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Abstract: Problem statement: Medical image analysis is a particularly difficpitoblem because the
inherent characteristics of these images, includavg contrast, speckle noise, signal dropouts and
complex anatomical structures. An accurate analysis wall motion in Two-dimensional
echocardiography images is “important clinical diagis parameter for many cardiovascular
diseases”. A challenge most researchers facedvisthespeed up the clinical decisions and reduce
human error of estimating accurately the true walvements boundaries if can be done automatically
will be a useful tool for assessing these diseaggeditatively and quantitativelyApproach: The
proposed method involves three stages: First, thgpmcessing stage for image contrast enhancement
to reduce speckle-noise and to highlight certamtuiees of interest (i.e., myocardial tissue). la th
second stage, we applied the segmentation prosess thresholding technique by considering a mean
value of pixels intensity as a threshold value iiigct image features (e.g., Background and opject
After thresholding implementation, the two most eoom mathematical morphology operators
‘erosion’ and ‘dilation’ are applied to improve tledficiency of the wall boundary detection process.
Finally, Robert's operator is used as edge detettoidentify the wall boundarieRResults: For
accuracy measurement, the experimental resultsegbtoposed method are compared to that obtained
from medical QLab system qualitatively and quatitiedy. Conclusion: The results showed that our
proposed method is reliable and its performancerracy percentages are 50% more acceptable and
42% better than QLab system results.

Key words: Echocardiography image, threshold value, edge tietecmathematical morphology
operators, Robert’s operator, proposed method, Glatem, semi-automatic algorithm,
boundary detection process, wall motion

INTRODUCTION to detect true boundaries of the heart wall movemen
automatically through the complete cardiac cycle in
Two-dimensional echocardiography is a powerfulorder to assist the specialist in the assessment of
tool for the diagnosis most of heart diseasesahadva common cardiac diseases. In particular, some alinic
qualitative understanding for heart morphology andparameters can be evaluated qualitatively and
function Dby direct visual observation of cardiac quantitatively measurements of Left Ventricle (LV),
structure and movement. The basic goal in our vi®rk Right Ventricle (RV), Left Atrium (LA), Right Atrim
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(RA), Valve size. Therefore, efficient and accurate ~ The aim of the proposed method is to develop
boundaries detection of wall motion from boundary detection process for wall motion

echocardiography images has become a major resear@qtomatically by segmenting the image into distinct

interest, which essentially requires several meghod "€9ions (i.e., blood and myocardial). The segmentat
image analysis. process is based on a threshold value which edoals

In the literature, a few methods have been praposez\;iirggekglueoff Ig:j?gev\?(;):lfls é)netggjg:ae&it-’r:ls;ﬁie d
to detect boundaries of wall motion aUtomatlca”yautomatically for all data unlike other methodstasy

because the anatomical structure difficulties thialt . :
ose as a challenge to solve. Thus. most methoet neneed to test threshold value many times visuallg an
P g . ! then select the desired one which gives a goodtresu

to be manually drawn for initial contour or placed
initial points. A fuzzy reasoning method based ocal
image characteristics that proposed to enhance the
boundaries of echocardiogram (Sheila and .
Gopalakrishnan 2006). An automatic approach for The proposed method works as a series of stages as
segmentation and ventricular border detection idollows:

presented by combining k-means clustering and ectiv

contour model. This proposed method based on maryy Convert the 2D echocardiography video into
calculations to determine desired LV cavity number of frames according to interval of time.
(Nandagopalanet al., 2010). A semi-automatic Each frame is a 2D image of size 608x424
algorithm of the LV segmentation is proposed to. Enhance image quality by increasing contrast and
extract internal cavity border by combining classic noise reduction

image processing techniques with sequential radial  segmentation process involved two steps

search (Saulet al., 2008). The optical flow method is ,  gegment image into background and object regions
proposed to estimate velocities of the left veniac using thresholding technique

wall segments and find relation between these Apply the mathematical morpholoay operators on
segments motion to analyze the LV Wall Motion pply , . pho g,y P
segmented image to improve object’s border

abnormality by 2D Echocardiography image ) ) s
(Husseinet al., 2010). The Gray-Level Co-occurrence * Detect the wall boundaries using Robert’s operator
Matrix (GLCM) is a computerized technique which ) )
used for automated detection for bone fracture from  Figure 1 presents those stages in terms of block
X-ray (Chaiet al., 2011). diagram.

