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2. IDENTIFICATION & SIGNIFICANCE OF THE OPPORTUNITY

The objective of this proposal is to develop innovative techniques for combining the video signals of thermal and image-intensified video sensors, such that the resultant “fused” image optimally conveys the salient scene features provided by both sensors.  These image fusion techniques shall exploit the complementary nature of these two respective sensors, such that situational awareness is enhanced for military users in dismounted (i.e., non-vehicle) ground-mobility applications. The program’s goals are to demonstrate real-time image fusion techniques that are valuable and practical within the weight, power and cost constraints associated with military dismounted, ground-mobility (i.e., non-targeting) applications.

Dismounted ground-mobility applications in the military are severely bound by constraints upon weight and power consumption: the total mobility system must be head-borne and must operate off inexpensive battery power.  Present limits are a maximum 2 pounds total system weight and a maximum 2 watts total system power.  These goals dictate a budget of 0.5 watts maximum power and 0.25 pounds maximum weight for the fielded version of an image fusion device.  Psycho-physical considerations dictate that the fusion device be capable of fusing video sensors having at least a 60 Hz frame or field rate.  These constraints also dictate that fusion be executed in real-time, which is herein defined as an associated fusion latency (lag) of no more than 60 milliseconds (< 30 milliseconds is highly desirable).

Innovative techniques are needed to optimally fuse in real time the imagery from wide field-of-view (nominally 40-deg by 30-deg) mobility sensors having moderate-to-high resolution (up to 640 x 480 pixel array for thermal sensor, up to 1280 x 960 pixel array for intensified sensor).  These techniques may be digital-based, analog-based, or some combination of the two.  Fused imagery may be based upon either monochrome or color display.

The system has the capability to grow into a Commander’s HTVS (Head Tracked Vision System) where sensors with longer-range capability, laser designators, and target acquisition/tracking capability could be added.

2.1 ABSTRACT

Image fusion in real time has become a challenging issue because of the fact that fusion involves a lot of hierarchical or sequential computations. Most of the approaches are DSP based. We have proposed an Electro-optical novel fusion system that fuses images in real time. This method fuses two images analyzing their Fourier transforms that have been evaluated optically. Looking into Fourier transforms of TS (Thermal sensor) and IIS (Image intensified sensor) images we have picked up salient features and combined them optically. Our proposed system is modular and could be extended for fusion of more than two images using holographic beam combiner. Proposed method has been simulated in Matlab. 

2.2 BACKGROUND 

Numerous techniques have emerged over the past ten years for utilizing two distinct video sensor types (e.g., sensors “A” and “B”) to enhance situational awareness.  These techniques include the following, in order of increasing cost/power:  simple switching (i.e., sensor “A” or sensor “B”); user-adjustable additive combination (i.e., 0.xx sensor “A” plus [1- 0.xx] sensor “B”); and feature-level fusion based upon digital image-processing algorithms.  All of these techniques seek to exploit the complementary nature of thermal and image-intensified sensors for mobility (i.e., non-targeting) applications. TS (thermal sensor) and the IIS (image-intensified sensors) sensors have complementary strengths. TS detects temperature differences in a scene and is not affected by ambient illuminations. This sensor is very good for seeing hot targets in a busy background, seeing through fog, and seeing paths through a cluttered forest (dirt path will be a different temperature than the leaves or brush around the path). (Figure 1 Left). However, as mentioned before, 8-12 micron TSs are not as useful during thermal crossover periods at night or after long periods of rain, and can’t image cultural lighting, laser or LED lighting, and text on street signs. IIS sensors amplify existing ambient illumination of the scene.
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         Figure 1: Left: TS only image, Right: IIS only image of a single view. (Images are collected from [1]).
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IIS sensors are good for seeing under conditions and allow for imaging of shadows from the moon, headlights, flashlights, cultural lighting, laser or LED lighting, and text on road signs. IIS sensors produce high-resolution images with greater texture and detail than TS sensors. However, operations using IIS sensor imagery is degraded during periods of fog and under thick forest canopies with little to no-moon conditions. Underbrush and scrub vegetation often makes it difficult to discriminate between a forest path and its surroundings. (Figure 1 Right).

In figure 1, we present TS and IIS images of a same view – a forest path. In TS image, the path, tree trunks in both sides of the path are visible.  In IIS image they are absent. It only shows illumination on the path, texture of leaves and branches. The goal is to combine all these features into a single image. 

