximum radius
(r_max).

Fig.6 Define the scope of media

= Mapping Tunica Media using Circular-like
After the feature of the radius of Tunica Media was
identified, the candidate objects that got a shape like a

circle defined by eq. (1) is located. A huge number of

circular-like objects is scope down using parameter a,
b, and r. That is, all the candidate circles got the r
parameter that falls between r_min and r_max as
shown in Fig. 7.

Fig.7 Set of all the possible circles

= Centroid Initialization using Entropy

However, the result of the earlier step produced a
big number of circular-like objects. Some of them
might be in the potential area of Tunica Media. Some
of them might not. Therefore, there should be a way to
distinguish them. As the property of the Tunica Media
seems to have the same centroid with the lumen area.
Thus, in this step, the seed point needed to locate the
circle have to be in this area. Together with the color
property of the lumen area which are completely black.
So, the centroid point must be selected from the lumen
area and have the lowest data change value. That value
was obtained from the argument min of entropy as
eq. (2). The centroid of the circle as a seed point in Fig.
8 was led to the circle selection in the next step.
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Fig.8 Choosing the seed point from the value entropy

In Fig. 8 (a) shown all the possible circles
which got different properties as shown in Fig. 8 (b).
That is, the different value of entropy such as (bl)
5.2051, (b2) 5.2197, (b3) 4.771, (b4) 6.8042, (b5)
5.9274, (b6) 6.8992 and (b7) 6.71. So, centroid which
selected to be the seed point is b3 which has the least
entropy value of 4.771.

= Identify Candidate using Euclidean distance

After the seed point is located, then the length of the
seed point and the remaining centroids were identified
as shown in Fig. 9 using Euclidean Distance method as
depicted in eq. (3). For any circle object that have a
distance of seed point and its centroid lesser than 36
pixels, that particular circle was suspected to be a
Tunica Media.

Fig.9 Finding the distance of the seed point with another centroid

= Nearest Circular Merging

From the above step, the circles that qualified to
be a possible Tunica Media area were then selected.
From this example, there were 2 circles as shown in
Fig. 10 (a) which qualified as the area of Tunica media.
These two qualified circles were then union together
using eq. (4). The result is the possible area of the
Tunica Media as shown in Fig. 10 (b).

(b)

Fig.10 Selected circles by Euclidean distance
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C.  Detection

After all the possible candidates were combined, the
area of the Tunica Media can be detected using contour
extraction as shown in Fig. 11.

Fig.11 Contour extraction of Tunica Media

IV. EXPERIMENTAL RESULT

The dataset was obtained from the imaging system
used for the acquisition is a Si5(VolcanoCorporation),
equipped with a 20MHz Eagle Eye monorail catheter
at Computer Vision Center, Bellaterra, Universitat de
Barcelona, Barcelona, ESP. In this data set, the real
shape or ground truth is drawn by hand by the expertise
of the Computer Vision Center. The accuracy of the
proposed method was measured using Jaccard index
(J1), Hausdorff Distance (HD) and Percentage distance
area (PAD).

e Jaccard index (JI) [9] is region-based
accuracy measures as the following equation:

- |’rz:nltn1gk|
]I(Iresult'[gt) = |1remltU18t| (5),

where I.oq,¢ is the area of the resulting region, Iy, is
the area of ground truth, the Jaccard index measure of
similarity for the two sets of data.

e Hausdorff Distance (HD) [5] is contour-
based accuracy measures as the following equation:

disty(X,Y) = max {max min|la — b||, max min|la — b} (6),
a€X bey bEY a€X

where || || denotes the Euclidean distance, X the

ground truth contour, and Y the resulting contour. The

best HD should be lower since the value of zero means

perfect result or isometric line.

. Percentage distance area (PAD) is region-
based accuracy measures as the following equation:

