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Abstract- A comprehensive study in the area of image fusion is presented in this paper. This paper includes 

image fusion, its basic stages, level of fusion, main advantages and disadvantages of fusion process. At the 

present time, no- one want to carry large information. Everyone want to get all information related to the object 

using less data and the other reason is that the large data generates a huge information about the object. Hence, 

image fusion process works on this principle. It is basically proposed to convert various input pictures into 

single new picture as output. Using these advantages, this process is used in medical field remote sensing, and 

also in computer vision technology. It discusses in detail the pixel level image fusion method using Fuzzy logic 

algorithm. In this algorithm, the crucial task to obtain the fused image without blurring. It is observed that 

fusion using Fuzzy logic algorithm provides better result when number of membership function is large.  

Keywords: Image fusion, pixel level IF, feature level IF, decision level IF, fuzzy logic algorithm.  

1. Introduction 

Image fusion is used to collect all the necessary data from several images, and convert it into single image of 

higher quality. This single image is more instructive and error free from any single source image, and it contains 

all the useful information. In other words, we can say image fusion is a process to take out information obtained 

in several zones. It is a part of data fusion. Image fusion is a sub-part of image processing. 

       The motive of image fusion is to decrease the number of data and to assemble pictures that are also relevant 

and penetrable for the human and machine’s point of view.  

       The main goal of image fusion (IF) is to integrate important multiple data into single new picture which 

contains all important data with the good quality. The quality of image depends on the particular application. 

Areas where image fusion is used- 

1. In remote sensing. 

2. In medical imaging. 

3. In military. 

4. In security. 

5. In surveillance areas.  

6. To achieve high quality of images. 

7. In visible and infrared images. 
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                                                        Fig. 1: - Image fusion 

 

 

    Image 

Acquisition 

The fusion process can be performed into three basic stages-  

 Image 

Registration 

                                                                                                                          Image Fusion 

(i) Image Acquisition- In 

image acquisition process, we have to acquire pictures from several image sensors. 

(ii) Image Registration- 

Image Registration is used to establish a point among several pictures from the same scene or different scene. 

(iii) Image Fusion- It is the 

method of changing several pictures of the similar scene into one picture of higher quality. 

Before applying image fusion algorithm to the input pictures, image registration is used to establish a point 

among the pixels in the input pictures. 

Advantages of image fusion- 

(a) Fused image is 

accurate in color. 

(b) High resolution used 

at multi-scale images. 

(c) Low in cost. 

(d) Best for identification 

and recognition. 

(e) It can provide 

improved fused images in fog. 
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Disadvantages of image fusion- 

(a) Not easily visible at 

night. 

(b) More source energy is 

needed for the good visualization of mages. 

(c) Huge chances of data 

loss. 

(d) Proper maintenance is 

necessary.  

(e) Due to rain or fog 

visualization is not cleared. 

 

Due to major demand at this time, the scientists will become more dynamic in presenting extra advantageous 

image fusion techniques. The quantity of research- based papers published in this field enriches rapidly since 

2004 and reaches to the peak at 2020. There are some major reasons behind its enrichment. These are -  

(1) Cost effective and 

accurate image capturing technique makes it so popular. 

(2) The pattern of sensors 

with good level and special feature, leads image fusion a powerful techniques. 

(3) The evolution of 

signal processing and analyzing concept like sparse representation and multi- scale decomposition which 

provides facility to improve the performance of image fusion again and again. 

(4) Obtaining inter-

related images in different aspects like in remote sensing and medical imaging. For making use of these 

interrelated images, several fusion methods have been developed.  

           In the place of earlier research, the aim of this research paper is to submerge appropriate image fusion 

methods and implementation initiated latterly and show new visions to the recent evolution of image fusion 

technique and implementation. This paper contains a brief description of pixel level image fusion method using 

Fuzzy logic algorithm. 

 

There are three categories in image fusion process- Pixel level, Feature level and Decision 

level [3]. 
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               Pixel level IF                                 Feature level IF                        Decision level IF 

                                                        Fig. 2: Levels of image fusion                                                                                 

(a) Image fusion at Pixel level- It is used by many scientists. This fusion method is used to combine 

the original information in the source images. As the result, the fused image becomes much informative in the 

field of visual perception and computer processing. 

