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Abstract 

Exact medical image segmentation is the first step in assisting medical experts in 

determining diseases. The desired information from the segmented image helps in 

diagnosis and treatment planning. Nowadays, some cancer types can be detected by 

using medical images such as mammograms, computer tomography images, and 

others. Mammography has become the most effective method for the early detection 

of breast cancer. A mammogram is a difficult image to interpret with unwanted parts 

in the background. Hence, a preprocessing phase is very important to standardize and 

enhance the quality of the image for a CAD system. Binarization based on Otsu’s 

threshold is a main part of all preprocessing steps. Otsu’s thresholding method is 

analyzed and reviewed in this paper. 

 

Keywords—mammogram, CAD system, image, image segmentation, Otsu’s 

thresholding.  

 

INTRODUCTION  

Cancer is a main cause of death and reduces people’s life expectancies in every 

country. Breast cancer in women is the most common type of cancer in developing 

and developed countries worldwide [1]. Breast cancer arises in the lining cells 

(epithelium) of the ducts (85%) or lobules in the glandular tissue of the breast [1]. In 
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the beginning, the growth of cancerous cells is confined to the duct where it generally 

causes no symptoms and has minimal potential for spread (metastasis). Over time, in 

the first stage of the disease, cancer may progress and invade the surrounding breast 

tissue (invasive breast cancer), then spread to the nearby lymph nodes (called 

"regional metastasis") or to other organs in the human body (called "distant 

metastasis"). A woman dies from breast cancer because of widespread metastasis [2]. 

Treatment of breast cancer can be highly effective, especially when the disease is 

identified in its early stages. Treatment of this illness often consists of a combination 

of surgical removal, radiation therapy, and medication (hormonal therapy, 

chemotherapy, and targeted biological therapy) to treat microscopic cancer that has 

spread from the breast tumor through the blood [15]. In 2020, there were 2.3 million 

women diagnosed with breast cancer and 685, 000 deaths globally. As of the end of 

2020, there were 7.8 million women alive who had been diagnosed with breast cancer 

in the past 5 years [1]. Breast cancer strikes women at any age after puberty in every 

country on the planet, with rates rising as they become older. From the 1930s until 

the 1970s, breast cancer mortality did not change much. Improvements in survival 

began in the 1980s in countries with early detection programs combined with 

different modes of treatment to eradicate invasive disease [1]. According to the latest 

data from the World Health Organization, the death rate from breast cancer in 

Uzbekistan in 2018 was 1,449. or 0.92% of the total number of deaths [1], and the 

incidence of the last 10 ranks first among oncological diseases. The incidence rate rose 

from 5.3 per 100,000 people in 1993 to 6.1 in 1998. The number of patients diagnosed 

with breast cancer is also increasing every year. In the Samarkand region, 154 patients 

with the disease were initially registered in 2000, and in 2019, their number reached 

300. The fact that the incidence of breast cancer has increased dramatically in recent 

years, with most patients seeking medical attention in stages III-IV with a much later 

onset of the disease, and therefore a 5-year survival rate for patients, is even more 

relevant. According to the Samarkand Regional Oncology Service, the number of 

patients registered as primary "D" in the region in 2020 was 1863, of which 315 

patients with malignant breast cancer, In 2021, the number of registered patients was 

2295, and 380 were diagnosed with this dangerous disease. Breast cancer has been 

the number one cancer type in the region in recent years. 

One of the most effective ways of skimming the structure of the breast is 

mammography. It classifies the mammogram images into three classes: benign, 

malignant, and normal. Mammogram’s image area unit is diagrammatical as terribly 

correct and sophisticated pictures to be taken [4-5]. Moreover, around 25% of breast 

cancer cases could not be detected on-screen, hence there is a need for a system that 
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may assist radiologists in diagnosing cancer [4]. In the field of medical imaging, 

computer-aided design (CAD) tools are utilized to interpret images. To comprehend 

and interpret mammography pictures, these systems are required [4]. CAD software 

is applied to help radiologists by validating their findings during mammography 

screening [5]. The CAD system's evaluation begins with the radiologist analyzing the 

mammogram for abnormal patterns, and then the CAD system scans the 

mammogram for suspicious areas. Finally, the radiologist examines the outputs of the 

CAD system [6]. A CAD system for processing mammogram images includes four 

main steps: preprocessing, segmentation of the region of interest, feature extraction, 

and classification [5]:   

  
Fig. 1. A CAD system for processing of mammograms 

 

Preprocessing of mammogram images includes noise removal, suppression of 

artifacts, and contrast enhancement. Image segmentation means dividing the image 

into categories or sub-regions that are related to different objects [15]. One of these 

categories corresponds to each pixel in the image. The feature extraction stage 

generates high-level features that are required for object categorization and anomaly 

detection. They can also tell the difference between healthy and unhealthy lesions [5]. 

