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Abstract— Image enhancement means to enrich the 

perception of images for human viewers. Image fusion is 

performed on many schemes. DWT is the most generally used 

image fusion method, which fuses the source pictures or 

images in wavelet space as maintained by some fusion rules. 

But, because of the uncertainties of the source images 

contributions to the fused image,  to intend a good fusion rule 

to fit in however much data as could reasonably be expected 

into the fused picture turns into the most vital issue. On the 

other hand, AFL is the most ideal approach to determine 

uncertain issues, a new image fusion technique based on DWT 

and adaptive fuzzy logic is introduced in this paper. Before 

doing discrete wavelet transform to source images, it 

computes the weight of each source images coefficients 

through AFL and then fuses the coefficients through weighted 

averaging with the processed weights to acquire a combined 

picture. By using the Mean Square Error (MSE) as criterions, 

simulation results would demonstrate that the new method is 

more effective and strong than the conventional fusion 

methods based on wavelet transform. 
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I. INTRODUCTION 

Image Fusion has become a subject of great importance to a 

variety of Researchers working in diverse disciplines. The 

contrast of any image is a very significant attribute which 

decides the quality of image the contrast of image can be 

enhanced by improving the quality regarding the pixel values. 

The pixel values are manipulated with the number of inputs 

and the gray level values. With the growing advancements in 

technology, it becomes possible to obtain information from 

multimodality images. However, all the geometrical and 

material details in need for full assessment might not be 

available by analyzing the multimodality images separately. 

Image fusion combines perfectly registered multimodality 

images from multiple sources to provide a high quality fused 

image with high spatial and spectral information. [Gupta & 

Rathor, 2016] It integrates corresponding information from 

various modalities based on specific rules to give a better 

visual appearance of a scene, suitable for machine processing. 

An image can be expressed either by its unique spatial 

representation or in frequency domain. By Heisenberg’s 

uncertainty, information cannot be packed in in both spatial 

and frequency domains simultaneously. This motivates the 

use of wavelet transform which gives a multi-resolution 

solution based on time-scale analysis. Each sub-band is 

processed at a different resolution, capturing localized time-

frequency data of image to provide unique directional 

information useful for image representation and Produce a 

single image from a set of input images. The fused picture 

should have more complete information which is more 

helpful for human or machine perception (Ligia & Vaida, 

2009). 

 
Fig. 1: Basic idea of image fusion 

A. Advantages of Image Fusion 

Improve reliability (by reducing redundant information) 

Improve capability (by enhancing complementary 

information) [Zhang H. et al, 2007] 

B. Objectives of Image Fusion Schemes 

Take out all the useful information from the source images & 
turn out a single image from a set of input images. The fused 
image should have more complete information which is more 
useful for human or machine perception (Ligia & Vaida, 
2009).Reliable and robust to imperfections such as mis-
registration. [Yin X. et al, 2006] 

C. Evolution of Image Fusion Research 

 
Fig. 2: Evolution of Image Fusion Research 

D. Methodology 

 
Fig. 3: Proposed Methodology 
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In proposed methodology, two registered images are taken as 

multimodality images. These images may be medical, battle 

field or remote sensing. After adaptive fuzzy logic is applied 

on each source images, fuzzy images were got. Then DWT is 

applied on each fuzzy images for getting coefficient map ,by 

applying fusion rule ,fused coefficient maps is generated after 

than inverse DWT is applied then we get enhanced fused 

image as shown in following flow graph figure 3. 

E. Wavelet Transformation 

The wavelet transform is a powerful tool for multiresolution 

Analysis. The multi-resolution analysis requires a set of 

nested multi-resolution sub-spaces as illustrated in the 

following Figure 4. 

 
Fig. 4: Nested Multiresolution space 

The original space S0 can be decomposed into a 

lower resolution sub-space S1, the difference between S0 and 

S1 can be represented by the complementary sub-space C1. 

Similarly, we can continue to decompose S1 into S2 and C2. 

The above graph shows 3-level decomposition. For an P-level 

decomposition, we will obtain 3P+1 sub-spaces with one 

coarsest resolution sub-space. Sp and Sp-1 difference sub-

space Cp, p is from 1 to n. Each digital signal in the space S0 

can be decomposed into some components in each sub-space. 

In many cases, it's much easier to estimate these components 

rather than estimate the original signal itself.  

