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SAZETAK: U posliednja dva desetlje¢a vizualno ra¢unar-
stvo je omogucilo cjelovitu interpretaciju i vizualizaciju kar-
dioloskih slika, ukljuujuci vizualizaciju relevantnih ana-
tomskih i patolodkih struktura, omogucavajuci pouzdane
segmentacije i prikaze podrucja patoloskih promjena. Vi-
zualizacije temeljene na prethodnoj segmentaciji struktura
iz medicinskih slika neophodne su pri lije¢enju u mnogim
podrucjima medicine. Otvoreni kod kao i besplatno dostup-
ne aplikacije postali su Siroko rasprostranjeni u istrazivac-
koj zajednici, a uporabom tih specijaliziranih aplikacija mo-
guce je brzo dograditi druge metode za prilagodbu racu-
nalom potpomognutog dijagnosticiranja (CAD). U ovom
¢lanku opisali smo nacela primjena i metoda CAD pregle-
dom komercijalnog softvera kao i softvera otvorenog koda
te implementaciju predlozenih metoda za segmentaciju
kardioloske slike. Uporabom razli¢itog softvera za analizu
kardioloskih slika, prototipovi CAD se mogu uporabiti u kli-
nickim zahvatima imajuci za cilj omogucavanje izlaza racu-
nala kao drugog ¢itaca podataka koji bi pomogao lijeénici-
ma pri otkrivanju poremecaja, razvoja progresije bolesti i
diferencijalnoj dijagnozi promjena. Uporabe programa i
metoda CAD u suradnji s lijecnikom moze skratiti vrijeme
interpretacije i pobolj$ati dijagnosti¢ku specificnost.

KLJUCNE RIJECI: radunalom potpomognuto dijagnostici-
ranje u kardiologiji, segmentacija kardiolo$kih slika.

danasnijice. U posljednja dva desetljeca, uz brzi raz-

voj modaliteta slikovnog prikaza, a posebno kompju-
torizirane tomografije (CT) i magnetske rezonance (MR), ra-
stuci interes za biomedicinska istraZivanja je usmjeren na
razvoj novih tehnika, algoritama i programa koji bi se mogli
koristiti kod kardiolo$kih i opcenito medicinskih slika. Razvoj
robusnih i stabilnih programa za ucitavanje razli¢itih modali-
teta medicinskih slika, koristenje dvodimenzionalnih (2D) i
trodimenzionalnih (3D) slika, obrada slika i njihova uginkovi-
ta vizualizacija mogu ustedjeti puno vremena. Porast veli¢i-
ne i broja medicinskih slika zahtjeva upotrebu ra¢unala kako

M edicinska vizualizacija postala je nuznost i vazan alat
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SUMMARY: In the last two decades, visual computing pro-
vided comprehensive interpretation and visualization of car-
diac images, including visualizations of the relevant anato-
mical and pathological structures, and enabling a faithful
segmentations and representation of the area around the
pathologies. Visualizations based on presegmented struc-
tures from medical images are mandatory for medical treat-
ment in many fields. Open source and freely available ap-
plications are widespread in the research community, and
by using these specialized applications, different method
of Computer Aided Diagnosis (CAD) prototypes can be
built up quickly. In this article we described the principles
of CAD applications and methods by means of overview of
commercial and open source software, and implementa-
tion of proposed methods for cardiac image segmentation.
By using different analysis software of cardiac images,
CAD prototypes can be used in clinical routines and it aims
to provide a computer output as a second reader in order
to assist physicians in the detection of abnormalities, quan-
tification of disease progression and differential diagnosis
of lesions. The use of CAD applications and methods, in
conjunction with the physician, can reduce interpretation
time and improve diagnostic specificity.

KEYWORDS: Computer Aided Detection in Cardiology,
Cardiac Image Segmentation.
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portant tool in today’s world. In the last two decades,

with rapid development of imaging modalities, espe-
cially computed tomography (CT) and magnetic resonance
(MR), biomedical research growing amount of interest is
focused on developing new techniques, algorithms, and ap-
plications that can be used with cardiac and medical images
in total. The development of robust and stable applications
to load different medical image modalities, manipulate two-
dimensional (2D) and three-dimensional (3D) images, mani-
pulation of images, and effectively visualize them can save
a significant amount of time. The growing size and number

M edical visualization is become a necessity and an im-
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bi se olak$ala njihova obrada i analiza, $to se posebno oci-
tuje kod digitalizacije bolnica implementacijom sustava za
pohranu slika i komunikaciju (PACS)'. Konkretno, racunalni
algoritmi za ocrtavanja anatomskih struktura i ostalih pod-
ru¢ja od interesa postaju sve vazniji pri pomoci i automati-
zaciji odredenih kardiolodkih zadataka. Ti algoritmi, nazvani
algoritmi segmentacije slike, imaju klju¢nu ulogu kod brojnih
programa za biomedicinski prikaz slika, kao sto je kvantifi-
kacija volumena tkiva®, dijagnostika®, lokalizacija patoloskih
struktura’, istrazivanje anatomskih struktura®, planiranje lije-
¢enja’® i racunalom podrzane kirurgije’.