There are many techniques that are widedy us
each stage of the image processing to obtain abteli Pre-processing: Due to complex anatomical structure of
result for desired boundaries. High-boost filteriaugd  echocardiography image, it causes two major praglem
Laplacian of the Gausian (LoG) operator is apptied low contrast and speckle noise. Thus, two stepgsref
increase image contrast (Mar& al., 2008). In the processing are needed for contrast enhancement and
study of improvement of nuclear track densitynoise reduction to solve these problems withouintps
measurements are evaluated the well known edginage features. In the first step, Min-Max lineantast
detection methods; derivative operators (i.e. Sobelstretch method is applied for highlighting cert&atures
Prewitt and Roberts), Laplacian of Gaussian (LoG)of interest. In our work, this step is done autdcadly
and Canny operator. The results showed that overalfor once, depending on the intensities of pixels in
Canny is the most precise and accurate than otheriginal image but in QLab system, it has done atiog
techniques (Mostofizadedt al., 2008). The watershed to the specialist decision if need to repeat iil @btained
transformation for image segmentation is used ta good results by visual observation. Then in sgcbep,
extract the inner wall of LV as a region of intdres we used Mean filter for noise reduction processenah
(Salvadoret al., 2010). The vessel extraction is a very mean filter is a linear technique which often agmlas
useful process for surgical and clinical study. Thesmoother to reduce noise in image. Smoothing psoces
proposed method were improved to provide goodyas implemented by replacing each pixel value in an
results for coronary artery tree vessel extractign image with the mean (‘average’) value of its neglnis,
setting the value ob in the Gaussian function in the including itself. The size of neighbourhood usuédly a
range Xo<2 (Khalil et al., 2010). Canny edge 3x3 square kennel, but the larger kennels(e.g.) 5x5
detector is applied to identify the myocardial widely used in the medical images for more severe
boundary by finding zero-crossing (non-maximumsmoothing because they have the problems of speckle
suppression) along the edge of normal directionsoise and poor quality. Figure 2 shows the reptatiea
(Adhi et al., 2010). results that are obtained from pre-processing stage
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Fig. 1: Block diagram of the proposed method

Fig. 2: Representative results from pre-procesgiay
The original image; (b) Contrast-enhanced image;
(c) Smoothed image after applying Mean filter
Segmentation: The basic goal of segmentation process
in echocardiography is to identify boundary points
between blood and myocardial tissue. Thresholding i
the simplest form of regional segmentation for
converting a multilevel (grey scale) image intoialy
image, to separate the foreground object(s) from th
image background. In our proposed method, the
implementation to this purpose is determined by a
single parameter known as the intensity threshold
which equals to average value of image pixels
intensities. In a single pass, each pixel in gralgsc
image is compared with this threshold. If the isign
of pixel is higher than the threshold value, theepis ‘
set to intensity value equal ‘255'. If it is ledsah the
threshold value, it is set to ‘0. This step isasic key
of our proposed method because the threshold value
computed automatically by the same way to all 2D
echocardiography videos unlike the study of QLabFig' 3: The effect of thresholding and  morphology
system that needs to change threshold value magnuall operators (a) binary threshold image; (b) after
from one video to other in case of unsatisfactesutt. opening operation
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After thresholding implementation, the two most These can then be combined together at each point

common mathematical morphology operators are usegh jmage to find the absolute magnitude of the ignat
‘erosion’ and ‘dilation’ as an important stage tigin using:

need for more improvement to smooth the object's
border by removing small dark regions around the
object and set all of the neighbours within 3 péxef
object’'s to white. A process of erosion followed by )
dilation (i.e. Opening operation) was found to be When compared the Robert’'s operator results with
successful in determining object’s region. Pradijicén other common edge detector for example the Sobel
each erosion step, every object pixel that is towgla  operator can see the edges are thinner and the
background pixel is changed into a background pixelcomputation takes less time as shown in Fig. 5.
Likewise, in each dilation step, every backgrouneip

that is touching an object pixel is changed intmbject RESULTS

pixel. Figure 3 shows the effect of thresholdingl an
morphology operators.

0 =arctan(Gy / Gx)- & /¢ (2)

All the echocardiography data used in thisdgtu
Edge detection: This is the final step in our proposed have been taken from Philips medical machine that
method that used to detect sharp transition catlgés’ exists in one of the Malaysian hospitals (IJN). Tlaga
and to connect these edges to outline the desired divided into two sets: First set consists ofat@inal

bour}daFEiets). One of the grzahwehnF egge getectﬁrsﬁat videos of 2D Echocardiography belongs to 10 difiere
use Is Roberts operator which Is based on the form patients, each one of these videos is converted a@nt

most differential operators. It is a simple andcguivay ; . )
to compute for highlights regions of high spatial number of frames according to interval of time. lEac

operator consists of a pair of 2x2 convolution nsaas& frames for all videos are 409.The second set wad us
shown in Fig. 4. These masks are applied separtitely for comparison process which contains the same 12
the Input image, to produpe separate mef'iSUfem?ntS Wdeos but with complete borders that is one of the
the gradient component in each orientation vetfical gptions in QLab system. The proposed method was
Gxand horizontally Gy. . coded in VB 0.6 under Microsoft Windows

_ And to compute the orientation of that gradlent’Professional 2.9 GHz computer with 3.0 GB memory
using: _ ) £ : . .

g Figure 6 shows the final results of wall boundary

G| = [Gx + Gy? (1) detection in (a) End-diastolic and (b) End-systolic
frames after combining the original image and the
resulted image by applying Robert’s operator.

