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Abstract—The field of digital image processing refers to processing digital images by means of a digital computer. A digital 
image is composed of a finite number of elements, each of which has a particular location and value. Image fusion is very 
powerful tool in the area of digital image processing. Multi sensor Image fusion is the process of combining relevant 
information from two or more images into a single image. The most widespread enabling technology for these kinds of 
implementations is the field-programmable gate arrays (FPGAs). Modern versions of these devices offer a number of critical 
characteristics such as large number of logic elements to allow the implementation of complex algorithms, very large scale 
integration to occupy minimum space, low power consumption, and very high speed grades. Therefore, system 
implementations can be real time, mobile, robust, and low-power consuming. In this paper pixel to pixel based image fusion 
method is used. 
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I. INTRODUCTION 
 

With the development of multiple types of 
biosensors, chemical sensors, and remote sensors on 
board satellites, more and more data have become 
available for scientific researches. As the volume of 
data grows, so does the need to combine data 
gathered from different sources to extract the most 
useful information. Different terms such as data 
interpretation, combined analysis, data integrating 
have been used. [3] 

The term fusion means in general an approach to 
extraction of information acquired in several 
domains. The goal of image fusion (IF) is to integrate 
complementary multisensor, multitemporal and/or 
multiview information into one new image containing 
information the quality of which cannot be achieved 
otherwise. Image fusion has been used in many 
application areas. In remote sensing and in 
astronomy, multisensory fusion is used to achieve 
high spatial and spectral resolutions by combining 
images from two sensors, one of which has high 
spatial resolution and the other one high spectral 
resolution. Image fusion is defined as a process of 
combining images, obtained by sensors of different 
wavelengths simultaneously viewing of the same 
scene, to form a composite image. The composite 
image is formed to improve image content.[3] 

The section II describes types and other method 
of image fusion. Block diagram of pixel to pixel 
based image fusion is described in section III with 
flowchart. The section IV contains a Spartan 3 FPGA 
hardware description. And result of this system 
implementation in MATLAB is given in section V. 
And conclusion is given in section VI.  
 
II. TYPES AND METHODS OF IMAGE 
FUSION  
 
A.  Types of image fusion 
 

Image fusion can be performed roughly at four 
different stages: signal level, pixel level, feature 
level, and decision level. [2] 
 
o Signal level fusion: In signal-based fusion, 

signals from different sensors are combined to 
create a new signal with a better signal-to noise 
ratio than the original signals.  

o Pixel level fusion: Pixel-based fusion is 
performed on a pixel by-pixel basis. It generates 
a fused image in which information associated 
with each pixel is determined from a set of 
pixels in source images to improve the 
performance of image processing tasks such as 
segmentation.  

o Feature level fusion: Feature-based fusion at 
feature level requires an extraction of objects 
recognized in the various data sources. It 
requires the extraction of salient features which 
are depending on their environment such as 
pixel intensities, edges or textures. These 
similar features from input images are fused.  

o Decision-level fusion: It consists of merging 
information at a higher level of abstraction, 
combines the results from multiple algorithms 
to yield a final fused decision. Input images are 
processed individually for information 
extraction. The obtained information is then 
combined applying decision rules to reinforce 
common interpretation.  

 
B. IF categorization according to data type  
 
Categorize the IF methods according to the data 
entering the fusion and according to the fusion 
purpose. We distinguish the following categories. 
 
 Multiview fusion of images from the same 

modality and taken at the same time but from 
different viewpoints.  

 Multimodal fusion of images coming from 
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different sensors (visible and infrared, CT and 
NMR, or panchromatic and multispectral 
satellite images).  

 Multitemporal fusion of images taken at 
different times in order to detect changes 
between them or to synthesize realistic 
images of objects which were not 
photographed in a desired time. 

o Multifocus fusion of images of a 3D scene 
taken repeatedly with various focal length.  

o Fusion for image restoration. Fusion two or 
more images of the same scene and modality, 
each of them blurred and noisy, may lead to a 
deblurred and denoised image. Multichannel 
deconvolution is a typical representative of 
this category. This approach can be extended 
to super resolution fusion, where input 
blurred images of low spatial resolution are 
fused to provide us a high-resolution 
image.[4]  

 
C. Image Fusion approaches  
 

The process of IF is performed to create a good 
quality image from each of given images. Image 
fusion method can be broadly classified into two 
groups – 1. Spatial domain fusion method 2. 
Transform domain fusion. 

 
In spatial domain techniques, we directly deal 

with the image pixels. The pixel values are 
manipulated to achieve desired result. In frequency 
domain methods the image is first transferred in to 
frequency domain. All the fusion operation are 
performed on the Fourier transform of the image and 
then the inverse Fourier transform is performed to get 
the resultant image. 
 

The fusion methods like averaging, principal 
component analysis (PCA) and IHS based methods 
fall under spatial domain approaches. Other important 
spatial domain fusion method is high pass filtering 
based technique. Spatial domain approaches produces 
spatial distortion in fused image. 
 
Spatial distortion can be overcome by frequency 
domain approaches on image fusion. The discrete 
wavelet transform (DWT) Discrete cosine transform 
(DCT) pyramid transform, are methods come under 
transform domain fusion. [5] 
 

The highest quality result is obtained by DWT 
method. The wavelet transform is use to detect local 
features in a signal process. It also used for 
decomposition of two dimensional (2D) signals such 
as 2D gray-scale image signals for multiresolution 
analysis. In wavelet transforms a signal is 
decomposed in lower frequency band and high 
frequency bands. In discrete wavelet transform 
(DWT), two channel filter bank is used.[9] When 

decomposition is performed, the approximation and 
detail component can be separated 2-D. 

