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Abstract— Segmentation or lesion boundary 
detection in classification of Benign and Malignant 
breast tumors from B-Mode ultrasound image 
analysis is a challenging one.  In this study, first a 
suitable frame is chosen by strain and velocity 
imaging from a raw radio frequency (RF) echo of 
clinical cases. The consequent B-Mode ultrasound 
(US) image is calculated and binarized. Finally, the 
lesion boundary is well-defined by binary dilation 
technique using MATLAB. 
 

Index Terms— Breast Cancer, Segmentation, B-Mode 
image etc.  

I. INTRODUCTION 
reast cancer is flooding significantly in women 
both in the developed and the developing 
world in the last few decades. According to the 

American Cancer Society in 2018, approximately 
878,980 women died from cancer where 266,120 of 
them are died from breast cancer [1]. In Bangladesh the 
rate of breast cancer occurrence is estimated to be 22.5 
per 100000 females of all ages; In case of Bangladeshi 
women, aged between 15-44 years, breast cancer has 
the highest prevalence 19.3 per 100000 compared to 
any other type of cancer [2]. 

Breast ultrasound imaging has become an essential 
tool to detect and classify breast cancer tumor now a 
day. Ultrasound is particularly helpful in distinguishing 
between a solid mass and a fluid-filled cyst. A hypo-
echoic solid nodule could be benign (which is known 
as Fibroadenoma) or could be malignant cancer tumor 
[3]. Detection of lesion (cancer tumor) region is much 
more important for feature extraction. Because, few 
papers used the lesion boundary features as an effective 
feature in the breast cancer classification purpose. 

Karla Horsch in [4] used several features of a breast 
ultrasound image such as shape feature that was the 
depth-to-width ratio (DWR) of the lesion, the margin 
feature that was the normalized radial gradient (NRG), 
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quantify texture which was the autocorrelation in depth 
of lesion region (COR) and the posterior acoustic 
behavior feature that was the minimum side difference 
(MSD) of lesion boundary; for computer aided 
diagnostics of breast tumors. In this paper the author 
determined the potential lesion margins through gray-
value thresholding. In that proposed method the lesions 
were segmented both manually as well as 
automatically. However, the accuracy obtained do not 
differ much between manual and automatic 
segmentation. In [5] Wei-Chih Shen introduced a 
computer-aided diagnostic (CAD) system where 
various shape features such as shape class, orientation 
class, margin class, lesion boundary class, echo pattern 
class and posterior acoustic feature class are utilized. A 
total of 265 clinical case images are analyzed in their 
experiment where 174 are benign and 91 are malignant. 
A satisfactory performance is reported on that paper 
where the author defined the lesion boundary manually 
with the help of a radiologist. In [6] Sharmin Ara 
employed empirical mode decomposition (EMD) and 
digital wavelet transform (DWT) followed by a 
wrapper to obtain a set of non-redundant features for 
classifying breast tumours and reporting a high degree 
of accuracy but lesion boundary is defined manually by 
a radiologist. 

In this paper an automatic lesion boundary detection 
computer-aided diagnostic (CAD) system is proposed 
which is tested and compared with the pathological 
result of clinical cases of an open access database 
consisting of raw ultrasonic signals of 100 clinical 
cases. The objective is to detect the lesion boundary 
region precisely from ultrasonic B-Mode image of 
breast masses, so that it can be classified whether it is 
benign or malignant more accurately. At first, B-Mode 
image is extracted from a raw radio frequency (RF) 
ultrasound data of a clinical case. Next, B-Mode image 
is binarized so that the CAD system can detects the 
lesion boundary region automatically. Here, binary 
dilation technique is applied on the binary image 
simulated form the corresponding B-Mode using 
MATLAB. 

This paper is organized as follows. Section II gives a 
short introduction of B-Mode and Binary imaging. The 
proposed methodology is explained in Section III. The 
experimental results are presented in Section IV and the 
conclusion is in Section V.  
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II. B-MODE AND BINARY IMAGING 
Ultrasound (US) is sound waves with frequencies 

which are higher than those audible to humans 
(>20,000 Hz). Ultrasonic images, also known as 
sonograms, are made by sending pulses of ultrasound 
into tissue using a probe. The sound echoes off the 
tissue; with different tissues reflecting varying degrees 
of sound. These echoes are recorded and displayed as 
an image to the operator. Ultrasonography 
(sonography) uses a probe containing multiple acoustic 
transducers to send pulses of sound into a material. 
Whenever a sound wave encounters a material with a 
different density (acoustical impedance), part of the 
sound wave is reflected back to the probe and is 
detected as an echo. The time it takes for the echo to 
travel back to the probe is measured and used to 
calculate the depth of the tissue interface causing the 
echo. The greater the difference between acoustic 
impedances, the larger the echo is. If the pulse hits 
gases or solids, the density difference is so great that 
most of the acoustic energy is reflected and it becomes 
impossible to see deeper. Many different types of 
images can be formed using sonographic instruments. 
The most well-known type is a B-mode (brightness 
mode) image, which displays the acoustic impedance 
of a two-dimensional cross-section of tissue. In B-
mode ultrasound, a linear array of transducers 
simultaneously scans a plane through the body that can 
be viewed as a two-dimensional image on screen [7]. 
On the other hand, a binary image is a digital image 
that has only two possible values for each pixel. 
Typically, the two colors used for a binary image are 
black and white. The color used for the object(s) in the 
image is the foreground color while the rest of the 
image is the background color [8]. An example of B-
Mode and Binary images acquired from a medical 
ultrasound image are shown in Fig. 1. 

