
  

1 INTRODUCTION 
Ultrasound is often considered the preferred imaging 
modality because of its ability to provide continuous, 
real-time images without the risk of ionizing radiation and 
at a lower cost than computed tomography (CT) or 
magnetic resonance imaging (MRI) [1]. Therefore, the 
development of ultrasonic instrument is very fast. It 
establish as a medical imaging device in the 1960s. 
Multichannel systems with electronic control of transducer 
arrays were developed in 1970s. In the 1980s, Doppler 
ultrasound was invented [2]. To today, the application of 
ultrasonic instrument is becoming more and more extensive. 
In the medical field, ultrasonic instrument has become one 
of the indispensable instruments in the hospital, which 
provides a good basis for the diagnosis [3]. Ultrasound 
equipment in different medical applications has emerged as 
the times require. Traditional ultrasonic equipment is very 
effective for the detection of fetal detection and liver and 
other organs, Doppler ultrasound is used to measure blood 
and tissue velocities in cardiac, vascular and other tissues 
[4], elastography visualizes the deformation behavior of a 
tissue in response to an externally applied mechanical 
compression [5], Synthetic aperture ultrasound imaging has 
recently developed as a promising tool to improve the 
capabilities of medical ultrasound [6], 
Nanodroplet-mediated histotripsy [7] is also the application 
of clinical ultrasound. Therefore, the quality of the 
ultrasonic device directly affects the doctor's diagnosis 
results of the safety of the patient.  
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The development of ultrasonic tissue-mimicking phantom 
has many different kinds of phantom, which focus on 
different aspects, and there are many people who study the 
acoustic parameters of ultrasonic phantom in order to better 
detect ultrasonic equipment or to get more information 
from ultrasonic images. For example, the quantitative 
ultrasound method can better describe many diffusion 
diseases, such as fatty liver, blood vessel hypertrophy, but 
also clear areas of rat mammary fibroadenomas and 4T1 
mouse carcinomas [8]. Quantitative ultrasound technique 
utilizes the amplitude and frequency dependence of the 
backscatter coefficient (BSC) to estimate the size and 
concentration of scatters [9, 10, 11]. An essential task in all 
medical imaging is the detection of focal lesions against 
background tissue within individual organs [12, 13]. So 
backscatter, attenuation, focal lesions against background 
and effective frequency are the factors that influence the 
ultrasonic image, and it is also a very much studied acoustic 
parameters. Wilson [14] discusses the relationship between 
backscattering and contrast.    
In this paper, a tissue-mimicking ultrasound phantom is 
designed to test the contrast of ultrasonic equipment. 
Unlike gray scale ultrasound phantom [15], gray contrasts 
of ultrasound image are regulated by changing scatter 
particles aluminum and corn starch in the improved 
ultrasound phantom. In addition, the analysis of the 
ultrasonic image of the prepared phantom is carried out 
through estimating the gray contrast between cylindrical 
inclusions and background material and the cylinder targets 
segmentation based on the SVM method. The experimental 
result validates that the designed phantom is available to 
test medical ultrasonic instrument. 
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The rest of this paper is structured as follows. The 
ultrasound phantom is designed and prepared, and the 
cylinder inclusions segmentation based on SVM is 
presented in Section 2. Section 3 is the experimental results 
on attenuation and backscatter coefficients measurement, 
and analysis of ultrasound image of the phantom. Finally, 
the conclusion is outlined in Section 4. 
2 MATERIALS AND METHODS 

2.1 Ultrasound Phantom Design 

It is similar to literature [15], and the size of the ultrasound 
phantom is 20 6 15× × cm (see in Fig 1). One column and 
one row of the round thru-hole (cylinder) with diameter 1 
cm are displayed in the ultrasound phantom. The column 
role is to test the probing depth of ultrasound instrument, 
and they usually are anechoic under ultrasound. The row 
role including seven is to test the gray contrast of 
ultrasound instrument, and they are applied to evaluate 
target contrast levels by computing ratio of the integrated 
backscatter signal intensity (IBSI) for the background 
material and the targets[14].  

 
Fig 1. The diagram of the phantom 

2.2 Preparation of Ultrasound Phantom

The tissue-mimicking ultrasound phantom is made of the 
background material and the target an aqueous gel. 
Embedded at depths of 3, 5, 7, 9, 11, and 13cm were set of 
cylindrical inclusions in the axial direction, and each 
inclusion does not include scatter particles. At the depth 9 
cm, six cylinder inclusions in a row were set in the lateral 
direction and each containing tissue-mimicking material 
with a different scatter size and number density.  This 
aqueous gel [16] includes polyacrylamide (Tianjin, China), 
ammonium persulfate (Tianjin, China) and so on. Corn 
starch (Beijing, China) and aluminum (Shanghai, China) is 
regarded as scatter particles in the improved ultrasound 
phantom. 
The gray contrast tissue-mimicking ultrasound phantom is 
composed of the background material and the cylinder 
target material at different positions. The cylinder target 
contrast levels can be evaluated by estimating ratio of IBSI 
( centerf ) for the background material and the targets using a 
decibel scale [14]. That is to say, the computing model is 
written as 
Target contrast (dB) =  

( )
( )

10log center

center

IBSI f target
IBSI f background

               (1) 

The attenuation of the background material is controlled the 
mixture of aluminum particles with diameter 0.5 mμ  and 
3 mμ . The attenuation of the cylinder targets with seven 
levels are controlled the mixture of aluminum and cone 
starch. The diameter of aluminum particles are 0.5 mμ , 
3 mμ , 7 mμ , 10 mμ  and 100~200 meshes. 

