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ABSTRACT  

Medical image processing is a exigent field of research since the encapsulating images suffers from the low and 

deficient contrast. The efficiency of the medical image processing depends on the quality of the encapsulate 

medical images.  Major factors for the low contrast medical images are age of encapsulating equipments, 

inferior illumination conditions and in-experience of medical staff. Thus, contrast enhancement methods are 

used for ameliorating the contrast of medical images before being used. In this paper an amalgam of the 

contrast limited adaptive histogram equalization (CLAHE) method and the wavelet based Fusion techniques are 

used for designing the efficient medical image enhancement method. Method is capable of adapting the Fusion 

rules adaptively for best enhanced results. First CLAHE image enhanced is used for ameliorating the contrast 

of the medical images. Then in second stage 2D discrete wavelet transformation based adaptive image fusion is 

used for fusing the original and CLAHE output images. For testing the execution of SNR and entropy are 

calculated and used as parameters. It is found that based on adaptive Fusion the visual content of the medical 

images are efficiently enhanced under all kind of encapsulating environments.  

Keywords: Medical Image enhanced, RGB color spaces, Contrast limited Adaptive Histogram 

Equalization, Wavelet Fusion, Entropy.  

 

I. INTRODUCTION 

The medical images are accrued from different types of the sophisticated imaging camera systems and optical 

technologies Viz. MRI, CT scan, Somography and X-rays.  Due to these techniques encapsulate medical images 

suffers from low and deficient contrast issues. Therefore, contrast enhanced dexterity [14, 15, and 17] are 

widely used to ameliorating quality of the medical images and their processing in the low illumination 

conditions. Contrast enhanced is the most ordinary method of enhancing the image quality [14]. These methods 

basically ameliorate the perceived difference between the image intensities in close proximity. Efficiency of the 

diseases identification through medical images depends on the efficiency of contrast enhanced. Therefore this 

paper focuses the problem of medical image enhanced using ameliorated contrast execution of existing methods 

using wavelet based fusion. Wavelet fusion is widely used tool for image quality amelioration [1, 3 and 4]. But 

since there are many wavelet based methods therefore it is very laborious to choose the particular fusing rules 

for specific medical image environment. Thus this paper proposes to design an adaptive medical image fusion 

method which can work efficiently for all images.  

Image enhancements are broadly of two types Viz. spatial domain methods and transformation domain 

techniques. A spatial domain methods directly works on the image brightness thus are simpler. While most 
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commonly used transform domain methods uses DWT [4] and DCT [1] for image enhancement Contrast 

Limited Adaptive Histogram Equalization (CLAHE) is widely used maximal entropy based spatial domain 

enhancement method [14] method is the most popular spatial domain enhancement method. 

This paper takes benefit of both spatial domain and transforms domain techniques for ameliorating the quality of 

the medical images. Paper proposes to enhances the input medical image suing spatial domain CLAHE method 

in RGB cooler space and then gray converted enhances image and the original images are fused using wavelet 

based fusion in transform DWT domain. 

Reaming part of paper is organized as follows: Section II have discussed the various existing enhancement 

methods and reviewed there works in section III describes the spatial domain CLAHE enhancement techniques 

in RGB space is described. In section IV Wavelet based fusion implementation in DWT domain is described in 

detail. Section V details result of proposed method for MRI application are presented and performance is 

companied. Section VI gives conclusion and future work. 

  

II   LITERATURE REVIEW 

Various methods are proposed in literature for enhancing the images such as methods using the image 

histogram, local region based enhancement, and transform domain methods. In this section paper reviews some 

of the relevant methods of enhancing the true color images.. 

A. Review of Contrast enhancement methods 

 A most popular method is Contrast Limited Adaptive Histogram Equalization (CLAHE) given by K. 

Zuiderveld [14] and has proposed to ameliorate image contrast for medical imaging applications to overcome 

the amplification of low problem and to ameliorate the contrast. Etaa D. Pisano et al [15] have used contrast 

limited adaptive histogram equalization (CLAHE) method to ameliorate the image quality. In last two decades 

various researchers used CLAHE as method for pre processing the different images..Hitam et al. [17] have 

presented a mixture of the CHAHE in RGB and HSV color spaces for enhancing the underwater images. They 

have used image fusion technique to produce the enhance image by fusing images in RGB and HSV color 

spaces. 

Vasile et al. [18] have proposed a histogram equalization of color image enhancement using the adaptive 

neighborhood approach method was inconsistent. Irene et al [19] have used CIE-Lab color space for the 

detection of the optical disc in retinal images. In this paper SNR and mean square error are used as parameter to 

compare three enhancement techniques. It is clear that the proposed method of image enhancement replaces Y-

Cb-Cr with RGB color space and uses CLAHE and wavelet fusion. 

 

III. CONTRAST LIMITED ADAPTIVE HISTOGRAM EQUALIZATION (CLAHE) 

Another popular spatial domain method of contrast enhancement is CLAHE method [14, 17]. Method produces 

the optimal equalization in terms of maximum entropy and also limits the contrast of an image. The CLAHE 

method is very useful where the brightness requirement is high like as in geographical channels or underwater 

environments. 

