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ABSTRACT: Breast cancer is one of the most important reasons of death within women 15 to 54 years old. A woman 
dies of breast cancer every 13 minutes and 12.6 percent of women are infected during their life. Although 
mammography is one of the most effective ways of detecting disease; but still it has deficiencies and limitations. 
Cancerous lesions may not be diagnosed or non-cancerous lesions are detected as cancer in the interpretation of 
mammography images. Recently, quality of mammography images is increased and image features are extracted using 
image processing science in order to help radiologists in detection and diagnosis of cancer masses. This will increase 
detection speed and accuracy rate. In this study, a new method is proposed for detection of suspicious areas of breast 
cancer tumoursbased on wavelet and hidden Markov model. According to combination of these two methods, the 
efficiency has been increased compared to method of previous works. In this research, cancer masses are detected as 
well as percentage of cancer masses becomes clear; this makes to estimate mass growth rate. In this paper, Markov 
model with tree structure is used in order to extract statistical properties of wavelet transform components. Markov 
model has special ability in extracting information related to edges and protruding parts of image context due to its 
features which can accurately detect cancer areas. In this research we try to estimate the appropriate label (clustering) 
of pixels from a checked image in order to segment cancer areas. Certain joint distribution is assumed for pixels of a 
region or class; then, the maximum similarity of different areas of an image under review is checked using ML method. 
Combination of MIAS database and Paden including 150 images is used in order to test the proposed method. The 
results indicate that proposed method is more accurate compared to methods that use only wavelet transforms method. 
Detection rate of proposed method is 96% that is improved 24.5% compared to wavelet transform with detection rate of 
71.5 percent. 
 
KEYWORDS: Breast Cancer, Wavelet Transform, Hidden Markov Model, Mammography, Distribution Function, 
Image Processing. 
 

I.INTRODUCTION 
 

Cancer is considered as one of the major reasons of death in world. Breast cancer is one of the major reasons of death 
among women of 15 to 54 years. It can be said that a woman died due to breast cancer every 13 minutes. According to 
conducted research, the disease probability among patients is 12.6 percent [1]. 
 
Early diagnosis of breast cancer plays significant role in improvement and treatment of disease and increases patient's 
chance of being alive. Sampling through surgery is the most common method of disease diagnose. This method is 
invasive and time-consuming with very high accuracy method among available methods [2]. Other method of disease 
diagnosis is mammography. Using mammography we can diagnose breast cancer masses and symptoms ten years 
earlier than they are tangible [3]. A mammogram is X-ray image of breast tissue, and radiologists can find structural 
asymmetry between breasts through analysing the abnormal symptoms such as lumps and calcification [4]. 
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Mammography is now a perfect tool for early detection of breast cancer, but it has limitations. Cancerous lesions may 
not be diagnosed or non-cancerous lesions are detected as cancer in the interpretation of mammography images. As a 
result, radiologists will mistake in 10 to 30% of cases [5]. Cases where a lesion is misdiagnosed lead to a biopsy and 
surgery on patient. Cases where cancer is misdiagnosed lead to patient death. 
 
Image processing techniques can be used in order to improve recognition and increase the sensitivity and accuracy of 
detecting lesions. Image processing is a method of converting an image digitally and performing some operation on it 
in order to get an improved image or to extract some useful information. 
Mammography image processing objective in this study is image intensification and improvement in order to identify 
and early diagnosis of breast cancer tumours; it detects cancerous masses in mammography images through combining 
wavelet transform and hidden Markov model.  
 
MIAS database and Paden images and images gathered from radiology are used in order to provide mammography 
images for analysis of method presented in this research. 
MIAS Database; mammographic images are collected in United Kingdom of England analysis centre. The size of all 
images in this database is 1024 x 1024 pixels. It includes 322 mammographic images of 161 women left and right 
breasts with 50 micron pixel edge resolution. In fact, digital mammography images are grey with depth of 8 bits. The 
images are classified based on lesion type, including normal breast, having masses, having micro-calcification clusters 
and with asymmetric structure.  The database includes 209 normal breasts, 67 ROI with benign lesions and 54 ROI 
with malignant lesions [6]. Paden database is a database that is collected in Singapore and includes 150 mammographic 
images from a variety of benign and malignant tumours. There are different types of images at this database. There are 
images with 800 x 600 pixels size in this database. 
 