We have proposed a Fourier transform based fast filter-fusion technique that maintains reliability preserving redundant information and improves capability fusing complementary information.

The fused images and the source images are presented in this proposal. 

2.3 INTRODUCTION 

 

Fusing two or more images into one could be done in several ways. Most general way is to locate salient features in all of them applying some digital signal processing algorithms. Then add them up emphasizing on salient features. The problem with DSP approach is that it is significantly slow mostly because it is done digitally and digital process is usually sequential. Current demand is to develop a real-time image fusion system capable of producing at least 60 pair of frames in every second. To gain speed we have found a solution with Fourier transform performed optically. First, we take Fourier transforms of two images of same view. Then we compare these two transforms. We scan through them each time looking into the same frequency region in both spectrums. We choose spectrum region with higher amplitude. Thus both spectrums are scanned everywhere and combined into one. To preserve phase of the spectrum the system works in an almost-all-optical set up. We have simulation results of this algorithm presented in one the last sections. Images captured by thermal and image-intensified sensors have been used. Fused image shows that complementary features from both images combine pretty well.
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2.4 PRELIMINARIES 

Figure 4 shows how a Fourier Transform and inverse transform can be achieved optically. A collimated beam is projected through a signal, f(x,y), contained on a transparency. SLM (spatial light modulator) could be used in place of a transparency. The transform lens causes parallel bundles of rays to converge in the back focal plane of the lens. This back focal plane is known as the Fourier transform plane. In this plane the spatial image is transformed into a spatial frequency spectra. In affect the lens has carried out a two-dimensional Fourier transform at the speed of light. A far field diffraction pattern is observed by placing a screen in the transform plane. The intensity of the pattern is related to the square of the amplitude of the Fourier Transform of the input signal. By placing a stop at a particular frequency lobe in this plane a spatial frequency can be removed from the image. Typically all but the zero order diffraction is removed, thus removing the noise from the image. This cleaning of the beam is achieved by using a spatial filter. The diameter and quality of the lens limit the upper frequency bandwidth. The lower bandwidth is limited by the ability of the user to discriminate all but the zero order diffraction information. This analogue optical system is



difficult to adapt into alternative kinds of filters and so is not very versatile. An SLM can easily perform this filtering work. The aperture of the lens limits the resolution of Fourier transforms. The second lens forms the inverse transform and recovers the original signal. 

Now we show Fourier transforms of some standard pattern images. These images have been used later to describe our image-fusion process. Figure 5 shows Fourier transform of a simple image. To describe the fusion process clearly we have introduced cross sections of 3-D Fourier view of Fig. 5(b) in 5(c) and 5(d). 
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Figure 5: (a) A simple image, (b) 2-D Fourier transform of (a) shown in X, Y and Z axes. Z- axis describes the power spectrum of Fourier, (c) Fourier transform cross-section along X-axis, (d) Fourier transform cross-section along Y-axis.
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Here u and v stand for the spatial (x and y) frequency contents of the signal 
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The inverse Fourier transform is given by the formula 
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In practice, images always have finite size and are obtained by some form of sampling of the scene either by a CCD camera or the eye. For an image array of size M x N, the discrete Fourier transform and its inverse are given by  
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 stand for the spatial (x and y) frequency contents of the signal 
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.  Equations (1) and (2) will be used in the next section to describe our image fusion process.
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Figure 6: (a) A high frequency image, (b) Intensity distribution along horizontal axis, (c) Fourier transform cross-section along X-axis, (d) Fourier transform cross-section along Y-axis.
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Figure 7: (a) A low frequency image, (b) Intensity distribution along horizontal axis, (c) Fourier transform cross-section along X-axis, (d) Fourier transform cross -section along Y-axis.
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Figure 8: (a) A low gradient image, (b) Fourier transform cross-section along X-axis, (c) Fourier transform cross-section along Y-axis.

Spatially, 2-D Fourier spectrum has zero frequency in the center. The frequency increases towards the perimeter. Fourier spectrum of an image with low frequency in it shows high amplitude lobes near the center. Inversely, Fourier spectrum of a high frequency image shows high amplitude lobes away from the center. Figure 6 and 7 describe these scenarios. Image shown in figure 6(a) has high frequency. Image in figure 7(a) has low frequency.   

