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Abstract— Most of the applications in the field of medicine, 

remote sensing, surveillance and defence require dealing with 

multiple images of the same scene having different focusing 

depth, acquired at different exposures and captured using 

different sources in one algorithm. None of the image fusion 

method has been reported which deals with multi focus, multi 

modal and multi exposure images simultaneously. So, in this 

paper we propose a novel image fusion algorithm with emphasis 

on the surveillance application taking focal length, modality and 

exposure into consideration.  

 

 

Index Terms— wavelet transform, image entropy, image fusion 

 

I. INTRODUCTION 

Concealed weapons detection in public places such as airport 

concourses, passenger train terminals, and shopping center 

entrances is one of the greatest challenges facing national 

security. Most of the current weapons detection systems, such 

as portable instruments and walk through detectors, have 

several drawbacks. Portable instruments endanger their users 

as they require close proximity to the person being searched, 

while walk through detectors require crowds of people to be 

channeled to choke points, which cause large delays. Thus, 

there is an urgent need for a new concealed weapons 

detection system which detects weapons from a distance in a 

quick and efficient way. But at the same time when distance 

comes into picture then there is problem of focal length and 

exposure. This is the focus of our current efforts and we will 

deal with fusion of visual and IR images.  

Fusion of multi focus images using the information level or 

activity level in the region of images was proposed in [1]. 

Spatial frequency and visibility are used to measure the 

information level in the regions. The multi focus images are 

fused by calculating the information level using measures like 

spatial frequency and Visibility in the regions of the images. 

They found that the spatial frequency of the fused images is 

high in Visibility method for all the images. Even though it is 
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high the image obtained is not as clearer as the other methods 

and it is high in contrast. They also found that in real 

applications, information from different sensors is not likely 

to be treated equally important. That is, information from 

some sensors is more emphasized than information from 

other sensors.  

In a related study, Li and Yang [2] proposed an effective 

algorithm which was implemented in the spatial domain and 

was suitable for combining multi-focus images of a scene. It 

contains three steps: image segmentation, region clarity 

calculation and fused image construction. The first step of the 

proposed method was to fuse the two source images by simple 

averaging. Then the fused image was segmented by 

normalized cuts. Using this result, the two source images are 

partitioned. Finally, the corresponding regions of the two 

source images are fused using the spatial frequency measure. 

They used two objective criteria to compare the fusion results. 

The first criterion was the QAB/F metric, proposed by Xydeas 

and Petrovic in [6], and the second criterion is mutual 

information (MI) [7]. They found that the proposed scheme 

provided better performance and outperforms the discrete 

wavelet transform approach in terms of QAB/F and MI. 

 

In [3], Tanish Zaveri and Mukesh Zaveri proposed an 

algorithm that uses multi resolution based approach for 

developing region based image fusion method. Discrete 

wavelet transform is used for multi resolution based analysis. 

The normalized cut (N-cut) based segmentation algorithm 

[12] has been used to extract regions from the source images. 

The important feature of the N-cut based segmentation 

algorithm is that it works on the principal of similarity and 

dissimilarity. To produce an accurate segmented image, a 

high boost filtering has been used in the proposed algorithm. 

The high boost filtering preserves the low frequency 

information and at the same time it emphasizes the high 

frequency details. Hence, the accuracy of normalized cut 

segmentation algorithm increases and it results into high 

quality image fusion algorithm. The multi focus images were 

fused using proposed method and region based fusion method 

proposed by Li and Yang [2]. They found that the visual 

quality of the resultant fused image of proposed algorithm 

was better than the fused image obtained by other compared 

method. One of the problems of mallat-type algorithms i.e. 

discrete wavelet transform is the lack of shift invariance in 

such decompositions, as pointed out by Kingsbury [5]. 
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Goshtasby in [4] proposed a method for fusing multi-exposure 

images of a static scene taken by a stationary camera into an 

image with maximum information content. An image is 

considered best-exposed within an area if it carries more 

information about the area than any other image. Information 

content will be measured using entropy. The method partition 

the image domain into uniform blocks and for each block 

selects the image that contains the most information within 

that block. The selected images are then blended together 

using monotonically decreasing blending functions that are 

centered at the blocks and have a sum of 1 everywhere in the 

image domain. From the experimental results it was found 

that the entropy of the fused image using proposed method 

was higher than other methods. The contrast in an image area 

in the output cannot be higher than the contrast in the best-

exposed image. Contrast is a major concern in multi exposure 

images and so, to still improve the contrast we need to go in 

for inverse filtering. Another concern is the measure for 

optimization i.e. when we deal with multi sensor and multi 

exposure images other measures may be more appropriated 

than entropy.  