Brza izrada prototipova je vazan element u istraZivanju no-
vih tehnika analiza slika i razvoju prilagodenih aplikacija za
koristenje u medicini. U posljednjih deset godina znacajno
se povecao broj zajednica korisnika otvorenog koda, broj
komercijalnih biblioteka i biblioteka otvorenog koda te bes-
platno dostupnih materijala vezanih uz biomedicinska is-
trazivanja. Ono $to sada nude smatra se standardom kod
analiza kardioloskih slika, racunalom potpomognute dijag-
nostike i medicinske vizualizacije. Osim $to pruzaju razumi-
jevanje morfologije, medicinska snimanja pomazu segmen-
tiranju, povlacenju i vizualizaciji dodatnih podataka. Mogu se
sastojati od funkcijskih varijabli, kao $to su to u kardiologiji
pokretljivost dijela sr¢ane stijenke ili podaci o protoku u krv-
nim Zilama. Dodatni podaci se zatim izvlace iz slikovnih po-
dataka pomocu metoda obrade slike i kodiraju u boju povrsi-
ne modela. Ova tehnika je posebno korisna u slu¢aju kardio-
logije, jer je promjena pokretljivosti sréane stijenke tijekom

nih bolesti, kao $to su ishemija i infarkt miokarda.

Detaljan pregled literature vezane uz obradu slika u informa-
tici pokazuije trenutno oslanjanje na komercijalne biblioteke i
biblioteke otvorenog koda u cilju ubrzanja razvoja i vredno-
vanja postupaka i tehnika. U ovom ¢lanku éemo prikazati i
usporediti nekoliko najuspjesnijih komercijalnih biblioteka i
biblioteka otvorenog tipa kao i okosnica razvoja kardioloskih
programa i programa za vizualizaciju slika. Zelja nam je uka-
zati da ovakvi pristupi ve¢ predstavljaju kljuéni i najvazniji
dio analize kardiolo$kih slika, dijagnostike i vizualizacije sli-
ka te motivirati Citatelje da koriste ove biblioteke i softver za
brzi razvoj prototipova kardioloskih primjena i metoda.

Metode segmentacije i vizualizacije slike

Segmentacija slike® je postupak podjele slike na podrucja
grupiranjem susjednih piksela na temelju nekog unaprijed
definiranog kriterija sli¢nosti. Kriterij sli¢nosti moze se odred-
iti pomocu specificnih svojstava ili obiljezja elemenata slike
(piksela) koji predstavljaju objekte na slici. Drugim rije¢ima,
segmentacija je tehnika razvrstavanja piksela koja omogu-
¢ava formiranje sli¢nih podrucja unutar slike®. U nekim prim-
jenama segmentacija moze biti korisna za razvrstavanje pik-
sela slike u anatomske regije, kao sto su kosti, misici ili krv-
ne Zile, dok se u drugim Koristi za razvrstavanje patoloskih
podrucja kao $to su karcinom'™, tumor, deformiteti tkiva i le-
zije kod multiple skleroze.

Segmentacija je postala jako vazan alat pri obradi medicin-
skih slika te nalazi primjenu u mnogim podruc¢jima. Primjene
u medicini uklju¢uju detekciju koronarne granice u angiogra-
mima, kvantifikaciju lezije kod multiple skleroze, simulaciju
kirurskin zahvata i kirursko planiranje, mjerenje volumena
tumora i njegovog odgovora na terapiju, automatiziranu kla-
sifikaciju krvnih stanica, prou¢avanje razvoja mozga, otkri-
vanje mikrokalcifikacija na mamografskim slikama, regis-
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of medical images have necessitated the use of computers
to facilitate processing and analysis, especially with the digi-
talization of the hospitals by implementing the Picture Archi-
ving and Communication System (PACS)'. In particular,
computer algorithms for the delineation of anatomical struc-
tures and other regions of interest (ROI) are becoming in-
creasingly important in assisting and automating specific
cardiology tasks. These algorithms, called image segmenta-
tion algorithms, play a vital role in numerous biomedical ima-
ging applications, such as the quantification of tissue volu-
mes?, diagnosis®, localization of pathology structures®, study
of anatomical structure®, treatment planning®, and computer
integrated surgery’.

Rapid prototyping is an important element in researching new
imaging analysis techniques and developing custom appli-
cations to be used in medical area. In the last ten years, the
open source community and the number of commercial and
open source libraries and freely available frameworks for
biomedical research have grown significantly. What they of-
fer are now considered standards in cardiac image analysis,
computer aided diagnosis, and medical visualization. Besi-
des providing an understanding of the morphology, medical
imaging aims at segmenting, extracting and visualizing addi-
tional information. This may consist of functional parame-
ters, as in cardiology, the regional heart wall motion or infor-
mation about the flow rate blood vessels. Additional informa-
tion is then derived from the image data by means of image
processing methods and coded into the surface color of the
models. This technique is especially useful in the case of
cardiology, since the alteration of cardiac wall motion during
systolic contraction is one of the most sensitive indicators of
heart disease, such as ischemia, and myocardial infarction.

