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Abstract 

 
Image fusion, The effective techniques in digital image processing, which includes the development of software to 

make the integration of multiple images for the same location; It is one of the latest technique adopted in solving the 

problems of the digital image, and produce high-quality images contains more information than any one of the input 

image. we will find a solution for problems faced by different digital images (optical images, satellite images, multi 

focus images and medical images)  through a simulation process to the work of the fuse of various digital images based 

on previously adopted fusion techniques such as Component-substitution (CS), Multi-resolution , Arithmetic model-

based combinations techniques. In this paper we will discuss various Arithmetic Fusion Techniques which have been 

suggested for evaluation of the fused digital image's quality. 
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1. Introduction 

Remote sensing images are usually recorded in digital form and then processed by computers to produce 

images to study. The uncomplicated form of digital image processing makes use of a microprocessor that 

converts the digital data into a film image with minimal corrections and calibrations. some dedicated 

computers systems are employed for complicated interactive manipulation of the data to produce images in 

which specific information has been produced and highlighted. Digital processing did not initiate with 

remote sensing and is not restricted to these data. Many image processing techniques were developed in the 

medical field to process X-ray images and some other images originated from sophisticated body –scanning 

devices. For remote sensing, the initial movement was the program of unmanned planetary satellite in the 

1960s that telemeter, or transmitted, images to ground receiving stations; the low quality of the received 

images required the development of processing techniques to make the images useful. Another impetus was 

the Land sat program, which began in 1972 and provided repeated worldwide coverage in digital format. A 

third impetus is the continued development of faster and more powerful computers, peripheral equipment, 

and software that are suitable for image processing [1].  

 

Image fusion: 

The process of combining relevant information from two or more images into a single image . The 

resulting image will be more informative than any of the input images. 

 

Satellite Image Fusion: 

In satellite image fusion, the high spatial resolution of PAN image is fused with the low spatial resolution 

and high spectral resolution  of MS image to produce High spatial and Spectral resolution image. 

Image fusion is also known as Pan sharpening because MS image is sharpened by injection of spatial 

details extracted from PAN image. 
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Spectral Resolution:  

Spectral Resolution refers to the width of the spectral bands. Different material on the earth surface exhibit 

different spectral reflectance and emissivities. These spectral characteristics define the spectral position and 

spectral sensitivity in order to distinguish materials. There is a tradeoff between spectral resolution and 

signal to noise. The use of well -chosen and sufficiently numerous spectral bands is a necessity, therefore, 

if different targets are to be successfully identified on remotely sensed images. 

 

Spatial Resolution:                  

Spatial Resolution of an imaging system is defines through various criteria, the geometric properties of the 

imaging system, the ability to distinguish between point targets, the ability to measure the periodicity of 

repetitive targets ability to measure the spectral properties of small targets.  

Any image fusion technique face spectral and spatial distortion problem, while image fusion. This is 

because of low correlation between the MS and PAN image. 

 

Spectral Distortion:  

The early fusion methods use all frequencies of PAN during the fusion process. So the fused images can 

keep almost the same resolution as PAN. But they suffer from obvious spectral distortion due to the low 

correlation b/w PAN, MS from the corresponding Multispectral images, especially for NIR, their 

correlation is usually low. When the intensity image I was replaced by PAN, the radiometry on the spectral 

band is modified during the fusing process. In order to reduce these differences, PAN is usually stretched to 

have similar grey distribution of I before replacement. But the spectral distortion is still obvious. If the 

images to be fused were taken at different time, tones of PAN and MS images are usually different, which 

leads to low correlation b/w them.  

 

Spatial Artificial Effects 

Fusion methods (HPF) only use the high frequencies of PAN during the procedure. The detail image 

extracted from PAN has mean Zero, so these methods don’t or minimally distort the original spectral inf. of 

MS. But the high frequencies of PAN can’t be smoothly added to MS bands, which bring about “ ringing 

effect”, they tend to cause spatial artificial effect on the fused results. All these methods are sensitive to the 

accuracy of registration errors of source images, and the added details of PAN can be blurred by slightly   

mismatched edges as a result of minor registration errors. Current methods either enhance the spatial 

resolution while altering the spectral information or preserve good spectral characteristics while bringing 

about spatial artificial effect. How to use PAN bands during the fusion procedure is important to the quality 

of the fused images. 

 

Digital Images Types 

Binary Images 

Binary images are the simplest type of images and can take on two values, typically black and white, or 0 

and 1. A binary image is referred to as a 1-bit image because it takes only 1 binary digit to represent each 

pixel. These types of images are frequently used in applications where the only information required is 

general shape or outline, for example optical character recognition (OCR). 

 

Gray-scale Images 

Gray-scale images are referred to as monochrome (one-color) images. They contain gray-level information, 

no color information. The number of bits used for each pixel determines the number of different gray levels 

available. The typical gray-scale image contains 8bits/pixel data, which allows us to have 256 different 

gray levels. In applications like medical imaging and astronomy, 12 or 16 bits/pixel images are used. 

These extra gray levels become useful when a small section of the image is made much larger to discern 

details. 