 

In a similar study on exposure fusion [5], Mertens has 

proposed an image fusion for creating a high quality image 

from bracketed exposures by incorporating adjustable image 

measures, such as contrast, saturation and well exposedness. 

This process is guided by a set of quality measures, which we 

consolidate into a scalar-valued weight map. This is done in a 

multiresolution fashion to account for the brightness variation 

in the sequence. Experimental results show that the technique 

is able to preserve fine scale details in the fused image. It 

offers better contrast and also there was no problem of over 

saturation compared to other methods.  It was also observed 

that result contained a spurious low frequency brightness 

change, which was not present in the original image set. It 

was also found that the result of well exposedness was less 

natural compared to other methods. 

 

Many of these applications require dealing with multiple 

images having different focusing depth, captured using 

different sources and taken at different exposures in one 

algorithm. As far as the knowledge of the author, none of the 

image fusion method has been reported which deals with 

multi focus, multi exposure and multi modal images 

simultaneously. So, in this paper we propose a novel region 

based image fusion algorithm with emphasis on the 

surveillance application taking focal length, modality and 

exposure into consideration which would overcome the 

limitations of various approaches as shown in Table I. 

 

 

 

 

 

 

 

 

TABLE I 

SUMMARY OF DIFFERENT APPROACHES 

 

Reference 

no. 

Highlights Drawbacks 

[1] 1) Fusion by 

calculating the 

information level 

using measures like 

spatial frequency and 

Visibility in the 

regions of the images. 

2) Spatial frequency is 

high. 

3) High contrast. 

1) It is not as clearer as 

the other methods. 

2) Information from 

different sensors is 

treated equally 

important.  

[2] 1) Fusion using image 

segmentation, region 

clarity calculation and 

fused image 

construction. 

3) It provided better 

performance and 

outperforms the 

discrete wavelet 

transform approach in 

terms of QAB/F and 

MI. 

1) A shortcoming of the 

method is accuracy.  

2) It does not take care 

of exposure of images. 

[3] 1) It uses multi 

resolution based 

approach for 

developing region 

based image fusion 

method. 

2) The resultant fused 

image of proposed 

algorithm was better 

than the fused image 

obtained by other 

compared method. 

1) Multiple exposures 

were not taken into 

consideration. 

2) Lack of shift 

invariance in such 

decompositions. 

[4]  1) A method for 

fusing multi-exposure 

images of a static 

scene taken by a 

stationary camera into 

an image with 

maximum 

information content. 

2) It preserves scene 

highlights  

3) It does not have a 

side effect 

4) It will not change 

the local color and 

contrast in the input. 

1) Contrast is a major 

concern in multi 

exposure images  

2) Another concern is 

the measure for 

optimization i.e. when 

we deal with multi 

modal and multi 

exposure images other 

measures may be more 

appropriate than 

entropy. 

[5] 1) An image fusion 

for creating a high 

quality image from 

1) The result contained 

a spurious low 

frequency brightness 
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bracketed exposures 

by incorporating 

adjustable image 

measures, such as 

contrast, saturation 

and well exposedness. 

2) It is able to 

preserve fine scale 

details in the fused 

image.  

3) It offers better 

contrast  

4) No problem of over 

saturation compared 

to other methods. 

change, which was not 

present in the original 

image set. It was caused 

by a highly varying 

change in brightness 

among the different 

exposures. 

2) The result of well 

exposedness was less 

natural compared to 

other methods. 

 

 

The paper is organized as follows. A detailed explanation of 

the methodology that will be used is described in Section II. 

Experimental results of the partial work are presented in 

Section III with description about the proposed algorithm. 

Finally, in Section IV the concluding remarks are given. 

 

II. METHODOLOGY 

The proposed method is divided into three parts: Multi 

focus fusion, Multi exposure fusion and Fusion of multi 

focused and multi exposed images. 

