
REPORT DOCUMENTATION PAGE 
Form Approved 

OMB NO. 07044)188 

Public Reporting burden for this collection of mformaticn is estimated to wo^e 1 hour per rapanae, nchiding the time for icviewi^ 
gathering and iraintnining the d«t« needed, «nd completing «nd reviewng the collection of nfonmtion. Send comment regarding tbi burden estimate« or any other aspect of this 
collection of infonnatjoo, including snggestions for reducing this burden, to Washington Headquarters Services, Directorate for information Operations and Reports, 1215 Jefferson Davis 
Highway, Suite 1204. Arlington. VA 22202-4302, and to the Office of Management and Budget Paperwork Reduction Project (0704-0188.) Washington. DC 20503.  
1. AGENCY USE ONLY (Leave Blank) | 2. REPORT DATE | 3. REPORT TYPE ANDDATES COVERED 

4/26/99 

4. TITLE AND SUBTITLE 

"CITIS Demonstration" 

6. AUTHOR(S) 

Dr. Eustace L. Dereniak and John P. Garcia 

PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 

Arizona Board of Regents on Behalf of the 
University of Arizona 
Sponsored Projects Services 
888 North Euclid , P.O. Box 3308 
Tucson, AZ 85722-3308 

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 

U. S. Army Research Office 
P.O. Box 12211 
Research Triangle Park, NC 27709-2211 

^Jt^Ji^uc^O 
5. FUNDING NUMBERS 

DAAD19-99-1-0177 

PERFORMING ORGANIZATION 
REPORT NUMBER 

FRS 312170 

10. SPONSORING / MONITORING 
AGENCY REPORT NUMBER 

Afbo Voo?/j-jW 
11. SUPPLEMENTARY NOTES 

The views, opinions and/or findings contained in this report are those of the authors) and should not be construed as an official 
Department of the Army position, policy or decision, unless so designated by the documentation. 

12 a.  DISTRIBUTION / AVAILABILITY STATEMENT 
Approved for public release; distribution unlimited. 

13.   ABSTRACT (Maximum 200 words) 

12 b.  DISTRIBUTION CODE 

This report reviews the demonstration of visible and Mid-Wave Infrared (MWIR) imaging spectrometers at a White 
sands Missile Range (WSMR) launch. These imaging spectrometers are non-scanning, high speed imaging spectrometer 
capable of simultaneously recording spatial and spectral data from a rapidly varying target scene. High-speed spectral 
imaging was demonstrated by collecting spectral and spatial snapshots of a missile launch at WSMR. The instruments 
are based on computed tomography concepts. The infrared instrument operates in a 3.0 to 4.6 um with resolution of 0.2. 
Raw images were recorded at a video frame rate of 30 fps using a 160 x 120 InSb focal plane array. A reconstruction of 
a simple 819 K blackbody object is presented as proof of concept A visible spectrometer was also used but only for 
proof of concept of this technology, operates from 420 to 740 nm with resolution of 10 nm at 15 fps using a 1024 by 
1024 focal plane. All data collected was given to the sponsor and not discussed or shown herein 

19990706 019 
14. SUBJECT TERMS 
CITIS, MWIR, Mid-Wave Infrared imaging spectrometers, White Sands missile launch 

17. SECURITY CLASSIFICATION 
OR REPORT 

UNCLASSIFIED 

18. SECURITY CLASSIFICATION 
ON THIS PAGE 

UNCLASSIFIED 

19. SECURITY CLASSIFICATION 
OF ABSTRACT 
 UNCLASSIFIED 

15. NUMBER OF PAGES 
6 

16. PRICE CODE 

20. LIMITATION OF ABSTRACT 

  UL 



CITIS Demonstration 

Abstract 

This report reviews the demonstration of visible and Mid-Wave Infrared (MWIR) 
imaging spectrometers at a White sands Missile Range (WSMR) launch. These imaging 
spectrometers are non-scanning, high speed imaging spectrometer capable of 
simultaneously recording spatial and spectral data from a rapidly varying target scene. 
High-speed spectral imaging was demonstrated by collecting spectral and spatial 
snapshots of a missile launch at WSMR. The instruments are based on computed 
tomography concepts. The infrared instrument operates in a 3.0 to 4.6 urn with 
resolution of 0.2. Raw images were recorded at a video frame rate of 30 fps using a 160 
x 120 InSb focal plane array. A reconstruction of a simple 819 K blackbody object is 
presented as proof of concept. A visible spectrometer was also used but only for proof of 
concept of this technology, operates from 420 to 740 nra with resolution of 10 nm at 15 
fps using a 1024 by 1024 focal plane. All data collected was given to the sponsor and not 
discussed or shown herein. 
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OVERVIEW OF THE CTIS INSTRUMENT 

The driving concept behind the development of the computed tomographic 
imaging spectrometer (CTIS) is the reconstruction of a 3D object from 2D projections. 
The objective here is to record 2D projections of the x, y, X object cube. If sufficient 
projections are recorded, then the original object cube can be reconstructed. These 
projections are shown schematically in Fig. 1. A two-dimensional array records these 
many "shadows," and reconstruction of the (x, y, X) object is accomplished via inversion 
math methods. 

Fig. 1. Projections of the object cube. Spectral information along the 
vertical axis of the object cube is projected along the radial coordinate of 
the focal plane and multiplexed with spatial information. 