2.5 IMAGE FUSION IN FREQUENCY DOMAIN 

We combine two images in frequency domain. CCD1 and CCD2 capture intensity value amplitudes of Fourier spectrum. For a certain frequency, two intensity values from two CCDs are compared to select the higher one and discard the other. The resultant spectrum is a combination of higher value spectrum selected from each image’s Fourier transforms on SLM3 and SLM4.
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 are functions of two images. Their combination is represented by 
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Algorithm IMAGE_FUSION

1. Compare magnitudes of both Fourier transforms at each discrete frequency point and select spectrum that has higher magnitude at that point. This selection will produce a combination of both Fourier transforms. With mathematical notations this can be described as for all (
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2. Take inverse Fourier transform of the combined Fourier transform. Mathematically for any (
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The direct implication of this algorithm is that any information that is redundant in source images appears in the fused image.  Then it also contains information that is complementary in source images. Following figure describes it clearly.
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Matlab simulation of the above algorithm shows the result in figure 10 and 11. Figure 10 (c) is fusion of the two images in fig. 6 and 7. Fig. 11(c) is fusion of the images in figure 6 and 8.
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Figure 10: (a) X-axis view of combined FT of 6 and 7, (b) Y-axis view of combined FT of 6 and 7, (c) Fused image taking IFT of combined FT of 6 and 7.
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Figure 11: (a) X-axis view of combined FT of 6 and 8, (b) Y-axis view of combined FT of 6 and 8, (c) Fused image taking IFT of combined FT of 6 and 8.

2.6 CONCEPTUAL DESIGN OF THE PROPOSED SYSTEM

We scan the intensity amplitudes (i.e. power spectrum) of Fourier transforms of both images using a microprocessor-based system. This system works as a scanner as well as a decision maker. The process is simple. At first, Fourier transforms are done optically. From these transforms, we pick up complementary features and then fuse them into one using HBC (holographic beam combiner). To combine two images a beam splitter could be used in place of HBC. Filtering features is done using microprocessor and fusion is done optically using hologram. Both feature selection and fusion are done in frequency domain maintaining magnitude and phase both. One of the advantages of this procedure is that fusion becomes position independent. Two images merge into a single view even though views from both cameras contain some uncommon scene. The microprocessor reads Fourier transforms of the two images using two CCD planes. Then it compares their amplitudes. At a certain frequency point, it selects the higher one in one image and discards the other one from the other image. It does so by 


Figure 12: Conceptual design of Image Fusion system.
sending control signals to two SLMs. Fourier patterns of the images are formed on these SLMs. SLM screen pixels can be set into “on” state to reflect back a frequency lobe because it has amplitude higher than the amplitude in the other SLM or in the or “off” state to diminish a frequency lobe because it has amplitude lower than the amplitude in the other SLM. Features that are present in only one of the images are added into the fused image automatically in this way. 

In Figure 12, block 1 and 2 do everything optically. Block 1 Fourier transforms the images; filters the transforms to extract complementary features and then inverse Fourier transform the updated transform. Filtering is the only delay in this block. Microprocessor keeps scanning the Fourier transforms and sending control signals to SLMs for filtering until both Fourier planes are scanned. After filtering is done, inverse transforms are sent to block 2. Block 2 combines these two updated transforms into one. We have applied HBC (holographic beam combiner) to combine images. HBC has been successfully applied for combining multiple beams in an optical networking project in our lab.

Today’s microprocessors are fast enough to capture more than 60 frames in every second. Vision Systems (www.vision-systems.com) has stereo camera system that interfaces with computers. Computers in their system can grab 85 frames (640x480) from the cameras in every second. Our proposed system needs to read only 30 lower resolution frames from both CCDs to meet the speed in demand. Reading 30 frames/sec is equivalent to 60 here because Fourier patterns are symmetric around vertical axis. The rest of the microprocessor time will be spent for data processing which is nothing but comparisons in the order of O(N). The microprocessor-based system does not need to store any data except its program variables. It reads data, processes it and writes to SLM filters right away. A continuous fast flow of read-process-write will make the whole system possible to operate in real time with a speed of more than 60 merged- images in every second.  

