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Abstract
Echocardiography has been widely used as a
non-invasive clinical tool to diagnose cardiac
functions. The quantitative analysis of regional
wall motion provides a useful method for
accessing the severity of ischemia and infraction.
This paper describes a new boundary extraction
method from 2-D echocardiograms, which is
based principally on genetic algorithms(GAs).
The ambiguity of papillary muscles is processed
by a knowledge-based scheme. The method is
more stable for the detection of the endocardial
border.  Experiments  -on several  left
ventricular(LV) echocardiograms and clinical
validation have shown the effectiveness of our
method in these patient studies.
Keywords. Echocardiography; Left Ventricule;
Genetic Algorithm; Knowledge-based
scheme

1. Introduction

Echocardiography has been used as a major
clinical tool due to the relative comfort and safety
to the patients. Unfortunately, the main
disadvantage of ultrasound echocardiography is

relatively poor image quality and high noise levels,

and the connective tissues, including papillary
muscles and mitral valve inside ventricular
chamber, also tend to cause ambiguities in
defining the ventricular area. Therefore, the
segmentation of endocardial boundaries s
important and difficult to achieve. Quantitative
analysis of the cardiac function requires the

heart wall. The cardiac shape is considered as one
of the important parameters which reflect the
complex interactions of the electrical and
metabolic mechanics. In order to obtain indices of
cardiac performance such as ejection fraction and
ventricular volume, it is necessary to obtain the
contour lines corresponding to the endocardial
wall of the heart chamber.

Several researches for detecting ventricular
border from 2D Echocardiograms have been
reported. Most methods rely on using only the
image gray scale information to identify the
cardiac border[1-3]. Chu et al.[4] presented a
method by using a Laplician of Gaussian operator
followed by a radial search method to detect
endocardial and epicardial borders. Chou et al.[5]
applied a method which extracted the myocardial
edge with an ideal echo-intensity image model
and relaxation algorithm. Klingler et al.[6] used
mathematical morphology operations to detect the
left ventricular edge. Friedland et al.[7] developed
a system using simulated annealing to compound
the spatial and temporal information along with a
physical model in the decision rule. The graph
searching approach[8] is a robust method for
tracing the local edge transitions, but it is also
based on local intensity information. Vikram
Chalana et al.[9] proposed a multiple active
contour model for cardiac boundary detection on
echocardiographic sequences, but the user needs
to specify manually a rough epicardial boundary
on the ED image. In addition to. some researchers
make use of fuzzy reasoning{10] and relaxation
labeling{11] method for cardiac boundary
detection, but these methods do not take into
account the presence of papillary muscles in the
image.

In this paper, we proposed a new approach to
obtain the initial endocardial contour, and genetic
algorithm is applied to extract the accurate
endocardial borders from 2D echocardiograms.
Experimental studies and quantitative analysis
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have been performed on several serial LV
echocardiograms.

The paper is organized as follows. In the
following section describes how to estimate the
initial contour for the first image. Genetic
algorithm for accurate endocardial border
detection will be presented in Section 3. Section 4
describes the experimental results and addresses
the quantitative analysis for regional wall motion.
Finally, the discussion and conclusion are given in
Section 5 and Section 6, respectively.

2. Initial Contour Estimation

The initial contour estimation procedures
consist of six modules, as illustrated in Fig.1. First,
the approximate ED image is selected as the first
image shown in Fig.2(a). We define manually the
rectangular region of interest(ROI) for the
processing on this image, so that the irrelevant
processing time can be eliminated.

A simple 3x3 median filter was applied in
our system to reduce the speckle noise, and the
result is shown in Fig.2(b). After the process, the
Sobel operations and threshold are utilized to
produce a binary image(see Fig.2(c)).

Morphological techniques are then applied to
estimate the initial endocardial boundary on the
first image. The morphological filtering
operations can remove the small isolated regions
inside the image shown in Fig.2(c). The process
consists of opening and closing with a 5x5
structuring element. The result after such opening
and closing operations is shown in Fig.2(d).

