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Abstract. In the service unit of radiology, ultrasound modality is widely used because it has
advantages over other modalities, such as relatively inexpensive, non-invasive, does not use
ionizing radiation, and portable. Until now, the method for determining the depth visualization
on quality control program is through the visual observation of ultrasound image on the
monitor. The purpose of this study is to develop a computer-aided system to determine
maximum depth of visualization. Data acquisition was done by using B-Mode Diagnostic
Ultrasound machine and Multi-purpose Multi-tissue Ultrasound Phantom model 040GSE.
Phantom was scanned at fixed frequency of 1,8 MHz, 2,2 MHz, 3,6 MHz and 5,0 MHz with a
gain variation of 30 dB, 45 dB, and 60 dB. Global thresholding and Euclidean distance method
were used to determine maximum visualization depth. From this study, it is proved that the
visualization depth using computer aided provide deeper visualization than visual
interpretation. The differences between expert verification and the result of image processing
are < 6%. Thus, computer aided system can be used for the purpose of quality control in
determining maximum visualization depth of B-Mode diagnostic ultrasound image.

1. Introduction

In the service unit of radiology, ultrasound modality is widely used because it has advantages over
other modalities, such as relatively inexpensive, non-invasive, non-ionizing radiation, and portable [1].
It has been reported that in 2000 there were 5 million ultrasound scanning around the world per week
[2].

Quality Control (QC) is part of the Quality Assurance (QA) activities that emphasize its program
on the techniques needed on supervision, maintenance, keeping the technical elements of radiography
and imaging equipment system that affects image quality. Quality control is needed in radiology to
convince a radiology specialist doctor that the used modality is in the best condition for reading
(interpretation) the image [3]. In order to provide maximum service quality, then the quality assurance
of ultrasound modality should be done within a certain period of time continuously [4]. In an effort to
maintain the quality of ultrasound modality, the medical physicist is in charge of designing and
implementing QA. Basic QA for the phantom tests are the visual evaluation of image uniformity,
accuracy of quantitative evaluation of vertical distance, horizontal distance accuracy and maximum
penetration depth [5].
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Recent studies for the quality control of ultrasound has shown that the use of a computer for
ultrasound image analysis ultrasound has advantages or the potentially increase its usefulness.
Computer aided system can be used for distance measurement [6] and determining the image
uniformity on the ultrasound quality control [7].

One of the QC parameters for ultrasound is the depth of visualization. Until now, the method for
determining the depth visualization is through the visual observation of ultrasound image on the
monitor [8].

Based on the problem above, a computer aided system was developed to analyse the visualization
depth of ultrasound image for better quantification using a parameter of frequency and gain. It is
expected to provide contributions for the QC program that impact on improving the quality of health
services to society.

2. Methods

This study used B Mode medical ultrasound, multifrequency transducer, Curved Array Transducer
CH5-2, Multi-purpose Multi-tissue Ultrasound Phantom to test the functionality and quality using
ultrasound phantom CIRS brand 040GSE models, and computers equipped with software for image
processing. During scanning of the phantom, coupling gel was applied to the surface of phantom or
transducer as a medium that allows the energy coupling of ultrasonic waves to travel freely between
the surface of the phantom and transducer. In this study, the frequency is set at a fixed value of 1.8
MHz, 2.2 MHz, 3.6 MHz and 5 MHz, while the gain variation in the value of 30 dB, 45 dB, and 60
dB. For the data analysis process, there are three main procedures, namely:

1. Making of Graphical User Interface (GUI) for image processing in the following order:

1.1. Reading image from data acquisition on a computer using software developed for image
processing.

1.2. The region of interest (ROI) selection with ultrasound image cropping techniques for the
determination of ROI as an area to be analyzed further.

1.3. Image segmentation to separate the object from the background image based on intensity.
Segmentation of ROI in this study is conducted by global thresholding method.

1.4, Determination of the maximum visualization depth is determined according to Euclidean
distance method, i.e. the distance between the surfaces to the deepest phantom object from
segmentation results.

2. Maximum depth of visualization was determined by the expert.

Maximum depth of visualization was compared between computational result and expert’s visual

interpretation.

3. Results and discussion

Figure 1 shows the results of a scanned phantom image with anechoic test target object using a
transducer with a frequency of 3.6 MHz and gain of 45 dB and 60 dB. From those images, visually,
increase in gain causes the image brighter so that objects that are far from the surface of the phantom
can be observed [9]. It also occurs in the image of the scanned phantom with another frequency and
gain variation.

Figure 1.
Scanned
phantom image
using 3,6 MHz
Frequency with
gain variation
of (a) 30 dB
and (b) 60 dB.
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An image is defined in 2-dimensional function f(x,y), where x and y are the spatial coordinate and
amplitude of f in certain (x,y) is called gray level. In image processing, this image is represented by a
pixel (picture element) matrix M x N with the coordinate system is shown in figure 2 [10].