Table1. Scatter particle components used to prepare the background and the target. 

 Background material Anechoic -9dB -6dB -3dB +3dB +6dB +9dB 
Cone starch   0.02% 0.2%     

Aluminum 0.5 mμ  1%     0.3% 1.5%  
Aluminum 3 mμ  1%     0.3% 3.5%  
Aluminum 7 mμ      0.5%    
Aluminum 10 mμ      0.5%   3% 

Aluminum 100~200 meshes        4% 

(“ ” represents for “Null”.) 

The attenuations and backscatter coefficients of the 
background material and the cylinder targets in produced 
phantom are measured through the pulse insertion 
substitution method and the pulse echo method.  
The pulse insertion substitution method is applied to 
measure attenuation of the background material and the 
cylinder targets. Attenuation can be measured by  

( )1 2
1

1 2

20 log A A
d d

α α= +
−

                 (2) 

where the α  and 1α  are the attenuation of TM material 

and water, respectively, 1A  and 2A  are the amplitude of 
the received signal when change the thickness of TM 
material, 1d  and 2d  the thickness the transducer pass the 
TM material. For the attenuation of water is too small to 
affect the result, so equation (2) can be written as 

                              
( )1 2

1 2

20 log A A
d d

α =
−

                   (3) 

The pulse echo method is utilized to measure 
backscattering coefficient. In order to avoid the error 
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caused by the different position of the organization, the 
ultrasonic tissue material has a flat surface to be as small as 
possible and as smooth as possible. BSC can be calculated 
by  

                       ( )
( )

( )

2

2

;

2 ;

s

ref ref

r

z

ν ν ω
η ω

ν ω

∈
=                  (4) 

Where 
2( ; )sv r v ω∈  means the average power 

spectra of the echo signal from TM material; 

( ) 2
2 ;ref refzν ω  means the power spectra of echo signal 

from the rigid plane reflector; refz  is the distance between 
the transducer and the rigid plane reflector; r  is the 
distance between the scatter and transducer; v  is an area of 
TM phantom; ω  is the natural angular frequency of the 
transducer.  

2.3   Image segmentation based on SVM 

The motive of the prepared gray contrast phantom is to 
recognize the cylinder inclusions of ultrasonic image. 
Therefore, we should detect the cylinder targets from 
different gray intensities when the phantom is scanned by 
medical ultrasonic instrument. Support vector 
machine (SVM) has been applied widely in data analysis, 
pattern recognition, and classification. In recent years, 
SVM is also used in the ultrasound image segmentation 
[16-19]. The cylinder targets segmentation based on the 
SVM method is presented for ultrasound image of the 
produced phantom in this section. Here, this section utilizes 
the LIBSVM tool [20] to perform the segmentation of the 
cylinder inclusions of ultrasonic image. This method is 
outlined as follows: 
1) Selected a region of interest including one cylinder 

target in the ultrasound image. 
2) Sampled two groups of training data in the foreground 

image and the background image. The training data 
are constituted by the pixel intensity of the foreground 
and background image.  

3) Established the support vector model from the training 
data using the function svmtrain () in the LIBSVM 
tool [20]. 

4) Segmented the cylinder inclusion in the light of the 
models set up in step 3) using the function svmclassify 
() in he LIBSVM tool [20]. 

5) Labeled the cylinder inclusions in the light of the 
segmented results. 

6) Threshold image is obtained from the labeled result. 
7) Deleted a few tiny areas except the object using 

mathematical morphology. 
8) Extracted the contour of the cylinder inclusions. 
In this method, the type of SVM is set as C-SVC and the 
type of kernel function is selected as the radial basis 
function. 

 
Fig 2.  The measured attenuation of the background material. 

 
(a)                                             

 
 (b) 

Fig 3. The measured attenuations (a) and backscatter coefficients (b) of the 
cylinder targets. 

3 RESULTS 

3.1 Attenuation and Backscatter Coefficient 
Measurements. 

In the experiment, attenuation of the background material 
was firstly measured at different frequencies. The 
experiments were carried out using nominal frequency 
settings of 1MHz, 2.25MHz, 5MHz and 10MHz. Fig 2 
presents the measured attenuation of the background 
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material. Attenuations of the background material are linear 
with frequency, and their values are almost 0.5 

1 1dB cm MHz− −⋅ ⋅ in this chart. Then, attenuation and 
backscatter coefficient of the cylinder targets are estimated 
when frequency of the transducer is 5.0 MHz. We can 
observe that the backscattering coefficient and attenuation 
of the cylinder targets with seven levels have the same 
variation trend. 
 

 
(a)                                         

 
   (b) 

Fig 4. The mould (a) and the prepared ultrasound TM phantom with gray 
contrast (b). 

