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1. Introduction to Automatic Target Recognition

Hyperspectral images contain multiple layers of spectral data.  Each layer represents a different spectral band, and not all bands are visible to the un-aided human eye.  A pixel in a given layer will contain a value related to the response of the given band in the pixel's location.  Hyperspectral layers can number in the hundreds, depending on the device that generates the data.  Modern military surveillance produces vast amount of hyperspectral data.  Because natural terrain has different hyperspectral properties than metal vehicles, it is possible to detect vehicles based on non-visible properties that may be camouflaged to the human eye.  In order to save manpower and devalue current camouflage techniques, a system must be developed to highlight the locations of potential hostile vehicles.  The Automatic Target Recognition (ATR) project will aim to locate and highlight potential targets regardless of terrain or weather.

2. Problems with Current Surveillance Techniques

2.1. Background on Surveillance

Surveillance and reconnaissance are vital to military operations.  Previous to the digital era, human scouts were sent into dangerous areas to physically observe.  Human scouts are limited in what they can see and remember, even with the use of aids such as night-vision goggles and recording devices.  Sending human scouts into a dangerous area is also hazardous to the safety of the scout.  Through the use of digital recording technology satellites can now record images from all over the world at any time of day with little risk to human lives.  Satellites record the images they’re told to, but have no ability to determine what objects are in the image or if these objects have relevance to a particular mission.  Currently combinations of computer and human analyzing are used to identify and classify objects in satellite images.  

2.2. Importance of ATR to the Air Force

There are two main problems with modern surveillance techniques.  The first is the amount of data generated and the time it takes to analyze this data.  Satellites lack the ability to determine whether data being recorded is important or not.  Data is recorded in huge amounts, and must be analyzed separately.  A large amount of data takes a lot of manpower to sort through, and a lot of time.  Time for classification can be both processor time for a computer-based classification, or time for a human to sift through the images and identify objects.  In a real-time tactical situation targets must be identified quickly before they move away from the recorded location.  The second problem with surveillance analysis is accuracy.  Factors such as weather, camouflage, and time of day can make classification difficult using just the visible spectrum.  Hyperspectral images may contain information that can be used to locate vehicles without depending on the visible spectrum, but they contain more data and take longer to sort and classify.  The ability to find and accurately classify potential targets in hyperspectral images quickly, and give a human operator less data to shift through would be very useful to the Air Force.

2.3. Value of ATR System

The Automatic Target Recognition (ATR) system will find and classify potential targets in hyperspectral images.  The benefits of the ATR system to the US Air Force will be the ability to sort through large sets of hyperspectral data quickly and highlight locations that may contain hostile targets.  Using hyperspectral analysis will devalue current camouflage techniques, and be unaffected by weather and time of day.  The ATR system will save manpower by trimming the amount of data a human has to view, and classifying areas of interest on likelihood of containing hostile vehicle. 

2.4. Competition to the ATR Project

Image processing for military surveillance is currently being heavily researched.  The Army, Navy, and Lincoln Labs, as well as the Air Force, are researching ways of classifying objects in digital images.  Colleges and defense companies are also doing research in this area.  There are several different specific goals, and numerous approaches are being tried for reaching each goal.  There is currently no declassified classification system that can accurately locate hostile vehicles in all cases without human aid.

2.5. Market Demand

A lot of resources are being used to research image processing for military surveillance, and there is a large demand for workable solutions.  There is a lot of competition in this area, but also a wide variety of problems to be solved.  Different approaches may prove superior or inferior depending on the specific problem at hand.  Should a better solution be found to locate hostile vehicles in hyperspectral images, the work done on the Automatic Target Recognition (ATR) project may still be useful in solving other problems.

3. Solution to Current Surveillance Problems

The Automatic Target Recognition (ATR) project will search hyperspectral images using several classification processes to locate and highlight potentially hostile vehicles as targets.  A pre-processing stage will process the hyperspectral images using the Hough Transform, hyperspectral analysis, and a filter kernel.  Features extracted from areas highlighted in the pre-processing as potential targets will be fed into a neural network for classification.  The neural network will output a confidence rating for each potential target’s probability of being a hostile vehicle, as well as the pixel location of each potential target.

4. Requirements for ATR

4.1. ATR Project Goals

Using a bank of hyperspectral images, design a system that can locate possible targets within the images. Output the locations of perspective targets with confidence ratings. Output display of image with targets pinpointed may be used for graphical representation, but is not vital to overall workings of the system.  

4.2. Functional Requirements for ATR

1. Process Hyperspectral Images

· MATLAB pre-processing program will read in and process hyperspectral images

· Potential target locations and feature vectors extracted from images will be output to a text file

2. Output potential target locations with confidence rating

· Neural network will read in text file of feature vectors and process

· Neural network will output locations from text file with confidence ratings of probability of hostile vehicle

4.3. Performance Requirements for ATR

1. Reliably classify hostile vehicles

· Reliability goal for this project is less than 1% false negatives (failure to classify vehicle as target), and no more than 20% false positives (classifying object other than vehicle as target).

2. Process hyperspectral images quickly

· Processing time goal for this project is seven images processed per minute, using pre-processor and pre-trained neural network.

4.4. Hardware and Software Constraints for ATR

· Software must be compatible with US Air Force computer systems.

5. Feasibility Concerns for ATR

1. Current image processing technology is not 100% accurate.  It is unlikely that the ATR system will produce accurate classifications in all situations.

2. Improper classification by the ATR system could result in damage to or loss of property and lives.
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