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Abstract - The Multi-focus image performs important role in   

image processing and visual applications. The captured 

images are not focused throughout the image due to 

limitations of lens used. Objects that are close to the focal 

range of the camera are clear while other parts are blurred.   

One way out is to capture several images with different 

focal ranges and merge them to produce an   image that is 

focused everywhere. This paper describes different multi-

focus image fusion algorithms in spatial and frequency 

domain. The method used for multi-focus image fusion is to 

identify the focused regions and combine them together to 

get an enhanced image. 
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I. INTRODUCTION 

As the focusing scope of light optical imaging system is 

limited, all the objects are not clearly depicted in image 

scene. The aim is to create a single image in which the 

whole scene is focused by fusing multiple images captured 

at different focus distances. For real life application, all the 

objects in image have to be clearly visible for better image 

quality. The solution of this problem is accomplished by 

multi-focus image fusion. While capturing image optical 

lens is being used.  The situation arises when object located 

at near focal plane are clear but at far focal pane are blur.  

So images that are captured are not focused everywhere. 

Today, image processing and computer vision finds 

applications in various fields. On the basis of information 

contained in input images, the result of fusion are 

dependent. Multi-focus image fusion has variety of 

applications in image processing and machine vision fields 

and for this different algorithms have been developed. 

Currently, many image fusion techniques have 

been developed to fuse multi-focus images. Usually, these 

fusion techniques are categorized into two classes: spatial 

domain methods and transform domain methods. The first 

one is simple fusion method that operates on source images 

directly. The second one first transforms source images into 

frequency domain by employing transform tools, and then 

after combines them. In Spatial domain the information of 

image pixels are directly used without any pre-processing or 

post-processing. Intensity values of pixels from the input 

images are directly fused in this method.  In transform 

domain, image is first transformed into frequency domain.  

In transform domain, the transform coefficients of input 

images are got by applying transform to all input images. 

Decision is then made based on these coefficients and a set 

of coefficients are selected. Equivalent result is obtained 

using inverse transform. So algorithms based on transform 

domain are more complicated and takes more time for 

implementation while spatial domain implementation can be 

performed easier than transform domain methods and time 

taken is less. 

II. ALGORITHMS 

Iman Roosta, Nader Karimi, Behzad Mirmahboub and 

Shadrokh Samavi presented a method of multi-focus image 

fusion by using categorization of energy levels. In this 

method an energy term is defined and region’s energy is 

categorized into low, medium, and high levels. Each of the 

pixels is defined as either focused or unfocused on the basis 

of the level of energy of each pixel. This method uses the 

energy levels in image to differentiate the focused and 

blurred regions. For calculating EOG vertical and horizontal 

Sobel edge operator is applied to each input images to 

measure vertical and horizontal edges which are named as 

Gx and Gy  For dividing the input images based on their 

energies Otsu algorithm is applied to achieved common 

energy map. Two energy level thresholds are produced. TL 

(low threshold) and TH (high threshold) These two 

thresholds divide input image into three main regions of: 

High energy region which identifies and differentiates pixels 

of image with EOG higher than the TH level. Low energy 

region which identifies pixels having EOG lower than the 

TL level. Last region is the mid energy region consisting of 

pixels with energy lower than TH and higher than TL. The 

output fused image is constructed from focused pixels of  

two source images.[1] 

Liang Xu, Junping Du, JangMyung Lee, Qian Hu, 

Zhenhong Zhang and Ming Fang adopted an algorithm for 

multi-focus image fusion that is based on LPS (Local 

Perceived Sharpness). The idea used is that takes benefit of 

the characteristics of multi-focus images: in focus regions 

are clear, but out of focus regions are blurring. Based on the 

variation in sensitivity of human vision system (HVS) 

corresponding to different regions, a region based fusion 

method in spatial domain is proposed. First the source 

images are segmented into perceptually homogeneous 

regions. The LPS approach called S3 (spectral and spatial 

sharpness) is an algorithm that measure the sharpness of 

local regions in an image. The advantage of the spectral and 

spatial properties of input images are covered.(1) spectrum 

estimation .Then edge detection is carried out. S1 based on 

the slope of the local magnitude spectrum; and (2) spatial 

estimation map S2 based on local maximum total variation 

(TV). The final estimation map S3 is got by integrating S1 

and S2 into the third map S3 that denotes the sharpness of 

each  pixel of image.[2] 
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Fig. 1: Block diagram of image fusion process [2] 

Wang Yajie, Ye Yongsheng, Ran Xiaoyan, Wu 

Yanyan, Shi Xiangbin presented a new approach of multi-

focus image fusion based on Canny edge detection method. 

First the decision map is obtained by YUV transform. Then 

edge detection is carried out to extract edges. Then regional 

comparison is carried out to remove white points in region 

of image. The color fusion image can be obtained   by 

mapping relationship between the decision map and the 

source color images. On comparing with the traditional 

multi resolution analysis method, it can be found that the 

algorithm of this paper does not need the transform domain 

processing, and overcomes the shortcomings of the multi-

resolution decomposition.[3] 

 
Fig. 2: Block diagram of image fusion process [3] 

 

Xuejun Li and Minghui Wang proposed a multi-

focus image fusion algorithm based on Gabor filter bank 

using Gabor transformation and Gabor filter bank theory. 

