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Abstract 

The effect of gain to maximum depth of visualization on B-
mode ultrasound image has been investigated using computer 

based image processing. The purpose of this study is to 

support quality control program using phantom multipurpose 

multi tissue and multifrequency transducer, Curved 

Array Transducer CH5-2. Scanning of phantom was done 

using fixed frequency 2,2 MHz and 3,6 MHz with gain 

variation of 30 dB, 35 dB, 45 dB, and 50 dB. The data 

analysis was using global thresholding in segmentation and 

Euclidean distance to determine maximum depth of 

visualization. As the gain increase, thus the image is brighter 

and depth of visualization is deeper. It is because the anechoic 

cylinder objects are clearly seen on the image. Using the low 

value of gain, the image is getting darker, thus depth of 

visualization is getting shallow. Using 2,2, MHz frequency, 

the smallest value of depth of visualization is 9.97 cm using 

30 dB gain and it increased up to 13,2 cm at the highest gain 

used, 50 dB. Using 3,6 MHz frequency, the smallest value of 

visualization depth is 10.08 cm using 30 dB gain and it 

increased up to 13,12 cm at the highest gain used, 50 dB. It is 

proved that there is influence of gain to visualization depth 

determination of ultrasound image. 
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Introduction 

Radiology services unit has a very large role in the diagnosis 

of a disease. In this field, there are various modalities; one of 

them is ultrasonography (USG). In the past three decades, 

ultrasound has been used in almost all medical fields and 

become major imaging modality in different clinics [1]. 

Ultrasound with frequencies above 20 MHz developed for 

skin cancer screening and the use of ultrasound for muscle 

tissue provide better resolution than magnetic resonance 

imaging [2,3]. Even in recent years, the use of ultrasound has 

been widespread in other branches of health services such as 

physiotherapy, emergency medicine, and Anaesthesiology [4]. 

Widespread use of ultrasound because it has advantages 

compared to other modalities, such as relatively cheap, non-

invasive, does not use ionizing radiation, and portable [5]. In 

order to provide maximum service quality, then the quality 

assurance (Quality Assurance) of ultrasound must be 

continuously done in a certain time period [6]. 

QA USG aims to compare the results of visual examination 

for physical errors, phantom measurements and transducers in 

order to establish a QA protocols in the field of radiology 

imaging. Recent studies for the quality control of ultrasound 
have shown that the use of a computer for image analysis of 

ultrasound has advantages or the potential to increase its 

usefulness. Computer aided can be used for distance 

measurement and determination of the uniformity of the 

image on the ultrasound Quality Control [7,8]. 

International organizations such as the American Association 

of Physicist in Medicine (AAPM) has recommendations or 

standards for the measurement of the phantom in the display 

of adequate image, but often are not included with the 

adequate techniques of quality control (QC). Determination of 

visualization depth recommended by AAPM is through 

manual measurements with a ruler printed on the film image 

as compared to direct measurement with a calliper from the 

top of the scan windows with anechoic spherical or cylindrical 

objects deepest on the ultrasound monitor [9]. It is of course 

very vulnerable to observer subjectivity in examining 

ultrasound image. 

This study will focus on the analysis of the effect of changing 

the gain versus visualization depth of ultrasound image, which 

is expected to provide contributions for QC program to assist 

in the enforcement of the diagnosis by a physician. 

 
 

Method 

This study used two-dimensional USG, 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. 

At the time of scanning of the phantom, the transducer surface 

or phantom Coupling gel must be given, as a energy coupling 

medium that allows the ultrasonic energy waves to travel 

freely between the surface of the phantom and the transducer. 

In this study, the frequency is set at a fixed value of 2.2 MHz 

and 3.6 MHz, while the gain variation in the value of 30 dB, 

35, 45 dB, and 50 dB. 

The Graphical User Interface (GUI) for image processing is 

made in the following order: 

1. Reading image from data acquisition on a computer 

using software developed for image processing. 

2. Region of interest (ROI) selection with ultrasound 

image cropping techniques for the determination of 

ROI as an area to be analyzed further. 
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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. 

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. 