 

SIGNIFICANCE OF THE SYSTEM 

The paper mainly focuses on preprocessing and segmentation of digital mammogram 

images for early detection of breast cancer. Otsu’s thresholding method is analyzed 

and reviewed. The study of literature survey is presented in section III. The 

methodology is explained in section IV. Section V covers the experimental results of 

the study, and section VI discusses the future study and conclusion. 

 

LITERATURE SURVEY 

In the literature, segmentation based on thresholding has been used to classify 

images, detect tumors, identify, and represent features [2,3,8,9]. One of the most 

important application areas is medical imaging. In [4] for breast cancer detection, 

they observed the effects of various thresholding methods like Otsu, Niblack, Bernsen,  
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Thepade’s Sorted Block Truncation Coding (TSBTC), and feature-level fusions of 

them in the identification of breast cancer at an early stage. All thresholding methods 

work well for normal images, but the emphasis method has given the best results for 

malignant images in the neighborhood valley. In [7], segmentation was carried out on 

15 dermoscopy of melanoma images that were subjected to grayscaling, histogram, 

segmentation with Otsu Thresholding, binarization, image negation, and testing. 

Jelena Bozek and others [16] gave a survey of image processing algorithms that have 

been developed for the detection of masses and calcifications. An overview of 

algorithms in each step (segmentation step, feature extraction step, feature selection 

step, classification step) of the mass detection algorithms was given. The Wavelet 

detection methods and other recently proposed methods for calcification detection 

were presented. An overview of contrast enhancement and noise equalization 

methods was given, as well as an overview of calcification classification algorithms. 

Ayman A. and others [17] introduced a preprocessing technique for reducing the size 

and enhancing the quality of USF and MIAS mammogram images. The algorithm 

analyzed the mammogram image to determine if a 16-bit to 8-bit conversion process 

was required. Enhancement was applied later, followed by a scaling process to reduce 

the mammogram size. The performance of the algorithms was evaluated objectively 

and subjectively. On average, there was an 87% reduction in size with no data loss in 

the breast region. R.Kalyani and others [2] proposed an efficient metaheuristic 

algorithm, the exchange market algorithm (EMA), for multilevel thresholding (MLT) 

of distinct medical images. The optimal threshold is effectively obtained through the 

most promising objective functions such as Kapur, Otsu, and minimum cross-entropy 

(MCE) aided with EMA. The EMA involves the exchange of shares among investors in 

stable and unstable market situations to achieve a profit. Exploration and exploitation 

are achieved by the second and third groups of stable and unstable modes of EMA. 

[10] studied the workings of image thresholding based on a genetic algorithm. The 

proposed variant in this paper was tested on a set of images and the results are 

compared with the original Otsu method. A. Gurung and others [11] demonstrated 

that their approach outperforms the popular Otsu’s method in terms of CPU 

computational time. They observed a maximum speed-up of 35.58 and a minimum 

speed-up of 10.21 on popular image processing benchmarks. The proposed algorithm 

in [13] employs Median filtering, Optimal Global Thresholding using Otsu's method, 

and morphological processing to: (1) improve the quality of mammography images; 

(2) segment masses based on the resulting Region of Interest (ROI); and (3) extract 

segmented masses from images. In order to promote the real-timeliness of image 

segmentation, [3] introduces the fruitfly optimization algorithm (FOA) to OTSU 
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segmentation, creating an FOA-OTSU segmentation algorithm. In the proposed 

algorithm, the optimal threshold for segmentation is searched for by the FOA. 

 

Therosholding Categories 

Image segmentation is a very important phase of image processing and separates 

images into similar components and partitions them into ROIs (regions of interest). 

This process is performed before feature extraction and classification. Much of the 

research work done in early breast cancer identification using segmentation 

techniques was discussed in the literature review section. The threshold method, 

edge-based segmentation, region-based segmentation, and others are examples of 

image segmentation methods. Thresholding or image binarization separates pixels 

into two groups: pixel values of black pixels (background) and white pixels 

(foreground). In the thresholding process, a gray image is converted into a binary 

image. 