Gabor filter can be seen as impulse response multiplied by 

Gaussian function and harmonic function. The multi-focus 

image fusion algorithm based on Gabor filter bank 

comprises of three function modules: image preprocessing, 

mark blocks with more details decision algorithm and image 

fusion. The image is pre-processed first using Gabor filter 

bank to extract image details. Then the image is divided into 

blocks, and blocks with more details are selected by 

marking blocks with more details decision algorithm. 

Finally, those image blocks with more details are spliced 

together to form the final fused image. The results suggest 

that the multi-focus image fusion algorithm based on Gabor 

filter bank presents maximum mutual information, smaller 

distorted values and better effects of image fusion.[4] 

Kai-Lung Hua , Hong-Cyuan Wang, Aulia Hakim 

Rusdi and Shin-Yi Jiang presented a method that first 

evaluates the focus areas in a local sense and identifies 

nodes corresponding to consistency of nodes in a global 

sense. Here, multi-focus image fusion is formulated as a 

weighted average of input images. Given a set of K input 

images {I1. . .Ik}, each assumed to be already registered,  

the fused image F is calculated as follows: 
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where F(x,y) and Ik(x,y) signifies pixel value of 

fused image and of kth input image.  Wk(x,y) is weight 

assigned to kth input image. The fusion problem is modeled 

into a graph. Each pixel location is represented by a variable 

in X, and each input image is represented by a label in L. A 

graph G=(V,E) is defined where E is set of edges. The 

proposed method first evaluates the focus score of each of 

the pixel locally and then it optimizes the focus score and 

color consistency globally by the random walks 

framework.[5] 

J. Zhang, X. Feng, B. Song, M. Li and Y. Lu  

proposed a region based image fusion scheme. First Source 

images are divided into various blocks, and then fused 

image is constructed based on block with higher value of 

quality assessment. In multi-focus image fusion process, the 

first step is to identify whether the region of image is clear 

or not. Quality assessment can be categorized into two 

ways, first is the frequency domain and second is the spatial 

domain. In this algorithm spatial domain assessment is 

used.[6] 

Ishita De and Bhabatosh Chanda proposed a block-

based algorithm for multi-focus image fusion in which 

images are partitioned into blocks. For optimal sub-division 

of blocks, quad tree structure is used. Energy of 

morphological gradients is introduced to select clear blocks. 

Focus measure is calculated for each block and then 

compared with corresponding block. Higher focus measure 

value is compared with threshold value. If this  is greater 

than threshold value then block is kept  in resultant image 

else blocks are further subdivided in blocks. Detected 

focused blocks of different sizes are merged.[7] 

A. Saha, G. Bhatnagar and Q. M. J. Wu proposed a 

multi-focus image fusion scheme by combining focused part 

of  input images. To select focused part of image mutual 
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spectral residual (MSR) approach is used. Using Fourier 

transform images are transformed in frequency domain. In 

spectral residual, log spectrum of Fourier transform of 

image is calculated. MSR of each image is calculated that 

forms saliency maps. Saliency maps determine focused and 

unfocused part of image. The focused parts are combined to 

get a fused image. Fusion rule is applied in spatial 

domain.[8] 

III. PERFORMANCE MEASURE 

To check evaluation performance of fusion process, 

qualitative and quantitative measures can be used. 

Quantitatively it is measured by visual analysis statistical 

analysis. Qualitative assessment can be evaluated using 

reference and non-reference based metrics. Various 

parameters considered for evaluating the performance of the 

fused image are Mutual Information (M.I.),Objective image 

fusion performance measure (QAB/F) ,Average Gradient 

(A.G.) MI denotes that the fused image contains how much 

content from input images. It is given as, 

. . ( ) ( ) int ( , )M I Entropy X Entropy Y Jo Entropy X Y  

                                                                                      (3.1) 

where Entropy(X) and Entropy(Y) determines the entropy 

of input images X and Y, while Joint Entropy(X,Y) 

represents the joint probability distribution and dependence 

of entropy among X and Y. 

Objective image fusion performance measure 

(QAB/F) denotes the edge preserving of the fused image 

from input images. It is given as, 
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where QAF(i,j) and QBF(i,j) represents the ratio of 

egde gradient of image A w.rt. fused image F and of image 

B w.r.t. fused image F. wA(i,j) and wB(i,j) represents the 

weighted factor of image A and B. 

Average Gradient (A.G.) denotes the definition of 

an image. It is given as, 
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where g(x,y) indicates a function of gradient on the 

fused image. M and N represents rows and columns of the 

fused image. 

IV. CONCLUSION 

Image fusion techniques is widely used in many applications 

such as computer vision system, remote-sensing etc. This 

paper gives introduction to some multi-focus image fusion 

techniques and their performance. Various issues have been 

found on the basis of the study of the reviewed papers. 

Image fusion algorithm is problem dependent. Pixel-based 

algorithms leads to mis registration and are sensitive to 

noise, causes blurring problems Region-based algorithms 

are complex than pixel based algorithms, but gives good 

performance and removes problems of pixel-based 

algorithms. Hybrid technique using spatial and frequency 

domain methods can be used to obtain better results 
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