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gyligh Spatial Resolution Thermal Band

* Problem

— No follow-on exists for Landsat 7 or ASTER high
spatlal resolution thermal systems

= Can new tecf?fl?nolo g1es be,;i'wlplemented tQ allow for a

. Approach

Investlgate both traditional cooled cross—track ,;lzscanners
~ and new architectures (cooled and uncooled) that could
enable a low-cost thermal capability
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@ What Has Been Done?

» Landsat 7 Science Team and others were asked for
thermal system requirements:
— Spectral
— Temperature ran ge
- NEDT
— Ground sample distance
— Pomt spread functlon

= ReV151t time

» First order look at present systems and possible
uncooled and cooled detector options

— Standard pushbroom options

— Backscanned systems
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Research or NEDT Tmln Tmax Stomeric GSD For

Revisit - Spectral Other
Area of IntereéLt KW | (K | (K Acc(‘l;r)acy (m) ok Time (days) Band(s) Requirements Source
0,

Cloud Detect-on A q‘ 60 (ideal) il : R — - B
for LTAP B5K | 198K | 310K 5% 120 (acceptable) 76 m perimage GSFC

in;h}foring Surfaée
Energy and Water ~02 | 273 | 310 1k ~100
Fluxe- 1 :
Momt-ormg ‘Surface
Energy and Water
Fluxes

Monltormg Surface
Energy and Water
Fluxe"

Matenal Transport in
Aquaflc Systems

~100 5. 1-0k, 2 or day/night pairs are RIT
more better very useful

Material Transport in

Aquatic Systems 1 Brown University
Agnculture Studles

PL

Soil Moisture el -

Sonl Mousturej ) __UW-Madison |

Canopy Heat
Exchange : v ; JEL

Lt Py vl 250 | 350 | 3K (4%) 30m 30m weekly 10-11microns " UW-Madison
Exchzmge1

Crop Health 0.1 263 | 313 0.5 20 40 7 same as above JPL
~Crop Health 1 02K | 250 | 350 3K (4%) 30m 30m weekly 10-11microns UW-Madison
_'Tr‘ﬁégt-e_q_Cfoﬁswiww 04" 273 313 | = 05 200 40 7 same as above \ i “§odPL

imigated Crops 1 | 05 | 273 | 313 ke 120 120 ETM+_ CU-Boulder

important
Irngated Crops ? 02K | 250 | 350 3K (4%) 30m 30m weekly 10-11microns UW-Madison
\

GSD Ground Sample Distance
PSF FWHM Point Spread Function Full Width Half Maximum (system blur)
J |Tmin, Tmax Temperature Range of Phenomena
Bl = o NEDT Temperature Sensitivity Eali
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Thermal Study (cont.)
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e AL el R b vt el SN L e St SR US| S
Research or ‘ NEDT Tmin Tmax Respetic GSD PSHFM Pisit Spectral Other a
Area of Interest (K) (K) (K) feciERcy. ol b L Band(s) Requirements SOHNEE
i % (m) | (days) T e

Voicanology | | 1 | 275 | 1500 3 18 BRI SOl o S R o RN T L R
Voicanologyl . » i A ol
““Geologicmappingof | 1 | | | i

surface depo§its (eg., 0.4-2.5um: 5 bands; Predawn observations are

ashfall, lava flows, pre- 3 273K 373K 5% 1im 1.2m 1-1000 3-5um: 2 bands; highly desirable for thermal JPL

existing terraln. 8-12um: 5 bands bands

fumarolic alteration) ..} BEdic i b ¥
“Low temperdiure  Bilaiieeoedetn T maimeedmeelgliaa T T Biadldie [

thermal mapping

(<100degC)
"“Moderate temperature

thermal mapping (10C

800degC)

High temperature
thermal mapping
(>800degC)
"~ Ash plume :
detection/discrimi S 1 73K & G| i 3
tracking | \ !
Ash plume

JPL

temperature/plume JPL
| 3 Rk 5 4 : % 7=14:10.,bands JPL
Urban Heat !slélmds 0.3 275 325 2 5 8 8.1-8.4,10.2-11 JPL
Land Cover / L:}and Use 0.3-0.5 265 340 +1 60-90 100-150 16 < Current ETM+ Band 6 JPL
f Vis/TIR 3 TIR Bands So 0
Land Cover /Land Use 1 0.5 250 340 0.5 K 60m ETWM+ [Seasonal for Silicate Feature Brown University
l. —cE, W —
Geological Mapping 0.3 275 375 2 15 16 5-6 bands JPL
UrbaniandUse | 06 | 273 3200 [ 1K ~100 <100 ~15 1-0k, 2-better RIT
s o] :
k. |
- R

