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Abstract— Measurement of cardiac contraction velocity using M-mode ultrasonography with the help of digital
image processing has been carried out. Analysis of organ movement rate is of great importance in medical imaging
as it relates to diagnosis for diseases. This research is aimed at measuring the rate of heart contraction using digital
image processing that employs the active contour segmentation method. The sample used is a video of cardiac check
using M-mode USG that lasts 30 seconds and has a frame rate of 30 frames/seconds. This inage was then extracted as
to get 900 USG images each at 480 x 360 pixels. Measurement of the edges of cardiac images was conducted using
MATLAB software. Results show that the cardiac in the video shifted farthest at 73/30 seconds, to 10.34 mm against
the x-axis and at 28/30 seconds, to 14.00 mm from the y-axis. Meanwhile, the contraction velocity fluctuated.

Keywords— Velocity, Cardiac, USG Image, Digital Image Processing

L INTRODUCTION

Analysis of organ movement velocity is of great importance in medical imaging as it relates to diagnosis for
diseases. Shifts in motion velocity can also be used to compress digital images using blocks based on motion
estimation techniques [7]. Measuring organs’ motion velocity is necessary in order to know the position of
certain organs at particular times, as this also relates to the proper therapy the organs may need [17].

Over the past few years there have been studies concerning analyses of organ motion velocity. Organ motion
measurement is used in the analysis of breast deformation to know tissue elasticity and provide indications for
tissue stiffness by calculating the images' relative strain and young modulus [10]. Some elasticity imaging
techniques have also been developed to quantitatively measure tissue elasticity with the help of ultrasound.
Examples for these include detection and diagnosis of cancer in breast, prostate, and liver. Other examples
include related clinical applications that measure the elastic property of soft tissues. Hence, the development of
elastography USG took place. This technique shows great promise due to its real-time ability and its ease of use.
Elastography USG, when it comes to B-mode sonography, proves to be a reliable method in confirming benign
breast lesion. Moreover, differentiation of malignancy category using elastography equals to that using
conventional USG [12].
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Ultrasonography is also utilized in estimating and visualizing longitudinal movements of muscles [11]. USG is
used in velocimetry imaging of human vitreous as well [18]. In 2007, USG was used to measure the velocity of
blood flow using two methods of cross-correlation and de-correlation [16].

Ultrasound is considered the cheapest method of all. This shows its routine use in hospitals and clinics to
diagnose all sorts of diseases. This is the instrument of choice for midwifery and cardiology due to its safety and
real-time image processing ability. Nowadays, USG images are already in the form of digital image known as
Digital Image Communication in Medicine (DICOM). Each digital image has its own blurring level that may affect
an image’s sharpness [6]. Generally, a digital image comes with noise that requires image processing for its
improvement, as to allow proper interpretation.

II. METHOD

The research was carried out at the Instrumentation and Electronics Laboratory of the Faculty of Science and
Mathematics in Diponegoro University, Semarang. Analyses were made on a video of a cardiac check using M-
mode USG with the help of a PC equipped with MATLAB R2014b.

The procedures involved were; video extraction, image segmentation, morphology operation, determination of
image spatial resolution, and graphical analyses. Extraction was carried out on a video of a cardiac check that
lasts 30 seconds and with a frame rate of 30 frames/second. This process yielded 900 images of 480 x 360 pixel.
From these, the number to be analyzed was 150, or the cardiac contraction for the first 5 seconds.

Image segmentation is the processing of images that separates the region of the object with that of its
background, as to make it easier to do analyses. This is necessary as object recognition requires a lot of visual
perceptions. The segmentation method done here includes; active contouring, which a segmentation method is
using a loop curve that can either narrows or expands [4].

The initial process of this stage is by determining the initial masking, represented in a loop curve and then
iteratively modifying this mask that will allow the narrowing and expanding operation until a desired object
shape is obtained, as depicted in Figure 1.

Figure 1. The mask used in segmentation

Measurement of spatial resolution is carried out by calculating the number of pixels within a 10 mm distance.
This research analyzed two dimensional cardiac contraction. Therefore, the upper horizontal edge is taken asthe
x-axis, and the vertical edge of the image is taken as the y-axis. Subsequently, two graphs will be analyzed; the
graph between the edge of the heart to the x-axis, and the graph between the edge of the heart to the y-axis.

