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Coronary heart diseases are one of the most prevalent causes of deaths not only in Bangladesh but also all over the
world. 3D segmentation of arteries of heart plays an important role for the analysis of coronary heart diseases. It also helps
the physicians to take perfect decision for treatment and surgery procedure. Morphological operators play an important role
for segmentation of the object shape in medical image processing. Morphological operators use the structuring elements for
image processing. In this paper we have implemented the effects of six structuring elements for segmentation of CT images
of coronary arteries of heart. It shows that different structuring elements have significant effects for segmenting the arteries
and processing time.
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Introduction. Coronary heart diseases (CHD) are the most prevalent causes of death not only in
Bangladesh but also all over the world [1]. It is also called silent killer. Narrowing (stenosis) or complete
occlusion of the arteries of the heart causes serious condition such as heart attacks and strokes. Noninvasive
imaging technique such as computed tomography (CT) has greatly assisted the diagnosis of coronary heart
diseases of the patients. It is laborious to analyses these images manually [2]. Vessels are indeed 3D anatomical
structures. So the accurate segmentation and visualization of 3D anatomical structure is also very important so
that physicians can take accurate decision for treatment.

Morphology relates to the study of object forms or shapes. It facilitates the segmentation and search for
object of interest by filing holes and eliminating unwanted segments [3]. Morphological image processing is
based on the idea of probing an image with a small shape or template known as a structuring element. The
structuring element is positioned at all possible locations in the image and certain operation is performed
according to the relation between image content and the structuring element [4, 5]. It is possible to use
structuring element of different shapes to perform a specific task. This paper investigates structural element of
different shapes in the 3D segmentation of left coronary artery using CT Images.

The structuring element can be represented in the form of matrix with elements either 0 or 1. The size of
the structuring element is basically defined by the dimensions of the matrix, and the shape of the structuring
element is determined by the pattern of zeros and ones. Fig. 1 shows for example square, triangle, diamond,
cross, circular and anti-circular shaped 5 X 5 structuring elements.

11111 00001 00100 00100
11111 00 011 01110 00100
11111 00111 11111 11111
11111 01 1 11 01110 00100
11111 111 11 00100 00100
Square Triangle Diamond Cross
01110 1 0 0 01
11111 00O0O0O0
11111 00 00O
11111 00O0O0O0
01110 1 0 0 01
Circular Anti-Circular

Fig. 1. Structuring elements of size (5 X 5) pixels

Structuring elements need to have an origin. Alike the convolution process, the morphological operation
will produce a certain result depending on the shape and the relation between structural element and the image
content. The proposed work investigates the effect of different structuring elements.

Etho and Quan [6] proposed a method based on pure morphological operators for the detection of
coronary artery tree. In [7] Yang Yang used morphological operations to segment blood vessels of heart using a
circular disk type structuring element.

© Rahman M., Uddin S., Hasan M., Kamal A. 285



BICHUK JOHEIBKOI'O HAIIIOHAJIBHOI'O YHIBEPCUTETY. Cep. A: IIpupoauuyi Hayku, 2010, Bumn. 2

Methodology. The developed method (in brief) consists of the following steps shown in fig. 2

-

Pre-Processing ]

A 4

Segmentation ]

'

Visualization ]

.

Fig. 2. Developed method.

In preprocessing step we applied several basic image processing operations and extracted the 3D heart
shape. Among the basic image processing operations we applied “Thresholding” and “Dilation”. Fig. 3, a shows
the volume rendered original image. Fig. 3, b shows the output image after applying “Thresholding” on fig. 3, a.
Fig. 3, c shows the output image after applying “Dilation” on fig. 3, b. To extract 3D heart shape we used region
extraction algorithm [5]. Fig-3.d shows the result after applying region extraction algorithm (using structural
element of square Shape) on fig. 3, c. Although we have made a comparison using structural element of different
shape, we are not showing the effects at this stage because the effects of different structuring element can’t be
understood from the output of region extraction algorithm. Rather the difference would be clear from the final
output. The comparison is shown in Experimental Results section.

Fig. 3. Output of different steps of preprocessing

In segmentation step we have clustered the heart into three regions (as did Yan Yang, Allen R.
Tannenbaum and Don P.Giddensin in [8]) (blood, myocardium and background) using Gaussian functions (eqn-
1), Bayes’ theorem (eqn-2) & K-means clustering (fig. 4 shows the result) and then active contour to get the
coronary artery (fig. 5 shows the result of applying active contour on fig. 4 and the effects of applying different
structural element).
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Fig. 4. Output of clustering into three regions (blood region is shown as it contains arteries)

