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ABSTRACT 
A simple and effective image fusion technique has been 

designed to convey all the meaningful information from the 

images of the same scene with diverse focuses into a final 

composite image. This paper presents an alternate approach to 

the problem of multi-focus image fusion using index of 

fuzziness. The fusion performance of the proposed method has 

been evaluated using an objective measure. Experimental results 

on several pairs of images indicate that the proposed method 

works well when compared to some of the image fusion 

methods. 
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1. INTRODUCTION 
Image fusion is an important research area for the militarily 

significant states world wide. It is used in recognizing a 

ground/air force vehicle, remote sensing, medical imaging, 

optical microscopy etc., [1]. The purpose of image fusion is to 

ultimately obtain the accurate as well as abundant information 

from the fused images, which is not available in a single image. 

Multi-focus image fusion is a process of fusing images that are 

taken under different focal settings in the same viewpoint. The 

images which are obtained in diverse focuses are fused to 

produce an image, which is focused in all areas with adequate 

information. 

Various approaches have been found in the literature for fusing 

multi-focus images. Simple techniques, in which the fusion 

operation is performed directly on the source images like 

weighted average method, often have serious side effects like 

reduction in the contrast of the fused image. Most of the image 

fusion techniques were based on wavelets [1,2] principle 

component analysis (PCA)[1] and various adaptive schemes[3, 

4, 8, 11]. It involves huge computations using floating point 

arithmetic and thus requires a lot of time and memory space 

[14].  

According to the combination mechanisms, image fusion 

methods can be generally divided into three categories namely, 

pixel level, feature level, and decision level. The feature level 

and decision level fusion may lead to a loss of information 

during the fusion process [9]. The approaches for image fusion 

can be classified as spatial domain methods and frequency 

domain methods [12]. Most of the multi-focus image fusion 

methods are based on frequency domain approaches and very 

few algorithms have been suggested in spatial domain. 

Therefore, a pixel level fusion in spatial domain for fusing 

multi-focus images is focused in this paper. 

An improved method in spatial domain is to compute the degree 

of focus for each pixel using various focus measures in multi-

focus images. A critical issue in the design of multi-focus image 

fusion algorithms is to define activity measures or focus 

measures that can evaluate and compare the local information 

content of multiple images [12]. The conventional focus 

measures found in the earlier works include, spatial frequency 

[1,2, 3, 5, 6, 14, 17], pixel visibility [3, 4, 5, 17], uniform 

parameter [6], variance[17], energy of image gradient[17], 

energy of laplacian of image [17] etc,. In this paper, a new 

alternate approach to the problem of multi-focus image fusion 

based on index of fuzziness as a focus measure has been 

suggested. This method is computationally simple and can be 

applied in real time applications. Experimental results show that 

it outperforms the spatial frequency based method and pixel 

level maximum and minimum method.  

The rest of the paper is organized as follows. An introduction to 

the index of fuzziness is given in section 2. The proposed fusion 

scheme is described in section 3. Experimental results are given 

in the section 4 followed by concluding remark. 

2. INDEX OF FUZZINESS 
The increase or decrease in image fuzziness can be used in 

image processing tasks such as enhancement, segmentation and 

classification [15]. The index of fuzziness (IF) measures the 

information level in an image. For an M*N image block, the 

index of fuzziness is defined as follows. 
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Where the size of an image is MxN and µ is the mean value of 

the image block. The index of fuzziness is calculated regarding 

the difference between the membership values (µ) and their 

complements [15]. The membership values can be chosen based 

on the application. 

The experiments have been performed on four sets of various 

versions of blurred images. Fig-1(a) is the original image and 

1(b) to 1 (d) shows the degraded versions of the images after 

blurring with the Gaussian of radius 0.5, 1.0, 1.5 and 2.0 

respectively. It is clear from the table-1 and table-2, the index of 

fuzziness (IF) decreases with increase in blurriness. The same 

experiment is repeated with different set of images. This reveals 

that the index of fuzziness is used to measure the depth of field 
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in an image and is used in estimating the quality of the blurred 

or defocused images.  

 
Fig-1(a)Flower  (b) Blur,0.5 r  (c)Blur,1.0 r    d) Blur 1.5 r 

 

Table-1 Index of Fuzziness value of the image blocks in Fig-1 

Measure Fig-1 (a) Fig-1 (b) Fig-1 (c) Fig-1 (d ) 

IF(Flower) 22.92 22.90 22.87 22.84 

 

 
Fig-2(a)Tree   (b) Blur,0.5 r  (c)Blur,1.0 r    d) Blur 1.5 r 

 

Table-2 Index of Fuzziness value of the image blocks in Fig-2 

Measure Fig-2 (a) Fig-2 (b) Fig-2 (c) Fig-2 (d ) 

IF(Tree) 21.54 21.51 21.48 21.46 

 

From the Table-1 and Table-2, it is found that the value of the 

index of fuzziness (IF) decreases with increase in blurring. The 

IF  value is calculated on the various set of images and it is 

found to be the same. Hence the index of fuzziness is found to 

be an image quality metric for blurred images. This reveals that, 

the index of fuzziness is used to measure the depth information 

in defocused images. 