A detailed review of the peer-reviewed literature in imaging
informatics indicates the current reliance on commercial and
open source libraries to accelerate development and valida-
tion of processes and techniques. In this article, we review
and compare a few of the most successful commercial and
open source libraries and frameworks for cardiac application
development and visualization. Our intentions are to provide
evidence that these approaches already constitute a vital
and essential part of cardiac image analysis, diagnosis, and
visualization and to motivate the future readers to use these
libraries and software for rapid prototyping of cardiac appli-
cations and methods.

Segmentation and visualization methods

Image segmentation8 is the process of partitioning an image
into regions by grouping together neighborhood pixels ba-
sed on the some predefined similarity criterion. The similari-
ty criterion can be determined using specific properties or
features of picture elements (pixels) representing objects in
the image. In other words, segmentation is a pixel classifica-
tion technique that allows the formation of regions of similar-
ities in the image®. In some applications segmentation may
be useful to classify image pixels into anatomical regions,
such as bones, muscles, and blood vessels, while in others
into pathological regions, such as cancer', tumor, tissue de-
formities and multiple sclerosis lesions.

Segmentation is an important tool in medical image proces-
sing and it has been useful in many applications. The appli-
cations include detection of the coronary border in angio-
grams, multiple sclerosis lesion quantification, surgery simu-
lations, surgical planning, measuring tumor volume and its
response to therapy, functional mapping, automated classi-
fication of blood cells, studying brain development, detection
of micro calcification on mammograms, image registration,
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traciju slika, atlas-podudaranje, ekstrakciju srca iz angiogra-
ma, otkrivanje tumora i sl.".

S druge strane, cilj medicinske vizualizacije je proizvesti jas-
ne i informativne dijelove slika vaznih struktura u skupu po-
dataka, no jednostavni pristupi imaju ograni¢ene mogucno-
sti za vizualizaciju srca i drugih organa. Vizualizacija volu-
mena moze se koristiti bilo izravno sa svim podacima volu-
mena ili nakon algoritma segmentacije. U oba slu¢aja, ren-
deriranje volumena je vazna tehnika jer prikazuje 3D slike
izravno iz izvornog skupa podataka i omogucava auto-
matske kombinacije transformacija odabranih slika, kao $to
su neprozirnost i boja (Slika 1).

atlas matching, heart image extraction from cardiac cine an-
giograms, detection of tumors etc'.

On the other hand, the goal of medical visualization is to
produce clear and informative pieces of images of the im-
portant structures in a data set but simple approaches have
limited performance on visualization of heart and other or-
gans. Volume visualization can be used either directly with
the whole volume data or after a segmentation algorithm.
For both cases, volume rendering is an important technique
since it displays 3D images directly from the original data set
and provides automatic combinations of the selected image
transformations such as opacity and color (Figure 1).

Figure 1. Method of image segmentation and visualization. Original image (top left) from
a CT Sensation 64 device from one patient, other images shows visualization of CT series
after segmentation and 3D visualization.

Primjene segmentacije u kardiologiji

Razliciti pristupi u vezi kardioloSke segmentacije za razlicite
modalitete nasiroko su opisani kroz literaturu proteklih godi-
na® i krecu se od 2D metoda' prema slozenijim modelima i
pristupima™. U posljednjih nekoliko godina u literaturi je opi-
sano nekoliko softverskih primjena®, §to omogucava brze
kanale za obradu slika upotrebom grafickog korisni¢kog su-
¢elja (GUI) gdje se medusobno mogu povezati razli¢iti blo-
kovi obrade slika.

Segmentacija pomocu atlasa

Jedna od metoda segmentacije kardioloskih slika je Active
Shape Model i s tim pristupom segmentacija se obavlja na
temelju poznavanja anatomije srca. Glavni zadatak je
stvoriti anatomski atlas srca zdravih pacijenata, a njegova
statisticka svojstva se mogu iskoristiti za prikaz normalnog
oblika srca i njegovih varijacija. S tim znanjem poznat nam
je oblik normalne populacije i mozemo ga upotrijebiti pri
otkrivanju anomalija kod pacijenta s odredenim kardioloskim
problemom. Sustav za CAD moze izgradnjom modela obli-
ka srca unaprijediti rjeSavanje tog zadatka, koji ostaje i dalje
izazovom u usporedbi s ostalim organima iz dva razloga:
srce je dinamic¢an organ, a poremecaji kinetike stijenke zbi-
vaju se lokalno. CAD sustav moze biti razvijen s neovisnom
analizom dijelova za otkrivanje anomalija pokretljivosti dijela
sr¢ane stjenke u usporedbi s prethodno kreiranim atlasom.
Lokalne varijacije oblika mogu se izvuci iz podataka i CAD
moze detektirati mjesta promijenjene kinetike sréane stijen-
ke.
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Applications of segmentation in cardiology

Different approaches regarding cardiac segmentation for a
variety of modalities have been widely described in the liter-
ature in the past years” and range from 2D methods® to
more complex, model based, and approaches™. In the past
few years several software applications™ have been pre-
sented in the literature, which allows fast image processing
pipelines by using a graphical user interface (GUI) where
different processing blocks can be interconnected.