Finally, we developed a Visualization Toolkit (VTK) pipeline to 3D visualization of the segmented
branches.
Results. Runtime and the number of branch using different structural elements are given in fig. 5. (¢ — using
structural element of square shape; b — using structural element of triangle shape; ¢ — using structural element of
diamond shape; d — using structural element of cross shape; e — using circular disk structural element; /' — using
anti-circular disk structural element).

d e f

Fig. 5. Effect of different structuring elements

Comparison. Comparison of Runtime of 3D heart shape extraction and number of branches of left
coronary artery using structural element of size 13 X 13 of different shapes is given in table 1.
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Table 1
Run time and segmented branches

Structural element Runtime(ms) No. of branches
Square 214273 5
Triangle 249043 5
Diamond 200330 4
Cross 174345 4
Circular Disk 230097 4
Anti Circular Disk 208825 5

Tested computer configuration is 1GB memory, 1.8 GHz processor and the proposed method is
implemented using VTK and C++. The dataset volume is 225 X 512X 512 voxels.

Conclusion. From the above fact findings it is proved that structural elements for morphological
operations play a vital role in arteries segmentation. The anatomical structural of heart is complex and robust so
the improper selection of structuring element leads to insufficient branch segmentation. At the same time
structuring elements have impact on segmentation time.
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PE3IOME

Vmemudeckue 00JI€3HH Ceplia — OJJHA U3 CaMbIX PACIPOCTPAHEHHBIX MPUYMH CMEPTENIBHBIX CIy4aeB HE TOJBKO B
baHrnazeie, HO TaKke M BO BCeM Mupe. TpexMepHas CerMEHTAIUsi apTepuil CepAlld UTPaeT BaXKHYIO POJIb JUI aHAIM3a
UIeMHYecKkux OonesHei cepaua. OHa Takke MoMOraeT BpayaM IPUHUMATh Oe3yNpeuHoe pelIeHNe AT IPOLEIyPhl JICYCHUS
u xupyprud. Mopdomorndeckue oInepaTopbl HIPalOT BaXKHYIO POJIb NPU CerMeHTauuu (GopMbel 00bekTa B 00paboTKe
MEIUIMHCKAX H300paxeHnsl. MopdoIoTHyecKue OmepaTopsl HCIONB3YIOT CTPYKTYPHBIE JJIEMEHTHI Ui 00paboTKH
n3o0paxenus. B aToit pabote MBI oCyniecTBHIN paboTy IMECTH CTPYKTYPHBIX DJIEMEHTOB JJIsl CErMEHTAIlMH W300pakKeHHi
KOMIIBIOTEpHOI TOMOrpaduili KOpoHapHbIX apTepuil cepiaua. OHa NMOKa3bIBACT, YTO PA3JIUYHBIC CTPYKTYPHBIC 3JIEMEHTHI
HMEIOT CYIICCTBEHHOE BIMSHUE HA CETMEHTALMIO apTEPUH U IPOJOJDKUTEIBHOCTh 00PaOOTKH.

Knrouegvie cnosa: CTpyKTYpUPOBAaHHBIN SJIEMEHT, MOP(OIOTHYECKHE OINEpaTophl, CErMEHTaLus, KOpOHApHas apTe-
pus, CT.

PE3IOME

Koponapra xBopoOa cepiisd € ofHi€r0 3 HailOLIbII MOMMPEHUX NPUYMH CMEPTHOCTI He Tinbku B banrmanemr, a it y
BCchOMY CBiTi. 3D cerMeHTartis apTepiii cepis Bifirpae BaKIMBY poJib U aHAIIi3y KOPOHApHOI XBOpoOH cepus. BoHa Takoxk
JOTIOMArae JikapsM NpUAMAaTH JOCKOHAJI pIilIeHHs IS MPOLeAyp JIiKyBaHHSA Ta Xipyprii. Mopdomoriuni omeparopu
BIZITparOTh BAXJIMBY POJIb y cerMeHTtamii ¢popMu 00'ekTiB y 00poOui MeandHuX 300paxkeHb. MopQoioriyHi omepaTopu
BHUKOPUCTOBYIOTh CTPYKTYPHI €JIEMEHTH Uil OOpOOKH 300pakeHb. Y mAaHiii poOOTI MH peamizyBand poOOTy MIECTH
CTPYKTYPHHUX €JIEMEHTIB ISl CETMEHTalii 300pakeHb KOMIT'FOTepHOI ToMorpadii KOpoHapHUX apTepiil cepiid. Bona mokasye,
10 Pi3Hi CTPYKTYpHI €1eMEHTH MalOTh 3HAYHMH BIUIMB Ha CEIMEHTAIIiI0 apTepiii i ac 0OpoOKH.

Kniouoei cnosa: cTpyKTypOoBaHHH eeMEHT, MOP(]OJIOTiUHI OnepaTopu, cerMeHTallis, kopoHapHa aprepia, CT.
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