A. Multi focus fusion 

The proposed algorithm would employ 2D-CWT, 

normalized cut segmentation algorithm and high boost 

filtering approach for multi focus fusion of Visual or IR 

images, which is described in brief in this section: 

i) 2D-CWT: Kingsbury introduced a very elegant 

computational structure, the dual - tree complex 

wavelet transform [8], which displays near-shift 

invariant properties. A manifestation of this is that 

coefficient power may dramatically re –distribute it 

throughout sub bands when the input signal is 

shifted in time or in space. He proposed a dual-tree 

implementation of the CWT (DT CWT) [8], which 

uses two trees of real filters to generate the real and 

imaginary parts of the wavelet coefficients 

separately. Even though the outputs of each tree are 

down sampled by summing the outputs of the two 

trees during reconstruction, the aliased components 

of the signal can be suppressed and approximate 

shift invariance can be achieved. DT CDWT is 

nearly shift invariant since the filters are designed in 

a specific way such that the sub band signals of the 

upper DWT can be interpreted as the real part of a 

complex wavelet transform and sub band signals of 

the lower DWT can be interpreted as the imaginary 

part. 

ii) High Boost Filtering: As mentioned earlier, the 

accuracy of region based image fusion method 

depends on how well the regions are extracted 

from the source images for fusion. The inaccurate 

segmentation directly affects on final fused image 

because undesired region segmentation leads to 

the bad quality fused image. In this method image 

segmentation process is treated as graph partition 

criterion. The normalized cut segmentation can 

measure both total similarity within group and 

total dissimilarity between groups [9]. The high 

boost filter is the only filter which provides a 

suitable solution which not only preserves the low 

frequency information but also enhances the high 

frequency detail information. The high boost filter 

is chosen among the other edge detector operators 

like Laplacian, Sobel, and Canny due to its 

simplicity and implementation cost. 

 

The resultant image would be best focused visual image 

and best focused IR image. 

B. Multi Exposure Fusion 

The proposed method selects the most informative image 

for each local area and blends the selected images to create 

a new image. It will use Homomorphic filtering, Entropy 

and blending function approach for multi exposure fusion of 

Visual or IR images, which is described in brief in this 

section: 

 

i) Homomorphic filtering: The information content of an 

image would increase if the high frequency 

components in an image are highlighted therefore 

we would be using homomorphic filter. It 

simultaneously normalizes the brightness across 

an image and increases contrast. Illumination and 

reflectance are not separable, but their 

approximate locations in the frequency domain 

may be located. Since illumination and reflectance 

combine multiplicatively, the components are 

made additive by taking the logarithm of the 

image intensity, so that these multiplicative 

components of the image can be separated linearly 

in the frequency domain. Illumination variations 

can be thought of as a multiplicative noise, and 

can be reduced by filtering in the log domain. To 

make the illumination of an image more even, the 

high-frequency components are increased and low-

frequency components are decreased, because the 

high-frequency components are assumed to 

represent mostly the reflectance in the scene (the 

amount of light reflected off the object in the 

scene), whereas the low-frequency components are 

assumed to represent mostly the illumination in 

the scene. The use of homomorphic filter will 

solve the problem of accuracy as mentioned in 
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Table I as the filter will enhance the information 

content in the image. 

ii) Entropy: In a gray-scale image, entropy is  measured 

by, 

                                    (1) 

Where, pi is the probability that an arbitrary pixel in 

the image has intensity i. To estimate {pi: 

i=0,…..,255}, first the histogram of the image is 

computed. Assuming the number of pixels having 

intensity i is ni and the image contains n pixels, 

pi=ni/n. Image entropy Ec is determined for each 

block, and the image that provides the highest 

entropy within the block is selected to represent that 

block in the output. Optimal block size could vary 

from region to region but since the image blending 

process requires square blocks, if a well-exposed area 

in an image has an irregular shape, it can be 

assumed that the irregular area is divided into small 

square blocks. Since entropy is to be computed for 

each block, to obtain a meaningful measure, block 

size should not be smaller than 16 pixels. 

 

iii) Blending function: To remove discontinuities across 

image blocks, instead of cutting and pasting the 

blocks to obtain an image, the images representing 

the blocks are smoothly blended together. A 

monotonically decreasing blending function is 

centered at each block in the selected image and 

image colors are multiplied with the corresponding 

blending function values. A blending function 

assigns the maximum weight to the pixel at the 

center of a block and assigns weights to other pixels 

inversely proportional to their distances to the center 

of the block. The number of images being blended is 

equal to the number of blocks and not the number of 

input images. When the blocks are small, many 

blocks may be selected from the same image. Also 

note that, rather than using image values within only 

the selected blocks, entire images are blended 

together, although the contribution of far away 

blocks on a pixel may be negligible. 

