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ABSTRACT 

A method for enhancing the contrast of gray scale images 

using multiscale mathematical morphology is presented in 

this paper. The conventional theoretical concept of 

enhancing image has been extended from mathematical 

morphology to multiscale mathematical morphological 

approach. Gray scale images sometimes suffer from lack of 

contrast. So to enhance image efficiently a multiscale top 

hat transform based algorithm is proposed. In this algorithm 

multiscale structuring element of same shape and increasing 

size is used. By using multiscale top hat transform both white 

and black features at various scales of gray scale image are 

extracted and these features are added together to find the final 

enhanced image. For implementing scheme different 

morphological towers are built. Experiment has been 

performed on a set of raw gray scale images for testing 

efficiency both qualitatively and quantitatively and result is 

also compared with other state of art techniques and gets better 

result.  
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1. INTRODUCTION 

Image enhancement is used to improve the interpretability for 
human viewers. Image enhancement technique can be 
categorized in two ways including spatial domain technique in 
which the pixels are directly operated and frequency domain 
technique in which operations are performed on the Fourier 
transform of the query image[2].   

For noise removal many algorithms has been proposed like 

histogram based algorithms, fuzzy logic based, diffusion based 

algorithms etc. To achieve a good result for image enhancement 

multiscale top hat transform is applied on gray scale query image 

[4].In morphology image is treated according to set theoretic 

concept of shape. Objects in an image are considered as set and 

operations are performed between two sets: the object and the 

structuring element (SE). According to purpose of associated 

application shape and size of SE is defined. In morphology 

erosion and dilation are basic operations and opening (closing) is  

sequential combination of erosion (dilation)[1]. 

 

2. MATHEMATICAL MORPHOLOGY 
In the field of image processing, computer vision and 

analysis, mathematical morphology is a powerful tool. In 

morphology objects presented in the image are treated as sets 

of points and operations are conducted between two sets: the 

object and SE. two basic operations of mathematical 

morphology are erosion and dilation[1]. L e t  a a n d  s  

r e p r e s e n t  a gray- level image  and structuring element 

respectively. The dilation erosion and of a (x,y) by s(u,v) are 

denoted as follows, respectively[3]. 

 a s =max( a ( xu, y v)  s (u, v))                                    (1)         

                i ,j                                                                                                  

 a s =min( a ( xu, y  v)  s (u, v))                                   (2) 

             i, j  

Opening and closing [3] are defined as, respectively 

a s a  s)  s                                                                         (3)   

a  s  ( a   s ) s                                                               (4)                      


Tophat transform containing white Tophat and black Tophat 
denoted by WTH and BTH are respectively defined as follows: 
 

 WTH (x, y)  a (x, y) a s (x, y)                                    (5) 
       

 BTH (x, y)    a s (x, y) a (x, y)                                    (6) 
    

Corresponding to the size of SE white regions of image are 

usually smoothen by opening. Hence WTH is used to 

extract white regions in the image. Similarly using the 

closing operation black regions of image are smoothen 

corresponding to the size of use SE. So black regions of 

image are usually extracted by BTH[4]. 

        

3. MULTISCALE MATHEMATICAL 

MORPHOLOGY 
White and black image features are contained in different 

scales of image. If these white and black features at all the 

scales could be extracted using scalable structuring 

element(SE)  then query image could be enhanced more 

effectively. Such a method where varying scale structuring 

element is used is known as multiscale morphology[4,3]. 

Multiscale opening and closing operations are defined 

respectively, as  
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 a s a   ns)  ns                                                               (7) 

 a  s  ( a  ns ) ns                                                              (8)         

Where n is integer, showing the scale factor of SE[1]. 

Scale- specific white and black features are extracted using 

structuring element at different scale. Multiscale WTH and BTH 

are described as follows  

WTH (x, y)  a (x, y) (a ns )                                      (9)   

BTH (x, y)    (a  ns ) a (x, y)                                     (10) 

Where s is structuring element of definite shape and n is an 

integer representing the scale factor of structuring element. 

4. METHODOLOGY 
Difference between original image and its mean image is 

amplified using local statistics in a contrast stretching method 

as follows  

 ~                -                                   - 

 a ( x, y)   a (x, y)  m[ a ( x, y)  a  (x, y)]                   (11) 

m is global amplification factor having value greater 

than1.WTH decomposes image into two parts as follows 

a (x, y)(a s ) (x,y) + [a(x,y) (a ns )(x,y)]             (12) 

                         part 1                           part 2 

     All the features of  a( x, y) which are smaller than s are 

present in part 2. So to measure local contrast in original 

image we have 
  ~ 

 a ( x, y)   (a s) (x, y)  m[ a ( x, y)  ( a s) (x, y)]   (13) 

now purpose m = 2 

  ~ 

 a ( x, y)   a (x, y) [ a ( x, y)  ( a s) (x, y)]                (14) 

Let a ( x, y)  ( a s) (x, y) = A o(x, y) i.e features of size less 

than that of s obtained by bright tophat, as     

~                                        

 a ( x, y)   a (x, y) A
 o 

( x, y)                                           (15) 

 

We use disk structuring element s, then ks is dilated by 

s(k-1) times. Then we can modify expression of 

features as 

A 
o 

( x, y) = [  a k-1)s - ( a ks) ]                      (16) 

A 
o

 ( x, y) contains bright features of image a ( x, y) 

which are smaller than scale ks but bigger than (k- 1)s. 

hence modified image can be obtained as  

 ~                            m 

a (x, y) = a (x, y)+ ∑  A 
o  

( x, y)                           (17) 

In same way multiscale dark features (black tophat 

transform) can be obtained, we can have another 

modified image. 