The phenomenon of dropout in ultrasound
images makes the segmentation of LV more
difficult. However, most methods do not take the
dropout problem into account. In our method, to
reduce the impact of these dropout areas of the
final segmentation of Fig.2(a), a circular growing
operation instead of a pixel aggregation was used
to group pixels into LV cavity region. The seed
used for circular growing is the center of ROL
The procedure sets the cavity to be black region,
and other part to be white region(see Fig.2(e)).
However, there is still small white region inside
the cavity, so the circular growing operation must
be performed again but the seed is chosen
randomly from these white pixels outside the
cavity. Then the image subtracts the resulting
white area is a complete black region without any
white region inside it. The resulting image is
shown in Fig.2(f).

After the above procedures, we can easily use
radial search technique to detect the LV boundary
candidate points from Fig2(f). On every
searching line, the nearest border point from the
cavity center is selected as a candidate point. After

all candidate points(see Fig.2(g)) are determined,
the Catnull-Rom spline[12] is wused in
interpolating these endocardial candidate. points.
The close endocardial contour is shown in
Fig.2(h).
While outlining the endocardial borders, the
papillary muscles were considered as a part of the
left-ventricular cavity as recommended by the
American Society of Echocardiography[13]. The
LV endocardial contour like a circle or ellipse.
Based on this assumption, we propose to use the
distance-angle plot to include the papillary
muscles as a part of the LV cavity. It is completed
by three steps:
step 1: Calculate distance between center and
contour points. and draw the distance-angle plot
shown in Fig.3.

step 2: Find the point (P1), whose distance value
is maximum between 170° and 190° . Find
the point (P2), whose distance value is
maximum between 230° and 270° |, and find
the point (P3), whose distance value is
maximum between 50° and 90° .

step 3: Connect P1,P2 and P1,P3 on the distance-
angle plot, and maps the distance-angle plot to
form an estimated endocardial contour(see Fig.4)
that will be used as an initial contour in the
subsequent contour refinement process.

3. The Proposed Method

In this section, we propose to use the genetic
algorithmsf14-16] to  further refine the
endocardial border shown in Fig.(4). The GA
proposed by John Holland[15] and it is an
adaptive procedure that searches for good
solutions by using a collection of search points
known as a population in order to maximize a
user-defined function called the fitness function.

GA is a powerful tool for solving problems
which involves a search processing through a
complex solution space. Because GAs use
population-wide search instead of a point-search,
and the transition rules of GAs are stochastic
instead of deterministic, the probability of
reaching a false peak in GAs is much less than
one in other conventional searching schemes.

3.1 Encoding scheme of chromosome

Fig5 gives an example of encoding
mechanism. The rough boundary obtained from
initial contour estimation is first uniformly
sampling into M’ points. A sampled point is
associated with a line segment which is
perpendicular to the contour and passing through
these sampled point. In our algorithm, the line
segment will be eliminated if the gray scale
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variance of all points in this line segment is less
than a given threshold value. These eliminated
line segments usually locate near the papillary
muscle or the dropout region. After the
climination process, there are M(M < M’) line
segments survive. On each line segment, K grid
points are given from which the cardial border
point is to be detected. For line segment L;, if the
detected border point is the j® point, we then
denote G=j to indicate that the j* point is the
resulting border point on the i line segment.

3.2 Fitness function

The fitness of each chromosome is computed
for each generation in order to eliminate non-
effic. at chromosomes in the next generation. The
chromosome with higher fitness value represents a
better solution. For a chromosome S, if the set of
the chosen ventricular points is {V,,V,, V... Vs
1. Var} where V; €Li(i=1,2...M). The fitness value
of ch,romosome S can be defined as follows:

M

F(.S)——Ze(V) Z(aEl+ﬂEz+}f57 (€]

i=1

where,
Ei= %(1 —cos(@)),

__ V)
Max(VI(V)

o PV
Max(P (V)

Here, (V) is the fitness value of the point V.

The first term E, is the curvature, and & is the
bending angle at V; Thus -1 < cos@ < 1, and
E;=1 for a straight 11ne(180°) and 0 for the
sharpest angle(0%).

In the second ferm E, is gradient.
VI(V,) isthe image intensity gradient of point
Vi, and this term is normalized by dividing by the
largest gradient value of the point, on the given
line segment, thus E, is 2 number from 0 to 1.

