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Abstract 

Multi-source image fusion is a research topic that combines sensor, computer image 

processing, artificial intelligence, and other fields with images as its object in multi-source 

information fusion. The study overview and novel concepts based on the multi-resolution 

decomposition and fusion approach were the key topics of this article. Using variational 

partial differential equations to explore the merger of regional and multi-resolution data at 

the feature level. The specific use of multiple source picture feature level fusion in road target 

detection, and how to achieve the objective evaluation of image fusion performance. 
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Introduction 

More and more sensors are being used in numerous fields as image sensor technology 

advances. The quantity of data gathered and the variety of information presented rise quickly 

as the number of sensors increases. The new needs cannot be addressed using conventional 

information processing techniques. Therefore, in this situation, multi-source information 

fusion technology appears at just the correct time. In order to gain more plentiful, accurate, 

and trustworthy helpful information, multi-source information fusion refers to carrying out a 

thorough processing with many levels, multiple aspects, and numerous layers of the multi-

source information from different sensors. Its major goal is to combine two or more source 

photos with supplementary or redundant features into a new image by using a specific 

algorithm. Make the image after fusion as clear and understandable as possible by making the 

most of complementary information and reducing redundancy. Multi-source picture fusion is 

the full processing of data across several carriers to fulfill a certain objective. Multi-source 

picture fusion has a very broad use. This approach can be described as a multi-source image 

fusion. After combining and abstracting various exceptional situations, the general conclusion 

is reached. As a result, inductive reasoning and information fusion are inextricably linked. 

And all science and technology are the result of inductive reasoning. Multi-source picture 

fusion has gained significant attention in many domains recently, and the technology behind 

it has advanced quickly. 

 

Technology for Multiple Image Fusion 

Currently, optical, radar, and infrared imaging make up the majority of the imaging sensor. 

Due to its abilities to penetrate smoke and work around double tides, infrared imaging is 

especially valuable in close-range imaging tracking systems. Although active radar imaging 

sensors can operate in all weather, their extensive equipment and complicated design limit 

their use in many situations. Additionally, ground clutter has a significant impact on radar 

images. A visible light CCD imaging system has a small, straightforward structure, excellent 

resolution, and good anti-jamming capabilities, although it is more susceptible to weather 

changes.Multi-source image fusion, in contrast, integrated sensor, digital signal processing, 

artificial intelligence, and other fields. Its major goal is to combine two or more source 

photos with supplementary or redundant features into a new image by using a specific 

algorithm. Make the image after fusion as clear and understandable as possible by making the 

most of complementary information and reducing redundancy. Additionally, it can provide 

more useful information for subsequent image processing tasks such image segmentation, 

object detection, recognition, and evaluation of battle damage. Fig. 1 combines redundant and 

additional information from the original photos. Multi-source picture fusion creates a new 

image with more value information rather than just a simple superposition. Not only may 

photos from the same type of sensor be combined, but also images from other types of 

sensors. However, a sensor of the same kind has the same physical significance, and 

photographs have the same characteristics. Images from various sensor types have a higher 

degree of complementarity, making the significance of the fusion of heterogeneous images 

clearer. 

 

BASIC CONCEPT, SYSTEM ARCHITECTURE, AND MULTI-SOURCE IMAGE 

FUSION ALGORITHM 

Multi-source Image Fusion's Fundamental Principle and System Structure 

With the integration of sensors, signal processing, image processing, and artificial 

intelligence, image fusion is a new technology. Image preprocessing, picture registration, 

image fusion, feature extraction and recognition, and decision-making make up the general 

processing flow of multi-source image fusion. Multi-source image fusion is typically divided 
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into three levels: pixel level fusion, feature level fusion, and decision level fusion [5]. These 

levels are based on the stage of fusion in the processing flow and the degree of information 

abstraction. Fig. 2 depicts the decision level fusion frame structure. 

 

Algorithm classification 

Six different forms of multi-source image fusion algorithms exist: linear weighted fusion, 

false color image fusion, modulation-based picture fusion, statistics-based image fusion, 

neural network-based image fusion, and multi-resolution decomposition-based image fusion. 

 

 
 

FUSION OF MULTIPLE SOURCE IMAGES USING MULTIPLE RESOLUTIONS 

Orthogonal Wavelet Transform, Section 4 

Each subspace can be projected with a digital signal from space. In many situations, 

analyzing the signal projection in each subspace is much simpler than analyzing the original 

signal. Displays a signal multi-resolution analysis reflected in frequency space. 

 
Fig. 1 Multi-resolution frequency separation characteristics 

Decompose the original signal into two sub-bands using a high-pass filter (g) and a low-pass 

filter (h). Then, to further decompose the low frequency sub-band, employ recursively low-

pass and high-pass filters [6]. Fig. 4 illustrates the realization of the aforementioned multi-

resolution decomposition using a series of the FIR filter bank. 
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the "permissible" condition: then () tcalled a basic wavelet. For a basic wavelet () t, 

square integrable space function f () t L R
2 

(), its wavelet transform definition is: 
-1 2  

t b-

W,f(a b, )  a-


 f t( )•( a )dt a b,( , R a,  0) of which, a>0 is the scale factor, reflects 

the displacement, its value can be positive or negative, t is the continuous variable.   