 

The resultant image would be best exposed visual image and 

best exposed IR image. 

 

III. RESULTS 

The algorithm is summarized as follows, taking input images 

as visual images (VI) and IR images captured at different 

focal length and exposures. 

 

A. Part I   

i) Multi focus fusion of visual images as   shown in 

Fig. 1(a) and the result of fusion in Fig. 1(b).         

ii) Multi focus fusion of IR images as shown in Fig. 

2(a) and the result of fusion in Fig. 2(b).    

iii)  Multi modal fusion of fused visual and IR 

images i.e. best focussed (VI + IR) image using 

Laplacian Pyramid as in [11]. 

 

                 
 
Fig.  1(a) Set of Multi focus Visual images. 

 

 
 

Fig.  1(b) Fusions of Multi focus visual images shown in Fig. 1(a). 

 

                 
 
Fig.  2(a) Set of Multi focus IR images. 

 

 
 

Fig.  2(b) Fusion of Multi focus IR images shown in Fig. 2(a) 

B. Part II    

i) Multi exposure fusion of visual images as shown 

in Fig. 3(a) and the result of fusion in Fig. 3(b).         

ii) Multi exposure fusion of IR images as shown Fig. 

4(a) and the result of fusion in Fig. 4(b).      

iii) Multi modal fusion of fused visual and IR images 

i.e. best exposed (VI + IR) image using 

Laplacian pyramid as in [11]. 

 

                 
 
Fig.  3(a) Set of Multi exposure Visual images. 
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Fig.  3(b) Fusion of Multi exposed visual images shown in Fig. 3(a). 

 

 

                

 
Fig.  4(a) Set of Multi exposure IR images. 

 

 
 

Fig.  4(b) Fusion of Multi exposed IR images shown in Fig. 4(a). 

 

Our next task is to perform with and with multi modal fusion 

of multi focussed Visual image (VI) as shown in fig. 1(b) and 

multi focussed IR image (IR) as shown in fig. 2(b) and multi 

modal fusion of multi exposed Visual image (VI) as shown in 

fig. 3(b) and multi exposed IR image (IR) as shown in fig. 

4(b). For the same, we shall be using the Laplacian pyramid 

approach as mentioned in [11]. The basic idea of multi-scale 

transform is to perform a multi resolution decomposition on 

each source image, then integrate all these decompositions to 

produce a composite representation. The fused image is 

finally reconstructed by performing an inverse multi-

resolution transform.  

 

C. Part III 

Final fused image would be the fusion of best focussed (VI+ 

IR) image i.e. result of Part I and the best exposed (VI + IR) 

image i.e. result of Part II. Since, we already have two multi 

modal fused images taking focus and exposure into 

consideration, our next task is to fuse the resultant images 

into one fused image that will have all the properties of 

modality, focus and exposure. To achieve this task we will use 

the simple Averaging technique [10] where the resultant 

image is obtained by averaging every corresponding pixel in 

the input images.  So, the final step would be as shown in 

equation (2), 

 

Final fused image = 

         (2) 

 

In this paper, we proposed a framework for fusion of multi-

modal images based on Laplacian pyramid after performing 

multi focus fusion and multi exposure fusion of Visual and IR 

images separately. This method can take advantage of both 

focus and exposure parameters and would provide a more 

better result in terms of information content and  contrast of 

an image.  

 

IV. CONCLUSION 

The proposed algorithm would provide a novel framework for 

fusion of multi modal images taking focus and exposure into 

consideration simultaneously. This novel approach would be 

applied on large dataset of surveillance department and the 

results would be compared to other multi focus and multi 

exposure fusion algorithms. The proposed algorithm would be 

compared with standard reference based and non reference 

based image fusion parameters. There are number of other 

advantages of proposed algorithm (1) The segmentation 

algorithm is applied on decomposed image which is of less 

size compared to original image so less computation time 

required to segment source image (2) As we are using 2D-

CWT , so algorithm is free from shift invariance problem (3) 

Because of high boost filtering approach accurate 

segmentation is expected so proposed method performance 

will not be degraded as image content change (4) Region 

based algorithms are less sensitive to noise, misregistration, 

contrast change so proposed algorithm has this advantage (5) 

The contrast of the fused image would improve since we are 

taking care of exposure (6) The use of Homomorphic filtering 

would improvise the information content in the image which 

would help in providing the best exposed image (7) The 

proposed fusion method would preserve scene highlights if 

color information within a highlight area is quite high.  
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