 
Fig.1. Wavelet decomposition 

 

 
Fig.2 Image fusion by using DWT. 

 

 
Fig.3. Block diagram of information fusion for images 

 
Discrete Wavelet Transformation (DWT) converts 

the image from the spatial domain to frequency 
domain. The image is divided by vertical and 
horizontal lines and represents the first-order of 
DWT, and the image can be separated with four parts 
those are LL1, LH1, HL1 and HH1 as shown in 
figure 1. 
General process of image fusion using DWT: 
 
Step 1. Implement Discrete Wavelet Transform on 
both the source images to create wavelet lower 
decomposition. 
Step 2. Fuse each decomposition level by using 
different fusion rule like simple average , simple 
maximum ,simple minimum ,etc. 
Step 3. Carry Inverse Discrete Wavelet Transform on 
fused decomposed level, for reconstruction of final 
fused image F. 
 

This paper proposed a pixel to pixel mapping 
method for image fusion. 
 
III. BLOCK DIAGRAM 
 

Figure 3. illustrate the block diagram of pixel to 
pixel based image fusion. Let us see fusion process 
block by block. 
 
A.  Input stage 
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The input stage consist of images, of different 
format like JPG or BMP etc. but both images should 
be of same type. These images are taken into system 
by using MATLAB code platform. And filter 
operation is done on image in MATLAB only. Then 
these filtered images are given to FPGA board. 
 
B.  3*3 image windowing 
 

In image processing, several algorithms belong to 
a category called windowing operators. Windowing 
operators use a window, or neighbourhood of pixels, 
to calculate their output. For example, windowing 
operator may perform an operation like finding the 
average of all pixels in the neighbourhood of a pixel. 
In this paper, the standard deviation operation is 
performed on pixel value of 3*3 windows. The pixel 
around which the window is found is called the 
origin. Figure 4, below, shows a 3 by 3 pixel window 
and the corresponding origin. 
 

The work for this project is based on the usage of 
image processing algorithms using these pixel 
windows to calculate their output. Although a pixel 
window may be of any size and shape, a square 3x3 
size was chosen for this application because it is large 
enough to work properly and small enough to 
implement efficiently on hardware. 
 

In order to implement a moving window system 
in VHDL, a design was devised that took advantage 
of certain features of FPGAs. FPGAs generally 
handle flip -flops quite easily, but instantiation of 
memory on chip is more difficult. Still, compared 
with the other option, off-chip memory, the choice 
using on-chip memory was clear. 
 

It was determined that the output of the 
architecture should be vectors for pixels in the 
window, along with a data -valid signal, which is 
used to inform an algorithm using the window 
generation unit as to when the data is ready for 
processing. 
 

A 3x3 window size was chosen because it was 
small enough to be easily fit onto the target FPGAs, 
and is considered large enough to be effective for 
most commonly used image sizes. With larger 
window sizes, more FIFOs and flip -flops must be 
used, which increases the FPGA resources used 
significantly. Figure 5 shows a graphic representation 
of the FIFO and flip -flop architecture used for this 
design for a given output pixel window. 
 
C.  Feature extraction and selection of window 
 

In this project pixel to pixel mapping algorithm is 
used. It consists of two windows of 3*3, and by using 
algorithm the standard deviation of both windows is 
calculated. The window which has maximum 

standard deviation value is considered as window 
with good contrast. So that 3*3 window is select for 
final result. Then fused image is displayed on 
computer screen. 
 
D. Flow chart for pixel to pixel image fusion 
 

Figure 6 shows flowchart of pixel to pixel based 
image fusion method. 

 
Fig.4: Pixel window and origin 

 

 
Fig. 5: architecture of window generator. 

 

 
Fig. 6: flowchart of image fusion system 
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IV. HARDWARE PALTFORM 
 

The proposed system has been implemented using 
VHDL on a FPGA Spartan 3 XC3S250E board. The 
following figure 
7.  Shows Papillo Company’s FPGA Spartan 3 board. 
The Papilio One is a powerful, open-source, 
expandable development board perfect for the design 
and prototyping ideas. It has Fully Assembled with a 
Xilinx Spartan 3E and 4Mb SPI Flash Memory, It 
provides an easy introduction to FPGA, Digital 
Electronics, and System on a Chip design, It has 
Two-Channel USB Connection for JTAG and Serial 
Communications, it has four Independent Power 
Rails at 5V, 3.3V, 2.5V, and 1.2V. The power is 
supplied by a Power Connector or USB, the board 
contain 48 I/O lines. 
 
V. EXPRIMENTAL RESULT 
 

Till now this project has been implemented on 
MATLAB with both grey and color type images. The 
result of grey scale images are converted into pseudo 
color format. As understanding of color image is 
more than gray image. The figure 8 and figure 9 
showed the image fusion result. The implementation 
on FPGA board is in process. 

 
Fig. 7 Papilio Company’s FPGA board of Spartan 3 

 

 
Fig. 8 Result of image fusion of gray scale image. 

 
Fig 9: Result of image fusion of color level image. 

 
CONCLUSION 
 

In this paper, the simplest method for image 
fusion is presented. It requires less computation time, 
and this system gives us a moderate result with less 
cost. It is generalized system, can be used for medical 
imaging, satellite imaging etc. application. The 
hardware realization which is based on FPGA 
technology provides a fast, compact, and low power 
solution for image fusion. Future work in this field is 
planned for extension of other type of image 
modalities and also video fusion. 
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