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Article history: Mitral valve movement is essential to be identified in order to monitor the
. abnormality of blood flow in right side of heart. The tracking of mitral valve

Rec«_alved Jan 21, 2021 has seldom been investigated since it required high temporal rate to scan the

Revised Mar 20, 2021 echocardiography images and it depends on the operator to capture the low-

Accepted Mar 29, 2021 speckle and noise images. This study presents the validation experiment

performed on heart phantom made of thermoplastic polyurethane (TPU)

filament which the objective is to validate the previous features tracking
Keywords: technique implemented in mitral valve locating in video frames using kanade-
- lucas-tomasi (KLT) algorithm. The outcome was able to automatically detect
Echocardiography the edge of mitral valve and thus in future, it manages to predict the flowing of
Heart phan.tom blood pattern. An in-vitro experiment was conducted which involved a valve
K'_—T algorithm phantom scanning in water tank that connected to water pump. It was found in
Mitral valve this study that the technique capable to detect and visualize the mitral valve up
to 59 frames in 2.36 seconds by tracking the features of minimum eigenvalue
within the selected region. It was also produced a good agreement of valve
distance between the true value and the measured one, which achieved the
minimum of 88% similarity. This yielded the validation of the proposed
technique to track and visualize the mitral valves.
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1. INTRODUCTION

Blood circulation starts when blood flows from the atria into the ventricle which is then the ventricle
starts to expand. Right after the ventricles filled with the oxygenated or deoxygenated blood, the ventricles
pump the blood into the large arteries to be transferred to the whole body and to the lung for the
deoxygenated blood exchange. Number of studies reported [1], [2] the left ventricle is located at the bottom
left portion of the heart below the left atrium, separated by the mitral valve. Various conditions may affect
the left ventricle and interfere with its proper functioning. The most common are left ventricular hypertrophy,
which causes enlargement and hardening of the muscle tissue that makes up the wall of the left ventricle,
usually as a result of uncontrolled high blood pressure. In addition, the mitral valve regurgitation or
incompetence is also frequently occurring which defined as improper close of valve when the heart pumps
the bloods out. This leads to the blood leaking into the atrium from the ventricle due to mitral valve prolapse
[3]. Mitral valve prolapse is the condition when the leaflets of the mitral valve bulge (prolapse) into the left
atrium during the heart contraction [4]. Therefore, during the contraction, the valve allows blood to flow in
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two opposite directions. Supposedly, the blood will flow from the ventricle through the aortic valve,
however, in this case some of the blood will flow back into the atrium. Thus, the blood volume and pressure
in the area will increase due to the leakage. For advanced method, ultrasound medical imaging has been
widely used as diagnostic technique. Since the ultrasound imaging technique is non-invasive, low cost and
save time, some take the advantage of the doppler technique to measure the blood flow velocity in heart [5]-
[7]. Conventional method that applied doppler technique did provide the imaging blood flow either
employing continuous wave, pulse wave or color wave [8]. However, the image acquisition is mostly
operator dependent, which could be argued on lack of reproducibility results. Despite the measurement of
blood flow velocity, researchers found that the study of the factor that trigger the velocity in heart is more
reliable, which focus on valve patency behavior [9]-[11]. The evaluation on patients with mitral valve disease
is one of the most promising clinical application of echocardiography. This work proposed a technique to
assess the mitral valve by tracking it using object tracking technique on ultrasound video. This technique
could prevent the mistracking point during the short-time frame. Object tracking is a process of locating
moving objects in the consecutive video frames. In other applications, real time object tracking is a
challenging problem in the field of computer vision [12], motion-based recognition, automated surveillance
[13], traffic monitoring [14], medical imaging [15] augmented reality [16], and video editing [17], [18]. To
be focus, the important issues related to feature tracking are the use of appropriate image features, selection
of motion models, and detection of objects. Thus, this paper implements the idea of tracking the mitral valve
in the ultrasound video by employing kanade-lucas-tomasi (KLT) algorithm or so-called object tracking
technique. This technique is able to track the motion based on feature point in the selected region. Moreover,
the validation performance is obtained through the in-vitro experiment to support the accuracy of the
implemented technique.

2. RESEARCH METHOD
2.1. Feature tracking selection

KLT technique is employed to track the mitral valve in video frames. The technique is able to track
a set of feature points across the video frames [19] based on the analysis of minimum eigenvalues. In general,
video frames could be defined as any function of three variables I(X, y, t), where the space variables x and y
as well as the time variable t are discrete and suitably bounded. However, images taken at near time instants
are usually strongly related to each other, because they refer to the same scene taken from only slightly
different viewpoints [20]. This could be expressed as follows:

Ix,yt+9=Ix—=&y—n b, 1)

The next image taken at time (¢ + ¢) can be obtained by moving every point in the current image. The value
of motion d = (¢ 5) is called the displacement of the point at x = (X, y) between time instants t and (z + 7).