Therefore, it is known as the continuous wavelet transform.   

Discrete wavelet 


j,k( )t is 

 
j,k( )t  a0

- j2
(a t kb0

- j 
-0), jZ k, Z (2)  

 

In the family of orthogonal wavelets structured by Duchies, the decomposition and 

reconstruction filter group are shown in Fig. 5.  

 

Enhancing Multi-Spectral Images Using Biorthogonal Multiwavelets 

The evolution of unit-wavelet theory is multiwavelet theory. Multiwavelet has more 

structural freedom and can simultaneously satisfy the needs of orthogonality and symmetry. 

The biorthogonal multiwavelet is produced if two biorthogonal bases are used in place of an 

orthogonal basis. Two mutual dual scaling functions make up each of the two biorthogonal 

bases. One for the breakdown and the other for the rebuilding. Still meet the double 

dimension equations as follows for each scale function () t and the corresponding wavelet 

function () tm-1 

() t Ck(2 -) t km-1 (7) () tDk(2 -) t kk0 

Biorthogonal multiwavelet is structured on the basis of ordinary GHM orthogonal 

multiwavelet, as shown in Fig. 7. 

 
 

Fig. 7. Biorthogonal multiwavelet (GHW base) scale function 
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Widespread interest is drawn to the beneficial properties of multi-resolution analysis in signal 

analysis in the context of picture fusion. The majority of the fusion algorithm is currently 

developed using a multiresolution analytic framework. The primary area of research in the 

subject of image fusion is the multi-resolution analysis-based image fusion approach [7]. In 

this chapter, we present a method for multi-spectral picture enhancement that combines the 

features of the biorthogonal multiwavelet transform with the fusion strategy of choosing low 

frequency coefficients. Using several resolution analyses, image fusion is being attempted. 

On the other hand, having in-depth understanding of the framework for implementing picture 

fusion based on multiresolution analysis is a basis for future study in the field of image 

fusion. 

 

Features of the Optical System Imaging 

The system function band width for a blurred image is smaller than that for a highly focused 

image. The general features of the optical imaging system are depicted in Fig. 8. 

 

 
 

Model of Color Fusion 

Fig. 9 displays the color fusion model based on the HSV color space. A cone can be used to 

represent the HSV color space. It has three parts, labeled V (Value), S (Saturation), and H, 

respectively (Hue). They are apart from one another. H stands for the angle generated by 

rotating the cone's central axis in the range of (0, 360), in the colors red, yellow, green, and 

blue, before switching back to red. The range of Saturation S, which is dependent on the ratio 

of the composition's with-color and decolorization components (gray) (0, 1). The degree of 

saturation increases with the size of the color combination. The degree of saturation 

decreases as the decolorization composition increases. V can be thought of as a description 

of a color image on the domain of gray levels, which contains the primary spatial features of 

a color image. 

 

 
 

Fusion Model of Color Multi-Focused Image.  

 

 To solve the problem of color distortion, we put forward triangle average algorithm based on 

significant weighted. Tonal component of k band source image is denoted by Hk, and 

Synthesis of tonal component HR, then: 
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HR  k=1 Hi, ∑kN=1wk2 cosHi)∑N2SR = k=1wk Sk 

 

This approach to color component processing can successfully prevent color distortion. Any 

number of color source image fusions can use it.When seen from the standpoint of the spatial 

domain, the picture observer realizes the visual information through the alteration of the 

image contrast, which is the edge or gradient of the image. Therefore, based on the strength 

of the characteristic diagram, we design different weights according to the significance of 

various features that are reflected in the source image. Calculate the principal component as 

the target gradient field of the fusion and weight it in accordance with the contrast 

information of the source picture. So as to actualize the image fusion of characteristic 

keeping. To calculate fusion results,close to the objective, a variational problem is then 

employed to create a special contrast in advance to serve as the target of the fusion. 

 

FUSION OF MULTIPLE SOURCES BASED ON REGION 

Graph Theory-Based Image Segmentation 

Define a metric area 
R

1 and 
R

2, with a boundary predicate:  

D R R(1, 2) {tureifRD R R( 1, 2)  MID R R( 1, 2) (1) FalseotherwiseOf which, RD R R
 (1, 

2) 

represents the difference between 
R

1 and 
R

2, denoted by: MID (R1, R2) =min (ID(R1) +k / R1, 

ID(R2) +k / R2)
 
(18)  

 

Internal differences of Rare denoted by ID(R), Greatest weight edge e of minimum 

spanning tree in R is: ID R () max we () (19) e MST R E (,) 

 

Regional image obtained by the source image segmentation generates a joint area image as 

follows:  

 

Fusion Strategy Based on Multi-Scale Decomposition and Regional Characteristics 

In computer vision research, multi-scale decomposition simulates how the human eye 

perceives objects. The image is broken up into multiple scales from bottom to top. Each layer 

of the image is created by filtering the previous layer using a template. Additionally, multi-

scale decomposition can efficiently carry out numerous simple image operations and 

generate a collection of low pass or band pass images. The relationship between local and 

global processing is made possible by the interconnection between the layers. Therefore, 

combining multi-scale decomposition with regional fusion approach characteristics will 

improve fusion impact. 

