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Abstract — This paper presents a review on the different multi focus image fusion techniques. The main application of 

image fusion in multi-focus cameras to combine information from multiple images of the same scene in order to deliver 

only the multi focused image. The discrete cosine transforms ( DCT) based methods of image fusion are more suitable 

and time-saving in real-time systems using DCT based standards of still image or video. In this paper an efficient 

approach for fusion of multi-focus images based on variance calculated in DCT domain is presented. Also effect of 

varying block size from 8x8, 16x16, 32x32 and so on is analyzed in this paper. The aim is to find the gaps in existing 

literature and suggesting a suitable method to reduce the gaps of existing techniques. 
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I. INTRODUCTION 

 

Image fusion is the process of to combine relevant information from two or more images into a single image  [1]. The 

resulting image will contain all the important information as compare to input images. The new image will ext racts all 

the informat ion from source images. Image fusion is a useful technique for merging single sensor and mult i-sensor 

images to enhance the information. The objective of image fusion is to combine information from multiple images in 

order to produce an image that deliver only the useful information. The discrete cosine transformation (DCT) based 

methods of image fusion are more suitable and time-saving in real-t ime systems. In this paper an efficient approach for 

fusion of multi-focus images is presented which is based on variance calculated in DCT domain. 

 

Image fusion takes place at three d ifferent levels i.e . p ixel, feature and decision. Pixel level is a low level of fusion which 

is used to analyze and combine data from d ifferent sources before original information is estimated and recognized. 

Feature level is a  middle level of fusion which  extract  important features from an image like shape, length, edges, 

segments and direction. Decision level is a high level of fusion which points to actual target. Its methods can be broadly 

classified into two that is special domain fusion and transform domain fusion. Averaging, Brovery method, Principal 

Component Analysis (PCA), based methods are special domain  methods. But special domain methods produce special 

distortion in the fused image .This problem can be solved by transform domain approach. The DCT based method will be 

more efficient for fusion. 

 

The discrete wavelet transform has become a very useful tool for fusion. The images used in image fusion should already 

be registered. Pixel level fusion technique is used to increase the special resolution of the mult i-spectral image. Image 

fusion is a concept of combining mult iple images into composite products, through which more information than that of 

individual input images can be revealed.  

  

II. LITERATURE S URVEY 

 

There are many methods for image fusion. But we are focusing on the mult i-focus image fusion. So  far, many researches 

have concentrated on image fusion performed on the images in the spatial domain [2] -[3]. The algorithms based on mult i-

scale decompositions are more popular. The basic idea is to perform a mult i-scale transform on each source image, and 

then integrate all these decompositions to produce a composite representation. The fused image is finally reconstructed 

by performing the inverse mult i-scale transform. Examples of this approach include the Laplacian, gradient, or 

morphological pyramids, and the superior ones, discrete wavelet transform (DWT) [4] and shift invariant discrete 

wavelet transform (SIDWT) [5] which  are t reated in literature as standard methods. There is a very  good survey found in 

[6] and [7]. Tang [8] has proposed two image fusion techniques in DCT domain, namely, DCT + Average and DCT + 

Contrast. Tang has implemented his proposed methods on 8×8 DCT blocks defined in JPEG standard. In DCT + 

Average, Averaging leads to undesirable side effects including blurring. In DCT + Contrast This alg orithm is also 
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complex in  calculat ing the contrast measure for each coefficient. Furthermore, it suffers from side effects including 

blocking artifacts. In DCT + Variance technique variance is used as a activity measure. The DCT + Variance + 

Consistency verification technique used in [9] gives better result than DCT + Variance method. In order to reduce the 

complication fo r the real-time applications and also enhance the quality of the output image, an image fusion technique in 

DCT domain. Here, the variance of 8×8 blocks calculated from DCT coefficients is used as a contrast criterion fo r the 

activity measure. Then, a consistency verification (CV) stage increases the quality of output image. Simulation results 

and comparisons show the considerable improvement in the quality of the output image and reduction of computation 

complexity. 

 

Discrete cosine transform (DCT) is an important transform extensively used in digital image processing. Large DCT 

coefficients are concentrated in the low frequency region; hence, it is known to have excellent energy compactness 

properties . The 2D discrete cosine transform X(k1 ,  k2) of an image or 2D signal x(n1 ,n2 ) of size N1 x N2 is defined as: 

 

                                                                                                     (1) 

  
k1 and k2 discrete frequency variables (n1 , n2 ) pixel index Similarly, the 2D inverse discrete cosine    transform is 

defined as: 

 

2.1 DCT Based Multi-focus Image fusion methods[1]  

 

Image to be fused are divided into non-overlapping blocks of size NxN as shown in Fig-2. DCT coefficients are 

computed for each block and fusion rules are applied to get fused DCT coefficients. IDCT is then applied on the fused 

coefficients to produce the fused image/block. The procedure is repeated for each b lock. 

 

 
Figure 1 DCT Based Fusion Process 

 

Six d ifferent types of image fusion algorithms based on discrete cosine transform (DCT) were developed and their 

performance was evaluated. Fusion performance is not good while using the algorithms with block size less than 8x8 and 

also the block size equivalent to the image size itself. These algorithms are very simple and might be suitable for real 

time applications. 

In similar line, contrast based image fusion algorithm in DCT domain  has been presented to fuse the out of focus images. 

Local contrast is measured by 8x8 b locks. However, there is no d iscussion on the fusion performance by choosing 

different block sizes. This paper presents six different DCT based image fusion techniques and studies their performance.  
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Figure 2 DCT Based Multi-Focus Image Fusion Techniques  

 

DCTav: In this fusion ru le, all DCT coefficients from both image b locks are averaged to get fused DCT coefficients. It is 

very simple and basic image fusion technique in DCT domain.  