Segmentation using an atlas

One of the segmentation methods in cardiac imaging is the
Active Shape Model, and with this approach, the segmenta-
tion is performed based on anatomical knowledge of the
heart. The main task is to create an anatomical heart atlas
of the healthy patients, and their statistical properties can be
extracted to reveal normal heart shape and its variations.
With this knowledge, we know how the shape of normal po-
pulation is and we can bring forward this knowledge to de-
tect abnormalities on a patient with some cardiac problem.
Computer-aided diagnosis system can improve this task, by
building a model of heart shape, however, it is a challenging
task compared to other organs because of two reasons:
heart is dynamic, and abnormal wall motion is regional. CAD
system can be developed with independent component ana-
lysis for detecting regional wall motion abnormality, by com-
paring it with previously created atlas. Local shape varia-
tions can be extracted and CAD can detect the localizations
of regional wall motion abnormality.

Cardiologia CROATICA



Oznacéavanje koronarnih arterija kod
viseslojne kompjutorizirane koronarografije

Visesolojna kompjutorizirana angiografija koronarnih arterija
(MSCT koronarografija), kao brza i neinvazivna metoda osli-
kavanja srca, nasiroko se koristi za dijagnostiku koronarne
bolesti srca. Osim informacija o anatomiji srca ukljuéujuci
sr¢anih Supljina i koronarnih arterija, ova metoda donosi ta-
koder i neke Klinicki vazne informacije — o prisutnosti kalci-
fikacija, stenozama i sastavu plaka. Primjena ove metode
oslikavanja omogucuje razvoj racunalnog dijagnostickog
sustava kako bi se olak3avalo ranije postavljanje dijagnoze.
Automatska segmentacija i oznac¢avanje koronarnih arterija
su vazni preduvjeti za ovu primjenu. Da bi ukljucili sve infor-
macije o lokalizaciji lezija, prisutnosti i sastavu plaka u koro-
narnim arterijama, moguce je izvu¢i glavne segmente ko-
ronarnog stabla iz slika MSCT koronarografije te ih oznaditi
prema njihovoj anatomskoj nomenklaturi. Zbog anatomske
varijacije koronarnog stabla u populaciji, ovu metodu bi tre-
balo prilagoditi na tri razliita tipa: desni, lijevi i kodominant-
ni tip. Kona¢no, moguce je kreirati hijerarhijsku strukturu ko-
ronarnih arterija oznacivanjem anatomskih imena glavnih
grana.

Segmentacija i ozna¢avanje koronarne osi

Koronarne arterije snabdijevaju ljudsko tijelo s krvlju boga-
tom kisikom. Koronarna bolest srca uzrokuje suzavanje ko-
ronarnih arterija koje moze dovesti do prekida protoka krvi i
posljedi¢nog infarkta miokarda. Uobicajeno lije¢enje je ug-
radnja stenta u koronarnu arteriju. Stent se rasiri i time prosi-
ri lumen krvne Zile te omoguci protok krvi. Postavljanje sten-
ta se vrsi pod kontrolom rendgenskih zraka s kontrastnim
sredstvom ubrizganim u arterije za snimanje srca. Rendgen-
ski snimak omogucava 2D prikaz arterija uz mnostvo nedo-
stataka kao Sto su vizualna perspektivna skracenja slike i
preklapanja prikaza. MSCT koronarografija omogucuje 3D
skup podataka o srca i koronarnim arterijama, a potom je u
2D i 3D skupinama podataka moguce segmentirati koronar-
ne arterije i dobiti srediSnju os koja predstavlja smjer arteri-
je. Metoda moze biti kreirana da odgovara dobivenim 3D i
2D sredisnjim osima arterija. Ovo omogucuje da se podaci
iz 3D domene preslikavaju u 2D sliku, $to bi primjerice. tije-
kom ugradnje stenta omogucilo preciznije mjerenje duljine,
jer se mogu koristiti 3D podaci iz CT snimke.

Odredivanje anatomskih podruéja od interesa
pomocu intravaskularnog ultrazvuka

Anatomsko podrucje od interesa (ROI) koje donosi primjena
intravaskularnog ultrazvuka predstavljaju kalcifikacije u arte-
rijskoj stijenci ukljucujuci okludirana podrucja i dijelove gra-
na koronarnih arterija utje¢e na otkrivanje lumena i kontura
stijenki zila. Osim toga, prisutnost zice vodilice utjeCe na
automatsko otkrivanje. Stoga metode CAD mogu biti krei-
rane za otkrivanje ovih ROI, pa primjena takvog znanja utje-
¢e na pobolj$anje otkrivanja ROI.