 

                                                                                                 ……….  

 

 

 

 

 

  

 

 

 

 

 

 

 

                                  Fig. 3: - Flow chart of image fusion at Pixel level 
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This technique is mostly used in medical imaging, remote sensing, and night vision but it is not possible to 

design a common technique for every image fusion. The pixel level image fusion method can be used in three 

main categories-            

(i) image transform (ii) fusion of the coefficients (iii) inverse transform [3].  

 

 

 

 

 

                                         

Fig.4: - Main stages of image fusion method at pixel level 

(b) Image fusion at feature level - In this fusion method salient feature of images are calculated. 

Images are fused using joint segmentation. This joint segmentation is used to extract the segments from the 

images to be fused. On the basis of salient feature, a particular segment is selected and placed in the fused 

image. This level of image fusion is one level higher than pixel level image fusion and also better to incorporate 

the feature information in the process of fusion. 

 

……………. 

 

 

 

 

 

 

 

 

 

                                                 Fig.5: - Flow chart of image fusion at Feature level 

(c) Image fusion at Decision level- This fusion method is a combination of several algorithms to get 

the final fused images. It combines data from higher level of abstraction and merge the results from multiple 

algorithms. In this level of fusion, the fused images are more clear and accurate as compare to other level of 

image fusion. 
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Fig. 6- Flow chart of  image fusion at decision level 

Fuzzy logic fusion algorithm at Pixel level image fusion - This algorithm is also known as Fuzzy 

interface method. It is not a common method. This algorithm combines various fuzzy techniques which operate, 

recognize, and characterize the images with its components and features as fuzzy sets. This method is generally 

depends on membership functions and also describes the degree of membership of element. To convert input 

into output, Fuzzy Inference System (FIS) is used. The block diagram of  FIS is shown below-  
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                       Fig. 7: - Fuzzy Inference Method used for image processing 

To get a fused image, must follow the following stages given below- 
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(a)  Evolution of Rule base: After evolution of rule base, it will become to easier to find a collection of 

fuzzy rules. 

(b)  Fuzzification of Input: This stage helps to fuzzify the inputs. 

(c)  Inference: This stage is used to combine the fuzzified inputs to build rule set and find the outcome of 

the rule. 

(d) Association: Merging the outcome to obtain an output. 

(e) Defuzzification: This stage is used to obtain the desired output. 

Following steps are required in fuzzy algorithm [1]-  

(1) Convert the images (I1,I2) into column after reading. 

(2) Construct a fzy (Fuzzy) file having input images (I1,I2). 

(3)  For both the input images determine number and type of element. 

(4) Construct rules for input images, which determine the two predecessors to a single number 0- 1. 

(5) Apply fuzzification rule on input images which gives element function and resultant image in column 

format. 

(6) To get fused image If, change the column into matrix form. 

The implementation of this algorithm is very difficult because when the number of membership function 

increases than number of rules also increases.  

 

FUTURE RESEARCH- 

However several image fusion algorithms and methods have developed at this time but there are quiet problems 

in different areas of applications. Hence, the future trends in different areas are- 

 In medical field, capturing human’s internal images and designing clinical problems are hard task to 

diagnosis. 

 Miss-registration is a laborious problem in photography area due to moving things.  

 How to minimize visual distortion in remote sensing is a big issue? 

 

Conclusion-  

The background study and introduction of image fusion process has been presented in this paper. This paper 

includes discourse on the contribution of fusion in different fields of technology. Image fusion using Fuzzy 

Logic method maximally combines the useful information related to images. The main goal of image fusion is 

to increase the information which is clearly visible in the pictures as well as to enhance the authenticity of the 

related pictures. This fusion process helps to collect exact data and enhance usefulness in application areas such 

as night vision, medical imaging and remote sensing etc. 

            Besides the image processing, image fusion is a very challenging method and pixel level image fusion 

using fuzzy logic algorithm is tough as comparison to other algorithm. This algorithm gives better result with 

large number of membership function. On the basis of several research papers, this paper wind ups a discourse 

on the contribution of fusion in different fields of technology varying from remote sensing to medical imaging. 
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