In this paper CLAHE method [14] is implemented for true color images. Equalization is implemented 

individually for all three RGB color spaces. These equalized RGB components are merged together to result the 
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color equalized image [17]. CLAHE was originally developed for successfully enhancing the low contrast 

medical images [14]. Method partitions the images into related regions and finds the equalization to each region. 

This flattens the distribution of grey levels and thus makes hidden features of the image more visible.  

 

 

Figure 1 Algorithm for CLAHE enhancement 

In this paper images are equalized in RGB color spaces individually. The basic algorithm for enhancing 

individual image regions by using the CLAHE technique is described In the Figure 1. 

An example of the CLAHE enhanced image is shown in the Figure 3 for lg-image16 with non uniform 

brightness. It is clear that the CLAHE method ameliorate the information in the enhanced image by ameliorating 

the contrast. 

   

a) Input sonography image b) CLAHE enhanced image 

Figure 2 Basic CLAHE enhanced 
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IV WAVELET BASED IMAGE FUSION TECHNIQUES 

Wavelet transform is first performed on source images. Then a fusion decision map is generated based on a set 

of fusion rules.  

Then fused wavelet coefficient map can be constructed from the wavelet coefficients of the source images 

according to the fusion decision map. Finally the fused image is obtained by performing the inverse wavelet 

transform. The DWT based techniques became popular due to their multi-resolution properties. The main issue 

in wavelet fusion technique is the selection of decomposition level and the optimum wave filter 

Pixel Based Fusion Rules 

In this paper the pixel level maxima is opted as the fusion rule defined as; 

Pixel Averaging (Method1) 

All the four sub bands of the fused image F is simply acquired by averaging the wavelet coefficients of source 

images A & B. 

Fj,k = (Aj k +Bj,k )/2 & FJ = (lAj+ lBj) /2  

Proposed  adaptiveFusion techniques.  

Wavelet decompositions are first performed on input medical images [8]. Then a fusion is implemented based 

on a set of fusion rules. Then fused coefficients are constructed from the wavelet coefficients of the source 

images using the fusion rule. Finally the fused image is obtained by performing the inverse wavelet transform. 

The Proposed Fusion block Diagram or method is given in the Figure 3 Below.  Comparisons of wavelet 

decomposition for original and enhanced CLAHE images are shown in the Figure 4. 

 

Figure 3 Proposed Fusion Method 

The input medical image and enhanced image is fused using the three pixel level fusion rules Viz. Pixel level 

Maxima, Pixel Level Minima and Pixel Level Averaging  

 

a) 2D wavelet decomposition of original; NRI image 
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b) 2D wavelet decomposition of CLAHE enhance image  

Figure 4 DWT decomposition second levels     

V. WAVELET BASED FUSION 

The process of the wavelet baseed fusion is explained in the Figure 5. As can be seen that two I, ages are fused 

on low resolution after beong dwcoposed by wavelet transform.  

 

 

Figure 5 Wavelet based Image Fusion 

 

VI.  RESULTS AND DISCUSSION 

Section presents comparison of experimental results for various color image enhancement methods. The results 

of the Histogram equalization (HE) based contrast limited adaptive histogram equalization CLAHE and wavelet 

based fusion improves contrast better and results are shown for different images.  

And also preserves the brightness and entropy because method maximizes entropy. This method not only gives 

flat histogram but also enhance image contrast. 

    

• Original 2_CT_image  b) CLAHE enhanced image 
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c) Original Histogram  d) Equalized histogram with CLAHE 

    Figure 6 CLAHE enhancement for patient_2_CT_image 

      

• Original MRI image 2  b) CLAHE enhanced image 

 

 

c) Histogram original d) CLAHE Equalized histogram       Figure 7 CLAHE enhancement for 2_MRI_image 

It is clear from the Figure 6 that enhanced Sonography image with CLAHE enhancement provides flat 

histogram distribution and describe the baby features more clearly. Therefore using CLAHE enhancement is 

used to generate the multi-focused image set from single input image as shown in Figure 6 a) and b). 

The fused results of various methods for Sonography image 1 is shown in the Figure 7.8. It can be observed that 

features in pixel level maxima fused image are more visible compared to others. 

   

Figure 8 Result of Wavelet Decomposition a) Sonography image b) first level c) second level 

decomposition 

 

VI . CONCLUSION 

Paper presents the comparison of image fusion methods for medical images. It is proposed to design the 

adaptive fusion rule based on entropy analysis. The spatial domain methods CLAHE is used to generate the 

multi focused image set from single medical image. Execution of the three enhancement methods Viz. Pixel 
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level Minima, Maxima and Averaging are compared based on Entropy analysis. It is found that our adaptive 

method works efficiently for all medical images and is capable of adapting the optimum fusion rule. The 

information content in the fused image is maximum since the entropy of the fused image is more than the input 

image in most of the images. Results are evaluated for six uniquely different medical imaging environments and 

it is found that the proposed adaptive fusion based method is independent of imaging environments. 
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