2.7 DETAILED DESIGN 

In figure 13, IIS (Image Intensified Sensor) is the image-intensified camera CCD. Image captured by IIS is sent to SLM1. SLM is a spatial light modulator that simply converts the electrical signal of the image to collimated optical signal. CCD1 and SLM3 are a focal length away from FL1 the Fourier lens. Fourier of the image captured by IIS forms on them. The intensity of the Fourier spectrum is related to the square of the amplitude and called power spectra. The decision maker unit, MDSP (microprocessor based digital signal processing) system reads these power spectra. 2-D Fourier is symmetric around vertical axis. One half of it contains all the image information. In the same way, another pattern from TS (Thermal sensor) camera is formed on CCD2.  MDSP reads these two half-patterns from CCD1 and CCD2, compare them and makes decisions. Based on the decisions, MDSP generates control signals and send to SLM3 and SLM4 to update the Fourier patterns formed on them. As mentioned before, these two SLMs are programmable and work as filters. Their pixels could be set into either on or off states. SLM3 and SLM4 send back updated Fourier signals. BS3 and BS4 redirect them through inverse Fourier lenses IFL1 and IFL2 that are again one focal length away from SLM3 and SLM4. They form the inverse transforms and recover the original signals now composed only of salient features. Either a HBC (holographic beam combiner) or a BS (beam splitter) combine these two signals into one. The combined signal is captured by CCD3 and sent to a display.

As figure 13 shows, the system is symmetric on both sides of MDSP, HBC and CCD3. The same module shown in figure 14 could represent top and bottom portions of the system.  A simple black box block shown in figure 15 represents the module in figure 10.  

Now figure 13 can be generalized into the following. Generalized design shows that it can fuse complementary signals from more than two cameras capturing images in different spectral bands. 


Legend:    IIS: Image intensified sensor.      FL: Fourier lens.

         BS: Beam splitter.


   TS: Thermal sensor.
             IFL: Inverse Fourier lens.
         CCD: Charged coupled device.


   SLM: Spatial light modulator.     

                 MDSP: Microprocessor based digital signal processing.        

                 HBC: Holographic beam combiner.  

Figure 13: Real time image fusion system based on Fourier analysis.


Figure 14: Electro-optic Fourier module.


Figure 15: Electro-optic Fourier module shown as a block.

 
2.8 MATLAB SIMULATION OF TS AND IIS IMAGE FUSION 

The proposed algorithm has been simulated in MATLAB. The following program fuses two images into one and displays Fourier spectrums of source and fused images.

colormap(gray(256));

I1 = imread('c:\IIS.jpg');

I2 = imread('c:\TS.jpg');

imgrow = 128;

imgcol = 128;

dimension = 128;

%convert the IIS image to gray scale

I = zeros(dimension,dimension);

for a = 1:1:imgrow


for b = 1:1:imgrow



d = 0;



for c = 1:1:3




d = d + I1(a,b,c);



end



I(a,b)= floor(d/3);


end 

end 

%display the IIS gray scale image 

subplot(3,3,1);

image(I)

%take fourier transform and its magnitude of IIS image

J1 = fft2(I);

K1 = abs(J1);

W1=fftshift(K1)./1000000;

%display power spectrum of IIS Fourier transform along X-axis

subplot(3,3,2), plot(W1(1:128,65:65))

xlabel('frequency')

ylabel('modulus')

title('fft along X axis')

grid

AXIS([1 128 0 0.4])

%display power spectrum of IIS Fourier transform along Y-axis

subplot(3,3,3), plot(W1(65:65,1:128))

xlabel('frequency')

ylabel('modulus')

title('fft along Y axis')

grid

AXIS([1 128 0 0.4])

%convert the TS image to gray scale

I = zeros(dimension,dimension);

for a = 1:1:imgrow


for b = 1:1:imgrow



d = 0;



for c = 1:1:3




d = d + I2(a,b,c);



end



I(a,b)= floor(d/3);


end 

end 

%display the TS gray scale image 

subplot(3,3,1);

image(I)

%take fourier transform and its magnitude of TS image

J2 = fft2(I);

K2 = abs(J2);

W1=fftshift(K2)./1000000;

%display power spectrum of TS Fourier transform along X-axis

subplot(3,3,2), plot(W2(1:128,65:65))

xlabel('frequency')

ylabel('modulus')

title('fft along X axis')

grid

AXIS([1 128 0 0.4])

%display power spectrum of TS Fourier transform along Y-axis

subplot(3,3,3), plot(W2(65:65,1:128))

xlabel('frequency')

ylabel('modulus')

title('fft along Y axis')

grid

AXIS([1 128 0 0.4])

%combine IIS and TS images in Fourier domain

for a = 1:1:dimension


for b = 1:1:dimension



if K1(a,b)>K2(a,b)  




J3(a,b) = J1(a,b);



else




J3(a,b) = J2(a,b);



end;


end

end

%take inverse Fourier transform of combined FT and display it

M = abs(ifft2(J3));

subplot(3,3,7);

colormap(clmap);

image(M)

K3 = abs(J3);

