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Abstract 

In this paper, a new morphology-based homomorphic filtering technique is presented to enhance features in medical images. The 
homomorphic filtering is performed based on the morphological sub-bands, in which an image is morphologically decomposed. An 
evolutionary design is carried to find an optimal gain and structuring element of each sub-band. As a search algorithm, Differential Evolution 
scheme is utilized. Simulations show that the proposed filter improves the contrast of the interest feature in medical images. 
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1. Introduction 
 
The contrast enhancement among adjacent regions or 

features in medical images is aimed at supporting activities 
such as disease diagnosis and monitoring, and surgical planning. 
The wavelet and homomorphic filtering techniques have shown 
that they are capable of compressing the dynamic range and 
enhancing the contrast simultaneously[1]-[3]. They concentrate 
on reinforcing the details of the image to be enhanced in terms 
of the frequency domain. However, these linear approaches 
have drawback of not well solving problems involving 
geometrical components in the image. A mathematical 
morphology is widely used to enhance or detect the geometrical 
structure of the image object[4]. The mathematical morphology 
can decompose an image into different sub-bands through a 
multi-resolution analysis, where each sub-band contains the 
objects of a specific size. As a nonlinear methodology, the 
mathematical morphology is a new and powerful technique to 
solve the above-mentioned problems. 

Concerning the feature extraction from the local information, 
another issue is to design the mapping gain. The conventional 
mapping gain used in the wavelet sub-bands for the noise 
suppression and the contrast enhancement is experimentally 
determined [1]-[3]. Since a feature of image object is very 
difficult to express mathematically, finding an optimal mapping 
gain for the feature extraction and a structuring element for the 
morphological filter is difficult and time-consuming task by 
trial and error. A GA(Genetic Algorithm)-based optimization 
of the structuring element is described[5]. Although many GA 
versions have been recently proposed[6], they are time-
consuming since GAs require inherently large population and 
long evolution in order to prevent the wrong and early 
convergence of GA. In order to overcome the disadvantage 
DE(Differential Evolution) scheme is proposed[7], and has 
been applied to image processing areas[8], [9]. DE scheme has 

an advantage of the fast convergence, and it is due to the 
capability of finding global minimum with a small population 
size compared with other evolutionary algorithms.    

For the nonlinear feature enhancement this paper presents 
the morphology-based homomorphic filtering method. Based 
on the well established concepts of wavelet approach[1] and the 
wavelet-based homomorphic-based filtering methods[2], [3], 
the proposed method decomposes an image into morphological 
sub-bands, and then performs the homomorphic filtering using 
the morphological sub-bands. The evolutionary design of an 
optimal mapping gain and a structuring element for each 
morphological sub-band is carried out by DE scheme with the 
fast convergence. Simulation results are given to verify the 
effectiveness of the proposed method. 

 
 
 2. Morphology-Based Homomorphic Filter 

 
The morphology-based homomorphic filter of 3-level is 

shown in Fig. 1. The logarithm of the image is decomposed 
into several sub-bands through the morphological low and high 
pass filters with the different sized-structuring elements. The 
left and the right dotted boxes in Fig.1 indicate the part of the 
image decomposition and that of the reconstruction, 
respectively.  

   Let fL n  be the logarithm of the original image. The 
morphological low and high pass filters uses the closing 
operator(●) for the dark feature enhancement. The operator is 
defined as in (1). 

 fL n fL  ●B n ,  fH n fL n fL n   (1) 

Here n denotes two dimensional variable and i denotes i-th 
level(i 1). The size of the structuring element B  should be 
increased in the subsequent decomposition level, i.e. B B .  
According to the extensity of closing, the following 
relationship holds: fL n fL n . For 3-level an image is 
decomposed into three high passed sub-bands, fH n , fH n , fH n  and one low passed sub-band, fL n . The 
feature-enhanced image can be obtained from the 
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(a) Fitness function value, FMAE 

 

 
(b) Optimal gains(K ’s) and the sizes of structuring 

element(γ B ’s) 
 

 
(c) A line sample 

Fig. 3 Evolution result by fitness function, FMAE for the target 
image 

 
(a) Fitness function value, FMSE 

 

 
(b) Optimal gains(K ‘s) and the sizes of structuring 

element(γ B ’s) 
 

 
(c) A line sample 

Fig. 4 Evolution result by fitness function, FMSE for the target 
image 
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4. Simulation 
 
To evaluate the performance of the proposed method, the 

contrast improvement index of our method is compared with 
that of the WHF(Wavelet-based Homomorphic Filter)[2]. The 
CII(Contrast Improvement Index) is defined as in (5). 

 CII CC   (5) 

Here C  and C  are the contrast values for the region of 
interest in the processed and original image, respectively. The 
contrast C of an object is also defined as in (6). 

 C   (6) 

Here f is the mean gray-level value of a particular object in 
the image and b is that of the surrounding region. 

The processing results of the angiographic image are shown 
in Fig. 5. The original image, and the images processed by the 
histogram equalization, WHF method( 3-level decomposition, K 3.5 , K 2.5 , K 1.5  and K 1.0 ), and the 
proposed method with the optimal parameters of Fig. 3 (b). The 
near-infrared image is also considered, and its processing 
results are shown in Fig. 6. As in Fig. 5 and Fig. 6, it is 
noticeable that the dark features such as blood vessels and 
veins are all obviously enhanced without the distortion of the 
bright areas, on the other hand the images processed by the 
histogram equalization and WHF are too bright and 
considerably noisy. The proposed method seems to be very 
useful in the image enhancement in the fields of the vein 
authentication[10] and the catheter insertion[11]. 

The contrast improvements for the original and enhanced 
features are summarized in Table 1, where the proposed 
method outperforms the conventional WHF method.  

The effectiveness of the proposed method is verified by the 
intensity mapping results shown in Fig. 7, in which the 
proposed gives the contrast stretching for the dark features 
alone without overshooting the bright background.     

 

 
(a) Original image 

 

 
(b) Histogram equalization 

 

 
(c) WHF[2] 

 

 
(d) Proposed 

Fig. 5 Results of blood vessel enhancement in angiographic 
image 
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(a) Original image 

 

 
(b) Histogram equalization 

 

 
(c) WHF[2] 

 

 
(d) Proposed  

Fig. 6 Results of vein enhancement in near-infrared image 

Table 1 Contrast improvement 

Index Angiographic original image WHF[2] Proposed 
C 0.2325 0.5276 0.5594 

CII  2.2692 2.4060 
 Near-infrared original image WHF[2] Proposed 

C 0.0862 0.1089 0.1177 
CII  1.2633 1.3654 
 

 
(a) Histogram of angiographic and near-infrared sub-block 

images 
 

 
(b) WHF[2] 
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(c) Proposed 

Fig. 7 Intensity mapping results 
 
 

5. Conclusions 
 
In this paper a new morphology-based homomorphic 

filtering method for the feature enhancement in medical images 
is presented. The method combines the morphological sub-
band decomposition and the homomorphic enhancement 
features. The morphological sub-bands with the optimal gains 
are merged to reconstruct an enhanced image. The optimal gain 
and structuring element of each sub-band are searched in the 
process of differential evolution. Simulation results shows that 
the proposed method has improved the contrast of the interest 
feature without deteriorating the bright areas in medical images. 
Therefore, the method is considered to be of great use in 
supporting activities such as disease diagnosis and monitoring, 
surgical planning, and authentication.   
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