 

A useful technique for multi-scale breakdown is wavelet analysis. Discrete wavelets are 

frequently used in fusion to create multi-scale decomposition. Biorthogonal multiwavelet is 

chosen to do multiscale decomposition because it has superior signal processing qualities 

such limited support set, orthogonality, symmetry, and vanishing moment. We proposed a 

fusion technique based on the biorthogonal multiwavelet that combines regional 

characteristics with multi-scale decomposition, as illustrated in Fig. 11. 
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(a)  Regional Segmentation Image of Source Image1. 

 
 

(b) regional segmentation image of source image2. 

 

 
(c) Synthetic regional figure 

 

Fig. 10. Generating sample of synthetic regional figure 

 

 
 

Fig. 11. Fusion algorithm flow with a combination of regional characteristics and 

biorthogonal wavelet decomposition. 

 

Different fusion criteria are required in the fusion process because to the physical 

differences between scale coefficient and wavelet coefficient. The significant shift in 

gray level is represented by the point with a bigger absolute value in the wavelet 

coefficient. which regions of the image have edges, linear characteristics, and boundaries. 

The source image is roughly represented by the scale factor. It might pick up some of the 
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source image's texture and grayscale traits. The scale coefficient of the composite image 

in many fusion methods is therefore often the weighted average of the scale coefficient of 

the source image. Wavelet coefficients are combined only when necessary. 

 

Compatibility Test  

 

Similarity of area 
R

l of source image A and B is denoted by M(
R

1) , then:  

 

2 ∑[CA
l
(x, y)•CB

l
(x, y)] 

M(R1)= 

 
x,y∈Rl 

 
S(A,Rl)+S(B,Rl) 

 (20)  

 S A, B (21)  

x,y∈Rl 

 

In the case of low similarity, points with larger coefficient values in the source image should 

be converted into the composite image. When similarity is high, make average of the 

coefficient value of the source image. Similarity threshold is denoted by T. When T  M R
( 

l 

) , C（）Fl Rl {C（）Al Rl
（）

,BlifS A RR(l ,other, l ) wiseS B R(,l )  (22)When T  M 

R
(l
), l wmax（Rl）•C（A

l
Rl）+wmin（Rl）•C（B

l
Rl）,ifS(A,Rl) ≥S(B,Rl)C

（

F 
R

l）={lwmin（Rl）•C（A Rl）+wmax（Rl）•C（B Rl）,otherwise(23)Of which, wmax 

(Rl) and w min (Rl) are respectively the maximum and minimum  coefficient weight, 

defined by: w Rmin ( l )  1 - 1 (1-M R( l ) max l min l (24) ),w R( ) 1-w R( 221-T 

 

The threshold value is modest overall. Because a tiny threshold is more compatible with the 

human visual system when the source image's resemblance is low.In image fusion, 

individuals frequently pay more attention to the image of the actual goal or area than a single 

pixel. Additionally, source picture noise and source image registration accuracy have a 

significant impact on pixel-based fusion. While more flexible fusion strategies can be 

proposed in accordance with target or regional features and successfully retain considerable 

information of source picture, region-based feature level fusion approach is not susceptible to 

these influences. 

 

Finalization 

As computer science and microelectronics technology advance quickly, more and more 

sensors are being used in a variety of industries. And as the number of sensors has expanded, 

the amount of data that has been received has greatly increased and now exhibits diversity. 

The old methods of information processing are already unable to meet the increased 

demands. Therefore, the technology of multi-source image fusion is suggested.In the world 

of picture application, multi-source image fusion technology has long been recognized as a 

very valuable processing technique. Subjective assessment, or the visual evaluation method, 

has become a primary method of evaluating the quality of multi-source image fusion as 

demand has increased.There are essentially three layers involved in the realization of multi-

source image fusion: pixel level, feature level, and decision level. The most extensive and in-

depth of which is the pixel level fusion research. There are primarily six methods of 

implementation: linear weighted fusion, fusion of false color images, fusion based on 

modulation, fusion based on statistics, fusion based on neural networks, and fusion based on 

multi-resolution decomposition. This essay provides a brief analysis of a few fusion methods. 
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The study has demonstrated that the currently used fusion method can successfully address a 

variety of picture fusion-related issues, and some useful systems have been created. 
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