Korekcija gibanja srca kod intravaskularnih

ultrazvuénih snimki

Tijekom snimanja jednog pacijenta, zbog gibanja srca dobi-
vene uzastopne slike nisu dobro medusobno uskladene.
Moguce je kreirati metodu za automatsku korekciju transla-
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Labeling of coronary arteries in cardiac
computed tomography angiography

Cardiac computed tomography angiography (CTA), as a fast
and non-invasive heart imaging modality, is widely used for
the diagnosis of coronary artery disease. It can provide not
only anatomy of heart including heart chambers and coro-
nary arteries, but also clinical information such as calcifica-
tion, stenosis and plaque composition. It allows developing
computer-aided diagnosis systems to facilitate the early dia-
gnosis. Automatic coronary artery segmentation and labe-
ling are important prerequisite steps among these applica-
tions. In order to include the information of position of lesion,
plaque burden and plague composition into coronary arter-
ies, the main segments of coronary tree can be extracted
from CTA images and can be labeled according to its ana-
tomical nomenclature. Because of the anatomical variation
of coronary tree in the population, this method should adapt
to 3 different types, right, left and co-dominant type. Finally,
it is possible to generate a hierarchical coronary artery struc-
ture with labeling anatomical names for main branches.

Segmentation and matching of coronary
centerlines

The coronary arteries provide the human hearth with oxygen
rich blood. Coronary artery disease can obstruct the coro-
nary flow of blood by narrowing diseased arteries which cau-
ses myocardial infarct. The common treatment is the place-
ment of a stent inside the coronary artery. The stent can be
expanded to open the vessel by enabling the blood flow.
This procedure is done under X-ray image guidance with
contrast fluid injected into the arteries to image the heart
lumen. The X-ray projection provides a 2D representation of
the arteries which suffers from a number of shortcomings
like foreshortening and projection overlap. CTA provides a
3D data set of the hearth and the coronary arteries and in
the 2D X-ray and the 3D CTA datasets the coronary arteries
can be segmented and centerline curve can be extracted
representing the course of the artery. Method can be crea-
ted to match the extracted 3D and 2D centerlines. This would
allow for information from the 3D CTA domain to be mapped
to the 2D image. For instance, during stent placement this
would allow for more accurate length measurements since
the 3D information can be used from the CT scan.

Detection of anatomical region of interests in
intravascular ultrosound images

Anatomical region of interests (ROI) examined on intravas-
cular ultrasound modality like calcifications in the artery wall
including the occluded regions and side-branches of other
arteries influence detection of lumen and vessel wall con-
tours. In addition, the presence of a guide wire influences
the automatic detection, so the CAD methods can be crea-
ted to detect these regions of interests and use this know-
ledge to improve ROI detection.

Correction of cardiac motion intravascular
ultrasound images

During follow up exam of the same patient, the resulting se-
quential images are not well aligned to each other due to
movements of the heart during image acquisition. A method
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cijskih i rotacijskih pomaka (poravnanja) i pomaka uzduz
krvne zile. Primjerice, moguce je kreirati CAD algoritam za
korekciju ovog problema modeliranjem gibanja sonde upo-
rabom EKG signala.

Softver otvorenog koda za obradu oslikavanja
srca

Za obradu i analizu medicinskih slika na raspolaganju je
mnostvo programa otvorenog koda. Dosta manjih programa
otvorenog koda ograni¢eno je svojom specijaliziranoScu,
neprilagodljivos¢u i pomanjkanjem pristupa razlicitim plat-
formama. U ovom ¢lanku opisano je Sest viseplatformskih
programa. ITK, SCIRun, MATLAB, Amira, 3D Slicer i Me-
VisLab predstavljaju ¢esto koristene i dobro ispitane alate,
koje jam¢e robusnost, obnovljivost, fleksibilnost, a posjedu-
ju karakteristike koje ih ¢ine standardnim segmentacijskim
alatima.

ITK

Alat za segmentaciju i registraciju otvorenog koda (ITK;
http://www.itk.org/) je koristan softverski alat otvorenog ko-
da za segmentaciju i vizualizaciju koji se uglavnom Koristi
kod segmentacije srca. Ovaj alat sadrzi vecinu algoritama
vezanih uz segmentaciju, a dobro je dokumentiran Sirokim
izborom primjera implementacije tih algoritama. Mnogi algo-
ritmi ITK biblioteke mogu se takoder koristiti u razli¢itim pod-
ru¢jima medicinske segmentacije i vizualizacije.

