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luncooled and cooled detector options 
Standard pushbroom options 

I - Backscanned systems 
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• any Landsat thermal applications will work with 
60 meter GSD data . ' 
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Traditional TIR Architectures 
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• 'Cross-track scanning systems 

• 

• 
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• \Most systems are multispectral 
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I 

• iThermal Emission Imaging System IR Sensor 
(THEMIS) 

I ' 

I 
I 

• 12.9 em aperture 

• 30 Hz readout 

• 100 m GSD 

- r--.J $12M for instrument 
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Infrared Detector Types ;/iiiii--------------------------------- Stennis Space Center 

• II 'ooled detectors 

- Photovoltaic or photo conducting mechanisms; HgCdl~e 

aAs auantum well 

utively in~@~sitive 

- - Lighter and smaller system packaging possible 
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I Uncooled Framing CameraJPushbroom 
! Pathfinding Ihermal Instruments Stennis Space Center 

I 
• Infrared Spectral Imaging Radiometer (ISIR) 

• 85 km swath from shuttle altitude 

• f-number 0.73 , lens diameter 50 mm 

• NEDT 0.01-0.06 OK at all wavelengths with TDlx40 for a 
300 oK scene temperature 

• Ambient and cold inflight calibration capability 
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I Uncooled Framing CameraJPushbroom 
~atbfjnding Tbermal Instr-1Jments (ConLn)isspacecenter 

Extremely good quality imagery was obtained for eacll 
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Potential New Configurations 

• Framing camera and filter wheel (ISIR) 

• Pushbroom multispectral system (THEMIS) 
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• 

I .f~::§i 

• p r\. 
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,- Older technology: fl1 optics, 30 Hz framing rate, 
i NEDT ~ 100 mK 

! - Requires a chopper 

• \Emerging technologies: Thermionic, SAW 
bscillators, Capacitive 
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~lack absorber with a broadband response 
(atmospheric window 8--14 microns) thermistor 

T PA~Jc· ... 

MICROBOLOMETER PIXEL 
STRUCTURE 

81CMOS 
ROIC 

W. Radford , D. Murphy, M. Ray, S. Propst, A. Kennedy, J . Kojiro, J. Woolaway, and K. Soch , YEAR. "320 x 240 silicon 
microbo,ometer uncooled IRFPAs with on-chip offset correction." SPIE Vol. 2746, pp. 82-92. 
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Spatial Resolution Drivers 
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• [Fundamental 
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- Orbit altitude (the lower the better) 
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I - Data rates and storage 
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Thermal GSD Trades 
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1 

• pSD usually set approximately to FWHM of PSF 

• ITwo sensor characteristics drive PSF: 
I 

• Ground spot size r-..J 2.44 Wavelength*Range/Telescope 
Diameter 
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60 Hz framing rate limits GSD to 125 meters 
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Detector Time Constant Limits 
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7.5 km/sec produces a 75 m 1/e exponential response 
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i Custom Thermal Infrared Sensor (Point 
I Design) Stennis Space Center 
i 

I 
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• f-number 1.8 

• 
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Custom Thermal Infrared Sensor (Point 
Design) (cont.) Stennis Space Center 

i 

• betector spot size 50.5 IlID at 1 = 11.5 IlID 
- "-' 1542 detectors at 50 ~m pitch for 185 km swath with 

GSD 
~:~g~ 

o 
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Possible FPA Configuration 
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Double bank of uncooled microbolometer detector arrays 

Spacecraft. Direction 

; ~ , 

~a~ffJ1 'al'Tnrs or 10,000 

320x240 or 640x480 detector FPA 
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Simulation 
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LDCM Thermal Trade Simulation 
...... __________________________________________ iiiiiiiiiiiiiij Stennis Space Center 

icrobolometer 30 m detector; 60 m PSF; 125 m smear; 0.3 K NEDT; 
decimation (3x3). Final product: 30 m GSD. 