The need for accurate diagnosis is arisen, given the importance of complications early diagnosis in diseases treatment 
and life expectancy of patients. Science help in the field of medical image processing leads to quick and precise 
detection of breast cancer tumours on mammography images. In this section, an overview of research will be carried. 
In 2008, Papadopulou et al examined following methods on MIAS and Nijmegon database images in order to improve 
the detection of lesions in mammography images: Contrast Limited Adaptive Histogram Equalization (CLAHE), local 
range modification (LRM), Discrete Wavelet (RDW), traction linear algorithm. The results show that local range 
modification method is more appropriate in determining lesion compared to other methods [7].SonaliBahadori et al 
removed normal breast tissue and additional parts using threshold in order to examine and analyse breast tumour 
growth from mammography images and finally analysed their characteristics by tumour shape [8].Indra Kant Mi Terra 
et al. (2011), proposed a method in order to detect abnormal masses of mammography images that is divided into two 
distinct parts of homogeneous blocks formation and determining the colour after processing. This method was applied 
on MIAS database images. The idea has the potential for further development due to simplicity of method and offering 
results in shortest time [9].Natarajan et al (2013) removed noises of image using filters, adjusting contrast and traction 
techniques in order to characterize the tumour in mammographic images; then they used image subtraction of least 
threshold development and segmentation techniques in order to identify tumour[10].In 2014, Ajo et al offered an 
algorithm in order to eliminate noise effectively in mammography images through splitting and merging. This method 
reduces false positives in diagnosis of breast cancer. MIAS base images were used in order to test this idea; 297 images 
(92.24%) out of 322 images are detected [11].Kanchana et al (2015) have segmented mammographic images using 
threshold based wavelet in order to diagnose breast cancer; Division of is done. Wavelet transform is used based on 
four levels of analysis. Mammographic images are analysed in this method using statistical characteristics of wavelet 
and target vector. MIAS database is used in this search in order to examine research process; the method accuracy is 
92.30 percent [12]. 
The general trend of this paper is shown in Figure 1. 
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Figure 1: The general trend of this study 

 
II.METHODS    

 
II.I.PREPROCESSING 

We use preprocessing techniques before examining mammographic images and extracting images features in order to 
clarify and improve the quality of mammographic images. 
Firstly, we use median filter that averages in neighbourhood of image in order to smooth and remove noises of 
mammographic images. We use edge detection and vertical and horizontal profiles in order to remove the margin and 
initial extraction of image. The margins are removed in order to extract the images in horizontal and vertical 
dimensions after profile edge detection and taking into account the least threshold to zero level. In Figure 2, the results 
of edge detection, profiling, and the final separation can be seen. 
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Figure 2: left side is mammography image and right side is isolated margin of image 

 
II.II.PROCESSING 

Segmentation can be done step by step and based on a window with specific size in order to segment different areas of 
an image and detect cancer areas, so that each window pixels belonging to a class is checked. Notably, selecting 
window size can be very important. Segmentation accuracy will be increased if we use large size windows for 
segmentation because it increases the number of pixels in other classes studied. Therefore, selecting large windows can 
segment accurately large and homogenized areas but it makes poor segmentation in different parts of border areas. 
Also, selecting small windows may reduce different pixels of classes within window, but it has less accurate 
segmentation due to few statistics. Therefore, using small window within areas and using large windows in other cases 
seems appropriate. In this study, we used the idea of four blocks (dyadic) in order to implement segmentation windows. 
To do this, we divide recursively selection window for segmentation into 4 square sub divisions at each step. 
 
With this type of study structure, images are estimated based on class label for each of segmentation windows. This 
estimation requires PDF model (probability distribution function) for each class pixels (according to windows under 
review). Notable point of this work is wavelet based transform and wavelet based statistical model. Models of different 
tissues are very crucial in segmenting cancer suspicious areas because access to pixel-perfect joint distribution is very 
difficult. The basis for examining areas in images is images range transform using wavelet because the inverse and 
linear transformation leads to components and modelling their structure is much easier. More images, especially grey 
images have structures (based on edges and protrusions) and using wavelet transform lead to precise segmentation of 
areas. In fact, wavelet transform of these cases acts as multi-scale edge detection that expresses images structure based 
on different scales and three different directions. In fact, wavelet transform leads to large components for edge areas 
and small components for flat areas. 
 
Many statistical methods have been proposed in order to model the structure of textures, but we use hidden Markov 
model (HMM) in this paper. Hidden Markov model is used in this researchin order to approximate marginal statistics 
and wavelet components. Hidden Markov model considers hidden state variable in this application for each of wavelet 
components in order to control their large or small amount. Then, the marginal distribution of each component is 
modelled by combining two Gaussian distributions. It must be noted that for Gaussian distribution we use large 
variance for modelling large areas and small variance for modelling small areas. It is noteworthy that double Gaussian 
combination is able to model marginal statistical distribution of non-Gaussian wavelet components in actual images. 
Hidden Markov model extracts the durability of large and small components during scale changes using dependency 
between Hidden Markov states. 
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As it was mentioned, firstly, tree window structure is created in each image under investigation in order to detect 
suspicious areas of cancer and then windows wavelet transform is calculated in order to extract information and then 
each of wavelet components are modelled based on double Gaussian distribution combination whose variance is 
controlled by hidden Markov state variable. 
 