+1 1 0 0 | +1

0 | -1 110
Gx Gy

Fig. 4:Roberts’s convolution masks

(@) (b)

Fig. 5: The results of (a) sobel operator; (b) roébe Fig. 6: The final results for the proposed methadl (
operator end-diastolic and (b) end-systolic frames
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DISCUSSION

For accuracy measurement, the experimental
results of our Proposed Method (PM) have been
compared with results that obtained from medicahL
System (QS) qualitatively and quantitatively.
Qualitative comparisons process is done by visual
subjective observation of the specialist (i.e. adie
technician) to make her/his decision accordingh®e t
performance of results. This decision is represkatea
score which is given as follows: 1: PM is worsentha
QS, 2: PM is similar to QS, 3: PM is more accemabl
than QS and 4: PM is better than QS. Table 1 shievs
qualitative validation for all data set. The resuliave
shown the performance accuracy of our proposed
method has 50% more acceptable and 42% better than
QLab system results.

In order to evaluate the accuracy of the proposed
method quantitatively, Pratt's Figure Of Merit (FQM
metric were used for the results comparison process
(Karen and Eric, 2008). FOM returns a number betwee
0 and 1 based upon the quality of edge detectigh, v
being the ideal. These measured computations aeglba
on distance comparison between the desired edges th
are generated from complete border option in QLab
system to the corresponding detected edge that is ©
obtained from our proposed method. To do this
comparison process, we need to separate the desirgily. 7: The extracted boundaries of QLab syster)n
edge from QLab system data and then saved as new by subtracting (a) original image and (b)

image after converted to binary. This process leenb complete border image

done by subtracting each pixel’s intensity in thigioal

image from corresponding pixel intensity in comelet Table 2 shows the average of FOM measurement.

border image as shown in Fig. 7. Figure 8 shows different examples of detected
boundaries in end-diastolic frame for QLab system a

Table 1: The final results of qualitative validatio the proposed method.

2D Echo  No. of Threshold 1 2 3

videos Frames value

V1 34 50 N

V2 22 47 J

V3 32 36 \/

V4 53 47 x/

V5 21 60 J

V6 52 50 J

V7 12 50 3

V8 18 47 J

V9 46 47 \/

V10 44 50 v

V11 20 42 v

V12 56 50 J

Table 2: The FOM average measurement

2D Echo videos FOM average 2D Echo videos FOM @eera

V1 0.39744 V7 0.36949

V2 0.41333 V8 0.62218

V3 0.43439 V9 0.52037 : . L
va 0.52387 V10 0.48034 Fig. 8: lefer_ent e_xamples of detected boundaries i
V5 0.60339 V11 0.61148 End-diastolic frame for (a) QLab system
V6 0.55082 V12 0.53943 (b) Proposed method
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CONCLUSION Karen, A.P. and J.W. Eric, 2008. Logarithmic edge
) ] ] ] detection with application. J. Comput., 3: 11-19.
The aim of this study is to show that the detgctin - iy /ww.academypublisher.com/jcp/vol03/no09/

of the heart wall movement in 2D echocardiography jcp03091119.pdf
images can be accomplished automatically througipgjil, H.H., R.0.K. Rahmat and D.M. Zamrin, 2010.
cardiac cycle using the most common techniques of  Three dimension coronary artery tree curvature

image processing. Automatic segmentation by thidsho confirmation. J. Comput. Sci., 6: 1524-1530. DOI:
value has achieved reliable results for extractimg 10.3844/jcss.p.2010.1521.1.153'0 | ) '

region of interest (i.e., myocardial wall). In thentext, Maria. C.R.. E.R. Adson and E.V. Daniel. 2008. Semi

:jhle t_procetss of tWOf er(()jsmn stepfs Ifollo(;/ve(;lf b%( tW.O automatic detection of the left ventricular border.
fiation Steps was found successiul and efiecive | Proceeding of the 30th Annual International IEEE

getting good results for opening operation. Theiltes EMBS Conference. Au 20-24. Vancouver
showed that our proposed method is reliable and has British Columbia éanad% op: 2’18-221 DOI',

50% of the performance accuracy that more acceptabl
10.1109/IEMBS.2008.4649129
0
g?gpﬁ)i g()j brggﬁrotgiglﬁé_%z zyﬁ;eeTulr ?jg:t% tThhee;‘:J!f::tr:(ie Mostofizadeh, A., X. Sun and M.R. Kardan, 2008.
Improvement of nuclear track density measurments

for assessing many cardiovascular diseases. using image processing techniques. Am. J. Applied
Sci., 5: 71-76. DOI: 10.3844/ajassp.2008.71.76
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