                                                                                                               (2) 

DCTma: The DC components from both image blocks are averaged. The largest magnitude AC coefficients are chosen, 

since the detailed coeficients correspond to sharper brightness changes in the images such as edges and object boundaries 

etc. These coeficients are fluctuating around zero.  

                                                                                                (3) 

DCTah: The lowest AC components including DC coefficients are averaged and the remaining AC coefficients are 

chosen based on largest magnitude. 

                                                                                             (4) 

DCTcm: The DC coefficients are averaged and the AC coefficients are chosen based on largest contrast measure. 

                                                                                            (5) 

DCTch: It is very much similar to DCT ah. The lowest AC components including DC coefficients are averaged and the 

remain ing AC coefficients are chosen based on largest contrast measure. 

 

                                                                                                     (6) 

DCTe: It is similar to DCTcm. DC components are averaged together. AC coefficients correspond to the frequency band 

having largest energy is chosen. 
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                                                                                                                   (7) 

 

2.2 Variance Based Image Fusion i n DCT Domain[9] 

In multi-focus images, the focused area is more informat ive. This infomation is behind the details of that region which is 

corresponding to the high variance. Variance value is usually assumed as a contrast criterion in image processing 

applications. It is shown that the calculation of variance in DCT domain is very easy. Therefore, we can  use the variance 

value as the activity level of the 8×8 blocks of the source images. Fig. 4 illustrates the general framework of a JPEG 

encoder combin ing with image fusion for VSN. Here, for simplicity, we consider the processing of just two source 

images A and B, but the algorithm can be extended straightforwardly for more than two source images. Moreover, it is 

assumed that the source images were registered. As Fig. 4 shows, after divid ing the source images into 8×8 blocks and 

calculating the DCT coefficients for each b lock, the fusion algorithm is performed. Here the variances of the 

corresponding blocks from source images are calculated by equation as the activity measures. Then, the block with high 

activity level is selected as the appropriate one for the fused image. Finally, the DCT presentation of the fused image is 

made up of b locks with the larger variances that are from source image either A or B.  

 

 
 

Figure 3 DCT Variance  

 

Two-dimensional DCT t ransform of an N×N b lock of an image x(m,n) is defined as: 

                                                                                                   (8) 
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                                                                                                        (9) 

 

d(0,0) is the DC coefficient and the other d(k,l)s are the AC coefficients of the block. The normalized transform 

coefficients dˆ(k,l) s are defined as below: 

 

                                                                                                                                                                (10) 

 

Mean value, μ, and variance, ϭ
2
, of an N×N block in the spatial domain are calculated as: 

 

                                                                                                                                           (11) 

The variance of an N×N block of p ixels can be exactly calculated from its DCT coefficients by sum of the squared 

normalized AC coefficient of the DCT block as: 

 

                                                                                                                                       (12) 

 

2.3 Consistency Verification Method[9] 

 

Assume a region in the scene including several b locks that is only in the depth of focus of image A. Fo llowing the above 

mentioned process, all the blocks in this region must be chosen from image A. However, there may be some errors that 

can lead to erroneous selection of some blocks from image B. This defect can be solved with a consistency verification 

procedure. The defective decision map is demonstrated in Fig. 3 introduced a majority filter that can be used for 

consistency verification. If the center block comes from source image B while the majority of the surrounding blocks 

come from source image A, the center sample is switched to source image A. The fused image is finally obtained based 

on the modified decision map. Here, consistency verification is applied in  a 3×3 neighborhood window. If the window 

size increases, the quality of the output image obviously will raise at the expense of complexity increase. But instead of 

using a 5×5 window and considering 24 items, using a 3×3 window for two consequential times  and considering a total 

of 16 items, will be more efficient in both quality and complexity.  

 

 
 

Figure 4 Consistency verification 

 

 

III. RES ULT ANALYS IS 
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Table 1 PSNR Comparison of di fferent Fusion methods 

 

Fusion Method Block size  

 8x8 16x16 32x32 

DCTav 25.4546 25.4546 25.4546 

DCTah 25.4723 25.2325 25.1824 

DCTch 25.6567 25.4832 25.4232 

DCTmx 27.3428 28.3287 29.4543 

DCTe 27.7465 28.6489 29.7765 

DCTcm 28.4023 28.6745 29.8971 

DCT + Variance 32.5453 32.6453 32.7521 

DCT + Variance + CV 34.3865 34.4523 34.7865 

 

 

                    
(a)                                       (b)                                                    (c)                                       (d) 

                        
(e)                                          (f)                                                   (g)                                       (h) 

Figure 5 (a)(b),(c)(d),(e)(f),(g)(h) are the set of multi-focus low resolution(256x256) images 
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                                              (w)                                                                                             (x)     

                   
                                              (y)                                                                                              (z)     

Figure 6 (w)(x)(y)(z) are DCT +VAR +CV fused Images 

 

IV. CONCLUS ION 

 

In this paper eight different types of image fusion algorithms based on discrete cosine transform (DCT) were described 

and compared. Fusion performance is not good while using the algorithms with block size less than 8x8 and also the 

block size equivalent to the image size itself. DCTe and DCTmx based image fusion algorithms performed well and these 

algorithms are very suitable for real time applicat ions. The performance of variance based methods are better than other 

six method and for real t ime fusion application DCT + Variance + CV fusion method gives the best result  with h igher 

block size. 
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