F. 2D Discrete wavelet transform (DWT) 

As image is 2D signal, 2D wavelet transforms will be focused 

mainly. The following figures illustrate the structures of 2D 

DWT with 3 decomposition levels:  

 
Fig. 5: Three level decomposition using DWT 

After one stage of decomposition, there would be 

four frequency bands, namely Low-Low (LL1), Low-High 

(LH1), High-Low (HL1) and High-High (HH1). The next level 

decomposition is just apply to the LL1 band of the current 

decomposition stage, which forms a recursive decomposition 

procedure. Thus, a K-level decomposition will finally have 

3K+1 different frequency bands, which include 3K high 

frequency bands and just one LLk frequency band. The 2-D 

DWT will have a pyramid structure shown in the above 

figure. The frequency bands in higher decomposition levels 

(LLk) will have smaller size. 

G. Image fusion using Wavelet Transform 

The block diagram of a common wavelet-based image fusion 

scheme is shown in the following figure: 

 
Fig. 6: Block diagram for wavelet based Image Fusion 

Wavelet transform is first performed on each source 

images, then a fusion decision map is generated based on a 

set of fusion rules [Gupta & Rathor]. The fused wavelet 

coefficient map can be constructed from the wavelet 

coefficients of the source images according to the fusion 

decision map in conclusion the fused image is obtained by 

performing the inverse wavelet transform. From the above 

diagram, we can see that the fusion rules are playing a very 

important role during the fusion process. 

 
Fig. 7: Basic Fusion Rule 

H. Fuzzy Set Theory and Fuzzy Logic 

Fuzzy set theory and fuzzy logic offer us powerful tools to 

represent and process human knowledge represented as fuzzy 

if-then rules (Narnaware & Khedgaonkar, 2005). 

I. Fuzzy Set Theory 

If a certain wavelet coefficient and its neighbouring 

coefficients are small enough we know that this coefficient is 

noisy for approximately and should be put equal to zero. 

Coefficients above a certain threshold contain the most 

important image structures and should not be reduced, but 

coefficients with values around the threshold contain both 

noise and signals of interest. A good threshold is generally 

selected so that most coefficients below the threshold are 

noise and values above the threshold are valid.  In such 
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situation it can be advantageous to use fuzzy set theory as 

kind of soft-threshold method. Fuzzy set theory is a 

mathematical extension of the binary set theory. 

J. Fuzzy Logic 

Fuzzy image processing consists of fuzzy sets which is the 

collection of all approaches that understand, represent and 

process the images, their segments and features (Shi S. et al, 

2014). It has a human like reasoning ability. If image features 

are interpreted as linguistic variable then fuzzy if-then rules 

are used to segment the image. 

Fuzzy image processing consisting of three main 

steps: 

 image fuzzification, 

 membership modification and image 

 defuzzification as shown in Fig  

 
Fig. 8:  The main principle of Fuzzy Image enhancement 

Fuzzy if-then rules are used to segment the image 

into different regions, when we interpret the image features 

as linguistic variables. A simple fuzzy segmentation rule is 

given as follows: IF the pixel is dark AND its neighborhood 

is also dark AND homogeneous THEN it belongs to the 

background. The fuzzification and defuzzification steps are 

due to the fact that we do not yet possess fuzzy hardware. 

Therefore, the coding of image data (fuzzification) and 

decoding of the results (defuzzification) are steps that make 

it possible to process images with fuzzy techniques. The main 

power of fuzzy image processing lies in the second step 

(modification of membership values). After the image data is 

transformed from input plane to the membership plane 

(fuzzification), appropriate fuzzy techniques modify the 

membership values. This can be a fuzzy clustering, a fuzzy 

rule-based approach, a fuzzy integration approach etc (Patel 

& More, 2013) 

II. CONCLUSION & FUTURE SCOPE 

 
Fig. 9: PSNR among different methods 

 
Fig. 10: Simulation result of different methods 

The integration of DWT with adaptive fuzzy logic in the 

broader framework of DWT of 2D image processing and 

visualization is the ultimate moto of this Paper. In this paper 

an image enhancement technique based on adaptive fuzzy 

logic and discrete wavelet Transform are discussed and then 

implemented in MATLAB 8.1.0 (R2013a).We see that the 

proposed method clearly reduces the complexies in terms of 

execution time. A future advantage of the method is the 

ability to enhance more information by adding other fuzzy 

rules to improve the edge performance.  

Along this research, some image fusion approaches 

have been studied. Some of them were found reliable fusion 

methods, and in conjunction they gave acceptable results in 

multimodality fusion schemes. But our research would 

recommend a new hybrid technique for enhancing of image 

fusion, especially in the area of medical, remote sensing 

applications. The well-known DWT scheme combine with 

AFL to reduce uncertainty & redundancy and improve 

reliability & Capability. 

III. FUTURE RESEARCH DIRECTION 

Future work can be done on this promising issue. In the 

future, we wish for integrate other techniques for fusion and 

testing it for different types of complementary images. Our 

application is intended to be useful for users who need to 

fusion multi-modality images for support in useful 

applications. 
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