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Abstract—Segmentation of coronary artery is important in
the analysis of diseases related to heart and has become an
integral part of the medical field. Developing accurate
segmentation algorithm is highly challenging, especially when
segmenting arteries with large variations in image intensities
and with the background noises.This paper, presents a novel
technique through which the evaluation of the effectiveness of
Region Growing and Edge Detection segmentation algorithms is
carried out on a cardiac angiogram frame(s). Before any
segmentation process, unwanted noises have to be eliminated in
order to enhance the area that is to be segmented. In this paper,
a new method is adopted in the pre-processing stage which
partially removes background noises like ribcage bones. Two
types of edge operator namely gradient and compass operators
are implemented in edge detection. In the first segmentation
technique, gradient operators are used along with Fuzzy
inference system in order to enhance the edges of the given input
image. In the next part of edge detection, spatial filtering of the
input image is done with compass operators in different
orientations.

Keywords—Segmentation; Edge detection; Region growing;
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I. INTRODUCTION

Cardiovascular disease (CVD) is the most common cause
of death. There exists many types of CVD and approximately
40 percent of people are totally affected by it leading to death.
Blood pressure, congestive heart failure, stroke, coronary heart
disease (CHD) and congenital cardiovascular are included in
the types of CVD. Among these, CHD and CAD accounts for
approximately 54 and 53 percent of deaths of CVD. Coronary
arteries are nothing but those arteries that surround the heart
and supplies blood to heart muscles. Coronary artery disease
(CAD) is a particular type of heart disease, which disturbs or
even terminates the supply of blood to the heart muscles. The
restriction of blood supply is due to a block or narrowing of a
coronary artery by fatty plaques which is termed as Coronary
Atherosclerosis In order to facilitate the diagnosis of such type
of coronary artery blocks, cardiac computed tomography
angiogram  procedure can be performed. Accurate
visualization and quantification of blood vessels reflected in
cardiac angiogram, aids the physician in many clinical
applications related to heart diseases.

Digital image processing assists in the diagnosis of
diseases like image enhancement, image smoothening,
reconstruction of image, area calculation of cells or organs in
the image, image segmentation etc [4],[21]. Although
angiogram aids in diagnosing artery blocks, in certain
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condition it may fail to show accurately the expected result
due to poor contrast between the artery and the background,
overlapping of blood vessels and the domination of bone
shadows [25]. An efficient method has to be developed which
can extract or segment coronary arteries, in spite of those
difficulties mentioned above. Segmentation is nothing but the
partition of an image into segments based on certain properties
like image edges, regions etc. Many segmentation approaches
are in existence for different images [7],[9],[11] but for
complex images like cardiac angiogram [14],[24] a good
segmentation algorithm has to be developed [13] and should
be evaluated based on its performance by comparing it with
other segmentation algorithms [18],[22].

Even though many segmentation algorithms are in work, it
cannot be concluded that all segmentation algorithms are
applicable to a certain application. For this reason, this paper
presents a novel technique, through which the effectiveness of
two different segmentation algorithms namely edge detection
[12],[16] and seed region growing [1] can be implemented,
evaluated and compared on different angiogram frames.

Conventionally, edges of an image are detected using
some basic first derivative edge detectors or gradient operators
like Sobel, Prewitt, Robert, Canny and Laplacian of Gaussian
(LOG) [26] .Each edge detector has its own advantage and
disadvantage in detecting edges in an image. Simple edge
detection cannot offer any kind of useful information from
images like cardiac angiogram. So a method has to be
introduced that enhances the detection of edges apart from any
kind of noises present in the image. Such a method is Fuzzy
Inference system, which comprises of fuzzy rules that avoids
double edges and reduces noises in the image
[21.[3],[5],[14],[15],[23]. These first derivative edge detectors
and their segmentation performances are compared with 1) A
different edge detection algorithm using compass operators
namely Robinson and Kirsch [19]. Here a simple spatial
filtering followed by thresholding methods are followed for
the coronary artery extraction 2) Region growing algorithm
[8].[10]. Both edge detection and region growing algorithms
are simple to perform when compared to other segmentation
methods.

Il. MATERIALS AND METHODS

The input is a cardiac CT angiogram and it is
preprocessed in order to remove noises and to enhance the
image for further processing. In addition to the noise present
in the image, background structures like ribcage bones also
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take part in reducing the capability in segmenting the
coronary artery. So in pre -processing, the background
structures were removed to aid in segmentation in a better
way. Along with this, high and low pass filtering are also
introduced for further image enhancement. Segmentation
algorithms are performed on the image after the pre
processing stage .Quality measurement of an image includes
both subjective and objective methods. But in this paper, only
objective method namely calculation of PSNR, Elapsed time
and variance are evaluated for both the segmentation
algorithm. The calculated parameters are compared and the
best segmentation algorithm is brought into the light. The
flow diagram of the proposed method is shown in figure 2.1.
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Figure 2.1 Flow Diagram

a) Fuzzy Inference System (FIS)

In the fuzzy logic system, Fuzzy Inference System plays a
very important role in decision making. For framing crucial
decision rules, it uses IF-THEN rules with the connectors OR
or AND. FIS consists of Fuzzifier, Inference Engine,
Defuzzzifer which works based on framed rules under
knowledge base. The iputs and output of FIS are in the form
of Crisp Sets. Among the Fuzzy inference techniques,
Mamdani fuzzy Inference process is adopted here which
involves four steps,

Fuzzification of the input variables
Rule evaluation

Aggregation of the rule outputs
Defuzzification

b) Roberts Edge operator
The Roberts Edge filter is use to detect edges by applying
a horizontal and vertical filter in sequence. Final result is
obtained by adding the images on which both the filers were
applied. The two filters are basic convolution filters of the
form.
Horizontal Filter

0 1

-1 0
Vertical Filter

1 0
0 —
¢) Prewitt Edge operator
Using Prewitt Edge operator, edges are calculated by
using difference between corresponding pixel intensities of
an image. All the masks that are used for edge detection are
also known as derivative masks. It detects the edges by
applying horizontal and vertical filters in sequence and
summed to form the final result. The two filters are basic
convolution filters which smoothes or averages along the
edges with less sensitivity to noises.

