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Abstract— Echocardiography provides information about
size, shape, and function of heart to create the image. Apical
four-chamber echocardiography can be obtained by placing the
ultrasound probe at the apex of the left ventricle. Such view
enables to analyze heart abnormalities. In this regard, chamber
quantification is recommended to evaluate the heart volume by
defining the endocardial border of the chambers. Image
segmentation that subdivides an image into different regions
may be suitable to analyze the chambers. In this study, we
propose a Marker-controlled Watershed segmentation method.
It involves Watershed Transform, internal and external
markers, and morphological processing. The advantage is that
it can control over-segmentation due to noise and other local
irregularities. We tested the proposed method on an apical
four-chamber echocardiography image and a model image. We
also compared the segmentation result with an Active Contour-
based segmentation method. The results show that the
Watershed Transform performs better than Active Contour.

[. INTRODUCTION

Echocardiography uses two-, three-dimensional static
image, and a moving image of heart. It provides important
information, such as size and shape of the heart as well as
heart chambers, pumping capacity, and the location of tissue
damage. It is used for diagnosing and following-up treatment
of the patients with suspected or known heart diseases.
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Figure 1. Apical Four-Chamber Echocadiography Image.
( Source : http:// www.yale.edu/imaging/echo_atlas /views/graphics/

X 4_chamber.gif')
Transthoracic echocardlograﬁiy is the most commonly

performed echocardiography. The images are obtained from
at least four different probe positions with different details of
the heart. The standard positions are parasternal, apical,
subcostal, and suprasternal notch positions. The apical four-
chamber view is one of the views that the apical position can
acquire. This view, as given in Fig, 1, can be obtained by
placing the probe at apex of the left ventricle or the point at
maximal impulse and orienting the probe towards the right
shoulder. It displays four chambers of the heart; right
ventricle, left ventricle, right atrium, left atrium, mitral valve,
tricuspid valve, inter-ventricular, and inter-atrial septa [1]-[3].
This view detects congenital heart disease, measures right
and left ventricular capacity, ejection fraction, and analyzes
wall-motion in adults [4],[5],[6] and fetuses [8],[9], but not
much in pediatrics [4],[7]. For these purposes, chamber
quantification is recommended to analyze the chamber
volume by defining the endocardial border. The analysis
methods for apical four-chamber echocardiography image
can be classified into manual and automatic. For automatic
methods, some involves image enhancement, image
segmentation, and texture analysis.

Image segmentation has been widely used in computer-
based echocardiography analysis, such as, finding the
capacity of left and right ventricles [12], thickness of left
ventricular wall [13], and characterizing tissues [14]. Image
segmentation usually employs edge detection, thresholding,
morphology or Watershed segmentation, and region-oriented
approaches. There are three methods that have been applied
using Watershed segmentation; distance transform, gradients,
and marker-controlled improved from gradient image [12].
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Figure 2. Block Diagram of the Study.

In this study, we segmented the apical four-chamber view
region of normal adult echocardiography image using
Marker-controlled Watershed (McW). We compared the
segmented image between the proposed and Active Contour
(AC) method. Block diagram of this study is shown in Fig.2.
In Chapter I, we explain about the introduction of the study.
Chapter II describes materials and methods that we used in
image segmentation. Chapter III presents the results and
discussion. The conclusion and future research direction is
given in Chapter IV.

II. MATERIALS AND METHODS

In this study we explored two methods for apical four-
chamber echocardiography image segmentation; active
contour and marker-controlled watershed methods.

A. Wiener Filter (WF)

We employed a two-dimensional adaptive noise removal
WF for pre-processing. It uses a pixel-wise adaptive Wiener
method based on statistics estimated from a local
neighborhood of each pixel. We must determine the
appropriate size of neighborhoods to estimate the local image
mean and standard deviation [15].