 ~                             m 

a (x, y) = a (x, y) ∑   A 
c  

( x, y)                         (18)                             

                               k=1                                                     

 A 
c 

( x, y) = (s  ks ) s  (k-1)s ]                              (19) 

 

For enhanced image having both black and white contrast 

we add (18) & (19) as  

 ~                                 m                            m 

a ( x, y)   a (x, y) ∑   A 
c  

( x, y) + 0.5∑ A 
o  

( x, y) (20) 

 

To provide equal weight ages to both bright and dark features 

contrast multiplier 0.5 is used[2,3].  

 

5. IMPLEMENTATION 
To implement eq. (20), morphological towers are 

built[2,3].the image to be enhanced is made to undergo a 

sequence of gray scale morphological opening operations with 

a disc structuring element and its higher-order homothetic. 

Stack which contains he resulting sequence of images is 

known as opening tower, as identical stack known as closing 

tower is constructed with multiscale morphological closing of 

the query image. Therefore kth entry in the opening and 

closing tower represents image opened or closed with 

structuring element of ks. 
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Fig.1 Different Morphological towers 
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6. EXPERIMENTAL RESULTS 
The purposed method has been tested on a set of gray scale 

images and results have been compared with that of other 

methods. We have used disk structuring element having 

smallest size 3*3 and largest size 13*13.      

From these images we can see differences of these methods 

clearly. Image obtained better contrast when black and 

white features are enhanced using improved multiscale 

morphological method mentioned above. By using other 

methods for example, histogram equalization, Unsharp 

masking, Image Averaging, Single Scale Filtering  the 

processed images are too bright or too dark or so much 

smooth and some where more sharp at the edges only,  

which are not satisfied, so proposed method is used to get 

better results. 

 
Fig 2 original image 

 

Fig 3 Histogram Equalized Image 

 

Fig 4 Unsharp Masking 

 

Fig 5 Image Averaging 

 

Fig 6 Single Scale Filtering 

 

 

Fig. 7 image after applying proposed method 

The performance of the enhancement technique is compared 

through the evaluation of quantitative measures such as DV 

and BV. An efficient enhancement technique should yield for 

processed images. Experimental results shown in Table1 

validates that results obtained using proposed algorithm are 

best as compared to those obtained with other state-of-art 

technique for gray scale images. 

Table1. Comparison of DV and BV for input image, state-

of-art technique and proposed method of image 

enhancement 

 

Image 

Name 

 

State-of-art 

Technique 

 

Detailed 

Variance 

(DV) 

 

Background 

Variance 

(BV) 

 

 

Hand.jpg 

Original Image 71.6371 2.93327 

Histogram 

Equalization 

66.2397 6.72638 

Unsharp Masking 70.5808 7.40856 
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Image Averaging 69.2832 2.38771 

Single Scale 

Filtering 

71.1785 6.74502 

Proposed method 75.9131 6.34403 

 

 

Brain.jpg 

Original Image 75.5675 8.63448 

Histogram 

Equalization 

79.4431 12.7432 

Unsharp Masking 78.5038 11.2384 

Image Averaging 79.5685 7.11165 

Single Scale 

Filtering 

81.2239 10.6597 

Proposed method 84.2087 7.90794 

 

 

 

Heart.jpg 

Original Image 72.0165 4.69797 

Histogram 

Equalization 

78.3127 6.09778 

Unsharp Masking 72.4644 7.22517 

 

Image Averaging 71.1813 3.5254 

Single Scale 

Filtering 

72.3746 7.32396 

Proposed method 74.5333 6.79009 

 

 

 

Knee.jpg 

 

Original Image 77.3462 3.46663 

Histogram 

Equalization 

76.0245 6.82184 

Unsharp Masking 76.8556 7.24902 

Image Averaging 91.4226 2.9793 

Single Scale 

Filtering 

77.4532 5.89664 

Proposed method 79.5737 5.62068 

 

 

Tunnel.j

pg 

Original Image 45.4193 5.43312 

Histogram 

Equalization 

82.9866 10.7216 

Unsharp Masking 96.9693 7.47912 

Image Averaging 65.2489 5.51417 

Single Scale 

Filtering 

96.399 6.87755 

Proposed method 91.7534 6.37778 

7. CONCLUSION 
A method for gray scale image enhancement using multiscale 

mathematical morphology is introduced in this paper. This 

method is manipulating the intensity of scale specific features 

in the image by using different scale structuring element, 

different morphological towers are constructed. By 

implementing opening and closing towers mutiscale white and 

black features are extracted, by combining all these features 

and original image we got final image whose local contrast is 

enhanced. The purposed method has been implemented on 

gray scale images and got effective results. It is shown that 

our findings may be useful to enhance gray scale image. 
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