SCIRun

Drugi softverski paket za segmentaciju i vizualizaciju je
SCIRun http://software.sci.utah.edu/SCIRunDocs/index.php)™®.
SCIRun je program otvorenog koda dizajniran od strane
Scientific Computing and Imaging Institute Sveucilista u
Utahu. Program sadrZi korisno sucelje za povezivanje s
mnogim algoritmima i metodama, uklju¢ujuéi i dosta ITK al-
goritama. SCIRun je program baziran na rjeavanju proble-
ma mreznim protokom podataka koji se sastoji od pojedi-
nacnih modula za skalarnu i vektorsku vizualizaciju, simu-
laciju i obradu slike. Moguce je kreirati programe za krajnjeg
korisnika, zvane PowerApps, koji se koristi za kreiranje od-
govarajucih sucelja iznad panela pojedina¢nih modula. Kroz
okruzenje SCIRun Problem Solving Environment'” moguce
je integrirati sve alate obradene u ovom ¢lanku. SCIRun
pruza opseznu podrsku renderiranja volumena, s mogucno-
stima prikaza presjeka volumena, volumena maksimalnog
intenziteta projekcije i direktnog volumena. U SCIRun su ug-
radena svojstva naprednog renderiranja volumena, poput
funkcije visedimenzionalnog prijenosa.

MATLAB

Da bi se olaksala visoka razina analiza podataka medicin-
ske slike u istrazivackim i klinickim okruzenjima, algoritmi za
segmentaciju mogu se kreirati i u MATLAB softveru'®. MAT-
LAB je dobro poznat po svojoj jednostavnosti koridtenja,
snaznim mogucnostima stvaranja prototipa koje znacajno
povecavaju produktivnost, a radi se o komercijalno dostup-
nom softveru. Mogucnosti obrade 3D slike u programu
MATLAB su vrlo ograni¢ene i sporo se izvrSavaju. Bio-
medicinski racunalni istraziva¢i upoznati sa tim programom
mogu iskoristiti snagu ITK alata u cilju izbjegavanja u¢enja
C++ programiranja i bavljenja programiranjem niske razine.
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can be created for the automatic correction of the transla-
tional and rotational displacement (registration) and move-
ment along the vessel. For instance, CAD algorithm can be
created to correct this issue by modeling the movements of
the probe using the electrocardiography (ECG) signal.

Open source software for cardiac image
processing

A number of open source libraries are available for medical
imaging processing and analysis. Many smaller open sour-
ce libraries are limited by excess specificity, inflexibility, and
lack of cross-platform access. The six related cross-platform
libraries are described in this paper. ITK, SCIRun, MATLAB,
Amira, 3D Slicer and MeVisLab are widely used and well
tested, guaranteeing their robustness, reproducibility, flexi-
bility, those characteristics that establish them as standard
segmentation tools.

ITK

One useful resource for segmentation and visualization is
the Insight Segmentation and Registration Toolkit (ITK;
http://www.itk.org/) an open source software toolkit used
commonly in cardiac segmentation. This toolkit contains the
majority of the segmentation relevant algorithms and is well
documented with a wide range of examples on how to im-
plement these algorithms. Many ITK algorithms can also be
used in different areas of medical segmentation and visua-
lization.

SCIRun

Another software package for segmentations and visualiza-
tion is SCIRun http://software.sci.utah.edu/SCIRunDocs/in-
dex.php)'®. SCIRun is an open source program designed by
the Scientific Computing and Imaging Institute at the Uni-
versity of Utah. It has a useful interface for networking toge-
ther with many algorithms and methods and includes many
of the ITK algorithms. SCIRun is based on data flow net-
works problem-solving environment that consisting of single
modules for scalar and vector visualization, simulation, and
image processing. End-user applications can be created,
called PowerApps. PowerApps is used to create consistent
interfaces above the panels of single modules. All of the
tools discussed throughout this paper can be integrated into
the SCIRun Problem Solving Environment (PSE)". SCIRun
provides extensive support for volume rendering, and it fea-
tures slice-based volume rendering, maximum-intensity pro-
jection (MIP) based volume rendering, and direct volume
rendering. Advanced volume rendering features, such as
multidimensional transfer functions, are built into SCIRun.

MATLAB

To facilitate high-level analysis of medical image data in re-
search and clinical environments, algorithms for segmenta-
tion can be created in software called MATLAB™. MATLAB
is well-known for its easy-to-use, powerful prototyping capa-
bilities that significantly improve productivity, and, it is com-
mercial available software. 3D image processing capabili-
ties of MATLAB are very limited and slow to execute. Bio-
medical computing researchers familiar with MATLAB can
harness the power of ITK while avoiding learning C++ and
dealing with low-level programming issues. We strongly be-
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Duboko smo uvjereni da ce ta funkcionalnost biti vrlo za-
nimljiva racunalnoj zajednici koja se bavi obradom slike.
MATLAB pruza detalje o kreiranju i upotrebi sucelja kod fil-
triranja, segmentacije i registriranja (poravnavanja) medicin-
ske slike. MATLAB ima mogucnost pristupa dinamicki pove-
zanim bibliotekama sastavljenima u drugom jeziku kao npr.
C i FORTRAN, koji su sukladni odredenim kriterijima. Takva
biblioteka, takoder ozna¢ena kao MEX datoteka (kratica za
izvrénu datoteku MATLAB), moze biti pokrenuta iz program-
skog okruzenja, kao npr. MATLAB M-funkcije ili ugradene
funkcije™. Zato je poZeljno da se istraziteljima iz velike baze
korisnika alata MATLAB, koji su ¢lanovi zajednice za anali-
zu medicinskih slika, omoguci koristenje eksternih biblioteka
za obradu medicinskih slika unutar ovog okruzenja. Osim
alata drugih proizvodaca, u programu MATLAB su vec¢ po-
jednostavljeni uobi¢ajeni zadaci u ra¢unalnoj obradi medi-
cinske slike, pomocu postojecih biblioteka poput vlastitog
alata za obradu slike i ¢itaca DICOM formata slika.