B. Morphological Techniques

Mathematical morphology extracts image components for
representation and description of region shapes. There is a
structuring element (SE), a shape to probe or interact with the
image to fit the shape. SE is used in morphological
operations, such as dilation, erosion, opening, and closing.
There are two characteristics that are related to it, shape and
size, depending on the image content.

We wused Opening-by-reconstruction followed by
Closing-by-reconstruction for pre-processing and cleaning up
binary image. These are morphological reconstructions that
involve two images and an SE. Two images are marker as the
starting point for the transformation, and mask that constrains
the transformation. Opening-by-reconstruction restores
exactly the shapes of the objects that remain after erosion.
The eroded image is used as the marker image in a
reconstruction. The original image is used as the mask.
Closing-by-reconstruction is done by complementing an
image, computing its Opening-by-reconstruction, then
complementing the result. [11]

C. Anisotropic Diffusion (AD)

Anisotropic diffusion filter is Partial Different Equation
(PDE)-based technique for smoothing and restoration
purposes. We used the modified code from [16] that
employed the Perona-Malik (PM) equation. PM model uses
nonlinear diffusion and does edge enhancement. It applies
inhomogeneous process that reduces the diffusivity at those
locations with larger likelihood to be edges. This likelihood

is measured by | Vul*. The PM filter [19] is given as follows
Oru = div (g(|Vul*) Vu). (1)

D. Active Contour (AC)

The AC models or snakes can evolve a curve to detect the
boundary of objects in the image based on gradient. We used
the modified code from [17] by Chan and Vese [20] for
image segmentation. This model is based on curve evolution
technique, Mumford-Shah function for segmentation and
level sets. They minimize an energy which can be seen as a
particular case of the minimal partition problem. The
characteristics of this code are initial curve and iterations.

E. Marker-controlled Watershed Segmentation (McW)

The McW is based on marker and working as over-
segmentation controller. The Watershed Transform (WT)
solves a variety of image segmentation problems. If there are
two drops of water near each other, the WT finds the
catchment basins and ridge line in a gray-scale image. McW
used internal markers, inside each of the region of interest,
and external markers, background of image, to modify the
gradient image. Various methods have been used for
computing internal and external markers which involve in the
linear filtering, nonlinear filter, and morphological operation.
In this study, we used morphological operation to calculate
internal and external markers. The characteristic of the McW
method is the region minima. [12]

III. RESULTS AND DISCUSSION

Our experiments consist of several parts, ranging from
testing the segmentation algorithm using dummy image,
manually drawn model image, to the apical four-chamber
echocardiography image.
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Figure 3. McW method [12] on dummy image (a) Original image from
http://www.mathworks.com/help/images/examples
/WatershedSegmentationExample 01.png (b) Internal marker
(c) External marker (d) Modified gradient magnitude (¢) Segmented image

The proposed methods were encoded using MATLAB
7.8.0 (R2009a) and some of technique codes employed
Image Processing Toolbox in MATLAB. The performance
of the methods was tested by using MeTriX MuX [18].

The dummy image in Fig. 3(a) shows an example of
McW segmentation method [12]. We applied morphological
operation and some pre-processing on the image. Then, we
computed the WT of the gradient image and used extended-
minima transform to obtain the set of internal marker as
shown in Fig. 3(b). The external marker (Fig. 3(c)) is
obtained by computing the WT of the distance transform of
internal marker image. We used internal and external marker
images to modify the gradient image by using the intensity
image from morphological reconstruction resulting Fig. 3(d).
Fig. 3(e) gives the segmentation result by showing the
Watershed ridgelines computed from the WT of the marker-
modified gradient image.

The manually drawn model image in Fig. 4(a) is meant to
quantitatively measure the performance of the pre-processing
and McW methods by calculating the image quality between
original and noised images after the segmentation. We added
the speckle noise (variance = 0.50) in Fig. 4(b). The WF
image, as shown in Fig. 4(c), could not remove the noise
properly. Therefore, we needed to apply morphological
reconstruction, and worked properly in cleaning up the image
(Fig. 4(d)). The segmented model image by McW is given in

Fig. 4(f).