For the region (mitral valve) tracking, 2 x 2 coefficient matrix G of the system must be both above the
image noise level and stable. In practice, if the smaller eigenvalue is sufficiently large to meet the noise level,
the matrix G is normally stable. This is due to the fact that the intensity variations in a window are bounded by
the maximum allowable pixel value. Thus, the greater eigenvalue cannot be arbitrarily large. Moreover, if the
two eigenvalues of G are A7 and A2, the condition of min (21, A2) > 4 should be satisfied, where 1 is a predefined
threshold. The threshold 1 is determined by measuring the eigenvalues for the region in images of
approximately uniform brightness. This technique could provide a lower bound for A. Then, a set of various
types of features, such as corners and highly textured regions is selected to obtain an upper bound for A.

2.2. Ultrasound image acquisition

Ultrasound heart images were obtained by the S5-1 sector probe, connected to ultrasonic diagnosis
equipment Philips iE33, which located in medical imaging laboratory pantai hospital klang. A subject who
suffers from mitral valve disease was selected in this study. The images were scanned by a cardiovascular
technologist of pantai hospital klang, from the left parasternal window. The parasternal long axis (PLAX)
view as shown in Figure 1(a) is obtained by placing the transducer on the three to four left intercostal spaces
close to the sternum with the beam oriented toward the patient’s right shoulder. This orientation is slicing
through the heart on a long axis from base to apex. Based on the image, it can be seen that mitral valve (MV)
is the boundary between the left atrium (LA) and left ventricle (LV). The mitral valve would act as open and
close due to the pressure intake from the left ventricle wall and also from the velocity of blood flowing.
Image processing is conducted by using MATLAB platform. Since the ultrasound image can only be read by
dicom software specialize for medical image purpose, the recorded video file is converted into avi format
before extracted into frame images. Figure 1(b) shows the Dicom interface for reading the ultrasound image
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and the steps to export the file to video avi format. Here, in order to preserve the originality of the recorded
raw image, the size of the video is set up similar to the original one without compression level.

(b)

Figure 1. (a) The parasternal long axis (PLAX) view. LA, LV, and RV are stand for left atrium, and
left/right ventricle, respectively, while MV, AV and Ao are mitral valve, aortic valve and aorta;
(b) Dicom interface for reading the ultrasound image and video conversion format

The region of interest which focus on mitral valve as the feature was extracted by bounding box, as
shown in Figure 2. Once the region of the mitral valve was detected, the feature-points were selected based
on the calculation of eigenvalue. The minimum eigenvalue was calculated within the bounded box to find the
edge of the mitral valve, so that it could give the guidance for the calculation in tracking the mitral valve on
the next frame by setting the standard detected mitral valve. The detected points in standard image are
marked by the white ‘+” symbols as shown in Figure 3. Next, the current image is tracked from the previous-
frame to detect the features. The result of detected mitral valve on ultrasound heart image have been reported
in [21].

Figure 2. Detection of mitral valve region Figure 3. Detection of mitral valve edge

2.3. Validation Test for Mitral Valve Tracking

For validation stage, 3-dimensional (3D) heart phantom is used to mimic the heart structure and
function. The heart phantom was modelled by using mathematica design tool as shown in Figure 4 based on
the real human heart. The distance of valves was constructed at 25.5mm measured by millimeter
measurement on the phantom. The phantom was created as multi material version comprising arteries, veins,
atrium, ventricle, valves and papillaries where the ventricle chamber was included with some holes which
makes it possible to observe the valves and papillaries. This 3D heart phantom was printed by using
thermoplastic polyurethane (TPU) filament which physically between plastic and rubber. This material is
elastic in nature allowing the plastic to be stretched and flexed easily. However, the valves are made by using
silicone which has more flexible properties than TPU. The experiment was conducted as illustrated in Figure
5. The experiment that involved the developed heart phantom was emerged into water and connected to water
pump to mimicking the blood flow with water. The phantom was scanned by ultrasound transducer
connected to computer and modified ultrasound machine SYS0007.
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Figure 4. 3D heart in whole with; (a) front; (b) back views
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Figure 5. Illustration of experiment setup for the heart phantom scanning

3. RESULTS AND DISCUSSION

This section demonstrates the KLT detection performance, and at the same time, provides the
distance measurement of heart valves phantom due to the movement and position changes over time. Figure
6(a) shows an ultrasound heart phantom image with red box indicates the selected region of interest. From
the image that prior to the injection water pump, the true distance of valve measured by the pixel is 25.5 mm
which 100% similar to that measured at the valve phantom itself, thus validate the ultrasound image
performance. Within the selected area, the detected corner in interest region is marked by the white ‘+’
symbols as shown in Figure 6(b). Then, the point tracker system will track the mitral valve frame by frame as
shown in Figure 7(a)-(i). The detected point is then labelled with green “+’ symbol. According to the result, it
can be seen that the tracker can effectively track the mitral valve within the region of interest although the
accuracy decreases over time. Noted that the valve moves due to the water mimicking the blood flow. During
cardiac cycle, mitral valve tends to change its shape and positions. Therefore, the contraction of mitral valve
effecting the distance of valves thus distract the tracking system. This reason caused the unrecognization of
eigenvalue calculation.