3. MULTI-FOCUS IMAGE FUSION 
The diagram for the fusion scheme is given in Fig-3. The fusion 

of multi-focus (left and right focus) registered (same co-ordinate 

system) images of the same size is considered for the fusion 

process. The fuzzification is done on the source images of  size 

M*N by calculating the index of fuzziness(IF) for each block of 

source images regarding the membership values and their 

complements. An appropriate membership value is chosen based 

on the application. The mean value of each sub window of the 

source images are taken as membership values. The index of 

fuzziness (IF) is calculated for each block of the source images 

and the rule evaluation is done by comparing the index of 

fuzziness (IF) of the first image with the second image. Based 

on the values of the index of fuzziness the resultant image is 

formed. The de-fuzzification is performed based on the resultant 

image to obtain crisp results. This step is performed here by 

again comparing the fused image pixel values with the source 

images to get the enhanced fused image.  

 

Fig-3   Diagrammatic representation of the fusion process 

using measure of fuzziness 

The algorithm works as follows. 

1. Decompose the source images A and B into sub-blocks of 

size M*N and denote the ith block as Ai  and  Bi  

respectively. The block size can be  3*3 or 4*4  etc. But the 

quality of the fused image will decrease with increase in 

block size. 

2. Compute the membership values and their complements by 

choosing an appropriate membership function. Here the 

membership function used is the mean value of  each  sub-

block.  

3. Compute the IF using the equation-(1) for each sub-block 

using the membership values and their complements  and  

denote the IF’s  of   Ai  and  Bi  as   IFAi  and IFBi  

respectively. 

4. Compare the IF’s of the two corresponding sub-blocks  Ai  

and  Bi   and construct the ith block F of the fused image as 

follows   

     If   IFAi     >  IFBi      

  Fi      =  Ai  

    If   IFAi     <  IFBi      

  Fi      =  Bi  

    If   IFAi     =  IFBi       

               Fi      =  Ai    or  Bi  

4. EXPERIMENTAL RESULTS 

Experiments have been performed in four set of images. The 

source left and right focus images were given in the Figures- 4, 

5, 6, 7 (a) and (b). The resultant fused images obtained using the 

proposed method (IF) and the compared methods (SF and MM) 

were given in the figures- 4, 5, 6, 7 (c) to (e). The brief 

description of the compared methods is given below. The spatial 

frequency which measures the overall activity level in an image 

[3, 5, 6, 14, 16, 17] is used in the fusion process as well as in the 

evaluation of  fusion performance with no ground truth. For an 

M*N block of an image, it is calculated as follows,  

     SF=

22 )()( CFRF 
                          ( 2)                                                    

Where RF and CF are the row frequency and column frequency 

respectively. 
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Higher the value of spatial frequency, higher will be the image 

quality.   

The simplest method of image fusion is pixel level maximum or 

minimum. In this method pixel level fusion is done in which the 

intensity values of two source images is compared pixel by pixel 

and the one with the higher value is taken in the fused image [5]. 

Table-1 gives the spatial frequency (SF) values of the fused 

images. 

      

Fig-4 (a)Bottle- Left focus image          b) Right  focus image 

         

(c)Fused Image-IF (d)Fused Image –SF  e)Fused-Image-MM 

          

Fig-5  (a) Oldman-Right Focus image    (b) Left  focus image 

   

(c)Fused Image-IF (d) Fused Image –SF  e)Fused-Image-

MM 

                 

Fig-6-Clock (a) Right Focus image      (b) Left  focus image 

   

(c)Fused image-IF (d) Fused image –SF e) Fused-Image- 

MM 

      

Fig-7  (a)Book-Right Focus image       (b) Left  focus image 

   

(c) Fused Image-IF (d) Fused Image –SF  e) Fused-Image-

MM 
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Table-3 Spatial frequencies value for the fused images 

Method Bottle Book Oldman Clock 

IF 3.16E+12 2.07E+12 1.86E+12 2.36E+11 

 3.09E+12 1.71E+12 1.37E+12 1.21E+11 

 3.03E+12 2.06E+12 1.50E+12 2.22E+11 

            Graph-1 SF-oldman              Graph-2 SF-Clock  

Graph-1 SF values 

oldman

MMSF

IF

0.00E+00

5.00E+11

1.00E+12

1.50E+12

2.00E+12

1 2 3

   

Graph-2  SF values 

Clock

MM

SF

IF

0.00E+00

5.00E+10

1.00E+11

1.50E+11

2.00E+11

2.50E+11

1 2 3

 
           Graph-3 SF-Bottle                Graph-4-Book 

Graph-3  SF values 

Bottle

MM

SF

IF

2.95E+12

3.00E+12

3.05E+12

3.10E+12

3.15E+12

3.20E+12

1 2 3

  

Graph-4  SF values 

Book

MM
SF

IF

0.00E+00

5.00E+11

1.00E+12

1.50E+12

2.00E+12

2.50E+12

1 2 3

 
From the Figures-4,5,6 & 7  (c) to (e)  and graphs-1,2,3 and 4, it 

is clear that the fused images with the proposed method (IF) is 

visually and quantitatively effective than the spatial 

frequency(SF) and pixel level maximum and minimum 

methods(MM).  

5. CONCLUSION 
In this paper, a new alternate approach to the problem of fusing 

multi-focus images has been proposed. It is computationally 

simple and can be applied in real time applications. Comparison 

with the spatial frequency method and pixel level maximum and 

minimum method shows that the proposed method outperforms 

the other two methods. The proposed approach can be applied to 

other categories of image fusion using various measures of 

fuzziness and image information. A new combinational 

approach can be developed based on several other focus 

measures 
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