W3=fftshift(K3)./1000000;

%display power spectrum of combined FT along X-axis

subplot(3,3,8), plot(W3(1:128,65:65))

xlabel('frequency')

ylabel('modulus')

%title('fft along X axis')

grid

AXIS([1 128 0 0.4])

%display power spectrum of combined FT along Y-axis

subplot(3,3,9), plot(W3(65:65,1:128))

xlabel('frequency')

ylabel('modulus')

%title('fft along Y axis')

grid

AXIS([1 128 0 0.4])

Figure 17: Matlab simulation program of proposed system.
Output of this simulation has been represented in figure 18, 19 and 20. More results are in figure 21 produced by our program. [7] has fused these images using different method. 

   [image: image54.jpg]


         [image: image55.jpg]frequency

sninpow



         [image: image56.jpg]40 B0 B0 100 120
frequency

20

sninpow




Figure 18: Left: IIS only image (tree braches are visible), Middle: Fourier transform cross-section along X-axis, Right: Fourier transform cross-section along Y-axis.
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Figure 19: Left: TS only image (path and tree trunks are visible), Middle: Fourier transform cross-section along X-axis, Right:  Fourier transform cross-section along Y-axis.
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Figure 20: Left: TS and IIS images have been fused into one image (branches, trunks and path all are visible), Middle: Fourier transform cross-section along X-axis, Right: Fourier transform cross-section along Y- axis.
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       (a) The left eye is blurry                 (b) The right is blurry                           (c) Deblurred image after fusion
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   (d) Front is covered by smoke    (e) Back is covered by smoke                 (f) Whole tank is visible after fusion

Figure 21: More results from simulation.

For optimal operations, the ability to view the best sensor information from both TS and IIS sensors is required. Fused image of these two has been shown in figure 20. Complementary features from both images have superimposed well. TS image shows the path and tree trunks. IIS image shows illuminated leaves getting into the way of the path. In fused image, the path with trees and leaves on both of its sides has appeared.  

2.6 RELATED WORK 

Now we will mention some related works and compare our proposed approach with alternate approaches in terms of image quality, speed and flexibility. 

In proposed approach, both images might have redundant information that appear only once in the fused image and maintain its consistency. Simple or weighted addition may increase the magnitude of redundant information to introduce inconsistencies in fused image. Complementary information from both images appears with their true magnitude. Our approach is very similar to the approach in [4] except that our system is almost all optical.

Smith, Ball, Hooper, Rood [2][3] have implemented their adaptive real-time image fusion system which is capable to fuse 25 pair of images in a second. Other approaches based on contrast or image quality, pixel level wavelet transform [6], multi-wavelet transform [5], and Laplacian pyramid decomposition (LPD) [7], neural networks [8][9] are either iterative or hierarchical DSP methods that take sometime for processing. Our proposed system is using optical FT, optical inverse FT and optical combiner (HBC or beam splitter) which have made it very fast to fuse more than 60 pair of frames every second.

As shown in figure 16, the system can be hooked up with any number of camera inputs. Each time we add a camera we need to add one more electro-optic module. For more than 2 inputs a simple beam splitter does not work, we have to use HBC. This would be useful while fusing multi-spectral images captured by different cameras. A single HBC can combine thousands of beams ideally.  We have combined 6 beams in our lab. 

Weakness of the proposed design is that it works with discrete Fourier focused on the CCD plane. Magnitude comparison at each point of a discrete Fourier might incur error in selecting the higher magnitude. In fact the magnitude could be one pixel away from the location found by our decision maker system. This may leave some noise in the fused image. As was measured writing a MATLAB program, signal to noise ratio, SNR is 1:0.1403 for the first fused image in figure 21. For the second fused image the ratio is 1:0.1108. Figure 22 shows image of noise left in the fused image. 
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Figure 22:  Left: Fused image 21(c) with only noise, right: Fused image 21(f) with only noise. 

Higher magnitude pixel could be correctly located taking interpolation of all magnitudes in a small circular region of the spectrum. Further research is required to correct this problem.

2.7 ALTERNATE SYSTEM IN CONSIDERATION

The optical system is proposed to gain high speed. In principal the system can be only microprocessor based that will run slow but still in higher rate than demanding speed. In this case the microprocessor will scan, 

 

Figure 23: Microprocessor based fusion system using same algorithm described in this proposal.

evaluate the Fourier transform and then combine them (figure 23). To reduce the workload of one microprocessor based system we can break it into several distributing different jobs to different systems (figure 24).  