[ £(0,0) fOD .. fON-1) ]
| £(1,0) fan .. fAN-1) |
f(x, y) = . H H

fM-10 fM-11)..f(M—1,N—1)
Figure 2. Pixel coordinates system.

The spatial resolution is an indicator of the number of pixels per unit length [11]. Spatial resolution
measurement is done by counting the number of pixels that exist between the center (centroid) of the
two nearest objects. For the 8-bit image, the gray value of each pixel ranges from 0-255. A value of 0
means black and 255 means white. Determination of the centroid of the two nearest object using
global thresholding method from the Region of Interest (ROI) and resulted in the object of 8 bits are
converted into binary (black and white). Anechoic objects that are further analyzed in the form of a
white object. The next two nearest object will be selected to analyze the value of spatial resolution,
which is the number of pixels divided by the distance between the center (centroid) of the second
object. Illustration of determining the spatial resolution is shown in figure 3.

Mama File
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Figure 3. Determination of spatial resolution using computer
aided system.

The spatial resolution has a constant value of 24 pixel/cm. Determination of maximum depth of
visualization based on the Euclidean distance vertically position of the furthest object from the surface
of the phantom image. Pixel coordinate of the phantom’s surface and the deepest object are (X1,y1) and
(X2, ¥2), respectively. Thus, the number of pixels determined by using Euclidean distance formula [12]

Number of pixel = /(x; — %)% + (v1 — ¥2)?) 1)

The distance in cm unit is determined using equation (2) and (3):

Number of pixels (pixel
Spatial Resolution = - /p (pixel) (2)
Distance (cm)

Number of pixels (pixel
Distance(cm) = S (pixel) (3)

Spatial Resolution(pixel/cm)

Table 1 shows the percentage error of visualization depth result from computer aided system and
expert. The visualization depth of verification by the expert and computer aided system were
represented by a and b. By using gain and frequency variation, percentage error for the determination
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of the visualizations depth with image processing techniques is <6%. Smaller percentage error means
the better value of the visualization depth determination.

Table 1. Percentage error of visualization depth result from computer aided system

and expert.
Depth of Visualization (cm) The difference (cm) Percentage error
Freq.  Gain g0 b b-a — % %100 %
(MHz)  (dB)
1,8 30 7,4000 7,6655 0,2755 3,588 %
1,8 45 10,2500 10,5047 0,2547 2,485 %
1,8 60 13,2500 13,3404 0,0904 0,682 %
2,2 30 7,0000 7,3883 0,3883 5,547 %
2,2 45 10,2500 10,5617 0,3117 3,041 %
2,2 55 10,2500 10,5486 0,2986 2,913 %
3,6 30 7,2500 7,44517 0,3252 2,692 %
3,6 45 10,2500 10,5354 0,2854 2,784 %
3,6 60 13,2500 13,3823 0,1323 0,998 %
5,0 30 7,2500 7,3992 0,1492 2,058%
5,0 45 10,2500 10,3830 0,1330 1,298 %
5,0 60 13,2500 13,4526 0,2026 1,529 %

aMaximum depth of visualization from an expert.
bMaximum depth of visualization from computer aided system adjusting with the expert.

Table 2. Comparison between computer aided system and expert observing result of
maximum depth of visualization.

Freq. Gain Maximum depth of Verification result of visualization depth (cm)

(MHz) (dB) visualization (cm) Expert | Expert 11
1,8 30 10,7300 7,40 7,40
1,8 45 13,5462 10,25 10,25
1,8 60 16,5073 13,25 13,25
2,2 30 10,2632 7,00 7,00
2,2 45 13,5197 10,25 10,25
2,2 55 13,6734 10,25 13,25
3,6 30 10,4597 7,25 7,25
3,6 45 13,4938 10,25 13,25
3,6 60 16,7157 13,25 13,25
5,0 30 10,3993 7,25 7,25
5,0 45 13,4663 10,25 10,25
5,0 60 16,2026 13,25 13,25

From table 2, it can be explained that the computer system can determine the deeper maximum
depth of visualization than the human eye's ability to see objects on ultrasound phantom image. Two
different experts determined the same value of visualization depth for almost all data, but still there are
differences in using 2,2 MHz of the frequency with 55 dB of gain and using 3,6 MHz of the frequency
with 45 dB of gain. It means that visual interpretation is possibly different among observers. Thus, it
can be said that the computer as a tool to study images for maximum depth of visualization purposes
has advantages in determining the farthest objects that are difficult to distinguish by the normal eyes
so that it can be used for quality control purposes.

4. Conclusion

Based on a study that has been done, it can be concluded that computer aided system can be used for
quality control purposes in determining maximum depth of visualization with thresholding method for
segmentation of objects from the background image and Euclidean distance for determining the
distance. In this case, maximum depth of visualization using computer aided system is deeper than the
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visual observations. The difference between the results of the expert verification and developed
computer aided system is <6%.
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