PAD ('result: lgt) =

'ren’nlt‘lgcl £ 100 )
gt

From the experimental result of the proposed
method for estimating the edge of the Tunica Media.
Dataset A is divided into 2 groups, in group one which
consists of 10 shadow images as shown in TABLE I
and 20 non-shadow images as shown in TABLE II. The
experimental result of Active Contour, Threshold,
Anusorn [2.] and the proposed method, were
individually compared with Ground Truth.
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TABLE L. AVERAGE RESULT OF ACCURACY MEASURES OF TUNICA-MEDIA BOUNDARY ESTIMATION IN
DATASET A WITH SHADOW
IVUS Image number Active Contour. Proposed Method
g HD PAD g HD PAD J HD PAD
frame_01_0030_003 04712 6.0828 0.5288 0.6024 5.0000 0.3948 0.9340 34641 0.0002
frame_01_0031_003 0.4558 5.7446 0.5442 0.6055 6.6332 0.3945 0.8403 5.6569 0.1815
fnmg:m:oo]z:oo} 0.4295 5.3852 0.5705 0.6381 7.6158 03619 0.9329 28284 0.0058
frame_01_0033_003 0.4562 5.1962 0.5438 0.6590 7.3485 0.3389 0.9400 33166 0.0396
frame_01_0040_003 0.5531 7.6811 0.4310 0.7231 8.9443 0.1233 0.9463 3.0000 0.0248
frame_01_0046_003 0.4535 4.8990 0.5465 0.7286 8.7178 0.1662 0.9239 3.6056 0.03%0
frame_01_0047_003 0.3405 8.1854 09110 0.5190 9.1104 0.8384 0.7909 52915 02572
frame_01_0048 003 03312 9.4340 0.9062 0.4706 8.4853 0.8498 0.9463 33166 0.0302
frame_01_0049_003 0.3047 5.7446 0.6598 0.4293 6.4807 0.4469 077117 5.6569 02922
frame 01 0050 003 0.2982 10.9545 0.6799 0.3381 10.6771 0.5757 0.7184 7.4162 03919
Average 0.4094 69307 0.6322 0.5714 7.9013 0.4490 0.8745 43553 0.1262

TABLEIL
DATASET A WITHOUT SHADOW

AVERAGE RESULT OF ACCURACY MEASURES OF TUNICA-MEDIA BOUNDARY ESTIMATION IN

Active Contour

IVUS image number
a7 HD PAD a1 HD

frame_01_0006 003 06145 66332 03846 07182 52915
frame_01_0007 003 05970  S9161 04027 07353 59161
frame_01 0008 003 0.6084 61644 03906 07420 55678
frame_01 0009 003 05285  S5678 04715 07207 51962
frame_01_0010_003 05627 61644 04373 07451 67082
frame_01 0012003 05431 56569 04569 07471 47958
frame_01 0013 003 05310 54772 04690 07006 58310
frame_01_0014 003 05362 43589 04638 07091  7.4833
frame_01_0015_003 05334  7.5498 04657 06961 83666
frame_01 0016 003 04538 53852 05462 07010  7.8102
frame_01_0017_003 05034 50990 04966 07159 50990
frame_01_0018_003 04617 47958 05383 06896 72111
frame_01 0019 003 04438 42426 05562 06732 60828
frame_01_0020_003 04330 41231 03670 06619  3.6056
frame_01_0021 003 04792 57446 05208 06661  4.1231
frame_01 0022 003 04454  S5.1962 05546 06644 57446
frame_01 0024 003 04221 56569 05779 06871 72111
frame_01_0025 003 04454 61644 05546 06933  7.0000
frame_02_0014 003 04916 79373 04515 05717 80623
frame 02 0016 003 04951  9.6437 04689 05928 93808

Average 05065 58739 04887  0.6916 63243

Threshold Anusorn, 2015 Proposed Method
PAD J HD PAD Ji HD PAD

02818 09641 30000 00369 09293 64807 00339
0.2647 09597 52916 00412 09499 38730  0.0248
0.2580 09736 46905 00277 09564 40000  0.0323
02793 09476 64808 00537 09672 40000  0.0038
0.2549 09729  3.1623  0.0278 09373 48990  0.0181
0.2529 09488 53852 00537 09504 50000 00129
0.2994 09445 45826 00576 09507 44721  0.0447
0.2898 09473 38733 00542 08065 72801  0.1340
03021 09583 37417 00432 09596 3.6056  0.0070
0.2936 09648 37417 00364 09225 50000 00355
02799 09537 34642 00488 09488 36056  0.0365
03104 09512 47959 00504 09018 30000 0.0874
03198 09434 41232 00593 07728 33166  0.1334
0.3381 09672 36056 00335 09611 24495  0.0079
03339 09557  5.1962 00454 09247 41231 00227
0.3356 09593 42427 0.0415 09282 45826  0.0097
0.3024 09474 45826 00537 09416 24495  0.0376
0.3067 09469 34642 00556 09512 50000 00248
0.2933 09370 65575 00662 09313 52915 0.0075
0.3008 09501 $.5678 00524 08212 50990 02178
0.2949 09547 44775 0.0470 09206 43764  0.0466