Figure 24: Detailed design of microprocessor based fusion system.

Figure 24 is almost self-explanatory. All systems are microprocessor based. Hand shaking is required among them to start reading or writing in proper time. All Mis are memory modules. To perform reading and writing parallel they have been used twice as many as required with delay. For example, while the scanner systems capture and write current frame i+2 in M2 and M4, FT systems read previous frames i+1 from M1 and M3. Reading and writing have been shown with bold lines. While capturing frame i+3, alternatively the other lines become active. This system will produce fused image at output lagged by 3 frames. For example, while camera is capturing frame n, the display will show fused image of both n-3 frames. However because of its parallel processing, a high fusion speed is expected. 

3.0 PHASE I TECHNICAL OBJECTIVES

Objectives in phase I are to develop and refine the proposed technique for fusing the imagery from thermal and image-intensified video sensors. To ensure that proposed system is fast and reliable, first we plan for an intermediate product that will demonstrate the fusion techniques for Government-supplied imagery in Super-VHS or mini-DV formats. Then we will develop a portable miniature fusion system compatiable with analog RS-170 video and typical RS-170 display. We have set forth the following objectives:

· Conversion of video signals to analog signal for demonstration purpose.  

· Investigate functionality and resolution match of CCDs, SLMs and their interfaces with microprocessor. 

· Elaborate the microprocessor-based digital signal-processing (frame grabber and decision maker) unit to a top-level outline and implement it.

· Implement a working, bench top model of the proposed fusion system.

· Develop a compact architecture that meets the weight and power goals.

4.0 PHASE I WORK PLAN


In order to accomplish the technical objectives listed in section 3.0 above, the following tasks have been identified:

Task 1: IDENTIFICATION AND INTERFACES OF CCD, SLM, CAMERA AND MICROPROCESSORS

Camera interfaces with SLMs to load its images directly. Microprocessor interfaces with camera to grab Fourier frames and interfaces with the SLMs for filtering. SLMs have their own memory. While displaying an image they can store another image from camera. As viewed now, in the final product camera will send its image directly to SLM. We will investigate and find solution for this direct interface. www.bnonlinear.com has high speed SLMs in different resolutions for both gray scale and color images.  As mentioned before, we are working on projects including SPHOC, Holographic Beam Combiner that use SLMs, CCDs and other optical devices matching devices used in our proposed system. 

Microprocessor based system interfaces with SLM when it sends control signals to SLMs for filtering purpose. This interface has to be determined.

For demonstration, we will find a way to convert video signal into analog so that we can send them directly to SLMs. 

Task 2: MICROPROCESSOR BASED FRAME GRABBER AND DECISION MAKER SYSTEM DEVELOPMENT

A detailed design of a microprocessor based system capable of reading CCDs, analyzing data and writing in SLM will be designed in PCB (printed circuit board). We already have designed and developed a real-time, microprocessor based, holographic spectrum analyzer system on the way to be patented.

Task 3: IMPLEMENTING A WORKING BENCH-TOP FUSION SYSTEM 

Primarily the system has to be implemented on an optical table in a lab to make sure that all its optical components are aligned properly.  We have expertise and skills to implement optical set up. Our super parallel optical correlator (SPHOC), which is a very sensitive and complex set up, has been successfully implemented and tested in the lab. 

Task 4: DEVELOPING THE PROTOTYPE

The final product is miniature and portable. The detailed design in figure 9 implies that the product has to have an optical unit and an electrical unit each separated from the other as shown in figure 21. Compatibility and reducing space cost are main issues. To reduce space cost we can wrap around the system. Further analysis in making prototype will be carried out when project runs.

Figure 21: Simple outline of a possible prototype.

THE PERFORMANCE SCHEDULE

The performance schedule for phase I is illustrated in the Grant chart below.




MONTHS            1             2             3             4            5            6



Task 1: Identification of optics and  developing interfaces.

Task 2: MDSP system development
Task 4: Bench-top implementation .

Task 5:  Design and development of intermediate prototype.
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Figure 16: Generalized Electro-optic image fusion system.  





Figure 4: Spatial filtering in the Fourier plane and inverse Fourier transform using lenses.
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Figure 2: Van-diagram of IIS and TS images. 
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Figure 9: Spatial filtering in the Fourier plane and inverse Fourier Transform using lenses.





x1





y1





FILTER





 COMBINER





 DISPLAY





VIDEO 1 





VIDEO 2





Figure 3: Simplified flow-chart of proposed system. 
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