Description of the Instrument 
The spectrometer consists of three optical-element groups: an objective lens, a 

collimator lens, and a re-imaging lens both the visible and infrared instruments are 
similar in optical layout. 
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Fig. 2. Optical schematic of the CTIS 

The use of AR coated lenses for the 3 - 5 urn band throughout the optical train greatly 
enhances the performance of the instrument. The Computer Generated Hologram (CGH) 
disperser is located in collimated space between the collimator lens and the re-imaging 



lens. A 250 mm focal length objective lens focuses the target onto a 5mm square field 
stop, thus a 20 milliradian field of view. The field stop is appropriately minified and 
dispersed on to the InSb FPA by the combination of a 250 mm collimating lens, GaAs 
binary diffraction grating and 50 mm re-imaging lens. The FPA in the prototype system 
shown in Fig 3. is a 160 x 120 InSb array with 50 urn pitch and 30% fill factor operating 
at 30 frames per second and 5 msec, integration time. The Stirling cycle cooler built into 
the camera enhances portability of the system. The 5 mm square field stop maps to an 20 
x 20 pixel area on the FPA. Only the four first orders are used in reconstructions. 
Datacubes up to 11 x 11 x 8 (x, y, X) have been reconstructed, requiring approximately 
30 ms per reconstruction on a portable computer (PII-333). The visible instrument uses a 
zoom lens objective with a 5 mm square field stop have a 20 milliradian field of view. 
The collimator lens (efl = 210 mm) and re-imaging lens (efl = 28 mm) makes an 80 x 80 
pixel area with 32 spectral channels from 420 to 740 nm. 

Fig 3. Prototype Visible CTIS (showing optical train) and a MWIR CTIS 
inside the white enclosure. 

While the IR lenses were purchased from vendors, the two-dimensional binary 
disperser (which is actually a diffractive phase grating) shown in Figure 4 was custom 
fabricated at the Optical Sciences Center in GaAs. The phase grating has a period of 90 
um in both the x and y directions was chosen in combination with the field stop size, the 
collimating lens focal length and the re-imaging lens focal length to place the zero and 
first diffraction orders with in the focal plane. The physical depth of the grating was 
initially chosen to be 0.7 urn. The depth was subsequently fine tuned by trial and error to 
1.1 u,m to give reasonable irradiance uniformity across the focal plane. 



300.00 

i-   100.00 

-100.00 

301.17 

Fig. 4. Wyko interferometer surface profile of the 2-D binary phase 
grating fabricated using Reactive Ion Etching at the Optical Sciences 
Center by Michael Descour and Daniel Simon. 

CALIBRATION 

The visible system is calibrated using a fiber optics and an ISA Instruments 
grating monochromator. The resolution of the instrument is limited by the calibration 
process to be 10 nm. Each resolution element is calibrated spectrally over the visible 
region (80 x 80 x 32). 

The MWIR CTIS calibration process was accomplished using a 973 K blackbody 
and the grating monochromator. The output port of a 973 K blackbody is coupled 
directly into the same computer-controlled monochromator with a 4-um blazed grating. 
The monochromator allows selection of spectral bands as narrow as 0.1 jam. Presently, 
the output of the monochromator must be collimated by a telescope, then imaged onto the 
field stop using the MWIR CITIS objective lens. The exit slit of the monochromator is 
stopped down with an opaque aperture. 

A fold mirror is used to position the calibration spot in the field stop so that it 
exactly fills four (50 um) pixels on the FPA to prevent oversampling. The 
monochromator is then scanned through wavelengths and a calibration image is acquired 
at each spectral band. Since the instrument is essentially shift invariant over each 
wavelength, the calibration images may be software-shifted to fill the field stop. There is 
currently no allowance for absorption over the path difference external to the objective, 
but absorption over such a short path should not be significant outside of the CO2 
absorption band from 4.2 to 4.4 u.m. There is also no normalization of the calibration 
images by the irradiance of the incident light. 



Field Tests 

The field tests were conducted at WSMR on KTM tracking mount. A photograph of the 
instrument mounted on the tracker is shown in Figure 5. The field of view of the 
instruments was within the tracking accuracy of the KTM tracker. However, there was 
some concern about keeping the target within the instruments' view. 

Figure 5. CTIS system on the KTM tracker at WSMR. 

The calibration data on a 819 K blackbody in the MWIR is shown in Figure 6. The 
Blackbody was at a range of 450 feet and the spectral radiance shows a dip in the 4.28 
um region due to the CO2 absorption. Since the sensor's resolution bands are wider than 
the CO2 line, the dip doesn't drop to zero as expected in Figure 6a. On the right side of 
Figure 6, the spectral images are shown at different wavelengths. Again the 4.25 urn 
image is washed out due to the carbon dioxide absorption. 
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Figure 6a.   MWIR spectral images of a 
819Kblackbody. 
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Figure 6b. MWIR CTIS looking at an 819 
K blackbody 450 feet. Dip at 4.25 is due to 
C02. Bright center pixel.  

CONCLUSION 

We have demonstrated a high speed snapshot imaging spectrometer prototype 
operating in the MWIR as well as the visible in a field deployable portable setup. The 
instrument is currently undergoing modifications for increased spatial-spectral resolution. 
Future work includes design of a more efficient disperser and installation of a larger 
format, variable integration time camera. 