 

 

Results and Discussion 

Anechoic stepped cylinder objects are used for the purpose of 
determining the depth of visualization in QC program. The 

sequence of these objects according to the phantom and the 

results of the scanning of plane B-Mode ultrasound are shown 

in Figure 1. 

 

 
 

Figure 1. The objects in ultrasound phantom, objects (a, b, 

c, d, e, f) in the red column are original anechoic stepped 

cylinder from phantom, while the image of the ultrasound 

scanning, anechoic stepped cylinder are shown the yellow 

column. 

 

 

To determine the maximum visualization depth, segmentation 

is performed for each variation of gain. Differences in 

intensity of phantom surface to the deepest object due to gain 

variations affect the election of threshold value in 

segmentation. Segmentation results of ultrasound object are 

shown in Figure 2. 

 

 
 

a) Region of Interest (ROI) 

 
 

b) Segmentation of ROI 

 

Figure 2. Image of ROI before and after segmentation 

 

 

To determine the maximum visualization depth, it is very 

important to know the spatial resolution of the image. 

Determination of the depth of visualization is shown in Figure 

3. The spatial resolution is an indicator of the number of 

pixels per unit length [10]. Spatial resolution determination is 
done by counting the number of pixels that exist between the 

centre (centroid) of the two nearest objects. The spatial 

resolution of the calculation result data is shown in Table 1. 

From these data, spatial resolution has a constant value of 24 

pixel/cm. 

 

Table 1. Determination of Spatial Resolution 

 

 

No. 

USG Image Spatial Resolution 

(pixel/cm) frequency (MHz) gain (dB) 

1 2,2 30 24 

2 2,2 35 24 

3 2,2 45 24 

4 2,2 50 24 

5 3,6 30 24 

6 3,6 35 24 

7 3,6 45 24 

8 3,6 50 24 

 

 
 

Figure 3. Determination of maximum visualisation depth 

on USG image 
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Pixel coordinate of the phantom’s surface and the deepest 

object are (400,60) and (380.2, 378.8), respectively. Thus, the 

number of pixel determined by using Euclidean distance 

formula: 

 

 

 

 

 

 319,41 pixel 

 

d in pixel unit, and the distance in cm unit is determined using 

formula: 

 

 

 

 

 

 

 

13,30 cm 

 
As for the change in gain and its effects on the maximum 

visualization depth is shown in figure 4. 

 
(a) Frequency 2,2 MHz 

 
(b) Frequency 3,6 MHz 

 

Figure 4. Graph of the effect of gain changing at a fixed 

frequency of 2.2 MHz and 3.6 MHz to the maximum 

visualization depth of ultrasound image. 

 

Gain is image brightness level settings so that objects appear 

clearly on the screen [11]. Thus, the use of gain is very 

influential in the ultrasonic wave reception signal 

amplification. The decrease of gain causes the image darker 

and become less detail, while the increase of gain causes the 

image brighter so that the gain effect the quality of 

penetration/visualization of ultrasound image. 

From the graph in Figure 4., it shows that as the gain 

increased, the maximum value of the visualizations depth will 

tend to increase. At a fixed frequency of 2.2 MHz, maximum 

visualization depth is 9.97 cm at the lowest gain, 30 dB and 

increased up to 13.2 cm at the highest gain value used, 60 dB. 
The same thing happened in the determination of the 

visualization depth of ultrasound image with a fixed 

frequency of 3.6 MHz. The visualization depth for gain 35 dB 

is 10.08 cm, while using 60 dB gain result on 13.12 cm of 

visualization depth. 

 

 

Conclusion 

From the study, it shows that gain affect the depth of 

visualization of the ultrasound image. As a result of the 

increased gain, then the image is getting brighter and 

visualization depth value becomes greater as anechoic 

cylinder object on the phantom for QC purposes apparent 

visualization depth. Instead by using a low gain, objects 

appear darker on ultrasound images so that the depth of 

visualization becomes lower. By using fixed frequency of 2.2 

MHz, maximum visualizations depth is 9.97 cm for 30 dB of 

gain and increased up to 13.2 cm for 50 dB of gain. By using 

fixed frequency of 3.6 MHz, the maximum visualizations 

depth is 10.08 cm for 30 dB of gain and increase up to 13.12 

cm for 50 dB of gain. 
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