3.2 Phantom ultrasound Images 

Fig 4 shows the mould and the prepared ultrasound 
phantom with seven gray contrasts. The ultrasound RF 
signals of the phantom were recorded using a SonoScape 
ultrasound system (SonoScape, Co., Ltd, Shenzhen, 
China), equipped with a linear array transducer. Images 
were obtained using nominal frequency settings of 5.0 
MHz, and two of these ultrasound images were shown in 
Fig 5. Fig 5 (a) displays the image of the phantom for the 
shallow focus, where a few cylinder targets were not 
observed. The ultrasound image of the lateral cylinder 
targets named as +9dB through -9dB from right to left are 
illustrated by the red arrows in Fig 5 (b) while the focus of 
the ultrasound system is deeper. These contrast levels 
correspond to an effective imaging frequency of 5.0MHz 
for the shallow focus and the deeper focus. This experiment 

illustrates how the ultrasound phantom can be utilized for 
quantitative measurements of the equipment. 

 
(a)                                            

 
 (b) 

Fig 5. Set of images obtained by a SonoScape scanner of the phantom at 
5.0 MHz frequency for the shallow focus (a) and the deeper focus (b). 

Cylinder targets are shown by the red arrows. 
Fig 6 shows the diagram of the seven gray contrasts for 
images of the cylinder targets and the background material. 
Firstly, the regions of interest in the image of the cylinder 
targets are marked as red rectangle in Fig 6. Secondly, the 
same rectangles are selected (marked by white rectangle) in 
the image of the background materials. In this experiment, 
we random choose ten rectangle regions in the background 
image. After estimating the intensity sum of these 
rectangles, the gray contrasts are computed for seven 
cylinder targets. The mean of the intensity ratios are listed 
in Table 2. It is obvious that the changes in gray contrasts 
observed in Fig 6 are more consistent with the estimated 
intensity ratios. When the phantom is scanned by the 
ultrasound system at the shadow focus in Fig 5 (a), the 
intensity ratios have a few variations. However, the gray 
contrast levels are almost the same as the image obtained by 
the deeper focus. 
Fig 7 presents the diagram of the segmentation of the 
cylinder target using the SVM method. First, the cylinder 
inclusion and the background are sampling in order to 
obtain the trained model. The data marked by yellow “o” 
and red “*” in Fig 7 are training samples. Then, the function 
svmtrain () and svmclassify () in he LIBSVM tool [20] are 
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applied to segment the object and the background and the 
result is displayed in second and third column of Fig 7. The 
tiny areas in the third column are deleted using 
mathematical morphology. Finally, the border of the 

cylinder target is extracted from the segmented result. From 
these results, we can see that the object is distinguished 
from the background image when their intensity has a 
larger difference.  

Table2. The mean of the intensity ratios for the cylinder targets and the background material. 

 Anechoic -9dB -6dB -3dB +3dB +6dB +9dB 

Intensity ratio in Fig.5(a) Null Null 0.788 0.902 1.214 1.627 1.726 

Intensity ratio in Fig.6 0.529 0.667 0.946 1.112 1.480 1.667 1.705 

 

 
Fig 6.  The diagram of the estimated gray contrast between image of the 

cylinder targets and image of the background material. 

 Fig.7. Segmentation of the cylinder target based on SVM. From left to 
right: Sampling in background (red “*”) and foreground (yellow “o”), the 

segmented result, the binaryzation result, the contour curve. 
Fig.8 is the segmented result of ultrasonic image of the 
phantom using the SVM method. Two of all cylinder 
inclusions are not extracted using the SVM method. This is 
because intensities of the two targets and background do 
not have much difference. And the classified model is 
unlikely to obtain from training data in the SVM method. 
These results show that the cylinder targets with high 
contrast are extinguished from ultrasonic image.  
Fig.9 is the fitted circles of the cylinder inclusions in 
ultrasonic image from the segmented result shown as Fig.8. 
These green circles are drawn using the least squares 
method. From these fitted results, we can see that most of 
the cylinder targets is segmented using the SVM method. 
These results indicate the segmentation of the cylinder 
inclusions based on SVM method in ultrasonic image.  

 
Fig.8. The segmented result of the cylinder targets in ultrasonic image of 

the phantom. 
 

 
Fig.9. The fitted circles of the cylinder targets in ultrasonic image from the 

segmented result displayed in Fig.8. 

4 CONCLUSIONS 
This work has designed and prepared an improved gray 
contrast ultrasound phantom for detecting medical 
ultrasonic instrument and has discussed the analysis of 
ultrasound image based on support vector machine (SVM). 
The gray contrasts of ultrasound image were controlled by 
changing scatter particles aluminum and corn starch. We 
measured attenuation and backscatter coefficient of the 
preparation phantom. The gray contrasts for images of the 
cylinder targets and the background material in ultrasound 
phantom were computed and discussed in the experiments. 
In addition, the cylinder targets segmentation based on the 
SVM method was performed for ultrasonic image. The 
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tested results by clinical systems on the ultrasound images 
of the phantom indicated feasibility. 
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