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ABSTRACT 
Mammographic images are of low contrast and low resolution. Improving contrast and resolution of the image along with edge 

preservation in screening mammograms will aid to detect the breast cancer in early stage. In this paper we proposed a hybrid 

image enhancement technique for mammographic image enhancement. The Recursive mean separate histogram equalization 

technique (RMSHE) is applied for brightness preserving contrast enhancement. Then DWT – SWT filtering is applied for resolution 

and edge preservation. The performance of the hybrid enhancement technique is compared with traditional methods using 

effective measure of contrast enhancement (EME). 
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INTRODUCTION 
 

Breast cancer is one of the leading diseases for causing mortality in women. Detection and diagnosis of 
breast cancer in its early stage increases the chances for successful treatment and complete recovery of the 
patient. Digital mammography is considered as one of the reliable technique for detection of breast cancer. The 
Masses and Micro calcifications are the major signs of cancer in the mammogram. Mammogram images are of 
low contrast. The Contrast between malignant masses and normal dense tissue may be present on a 
mammogram but below the threshold of human perception. 

 Hence, the fundamental enhancement needed in mammography is an increase in contrast to enhance image 
feature against its background to visualize the image properties in an open eye. Various contrast enhancement 
techniques has been proposed so far [1-7].  

 Image resolution describes the details contained in an image, the higher the resolution, more the image 
details. Improving the image resolution helps in the improvement of information for human interpretation. The 
quality of diagnoses depends on the resolution of the mammograms, among other factors, with higher 
resolutions providing a higher level of detail that normally leads to improved accuracy. High resolution 
mammograms require large doses of radiation, which may cause harmful effects to the patients. Zheng et al [8], 
proposed a method to synthesize high-resolution mammograms from low-resolution inputs, which offers the 
potential of allowing accurate diagnoses while minimizing risks to patients. It combines statistical machine 
learning methods and stochastic search to learn the mapping from low-resolution to high-resolution 
mammograms and their results show that the super-resolution algorithm can generate high quality, high-
resolution breast mammograms from low-resolution input. 
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Proposed Method: 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1: Hybrid Image Enhancement Scheme 

The major problem in mammographic images is its low contrast and low resolution. In this paper a hybrid 
enhancement technique is proposed which combines the contrast enhancement with brightness preservation and 
the resolution enhancement with edge preservation. In [9], the indirect contrast enhancement techniques HE, 
CLAHE, BBHE, MMBEBHE, and RMSHE are compared by applying them to the low contrast mammographic 
images and the results of RMSHE techniques are found to offer better enhancements of masses and micro 
calcifications present in the images. In this paper RMSHE method is applied for contrast enhancement and DW-
SWT based filtering is taken for edge preserved resolution enhancement. 

Fig. 2: Resolution enhancement using DWT – SWT filtering 

1.1. Recursive mean-separate histogram equalization (RMSHE): 
Mean-separation refers to separating an image into two sub-image based on the mean of the input image. 

Separating the mean before performing histogram equalization provides better contrast enhancement with 
brightness preservation [10]. Chen et al proposed RMSHE in which image is separated into two sub images 
based on the mean of original image. After separating the mean, the histogram of the two images are equalized 
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and the mean separation is done recursively. More mean separation gives more brightness preserved contrast. 
For recursion level r = n, the output mean E(Y) is as follows [10]: 
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Where XG  is the middle gray level and Xm is the input mean. As the recursion level, n increases, E(Y) will 
eventually converge to the input mean which is evident from the above equation. The enhanced image is 
processed with DWT-SWT filtering. 

 
1.2. DWT-SWT based filtering: 

In resolution enhancement, the high frequency components (edges) may be lost due to interpolation [11].  In 
medical image enhancement, Preserving Edges are highly important. Hence along with DWT, SWT is employed 
to decompose the original low resolution image. The high frequency bands (LH, HL, HH) obtained by DWT 
contain the high frequency components of input image. Bicubic interpolation is applied to high frequency 
subband images. In DWT, the subbands are obtained by down sampling the original input image which causes 
information loss in respective subbands. Since, SWT does not use down sampling, this loss can be minimized by 
adding the high frequency subbands obtained from SWT with the interpolated subbands of DWT. The low 
frequency subband (LL) subband of DWT consists of low resolution information of the input image. Hence 
instead of interpolating LL band, the original image is interpolated. Inverse DWT is applied to obtain enhanced 
output image with preserved edges. Figure 2 gives the outline of resolution enhancement using DWT – SWT 
filtering 
 

RESULTS AND DISCUSSION 
 

 
Fig. 3: a. Sample input mammogram , b,c,d,e .enhanced results of HE,MMBHE,RMSHE,Proposed method 

The results of proposed method are compared with the techniques Histogram Equalization (HE), Minimum 
Mean Brightness Error Bi-Histogram Equalization (MMBEBHE).The compared result of a sample image is 
shown in Fig.3.The goal of image enhancement algorithms is improving the quality of the image better than the 
original input image. The assessment of the algorithms can be done by subjectively as well as objectively.  The 
subjective evaluation is by visual inspection which cannot provide the precise characterization of the algorithm 
and also there is no universal measure for the objective evaluation of the algorithm. In this paper the contrast 
measure EME is utilized to evaluate the performance of the algorithms. The EME is a quantitative measure of 
image enhancement. It is obtained by splitting the image into a number of blocks and using the equation,  

   (2) 
 
where,K1,K2 are the number of horizontal and vertical blocks in the image, Imax(k,l) and Imin(k,l) are the 

maximum and minimum pixel values in a given block [9]. 
 
Table 1: EME values for different contrast enhancement techniques 

Image HE 
MMBE 
BHE 

RMSHE Proposed method 

mdb03 1.075 2.718 7.519 8.714 
mdb09 2.300 5.924 8.413 9.402 
mdb10 0.797 3.889 5.528 6.021 
mdb12 1.338 4.742 5.681 7.526 
mdb15 0.622 3.983 7.595 7.827 
mdb19 0.834 2.343 6.697 7.481 
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Table.1 shows the EME measure values calculated using equation (2) for the few images from MIAS 
database. The results show that the proposed method provides better enhancement compared to the other 
methods.  
 
Conclusion: 

In this paper, a hybrid image enhancement algorithm is proposed for contrast and resolution enhancement. 
Most of the image enhancement algorithms were proposed to improve the contrast of the mammographic 
images. The fine details of the mammogram could not be viewed due to the low resolution of the image. The 
proposed method enhances the resolution with edge preservation. The effectiveness of the proposed method is 
demonstrated by the effective measure of enhancement. 
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