The first step to do is determining a random point in the x and y axis as a reference. This reference for the x-axis
is at point 360 and for the y-axis is at point 150. The next step is to draw a line from the reference point to the
edge of the cardiac image and then measure its distance. Once the distance is known, the following step is
plotting this distance data against time in a graph. The flow chart of the research is given in Figure 2 as follows:
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Figure 2. Research Flow Chart
IIL RESULT AND DISCUSSION

Segmentation is aimed at separating the object region from the background area as to make it easier for object
analysis using visual perception. This process involves the use of the loop curve model that can either narrows or
expands by minimizing image energy using external force. This process is also influenced by the image's
characteristics such as line or edge.

(a) Original image

b) The mask used

(c) Result of active contouring segmentation (d) Visual of segmentation result
Figure 3. Segmentation process using the active contouring method on frame 1
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Figure 3 depicts results of active contouring on the image at frame 1. Figure 3(a) shows the original image from
video grabbing of a cardiac check image that used M-mode USG in frame 1. Figure 3(b) is the mask used in the
segmentation process using active contour. The mask can either narrows or expands in line with the cardiac
image. Figure 3(c) reveals result of active contouring of the cardiac image. Figure 3(d) depicts result of active
contouring for the heart visualized on the first frame of the cardiac image.

Figure 4 shows result of active contouring on frame 55. Like in Figure 4, Figure 4(a) depicts the real image from
video grabbing from the image of a cardiac check using M-mode USG on frame 55. 4(b) is the mask used in active
contouring segmentation. The mask can either narrows or expands in line with the cardiac image. Figure 4(c)
reveals result of active contouring of the cardiac image. Figure 4(d) depicts result of active contouring of the
cardiac image visualized on frame 55 of the cardiac image.

Original image The maskused

(c) Result of active contouring segmentation (d) Visual of segmentation result

Figure 4. Segmentation process using the active contouring method on Frame 55

The subsequent step is conducting morphological operation on segmentation results. This process is aimed at
making up for the lacks from segmentation. The operation employed here is known as areal opening. Results of
this operation are the loss of smaller objects without compromising the area of the target object. After some
trials and errors, it is determined that the area of more than 2750 is considered the cardiac image and the area
less than this value is going to be erased.

Figure 3(a) shows result of active contouring segmentation of the cardiac image on frame 1. Figure 3(b) is Figure
3(a) after undergoing morphology operation. Both pictures do not reveal any differences as there is no noise on
frame 1. Meanwhile, Figure 4(a) shows result of active contouring segmentation of the cardiac image on frame
55. Unlike frame 1, there is noise on frame 55, just below the cardiac image. Once morphology is carried out, the
noise is gone and the leftover is the cardiac image as depicted in Figure 4(b).

(a)Result of active contouring segmentation

[b]ResuIr of morphology operation
Figure 5. Morphology operation on frame 1
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(a) Resultof active contouring segmentation (b) Result of morphology operation

Figure 6. Morphology operation on frame 55

CALCULATION OF IMAGE SPATIAL RESOLUTION

Measurements show that within a 10 mm distance, there are 15 pixels. The magnitude of image spatial

resolution of USG probe can be known from the following formula:

‘ ) numberofpixel

Spatial resolution = ———
dis tan ce(mm)

15 pixel

10mm
= 1.5 pixels per mm

Once measurement of the cardiac edge against the x-axis from frame 1 to frame 150 is done, distance for each
frame is calculated to figure out the distance covered in 1/30 seconds. Results of calculation of the distance
covered by the cardiac against time on the x-axis are given in Figure 7. The reference point use is x = 360 mm. It
can be seen in Figure 7 that some points show the cardiac does not shift from its position. The cardiac has
maximum contraction at 73/30 seconds, for as far as 10.34 mm.

movement (mm)

fme (s)

Figure 7. The distance covered by the cardiac (mm) against time (s) on the x-axis

Results of measurement for the distance covered by the cardiac against time on the y-axis are given in Figure 8.
The reference point used is at y = 150 mm. It can be seen in Figure 8 that some points are of 0 (zero) value, which
indicates no displacement. The farthest shift takes place on the 28/30 seconds, for as far as 14.00 mm.
Measurements of distance on the y-axis does not reveal any contraction pattern as is the case for the x-axis.
Therefore, the average contraction velocity cannot be calculated.
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Figure 8. The distance covered by the cardiac (mm) against time (s) on the y-axis

IV. CONCLUSIONS

It can be inferred from the results here that cardiac contraction fluctuates in its rate. The cardiac studied here has
the farthest shift on 73/30 seconds, for as far as 10.34 mm on the x-axis, and on the 28/30 seconds, for as far as
14.00 mm on the y-axis.
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