From the summary of the TABLE I
experiment in the dataset A image of the shadow
group. We will find that the effective active
contour method is 40.94% (JI), 51.93% (HD) and
63.22% (PAD). The threshold method is effective
at 57.14% (J1), 60.70% (HD) and 44.90% (PAD)
and the methods we offer are effective at 87.45%
(J1), 38.14% (HD) and 12.60% (PAD). We can see
that in the dataset A of a shadowed image group,
our method provides better results than the two
methods above, you can see that result in TABLE
IL

TABLEIIL SUMMARY RESULT OF DATASET A
WITH SHADOW

Performance Measure

Methods Image
JI HD PAD
Active Contour 0.4094 0.5193 0.6322
Threshold 05714 0.6070 04490 10
Proposed Method 08745 03814 0126

From the result shown in TABLE 1V,
images of the dataset A do not have any shadow, or
the images are quite perfect. The active contour
method yielded 50.65% (J1), 51.95% (HD), 48.87%
(PAD). The threshold method yielded 69.16% (JI),
38.44% (HD), 29.49% (PAD). Anusorn methods
yield 95.47% (JI), 45.75% (HD), 4.70% (PAD).
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While the proposed method yielded 92.06% (JI),
33.65% (HD), 4.66% (PAD). It was clearly seen
that the proposed method has better performance
than the active contour and threshold in all
category’s measurement. However, when compared
with Anusorn [2], the proposed method has better
performance than only in Hausdorff Distance
measurement.

TABLE IV. SUMMARY RESULT OF DATASET A
WITHOUT SHADOW

Performance Measure

Methods Image
a1 HD pap |
Active Contour 0.5065 0.5195 0.4887
Threshold 06916 03844 02949 »
Anusorn, 2015 09547 04575 0.0470
Proposed
e 09206 03365 0.0466

The experimental result of Dataset B as
shown in Table V. is the comparison between the
proposed method and Anusorn's work in 2017. This
is due to the fact that Active Contour and Threshold
cannot be applied with dataset B because this dataset
has a large area of shadow and misshapen Tunica
Media. Which the proposed method is lower
performance as follows. Anusom gets 88.53% (JI),
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44.89% (HD), and 10.49% (PAD) while the
proposed method gets 63.90% (JI), 33.33% (HD)
and 36.34% (PAD).

TABLE.V SUMMARY RESULT OF DATASET B WITH
SHADOW

Performance Measure

Author, Year Image
Vi HD PAD
Anusorn, 2017 08853 04489  0.1049 40
Proposed Method 0639 03333 03634 2
Shadow

Fig. 12 Result of DATASET A: (a) Active Contour, (b) Threshold,
(¢) Proposed Method in shadow group.

Non-shadow

Fig. 13 Result of DATASET A: (d) Active contour, (e) Threshold,
(f) Anusorn [2] and (g) Proposed Method in non-shadow group.
* the green line of ground truth and the red line of the estimate
with all kinds of the methods.

Shadow

Fig. 14 Result of DATASET B: (a) Anusorn [5], (b) Proposed
Method. * the green line of ground truth and the blue line of the
estimate of the proposed methods.

V. CONCLUSION

In this paper, an approach using Circular-
like Estimating Techniques to locate the Tunica
Media on low-quality Intravascular image is
proposed. The proposed methodology started by
removing the noise using Median Filter method.
Then, determine the scope of the tunica media using
a method to find the circle shape in the given
boundary. When getting centroids of all possible
circles, the seed point was selected from the one with
the lowest entropy from all centroids. The candidate
objects were selected using Euclidean Distance
measure. After that, all the candidate objects were,
and a contour exaction was applied to locate the
Tunica Media as shown in Fig. 12 -14.
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VI.  DISCUSSION

The overall result of the proposed method was still
could not outperform as compared to Anusorn [2] and
[5]. However, the proposed method can be applied
well to both Shadow and Non-shadow constraint. The
main reason for the wrong prediction was the fix of
the parameters in step I'V, the selecting of a candidate
circle using Euclidean distance. In addition, for
dataset B, the results were poor because of the
centroid selection process and the seed point
estimation in step III, using the lowest entropy
method. When the centroid was defined in the area
where the shadow occurs, as shown in Fig. 15 (a), the
proposed algorithm will predict such an area as the
area of lumen because it also has the lowest entropy.
As a result, the algorithm may choose that centroid
point as a seed point as shown in Fig. 15 (b). In future
work, the proposed method needs to be modified to
remove those drawbacks and make the model more
generalize and more accurate.

Fig. 15 (a) Circle search and (b) Result of selected circle
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