Amira

Amira® je prosiriv objektno-orijentirani alat za vizualizaciju
medicinskih slika, koji je komercijalno dostupan. Omogucuje
veliki broj algoritama za analizu slike, kao i tehnika za simu-
laciju i vizualizaciju. Amira takoder omoguéuje vizualni pri-
stup programiranju gdje se mrezni koncept toka podataka
koristi za povezivanje razli¢itih modula na mrezu. lako su
dostupni skriptni i osnovni GUI objekti, nedostaje podrska za
razvoj programa te pomocu Amire nisu kreirani nikakvi pro-
grami za krajnje korisnike.

3DSlicer

3DSlicer”" je alat otvorenog koda koje se koristi u razli¢itim
istrazivackim primjenama. Kao S$to sam naziv ukazuje cilj
primjene alata 3DSlicer je na 2D prikazu volumskih podata-
ka.Ovaj alat pruza samo neke osnovne tehnike 3D vizua-
lizacije.

MeVisLab

MeVisLab (http://www.mevislab.de) je besplatna, ali i ko-
mercijalno dostupna, platforma vizualnog programiranja i br-
ze izrade prototipa, za analizu i razvoj obrade slika, s na-
glaskom na obradu i vizualizaciju medicinskih slika (Slika 2).
Za komercijalnu verziju sveobuhvatna podrska je osigurana
od strane MeVis Medical Solutions.

Besplatna verzija je ograni¢ena za privatnu ili akademsko-
istrazivacku uporabu. Kompletne aplikacije uklju¢ujuci koris-
nicka sucelja mogu biti izgradena u okviru razli¢itih platfor-
mi. Osim alata za opéu obradu slike i za vizualizaciju, Me-
VisLab uklju¢uje napredne algoritme obrade medicinskih sli-
ka za segmentaciju, registraciju te kvantitativno morfolosku
i funkcionalnu analizu. Novi algoritmi za obradu slike i vizua-
lizacijski alati mogu se integrirati kao moduli pomocu stan-
dardiziranog softverskog sucelja. Makro moduli koji omogu-
cavaju hijerarhijsku enkapsulaciju mreza omogucuju ponov-
nu uporabu raspolozivih razvoja. Grafi¢ka korisni¢ka sucelja
mogu se posti¢i hijerarhijskim jezikom za definiciju modula
koji od krajnjeg korisnika skriva kompleksnost doti¢nog
mreznog modula. Za dodavanje dinamicke funkcionalnosti
koristi se Python ili JavaScript kod koji moze kontrolirati i
mrezu i elemente korisnickog sucelja. Sastavni dio MeVis-
Lab je objektno-orijentirana biblioteka MeVis Image Proces-
sing Library koja pruza generalnu okosnicu za obradu slike.
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lieve this functionality will be of considerable interest to the
medical image computing community. MATLAB provide de-
tails about the design and usage of interface in medical ima-
ge filtering, segmentation, and registration (aligning the ima-
ges). MATLAB has the functionality to access dynamically
linked libraries compiled in another language such as C and
FORTRAN, that conforms to certain criteria. Such a library,
also referred to as MEX file (for MATLAB EXecutables), can
be run from the MATLAB environment like MATLAB M-func-
tions or built-in functions'™. With MATLAB's large user-base
in the medical image analysis community, it is therefore de-
sirable to allow researchers to employ external medical ima-
ge processing libraries in the MATLAB environment. Com-
mon tasks in medical image computing are already simpli-
fied in MATLAB by existing libraries such as MATLAB’s own
image processing toolbox and DICOM readers, in addition to
other third party toolboxes.

Amira

Amira® is a commercially available object-oriented extensi-
ble toolkit for medical visualization. It provides a wide range
of image analysis algorithms, as well as simulation and visu-
alization techniques. Amira offers a visual programming ap-
proach where the data flow network concept is used to con-
nect different modules to a network. Even though there are
scripting and basic GUI facilities available, there is a lack of
support for application development, and by using Amira, no
end-user applications can be created.

3DSlicer

The 3DSlicer* is an open source environment used in a va-
riety of research applications. As the name implies, the fo-
cus of the 3DSlicer lies on the 2D slicing of volume data. It
only provides some basic 3D visualization techniques.

MeVisLab

MeVisLab (http://www.mevislab.de) is a freely as well as
commercially available visual programming and rapid proto-
typing platform for image processing analysis and develop-
ment with a focus on medical imaging and visualization
(Figure 2). For the commercial version, comprehensive sup-
port is provided by MeVis Medical Solutions.