In this step, we collect model parameters including double Gaussian combined variances and the possibility of Markov 
transient state within a vector M. The hidden Markov model can serve as a model of estimating almost all wavelet 
components joint distributions W, f (w / M). For example, EM repeated method can be used in order to estimate 
Hidden Markov model parameters. HMM tree has an interesting structure that matches windows. Each HMM sub-tree 
is a tree HMM that starts from it node and models statistical behaviour of wavelet components related to di window. 
Therefore, we consider distribution of each window in image modelling process as below: 

    ݂(݀௜|ܯ)                             (1)   
Now, we can segment images using this tool. We suppose that we have trained a tree-based HMM for each texture 
class of ܿ ∈ {1,2, … , ௖ܰ}  based on ܯ௖parameters. We consider the wavelet transform modeݓ෥of test imageݔ෤that 
includes these textures. Then, multi-scale distribution computation for different windows based on each tree-based 
HMM leads to ݂൫ ሚ݀௜หܯ௖൯, ܿ ∈ {1,2, … , ௖ܰ} for each dyadic sub-images ሚ݀௜(square that is divided at every step 
based on 4 sub-sections). Therefore, having multi-scale distribution at this stage, test image segmentation is done based 
on maximum likelihood criterion as follows: 

      
The segmentation process leads to a J member set from various segmentations: 
In this study, firstly, we select an image of cancerous tissues and then we use it for training tree-based HMM. We 
consider an image like below image for segmentation using explained mechanism with tree structure of windows: 
 

 
Figure 3: Sample test image 

 
The final segmentation result for intended last scale is seen in Figure 4: 
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Figure 4: Sample result from study approach  

 
In this research, cancerous tumours will be isolated and detected as well as mass percentage will be calculated and the 
result will be announced. 
Mass growth rate is estimated during mammogram. For example, the mass amount is calculated 12.4127 percent for 
below image. 

 
Figure 5: Mammogram image before image processing(a) mass extracted from image after image processing (b) that in 

mammogram image, the mass volume is 12,4127 percent  
 

III. RESULT AND DISCUSSION 
 

MIAS database and Paden images and images gathered from mammography are used in order to evaluate the proposed 
approach. The aim is to compare the performance of proposed method and the results of cancer diagnosis from 
mammographic images by an expert. The results of this method are shown in Table 1. 
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Result  Sample/number of samples 
100 % Simple Sample/98  
92% Complex Sample/52 
96% Total/150 

 
Table 1: Results of proposed method 

 

 
Figure 6:Results diagram of proposed method 

 
As the results show, mammographic images of proposed method have detected all cases; in complex cases, the 
proposed method has detected 92% of cases where detecting suspicious areas is not simple and overall rate of detection 
is obtained 96% in proposed method. 
 
The proposed method has benefited from wavelet transform and hidden Markov models in order to present and isolate 
breast cancer tumours from mammographic images. The results show that above approach is more accurate and reliable 
compared to approach that uses wavelet transform in order to extract masses from mammographic images. In Table 2, 
we can see the comparison between two methods. 
 
 

Result of Wavelet  Result of Wavelet & 
Hidden Markov Model  

Sample/number of 
samples 

82 % 100 % Simple Sample/98  
61% 92% Complex Sample/52 

71.5% 96% Total/150 
 

Table 2: Results of wavelet transform and proposed method 
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Figure 6: Comparison diagrambetween twoproposed methods 
andwavelet transform 

 
IV.CONCLUSION 

 
According to recent advances in mammography technology, image processing techniques and using image processing 
techniques on mammographic images, diagnosis of breast cancer lesions has increased for radiologists and specialists 
and has increased life expectancy among patients. According to the fact that separation of tumour mass is calculated in 
this study, we can calculate mass growth or reduction through periodic mammography. This improves medical science 
in patient diagnosis, treatment and health care with higher confidence. In this paper, Markov model is used with a tree 
structure in order to extract statistical properties of wavelet transform components which enhance cancerous tumours 
detection of mammographic images. We use the combination of MIAS database and Paden including 150 images in 
order to test the proposed method. The results show that proposed method is more accurate compared to methods that 
use only wavelet transform method. Detection rate of proposed method is 96% that is improved 24.5% compared to 
wavelet transform with detection rate of 71.5 percent. 
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