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1.0 Introduction

This white paper describes the development of an Enhanced Multispectral Imager (EMI) for SOF tagging, tracking, and locating applications. The EMI will be capable of detecting passive taggants (tags) that can be used on multiple mission profiles to track personnel, vehicles, or mark facilities. 

IISI Corporation has provided eight evaluation Optical Tag Kits, under two separate contracts, to the US Government. The first contract provided for the R&D of items to be included in the kit as well as training for SOF operators. Five kits were delivered to various SOF units for evaluation. The second contract provided three copies of the kits to an additional SOF unit. The kit contents included a custom handheld, multispectral imager for detecting the presence of the IISI hyperspectral clear-coat tag on objects such as vehicles.
The operators also provided feedback on the multispectral imager in the following areas:

1. Sound;
2. Spectral Band Selection;
3. Software;

4. Computer.
The multispectral imager had a spinning filter wheel that allowed six images with set spectral bands to be collected at (640x480 pixels per frame at 30 frames per sec). The drive motor created sound that was not compatible with certain missions. IISI has created an enhanced design for the multispectral with no moving parts. The approach for the enhanced imager is presented in Section 2.

The SOF personnel also wanted to carry a single sensor for multiple spectral tags. Since the filters were set at fabrication, it would work well for IISI tags, but others with different spectral content would have poor performance. IISI has included 25 bands in the enhanced multispectral imager design which allows for multiple spectral tags to be employed in the same scene.
The spectral detection performance varied with lighting conditions. With the additional spectral bands, IISI will modify the software to automatically correct for lighting condition and enhance the detection performance.
The video from the multispectral imager is fed into a compact laptop computer using a USB cable and displayed in the screen. The computer must have at a minimum a dual processing core to be able to perform detection on the multiband images. IISI has identified commercial-off-the-shelf (COTS) ruggedized computers that can be used in place of the laptop delivered under previous contracts.

2.0 Technical Approach
IISI proposes developing an enhanced multispectral imager. The new imager would take advantage of the ever increasing resolution of digital imagers by simultaneously capturing images from multiple bands as sub-images on the same digital frame. This would be accomplished by using a multi-lens or multi-faceted prism in front of the camera to produce multiple images on the same frame (Figure 1). Alternately, a camera such as the ProFusion25 from Point Grey Research, which captures 25 simultaneous images, could also be utilized (Figure 2). By placing an appropriate narrow-band filter in front of each element, multi-spectral images can be captured at the full frame rate of the camera.
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Figure 1. Multi-faceted prism system concept (a) prism (b) image capture
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Figure 2: ProFusion25 system concept (a) camera (b) simulated image capture

The resulting images would then be processed by a laptop computer. Corrections will be applied to compensate for the slight variations in perspective from each of the lenses or facets. We will modify the previously developed correlation algorithm utilized in the scanning multispectral imager to perform image analysis. The modification will allow the algorithm to operate on the sub-images for each multi-band image captured. This allows the full correlation model to be updated every frame instead of the reduced detection rate resulting from the rotating filter wheel. 

The formula to calculate the correlation is given by:
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Where X is a vector representing the spectral values at a given pixel location, T is a vector representing the spectral values for the taggant that is being matched, and Ex and ET represent the energy in the given vector. More specifically, 
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The numerator is expanded to 
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Since the target is not changing, the energy for the tag, ET, can be calculated once and stored. Every time a new image is captured the Xi values for that band are updated for each pixel in the image. This requires a recalculation of the numerator and the energy for target, Ex. In the previous embodiment only one of the Xi values changed with each frame so the recalculation time was shortened by storing intermediate values. With the capture of all frames simultaneously, all of the Xi values will be recalculated each time. This will require more processing time, but it is estimated to be less than the latency that resulted from hardware triggering of each video frame with the rotating filter wheel.

Since each image will have a slightly different visual perspective, additional processing may be necessary to compensate. When prisms are used with spherical lenses, they typically produce a distortion that varies with the distance from the center on the order of r2. To compensate for these distortions, we will apply inverse parabolic stretching along the wedge axis of each prism. With the multi-lens approach, Point Grey Research includes image processing routines in their ProFusion SDK and Multiclops software to compensate for the varying optical perspectives of each camera and create a single coordinate space.
3.0 Perceived Benefit for SOF
The Enhanced Multispectral Imager provides SOF with a passive method for tracking personnel, vehicles, or marking facilities. It augments traditional radio frequency (RF) technologies by providing tagging methods for areas where RF tracking is not permissible due to counterintelligence capabilities or availability of SIGINT assets.
4.0 Technical Risk Areas
For the proposed effort, there is one identified moderate technical risk. The multi-camera system is manufactured by only one company, Point Grey Research, Inc. This technical risk will be mitigated by locating alternative camera manufacturers and having a fall-back option of using a multi-lens array on a large pixel count camera to create images in multiple bands.
5.0 Performance Period
The period of performance for the proposed effort is 12 months ARO. A cost-plus fixed fee type contract is anticipated. The EMI schedule with milestones is provided in Figure 3.
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Figure 3: EMI Schedule with Milestones
6.0 Rough Order of Magnitude (ROM) Price Estimate

[image: image9.emf]Labor Material Travel Cost Fee Price

Enhanced Multispectral Imager $450,296 $85,550$17,400 $553,246 $66,389 $619,635

Optical, Processing, and Hardware Investigation $73,042 $31,900 $4,350 $109,292 $13,115 $122,407

Prototype Design $92,438 $11,600 $4,350 $108,388 $13,007 $121,394

Prototype Fabrication $184,875 $34,800 $0 $219,675 $26,361 $246,036

Developmental Test and Evaluation (DT&E) $52,236 $7,250 $4,350 $63,836 $7,660 $71,496

Acceptance Test, Delivery, and Training $47,705 $0 $4,350 $52,055 $6,247 $58,302


7.0 Technical Data and Information
The following Multispectral Imager was delivered in previous IISI Optical Tag Kits. Two days of on-site training for SOF operators was also provided for each kit delivered.

The Multispectral Imager sub-kit consists of the following components packaged in a Seahorse SX-720 case:

1. Multispectral Imaging System – Six bands
2. One Lenovo ThinkPad X61 laptop computer

a. Intel® Core™ 2 Duo Processor T8300 2.40 GHz

3. One extra 8-cell battery

4. One TSE spotting scope adapter with custom beam-splitter

5. One custom Kowa spotting scope adapter

6. One external power connector

7. One USB 2.0 cable

8. 2 support brackets

9. Initial Acceptance Test Report

10. Tactics, Techniques, and Procedures, (TTP)

11. Manual
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Figure 4: Multispectral Imager Sub-kit and Assembled Imager
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Figure 5: Multispectral Imager Detection Software Screen Shot
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(a)                                                                          (b)

Figure 6: Sample Detection Images from Laptop Screen: (a) Tag 1 (green overlay); (b) Tag 2 (red overlay)
Use and Disclosure of Data


This proposal includes data that shall not be disclosed outside the Government and shall not be duplicated, used, or disclosed—in whole or in part—for any purpose other than to evaluate this proposal. However, if a contract is awarded to this offeror as a result of—or in connection with—the submission of these data, the Government shall have the right to duplicate, use, or disclose the data to the extent provided in the resulting contract. This restriction does not limit the Government's right to use information contained in these data if they are obtained from another source without restriction. The data subject to this restriction are contained in Sheets [2-6].








Use or disclosure of data contained on this sheet is subject to the restriction on the title page of this proposal.
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