(@)

(b)

Figure 6. (a) Selected region of interest; (b) Detected corner in interest region
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Figure 7. Point detected; (a) Frame 2; (b) Frame 5; (c) Frame 6; (d) Frame 7; (e) Frame 8; (f) Frame 9; (g)
Frame 15; (h) Frame 24; (i) Frame 33; (j) Frame 42; (k) Frame 48; (I) Frame 59

In addition, the measurement of valve distance is shown in Figure 8 for selected frame images. Here,
the calculation of the distance in millimeter has been discussed in [22]. The difference in distance between
valves is shown by graph in Figure 9 in pixel value. The fluctuation of the graph is the resulting of
contraction of the valve phantom and the water flow. In this experiment, the tracking system are able to
detect the mitral valve accurately up to 59 frames or equivalent to 2.36s. In the beginning, the distance of the
valves was measured as 96.56 pixel that was 25.55 mm. This value is the highest distance and it results with
the minimum of 85.33 pixel which was 22.58 mm in 27" frame. The points that being selected to be
measured are the one that visible enough so that it could be manually determined and also by referring to the
pixel value.

From a physical point of view, the eigen-values or eigen-vectors represent the information space as a
rotated hyper-ellipsoid. The eigen vectors capture the underlying hyper-rotation matrix while the eigen values
capture the length of the axes of this hyper-ellipsoid. This hyper-ellipsoid conveys a very complex interactive
relationship between the camera geometry, surface materials, brightness that led to the composition of pixel
values and their contextual relationships. This concept however has been reported in [23], [24]. In this work,
the eigen values are used to classify the corner of image points. Therefore, the eigenvalue measurement will
provide high accuracy in consecutive image. This technique gives advantages to process consecutives images
since it provides faster processing when compared to others image matching such as template matching
technique [25].
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Figure 8. Distance valve measuring in pixel value; (a) Frame 1; (b) Frame 7; (c) Frame 15; d) Frame 25;
(e) Frame 35; (f) Frame 51

Figure 9. Changes of phantom valve distance along the time (s)

Different techniques were proposed in literature that consists of improveable parameters. Most of
the discussed techniques applied ultrasound Doppler concept to measure the blood velocity. Gaining a new
modern technique, deep-learning model is also designed for image classification to detect the early stage of
disease in medical images [26]. Several reports have also explained the tracking techniques used for other
application than the heart diagnostics. However, from some other views, tracking technique is negotiable to
replace with segmentation practices in medical imaging [27]. Computer-aided segmentation becomes popular
to be implemented as it has potential to avoid manual operation, [28] also reported the automated
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segmentation of scanned bone image that involved the evaluation of landmark points as the initial input to the
assessment which similar to our proposed concept that proved the initial point is essential to be governed.
Here, the determination of the points dependently to capture the bone shape is somehow being conducted
manually. In this paper of the heart valve recognition, we have utilized the eigenvalue calculation that lead
the selection of the points which increase the merit of the implemented technique

4.  CONCLUSION

Cardiac diseases are a major health concern worldwide. In particular, useful information on the
cardiac function can be extracted by analyzing of echocardiography sequences. However, echocardiographic
images are difficult to analyze and depends mostly on the operator’s skills and lifetime experiences to obtain
a clear and better image. Unclear images may result in false diagnosis due to the tendency of existing speckle
noise. In this study, a validation of work on proposed valve tracking technique is discussed. The results
yielded the performance of proposed tracking technique by obtained 89% to 100% range of valve distance
between the true measured and constructed valve distance phantom. This finding shows the proposed method
reported in has good intention to predict the abnormality of blood flow in left side of heart. This method is
proposed generally to dealing with the problem of highly cost in traditional technique of image registration.
KLT utilizes information on spatial intensity to control looking for the position yielding the most exact
match. It is a lot faster than traditional technique for checking lesser plausible matches between the images.
However, based on the experiment, the accuracy of the technique decreases over the time. As a
recommendation, segmentation on the mitral valve is advised in order to keep and maintain the information
of location and structure. Moreover, this work has high possible for further improvement by comparing the
accuracy between original images and preprocessed image. The point in distance measuring between valves
should also be added.
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