In the third term E; is contrast. The
contrast magnitude of the point V;, denoted by
P(V), is defined by

R ) =53
PV= 2 T(V,)-2 1(V) )

I=nd 1=wl
Here I(V)) is the intensity of the point V;. P(V)) is
the contrast computed in a window on a search
perpendicular to the contour. In
echocardiographic images, the darker areas
correspond to cavity region and the brighter areas
normally correspond io the heart or muscle tissues,
The point with
indicates that it is a better LV boundary point.

larger contrast magnitude

Therefore, this term is designed to be related with
the priori knowledge.

3.3 Selection ,

In the selection process, a roulette wheel is
utilized where each chromosome in the population
has a slot with size in proportion to its fitness. The
probability that chromosome S; (i=1,2,...pop_size)
is selected as a member of the next generation is

F(S5)) 3
=" 3)

ZF(SJ')

7=l

where pop_size is the population size. The
pop_size selected chromosomes are then entered
into a mating pool, for further genetic operations.

3.4 Crossover
The information exchange of the crossover
operation gives much of the power in genetic
algorithms. In the crossover operation, two cut
points are chosen at random and chromosomal
material between the two cut points is swapped
between the two mating chromosomes. For
example, X and Y are two chromosomes to be
mated:
X=X1X2X5 .. XN - Xeo oo X
Y=1¥2¥3... Yi¥iert - Yoo Y
If two positions k and t are selected to do
crossover, their offspring after mating will be:
X'=x1%2%3. .. YiViert - Vi o Xan
Y =Y1¥2Y3- . XXt - Xeoo Yo

3.5 Mutation

In natural terminology, chromosomes are
composed of genes, which may take on some
number of values called alleles. Mutation involves
modification of the values of genes in a
chromosome; In the mutation operation, each
allele in each chromosome is changed randomly
with an equal chance.

The mutation is to change the position of
candidate points. For each line segment Ly(1< i
<M), a point Vi(new) is chosen as a new candidate
point according to the following rule:

Vi (ew)=argmaxe (V). )
€ i

Therefore, the index number of point Vi(new) is
given to G; It can be shown that after each
mutation operation the new fitness value F(S(new))
is greater than the original fitness value, i.e..
F(S(ew)=e(Vi)te(Vo)y+.. . +e(Vi))  +  e(Vinew)
tote(Vo) 2 (V) + e(Vy) +..+ e(Viy) +
e(Vt+....+ e(Vo)=F(S). )

In this operation, the selected point is the one
with maximum energy that is the same as the
operation in the conventional greedy method[18].
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However, the GA mechanism makes the energy
optimization in an iterative manner with
stochastic global adjustment, that includes
selection, crossover and mutation.

3.6 The proposed genetic algorithm

“step.1 Construct an initial chromosome population
A
f*=F(M*), where M* rtepresents the best
chromosome in A. '

=g*=1, where g represents the current

generation number and g* denotes the
genesration  number when the  best
chromosome is first found.

Step.2 Calculate the value of fitness function for
each chromosome in the current population A.

Step.3 Perform reproduction, crossover and
mutation, and the new population O is
generated.

Update the generation number g=g+1.

Step.4 Assume Ay and By are the best
chromosome in the population A and the
worst chromosome in the population O,
respectively.

A=(O' {Bworst})u { Abest }
Step.5 Assume M’ is the best chromosome in the
new population A.
If fM’) is greater than £*
{ M*=M’; £=F(M’); g*=g; }
else if g - g* is greater than a threshold
t*=10, Goto step 6,
else Goto step 2.

Step.6 Output the best chromosome M* which
represents the actual endocardial boundary
points, and the Catnull-Rom spline is used in
interpolating these endocardial boundary
points.

4. Experimental Resulis and Quantitative
Analysis

Ultrasonic images were acquired from a HP-
1500 ultrasonic system at Veterans General
Hospital-Kaohsiung.  The  processing  was
performed on a Sun Sparc 20. The system has
been tested for twelve cases of clinical studies. We
utilize the detected contour on the present frame
to detect the border on the next frame throughout
the whole cardial cycle. By tracing the wall
motion at end-diastole and end-systole, the
regional wall motion can therefore be analyzed
and displayed. Figure 6 shows the segmentation
results from the sequence of some patient's
echocardiograms and the system takes 35 seconds
to detect one cycle of endocardial borders.