 

Color Images 

Color images can be modeled as three-band monochrome image data, where each band of data corresponds 

to a different color. The actual information stored in the digital image data is the gray-level information in 

each spectral band. Typical color images are represented as red, green, and blue (RGB images). Using the 

8-bit monochrome standard as a model, the corresponding color image would have 24-bits/pixel (8-bits for 

each of the three color bands red, green, and blue). 
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Multispectral Images 

Multispectral images typically contain information outside the normal human perceptual range. This may 

include infrared, ultraviolet, X-ray, acoustic, or radar data. These are not images in the usual sense because 

the information represented is not directly visible by the human system. However, the information is often 

represented in visual form by mapping the different spectral bands to RGB components such as Thematic 

Mapper and Multi Spectral Scanner images. 

 

Remote sensing was defined as a collection and interpreting information about a target without being 

physical contact with the object. 

Satellite imaging systems can be classified into 4 types based on spatial resolution, 

1. Low resolution systems (approx.1 km or more). 

2. Medium resolution systems (approx. 100m to 1 km). 

3. High resolution systems (approx. 5 m to 100m). 

4. Very high resolution systems (approx. 5 m or less). 

Spectral regions used in data acquisition, the satellite imaging systems can be classified into: 

1. Optical imaging systems (include visible, near infrared, and shortwave infrared systems). 

2. Thermal imaging systems. 

3. Synthetic aperture radar (SAR) imaging systems. 

 

To align a group of images taken for the same location so that each pixel in every image 

represent the same location on the map, the geometric distortion must be resolved, this 

process of geometric rectification is usually called the registration process. 

 

2. Arithmetic model-based combinations 
Arithmetic framework-based combinations are developed and give more efficient outputs. The 

University of New Brunswick (UNB)- Pansharp is implemented in PCI Geomatica software. This method 

solves the color distortion problem by using the least squares technique and statistical approaches. A local-

mean- and variance-matching (LMVM) filter was based on a normalization function at a local scale within 

the images to match the local mean and variance of the PAN image with those of an MS image. Its output 

was determined by filtering the window size of an LMVM. Generally, the larger the filtering window, the 

more structural information from the PAN image may be incorporated, but more spectral distortion may 

occur.  

Various mathematical approaches, such as the steepest descent method to minimize the energy 

function between the fused and PAN images, the Bayesian data model, the pixel neighborhood 

regularization by spectral consistency, and the restoration-based framework, are proposed to remove the 

limitations of the existing fusion method. Sometimes, the arithmetic combinations demand the 

improvement of spatial and spectral quality because of the noise data in the fused image arising from the 

lack of optimal spatial injection as a whole. 

The fact that spatial enhancement attainable with MRA-based methods is generally not 

satisfactory compared with CS-based methods. Spatial distortions must be reduced, given that the most 

important virtue of an image fusion algorithm is a balance between spatial sharpness and spectral 

preservation. Although existing fusion algorithms work fine in some aspects, margins still have to be 

improved to preserve the spatial information of the PAN image and, at the same time, to minimize spectral 

distortions. Furthermore, some algorithms, such as FIHS-SA and GCOS, are restricted to a specific sensor 

type, and the spatial enhancement or spectral preservation of the fused image may not be satisfactory. 

 

In this technique, they directly perform some type of arithmetic operation on the two images bands 

such as addition, multiplication, normalized division, ratios and subtraction which have been combined in 

different ways to achieve a better fusion effect. These models assume that there is high correlation between 

the two images bands.Some of the popular AC methods for pan sharpening are BT ,CNT and MLT .The 

algorithms are described in the following sections. 

 

Brovey Transform (BT) 

The Brovey transform is a ratio method where the data values of each band of the first image (I1) 

data set are divided by the sum of the I1 data set and the multiplied by the second image (I2) data set. The 
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Brovey transform attempts to maintain the spectral integrity of each band, by incorporating the 

proportionate value of each band as related to the I1 data set before merging it with the I2 data set. By 

adjusting the effects of the I2 data set's spectral properties when combining the data sets, the spectral 

quality of the I1 data set is mainly preserved. 

Where BTi,j,k is the output image and i and j are pixel coordinates , k is the band index and u is 

the summation bands I1 .The Brovey transform was developed to increasing the contrast visually at the low 

and high ends of an images histogram. Consequently, the Brovey transform should not be use if the 

condition of preserving the original scene radiometry in necessary. However, it is good for producing RGB 

images with a higher degree of contrast in the low and high ends of the image histogram, and for producing 

visually data taking from different sensors. 

 

Color Normalized Transform (CNT) 

The color normalized transformation fuses the two spectral and spatial data sets assuming there is a certain 

spectral overlap between the first image (I 1) bands and the more highly resolved second image (I2) band. 

This constrains is violated for the near infrared band, and leads to poor fusion results .equation (2.20) 

shows the merging process whereby the additive constants avoid division by zero. 

 

 

3. Conclusions 
 Arithmetic fusion Technique is good to choose when color distortion is not a big issue. It is easy to 

put into practice. This method is superior for testing the performance of fusion algorithms in real time. 
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