The free version is restricted to private or academic re-
search purposes. Complete applications including user in-
terfaces can be built within a cross-platform framework.
Beside general image processing and visualization tools,
MeVisLab includes advanced medical imaging algorithms
for segmentation, registration, and quantitative morphologi-
cal and functional analysis. New image processing algo-
rithms and visualization tools can be integrated as modules
using a standardized software interface. Macro modules that
allow for a hierarchical encapsulation of networks facilitate
the reuse of available developments. Graphical user inter-
faces can be achieved using a hierarchical module definition
language (MDL) that hides the complexity of the underlying
module network to the end user. To add dynamic functiona-
lity, Python or JavaScript code may control both network
and user interface elements. An integral part of MeVisLab is
the object-oriented MeVis Image Processing Library (ML)
that provides a general framework for image processing.
Each algorithm is represented and well documented as a
self-descriptive module inside the development environ-
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Figure 2. Typical screen in MeVisLab environment for contour segmentation.

Svaki algoritam je predstavljen i dobro dokumentiran kao
samostalno opisani modul unutar razvojnog okruzenja. Ob-
rada slike je realizirana strogo “na zahtjev” pomocu strategi-
ja oznaCavanja stranica brojevima, medumemoriranja i iz-
vodenja vise paralelnih procesa. Osim toga, alat za seg-
mentaciju i registraciju pomaka slika otvorenog koda ITK je
ubacen u jezgru MeVisLab modula. MeVis Giga Voxel Ren-
derer (GVR) je podrska za visevolumenski prikaz koja kom-
binira viserezolucijski pristup baziran na teksturi s napred-
nim tehnikama osjencavanja. Za vizualizaciju i interaktivno
graficko programiranje u MeVisLab je u potpunosti integri-
rana Open Inventor 3D biblioteka za vizualizaciju kao i Vi-
sualization ToolKit (VTK) alat za vizualizaciju. Na temelju
Open Inventor 3D grafickog alata, pridodane su i dodatne
funkcionalnosti kao $to su 2D i 3D preglednik, MPR tehnike
i podrska za OpenGL program za sjencanje (GLSL).

Zakljuéak

Ovaj ¢lanak predstavlja glavne aspekte vezane uz razvoj i
preliminarnu ocjenu algoritama za segmentaciju i vizuali-
zaciju srca s naglaskom na upotrebu softvera otvorenog ko-
da ili komercijalnog softvera, kao pratece odrednice za uci-
tavanje slike, njenu predobradu, analizu, segmentaciju i vi-
zualizaciju te kako izgraditi jednostavno korisnicko sucelje
za podrsku pripremnom dijagnostickom postupku. CAD u
kardiologiji doZivljavaju veliku ekspanziju, a ovim ¢lankom
smo Zeljeli istaknuti moguénosti softvera otvorenog koda i
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ment. Image processing is accomplished in a strictly re-
quest-driven manner using paging, caching, and multithrea-
ding strategies. In addition, the open source ITK)for per-
forming registration and segmentation has been wrapped
into core MeVisLab modules. The MeVis Giga Voxel Ren-
derer (GVR) presents a multivolume renderer that combines
a texture-based multiresolution approach with advanced
shading techniques. For visualization and interactive graph-
ics programming, the Open Inventor 3D visualization library
as well as the Visualization ToolKit (VTK) is fully integrated
into MeVisLab. Based on Open Inventor, additional function-
ality has been added, such as customizable 2D and 3D
viewer frameworks, MPR techniques, and support for the
OpenGL Shading Language (GLSL).

Conclusion

This article presents the main aspects concerning the deve-
lopment and preliminary evaluation of a cardiac segmenta-
tion and visualization algorithm focusing on how open
source and commercial software has been used as the sup-
porting framework along the work for image loading, prepro-
cessing, analysis, segmentation and visualization, as well
as how to build a simple user interface to support a prelimi-
nary diagnostic process. CAD in cardiology is in large ex-
pansion, and in this article, we wanted to emphasize the
possibilities of open source and commercial software and
their application in daily routines. This paper needs to allow
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komercijalnog softvera i njihovu primjenu u dnevnoj praksi.
Ovaj ¢lanak treba upultiti istrazitelje da koriste ove alate, ka-
ko bi pomogli kardiolozima i ostalim zdravstvenim djelatnici-
ma i olak$ali sam dijagnosticki postupak. Uporaba kvantita-
tivnih alata za analizu slike u kombinaciji s lije¢ni¢kim isku-
stvom moze poboljSati dijagnosticku osjetljivost i specifi¢-

researchers to use these libraries, in order to help cardiolo-
gist and other health professionals, and to make disease
diagnostic process easier. The use of quantitative image
analysis tools, in conjunction with the experience of the
physician, can improve diagnostic sensitivity and specificity
and reduce interpretation time.

nost te skratiti vrijeme interpretacije rezultata.
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