The segmental nature of coronary artery
disease leads to segmental defects in left

ventricular function. With frank infarction the
ventricular defect may cause a significant change
in global ventricular function with a decrease in
gjection fraction and a qualitatively obvious
angiography abnormality. Therefore, it is needed
to develop analysis tools for doctors to recognize
LV regional wall motion[17]. After the method
detects one cycle endocardial borders, the
quantitative analysis charts can be displayed
immediately. We develop three kinds of
quantitative analysis charts.

1). Area curve
The LV endocardial area is calculated for each
freme. Comparison of left ventricular area
measurements obtained by our method versus
those obtained by a physician is shown in Fig.7.

2). Shortening fraction(S.F.) analysis
Fig.8 shows the graphic expressions of end-
diastole(E.D.) and end-systole(E.S.). and we
can define a radial line each 3 degrees
clockwise. For a radial line L, its shortening
fraction is (a-b)/a. The resulting shortening
fraction calculated from the segmentation
results is plotted in Fig.9.

3).The regional area change
The left ventricle was divided into eight 45°
wedge-shaped segments(Fig.10). For some
segment R, its area change is A/(A+B). The
resulting area change calculated from the
segmentation results is plotted in Fig.11.

5. Discussion

In this paper we have attempted to address
a boundary detection problem in a very difficult
domain, echocardiography. It is this domain
which has made the design of a robust and
efficient algorithm using classic image processing
methods inadequate.

The novelty of this algorithm is the
implementation of the GA optimization method in
detecting ultrasound image cavity boundaries from
a sequence of input images. The major concern in
this method was the selection of the appropriate
control parameters for the GA. Tt has been pointed
out in [16] that the population size ranged from
10 to 160, the crossover rate ranged from 0.25 to
1.00, and the mutation rate ranged from 0.0 to 1.0.
A small population may cause premature
convergence to suboptimal solutions. On the other
hand, a large population requires more
evaluations per generation. In the current
experiments, the population size is fixed to 100.

The crossover rate controls the frequency of
crossover operation. The higher the ¢rossover rate,
the more quickly new structures are generated into
the population. If the crossover rate is too low, the
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search may stagnate due to the lower exploration.
The crossover rate is fixed to 0.4 in our
experiments.

In this application the mutation rate(P,,) is
also used as an important parameter, We tried
value of P, ranging from 0.1 to 1.0 with
increment of 0.05. The mutation rate is
empirically fixed to 0.15, since it is an appropriate
value to prevent premature convergence to
suboptimal solutions and to provide the best
results with high speed of convergence.

6. Conclusion

A new method for endocardial border
detection has been presented, whose operations
utilize the knowledge imbedded in the models.
This method is superior to other methods in three
ways. First, the GA approach provides a robust
and good method for the detection of endocardial
boundaries. Secondly, the algorithm is capable of
handling the inherent problems of image-dropout
in echocardiograms. Thirdly, The resulting
endocardial boundaries include the papillary
muscles as a part of the LV cavity, whereas most
other studies have concentrated on detecting the
blood-tissue interface excluding the papillary
muscles. The three advantages make our system
more desirable for the detection of the endocardial
border.

Additionally, we proposed three kinds of
quantitative analysis charts for regional wall
motion. Therefore, the proposed image analysis
system provides an important tool for the clinical
evaluation and diagnosis of cardiac diseases. Such
an image processing tool can help the cardiologist
to evaluate the severity of cardial disease
quantitatively and promptly.
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Fig.2 (a) An original echocardiogram. (b) Processed image after median filter. (¢) Processed image after
Sobel and threshold operations. (d) Processed image after opening and closing. (€) Processed image after
the first circular growing operation. (f) Processed image after the second circular growing operation. (g)
The endocardial candidate points superimposed on Fig.2(a). (h) The initial endocardial border excluding
papillary muscles.
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Figure 6. One cycle endocardical borders
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Figure 7. The graph of ventricular area with
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Figure 11. The regional area change
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