 

        
           (a)                                 (b)                           (c) 
 

Fig. 1 Example of B-Mode and binary imaging of a clinical case of 
benign mass (a) Ultrasound (US) image, (b) Corresponding B-Mode 
image and (c) Cropped tumor region of B-Mode (upper image) and 
binary image (lower image).  

 

III. METHODOLOGY 
The first step in this proposed method is the pre-

processing step where we have to choose a suitable 
frame from an ultrasound raw radio-frequency (RF) 
ultrasonic echoes (signals) of a patient obtained from 
an open access database consisting of 100 clinical cases 
[9]. On that database each clinical case ultrasound 
images are obtained using an Ultrasonix Sonix-Touch 
Research ultrasound scanner with an L14-5/38 linear 
array transducer (centre frequency 10 MHz). Single 
focusing beam forming was used with the focusing 
region always placed at the depth of the lesion. Each 
scan consisted of 510 RF echo lines. Signals were 
digitized with 40 MHz sampling frequency. The 
number of samples in every RF signal depended on the 
chosen penetration depth. For example, for a 40 MHz 
sampling rate the distance between adjacent samples is 
0.0192 mm (assuming the speed of sound in tissue is 
1540 m/s). Therefore, for a 5 cm penetration depth 
2596 samples were collected, while for a 3 cm depth 
the number of samples decreased to 1558. Settings 
which were used by the, operator had no influence on 
the characteristics of the raw ultrasonic echoes. The 
ultrasonic RF echoes were recorded in the Department 
of Ultrasound, Institute of Fundamental Technological 
Research Polish Academy of Sciences, from 100 breast 
focal lesions of patients of the Oncology Institute in 
Warsaw. 78 women, aged from 24 to 75 years (mean 
age of 49.5 years) participated in this study. The data 
were collected between 11/2013 and 10/2015 and all 
patients provided informed consent before the 
examination. The study protocol was approved by The 
Institutional Review Board, Poland. For each clinical 
RF data, the strain image and the velocity image are 
examined using MATLAB function ‘DSPView’ [10], 
[11] to obtain the desire frame from which the B-Mode 
image is calculated. Fig. 2 shows an example of best 
frame selection by strain and velocity imaging obtained 
from a raw radio frequency echo of a clinical case. In 
B-Mode calculation, at first Hilbert transform is 
applied on the RF frame which is converted into 8-bit 
unsigned integers. Next, the B-Mode image is 
subjected to binarization using MATLAB function 
‘imbinarize’ (e.g. Fig. 4b). After that, binary dilation 
technique is applied to detect boundary region of lesion 
automatically using MATLAB functions 
‘bwboundaries’ and ‘visboundaries’ [12], [13]. 

IV. EXPERIMENTAL RESULTS 
For each ultrasound image lesion scan, the specific 

individual region of interest (ROI) (i.e. lesion boundary 
region) was indicated by a radiologist (e.g. Fig. 3). The 
database consists of 100 lesions, 52 were malignant 
and 48 were benign. In the group of malignant lesions, 
all were histologically assessed by core needle biopsy. 
37 benign lesions were also histologically assessed. 
According to current medical standards, the remaining  
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Fig. 2 Example of best frame selection using (a) MATLAB function 
‘DSPView’ to analyse strain and velocity images of a clinical case 
(b) Calculated B-Mode image of the corresponding frame (c) 
Corresponding strain image and (d) Corresponding velocity image. 

 
Fig. 3 Example of ultrasound image lesion scan where the specific 
individual region of interest (ROI) was indicated by a radiologist. 

 

 
(b)                                     (c)                                          (d) 
 
 
 
 
 
 

 
Fig. 4 Simulation results of auto segmentation on breast masses. The 
first two rows presented benign masses and the third row depicted 
malignant masses. Each row illustrated the B-Mode images in the 
first column, corresponding binary images in the second column, 
simulation results of auto segmentation on binary and B-Mode 
images are on the third and fourth columns respectively. 

Sliding tab to check all 300 Frames from this RF 
file 
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13 benign lesions did not qualify for a biopsy. Instead, 
they were observed by the radiologist over a two-year 
period. Experimental results of auto lesion detection 
are presented in Fig. 4 where it is shown that the lesion 
boundary regions are detected precisely. Two benign 
and one malignant masses’ detection results are shown 
in Fig. 4. In auto lesion boundary detection process the 
region of interest (ROI) is cropped by a radiologist 
from the B-Mode image then this cropped B-Mode 
image is subjected to binarization. All the experimental 
results are judgment by expert radiologists for all 100 
ultrasound images proving that the final boundary 
detected by the proposed method is highly accurate.  

V. CONCLUSION 
In this paper the proposed auto segmentation (i.e. 

lesion boundary detection) process applied on both the 
B-Mode and the binary images. Because, the lesion 
boundary coordinates measured from the binary image 
are utilized for auto segmentation on B-Mode 
ultrasound analysis. So, image binarization is executed 
precisely in this proposed method. Many statistical and 
geometrical features can be extracted from the 
segmented lesion contour for classification of breast 
tumors on B-Mode ultrasound analysis. This paper is 
more likely as a feasibility study of auto segmentation 
task. Moreover, this proposed method is observed on a 
limited clinical case of 100 patients. A wide range of 
patients should be studied to establish this method. 
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