IL7 Bas icrobolometer 



• ____ ..;;:.=.;; ...;=...r.:..~ .• __ .... ___ ~_ _ _ . .. _·..,. ___ IlUJl .. -:-.a.\~r ...... ,"..:Eo_'" 

LDCM Thermal Trade Simulation 
\ Stennis Space Center 

J andsat 7 60 m detector; 60 m PSF; NEDT 0.22 K; decimation (6x6). 
I Final product: 60 ill GSD. 
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LDCM Thermal Trade Simulation 
.... iililiiiiiiiiiiiililiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiHiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiil Stennis Space Center 

crobolometer 60 m detector; 120 m PSF; 125 m smear; NEDT 0.30 K; 
LPF (2x2); decimation (6x6). Final product: 60 m GSD. 

icrobolometer 



__ ~==::::::::=====::.::..;. .. __ .~""'I~_ ......... ·....-.._..,~ .... ~ .. ~··~'-="::;;.;a-~~·,~ .... 

I LDCM Thermal Trade SimUlatiO~tennisspaceCenter 
Mlcrobo1ometer 60 m detector; 120 m PSF; 125 m smear; no noise; LPF 

(2x2); decimation (6x6). Final product: 60 m GSD. 

icrobolomete r 
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LDCM' Thermal Trade Simulation 
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I Microbolometer 30 m detector; 60 m PSF; 125 m smear; no noise; 
decimation (3x3). Final product: 30 m GSD. 

L7 B~ 
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I 
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icrobolometer 



------_ .. -. _.-.. - _ ... ~- . - - _. -.--- -- --=----

Summary 

---------------- I 

I 
I 

*-iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii Stennis Space Center 

• B i:l'f~" Ib!JJCI 
I • 

pJ-

• 



I -~ --.. ~ ----. -

REPORT DOCUMENTATION PAGE Form Approved 
OMB No. 0704-0188 

The public reporting burden for this collection of information is estimated to average 1 hour per response, includ i n~ the time for reviewing instructions, searching existing 
data sources, gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or 
any other aspect of this collection of information, including suggestions for reducing this burden, to Department of Defense, Washington Headquarters Services, Directorate 
for Information Operations anp Reports (0704·0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302. Respondents should be aware that 
notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently 
va lid OMB control number. 
PLEASE DC ~..JCT RCT"RN Y"JL'R FORM TO THE ABOVE ADDoEC:c. 
1. REPORT DATE (DD-MM-YYYY) /2. REPORT TYPE 3. DATES COVERED (From - To) 

03-04-2003 
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER 

High Spatial Resolution Thermal Satellite Technologies NAS13-650 
5b. GRANT NUMBER 

5c. PROGRAM ELEMENT NUMBER 

6. AUTHOR(S) 5d. PROJECT NUMBER 

Robert Ryan 

5e. TASK NUMBER 

5f. WORK UNIT NUMBER 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION 

Lockheed Martin Space Operations REPORT NUMBER 

SE-2003-04-000 I8-SSe 

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING/MONITOR'S ACRONYM(S) 

Earth Science Applications Directorate 

11 . SPONSORING/MONITORING 
REPORT NUMBER 

12. DISTRIBUTION/AVAILABILITY STATEMENT 

Publicly Available STI per form 1676 

13. SUPPLEMENTARY NOTES 

Conference Follow on Next Generation High Resolution Multispectral Therrnallnfrared Remote Sensing Workshop 

14. ABSTRACT 

15. SUBJECT TERMS 

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 
ABSTRACT 

a. REPORT b. ABSTRACT c . THIS PAGE 

U U UU 
-- --- - -- -

18. NUMBER 
OF 
PAGES 

"---
35 

19b. NAME OF RESPONSIBLE PERSON 

Robert Ryan 
19b. TELEPHONE NUMBER (Include area code) 

(288) 688-1868 
Standard Form 298 (Rev. 8-98) 
Prescribed by ANSI Sid Z39-18 