Horizontal Filter Vertical Filter

-1 01 1 1 1
-1 01 0 0 O
-1 01 -1 -1 -1

d) Sobel Edge operator
The sobel operator is a derivative mask which is very
similar to Prewitt operator and used for edge detection. Like
Prewitt operator sobel operator is also used to detect two
kinds of edges in an image using two filters. It shows a better
smoothing along edges, even less sensitive to noise.
Horizontal Filter Vertical Filter

-1 0 1 1 2 1
-2 0 2 0 0 O
-1 0 1 -1 -2 -1

e) Kirsch compass operator

Using Kirsch compass kernel, the strength of image edges
are calculated in all 8 directions. Through all 8 compass
directions, the operator adopts a single kernel mask and
rotates it in 45 degree incrementally: N, NW, W, SW, S, SE,
E, and NE. The edge degree of the Kirsch operator is
determined as the maximum degree across all directions.
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If NE produces the maximum value, then the edge
direction is northeast.

f)  Robinsons compass operator

It is used in a manner similar to the Kirsch masks,
but is easier to implement, as they rely only on coefficients of
0, 1, and 2, and are symmetrical about their directional axis-
the axis with the zeros which corresponds to the line
direction. It is needed to compute the results on four of the
masks; the result from the other four can be obtained by
negating the results from the first four.

101 0 1 2 2 1 21 0
N 202 W 1 0 1§10 0 O0|E|1 O -1
1 01 2 <10 1 -2 -1 0 -1 -2
10 -1 0o -1 -2 1 -2 -1 2 10
NW =12 0 -2|18W~|1 0 1|SE=10 O O|NE 01
1o -1 21 0 12 1 0o 12

g) Region growing

Since it involves the selection of initial points, it is also
known as pixel-based segmentation. This method involves
neighboring pixels of initial seed points and decides whether
the pixel neighbors should be added to the region. Similar to
data clustering algorithms, the method is iterated on. The
prime step in region growing is to choose a set of seed points.
The choice of seed point relies on some user norms like
pixels with even gap on a grid, pixels in a definite grayscale
series.

The initial region begins as the precise location of these
seeds. The regions are then grown from these seed points to
adjacent points depending on a region membership measures.
like pixel intensity, grayscale texture, or color. The image
information is important, since the regions are grown on the
basis of the measure. Histogram information is needed in
order to find the pixel intensity threshold value for region
membership measure.

I1I.LRESULTS AND DISCUSSION

Using edge detection and region growing algorithms,
segmentation process has been implemented on an angiogram
image figure 3.1. Here objective method is used to evaluate
the performance of segmentation algorithms. In this objective
method, Peak signal to noise ratio (PSNR), elapsed time and
variance on the processed image are calculated
[6],[16],[26].PSNR is calculated between segmented and
reference images.

Using masks, edge detections are performed for both

) gradient and compass edge operators. In the case of region

3| growing, the reference image is generated using hysteresis

3| thresholding method. Finally PSNR, computational time and
variance are calculated. The results in figure 3.2 depicts that

5

5 e  Prewitt’s and Sobel edge operators are greatly

5| affected with noises

e  Most of the edges were lost in edge detection using
Robert’s edge operator

e Edge detection using kirsch’s and Robinson’s
compass operators has given a good segmented result

° Region growing method when not compared with
edge detection algorithm has given a satisfying result with
minimum parameter adjustment but with more variation in
intensities. In order to verify the validity of the segmentation
results, Table 1 is presented as segmentation result by
computing Elapsed time, PSNR (Peak Signal to Noise Ratio)
and variance value.

TABLE 1. EVALUATED VALUES OF SEGMENTATION

Algorithm Average Average Elapsed | Average

PSNR Time Variance

(dB) (Sec) (No Unit)
Sobel 46.7764 1874.214 0.068567
Prewitt 44.9097 1461.523 0.045583
Robert 37.0180 1821.963 0.00685
Kirsch 42.5146 4.348469 0.026967
Robinson 51.2922 4.092425 0.03175
Region 50.2964 35.17473 0.175083
Growing

R
1

FIGURE 3.1: a) Input image b) Filtered image c) Partially background
removal d) Contrast enhancement €) High pass filtering f) Low pass filtering
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FIGURE 3.2: Segmented results for a single angiogram image
a) Prewitt b) Sobel c) Robert d) Kirsch f) Robinson and g) Region
growing

IV.CONCLUSION AND FUTURE WORK

From the results provided, a conclusion can be framed
that unless or otherwise the input image has sharp edges in
the absence of noise, the segmented result cannot reach its
perfection. But it is impossible to find such medical images
with the above said criteria for its processing. So in addition
to segmentation, quantitative assessment of the segmentation
algorithms have also been performed on the image using
required parameters. In objective assessment, edge detection
using Robinson’s compass operator provides the best result
i.e. with an average PSNR value, less computational time and
with less variance.The major research directions that can be
pursued and improvements to be made in the future
segmentations are

o Noise reduction in medical images

e Accurate edge detections with minimum errors in
the boundaries

e  Continuous edge detection in images

e Local blood wvessel contrast enhancement for
automatic region growing segmentation

e  Edge based automatic region growing segmentation
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