Binarization of grayscale images is categorized into two groups: global thresholding 

binarization and local thresholding binarization. Global thresholding methods are 

much faster and produce good results for traditional grayscale images. 

 
Fig. 2. Thresholding methods 

 

Otsu, Triclass, Multistage global thresholding techniques are examples for global 

thresholding. 

Otsu’s thresholding method 

The Otsu method is a global adaptive binarization threshold image segmentation 

algorithm. This method was proposed by Japanese scholar Nobuyuki Otsu in 1979 

[14]. The image is divided into two groups; the target and the background, by 

searching for an optimal threshold in the range of the image's gray level. The between-

class variance of the two classes is used as an evaluation criterion. The larger the 

variance, the greater the difference between the target and the background, and the 
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better the segmentation results. The smaller the variance, the greater the probability 

the two classes will be divided and the worse the segmentation results [10]. The 

technique of image thresholding, which can be thought of as an extreme type of gray-

level quantization, is the most basic example of such an abstraction. 

  
Fig. 3. Flow of Otsu’s thresholding method in image processing 

 

Suppose that the gray level is (used to be 256), and the number of pixels of gray level 

at i  is in then the number of total pixels of an image is 
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The mean of total gray levels is denoted by :  
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Otsu’s method chooses the optimal threshold k by maximizing the between-class 

variance )(2 k . The larger the variance, the better the image segmentation. The optimal 

threshold T  for the perfect image segmentation is given as: 

));(max(arg TT T  10  LT . (7) 

Methodology 

The technique of image thresholding, which can be thought of as an extreme type of 

gray-level quantization, is the most basic example of such an abstraction. Assume that 

a gray-level image f  has g  different gray levels to choose from: 1,210 k,,,  . Define an 

integer threshold, T , that falls inside the gray-scale range of )1,210( k,,,  . Thresholding 

is a simple comparison process in which each pixel value in f  is compared to the 

threshold, T . A binary decision is produced based on this comparison, which 

determines the value of the relevant pixel in an output binary picture g . Iterating over 

all conceivable threshold values and calculating a measure of spread for the pixel 

levels on each side of the threshold, i.e., the pixels that either fall in the foreground or 

background, is how Otsu's thresholding approach works. The goal is to achieve the 

smallest total threshold value for foreground and background spreads. The Otsu 

thresholding method is used in image processing for automatic binarization level 

determination depending on the structure of the histogram. The algorithm considers 

the image to be divided into two main classes: foreground and background. It then 

calculates an ideal threshold value that minimizes these two classes' weighted within-

class variances. According to mathematics [6], minimizing within-class variance is the 

same as maximizing between-class variance. 

If ),( yxg  is a thresholded version of ),( yxf  at some global threshold T : 
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yxg ;  (1) 

Here we explained the algorithm of Otsu’s thresholding method.  

Step 1. Computed histogram for a two-dimensional(2D) image. 

Step 2. For a single threshold, calculate the foreground and background variances 

(measure of spread). 

i) Calculate weight of background pixels and foreground pixels. 

ii) Calculate mean of background pixels and foreground pixels.  

iii) Calculate variance of background pixels and foreground pixels.  

Step 3. Calculate “within class variance”. 
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EXPERIMENTAL RESULTS 

This section presents the results obtained for the  Otsu thresholding algorithm. The 

result of the segmented masses for three mammogram images is shown in fig. 4.  

     

 
 

 

   

 
  

 
 

 

Fig. 4. Results of mammogram images after Otsu thresholding 
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CONCLUSION AND FUTURE WORK 

The literature review will be valuable to anyone doing research in this field. From the 

perspective of discriminant analysis, a method for automatically selecting a threshold 

from a gray-level histogram has been developed. This immediately addresses the issue 

of determining the usefulness of thresholds. The discriminant criteria select an 

appropriate threshold (or combination of thresholds) by maximizing the discriminant 

measure q. (is the gray-level measure of the resultant classes' separability). Taking 

these considerations into account, the approach proposed in this correspondence may 

be recommended as the most basic and standard way for automatic threshold 

selection that can be used for a wide range of actual issues. In conclusion, the method's 

results suggest that it is a reliable strategy, albeit it could be improved in terms of 

accuracy. Even so, we analyzed this method because it provides useful regions (there 

is no meaningful loss of information) 
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