It can be seen that the whole region of interest can be
segmented by using the parameters of pre-processing and
McW methods. In comparison between the segmented model
image and speckle noise of the model image by using pre-
processing and McW methods, it can be seen that both are
perfectly segmented. However, the segmented region surface
of segmented speckle noise model image (Fig. 4(a)) is
different from the one of segmented original model image
(Fig. 4(f)). The quantitative measurement of image quality of
the model image is computed by MeTriX MuX and given in
Table I.

() (e) (®

Figure 4. Manually drawn model image with speckle noises tested for image
segmentation using Marker-Controlled Watershed Segmentation Method.
(a) Original Model Image. (b) Speckle Noise Model Image (variance=0.50). (c)
WEF Image (neighborhoods of size 5-by-5). (d) Opening- and Closing-by-
Reconstruction Filtered Image (structure shape=diamond, size=20). (¢) AD
Filtered Image (iteration=>5, kappa=30). (f) Segmented Image by McW Method
(region minima=3).

TABLE L IMAGE QUALITY ASSESSMENT OF SEGMENTED MODEL
IMAGE
Image Quality Assessment Value
MSE 5776.190254

PSNR 10.514389

SSIM 0.790298

MSSIM 0.691217
VSNR 16.099332

VIF 0.121483

VIFP 0.155188

UQI 0.460006

IFC 0.842111

NOQM 5.978685

WSNR 4.22826

SNR 3.508199

Fig. 5 gives the image segmentation results of the apical
four-chamber echocardiography image. Fig. 5(a) is the
original one. Fig. 5(b) shows a good result after using WT.
Some of the noise can be removed from the original image.
Morphological techniques, opening- by-reconstruction
followed by closing-by-reconstruction were done afterwards.
Fig. 5(c) also shows good result to clean up the image after
WT. We applied AD filter in Fig. 5(c) and the filtered image,
as presented in Fig. 5(d), gives smooth result while the edge
is still enhanced as expected. Fig. 5(e) is the segmented
image result of AC method. The region of heart wall cannot
be segmented perfectly. In Fig. 5(f), the mask of the
segmented image shows the region the right atrial chamber
was the only heart chambers that this method could segment.
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Figure 5. Apical Four-Chamber echocardiography image tested for image
segmentation. (a) Cropped Apical Four-Chamber Original Image taken from
(http://fas.org /irp/imint/docs/rst/Intro/apical_four _chamber view.jpg) (b)
WEF Image. (c) Opening- and Closing-by-Reconstruction Filtered Image. (d)
Anisotropic Diffusion Filtered Image. (¢) Segmented Image by AC Method.
(f) Mask of Segmented Image (e). (g) Segmented Image by Mcw Method.
(h) Marker of Segmented Image (g).

In Fig. 5(g), as the result of McW method, the left atrial
chamber was the only heart chamber that has incomplete
segmented region. While in Fig. 5(h), the regions of each part
are segmented properly. However, the constraint is that if we
change the parameters, the result can be different. For AC
method, the region of heart wall could be segmented better,
but could not cover the whole heart wall. It also included the
region of the heart chamber. The result after using McW
method in different parameter could be also over-
segmentation.

IV. CONCLUSION AND FUTURE RESEARCH DIRECTION

From our experiment on apical four-chamber
echocardiography image segmentation, we can conclude that
Marker-controlled Watershed (McW) segmentation method
has better segmentation than Active Contour (AC) method.
Pre-processing and filtering parameters have effects on
segmentation. We also found that the most effective pre-
processing method for our case is morphological technique.

For the future direction, we will improve this apical four-
chamber echocardiography image segmentation study for
tissue  characterization, three-dimensional ultrasound
reconstruction and analysis, as well as image fusion of
ultrasound and CT of the heart.
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