GSD Ground Sample Distance
‘ PSF FWHM Point Spread Function Full Width Half Maximum (system blur)
L i Tmin, Tmax Temperature Range of Phenomena
e ' NEDT Temperature Sensitivity |




Thermal Survey Summary
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 Many Landsat thermal applications will work with
>60 meter GSD data

. Wlde range of requlrements 1nd1cates_»that more




&y Traditional TIR Architectures

Stennis Space Center

* (Cross-track scanning systems
* Cooled either actively or passively
* Small number of HngTe detectors

. Typleally large GSD Landsat 1sift"_}f’ffe smallest of
the eross—track seannmg systems at 60 m |

. }Most systems are mult1speetra1
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Existing TIR Systems
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atellite | Sensor Architecture Band| Spectral Range Detector |Telescope |Spatial Resolution|Swath|Quant. | NEAT
fum] Material | Diameter | GSD MTF @ | [km] | [bit] [K]
[cm] [m] Nyquist
Landsat 7| ETM+ |Cross-track scanner| 6 10.4 - 12.5 HgCdTe 40 60 0.3 185 | 8 of 9
Terra | ASTER|Cross-track scanner| 10 8.125 - 8.475 HgCdTe 24 90 0.35 60 12 0.2
‘ 11 8.475 - 8.825 - i . ks

8:925 - 9.275

NOAR
Torra % 535 -
j 11851 13485
34 | 13.485-13.785
35 | 13.785 - 14.085
36 | 14.085 - 14.385
MTI MTI Pushbroom L 8.00 - 8.40 HgCdTe 36 20 2 | 12 (0025
M 8.40-8.85 z " " 0.027
N 70.20 - 10.70 " L " 0.045
ERS/2 |ATSR:2| Conical scanner | 1 115-12.3 T 7100 500 | 12 | 0.02
2 106-11.3 " " 11 "




Uncooled Pushbroom Pathfinding Thermal

qg In—s—t-tum—e-n-ts Stennis Space Center

* Thermal Emission Imaging System IR Sensor
(THEMIS)

— Flown on Mars Orbiter launched Apr11 2.()301 to map
Martlan surface mmeralo —

- Uneooled Raytheon mlero, olemeter array (3 20x240
50 wm p plteh plxels) o L

Pushbroom 1mager Wlthw’v:‘

9 bands between 6 2 ,an.f__'___},

{/1.6 optics T

4.4 degree FOV

12.9 cm aperture

30 Hz readout

* 100 m GSD

— ~ $12M for instrument




New Thermal Architectures
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* Pushbroom systems and framing cameras can

provide significant sensitivity advantages over
Cross- track scanners

fo maller GSD

R Potential use of uncooled detectors



Infrared Detector Types

&
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Cooled detectors

— Photovoltaic or photoconducting mechanisms; HgCdTe
and GaAs quantum‘ well dev1ces

latively inSensitive

— Lighter and smaller system packaging possible



\ “Uncooled Framing Camera/Pushbroom

* Infrared Spectral Imaging Radiometer (ISIR)

— Flown on space shuttle mission STS-85 in August 1997
as part of a cloud science experlment ok

- Uncogled Loc " eeMartmmlcrobolometerarray L

(327x240 plxels) i
i Frammg 1mager W1th ﬁlter wheel | -
3 narrow bands at 8 55 108 -"and 11 8 um

250 m GSD
» 85 km swath from shuttle altitude
» f-number 0.73, lens diameter 50 mm

 NEDT 0.01-0.06 °K at all wavelengths with TDIx40 for a
300 °K scene temperature

* Ambient and cold inflight calibration capability



Uncooled Framing Camera/Pushbroom

& P_amfngﬂmmru!w L;en)/s Space Center

— Extremely good quality imagery was obtained for each
band

— Accuracy goal was met to within a factor of 2 or 3

- Pre—productlon prototype detector used
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gy Potential New Configurations

Cooled detectors

— Advanced Land Imager (ALI) pushbroom architecture
(eommon telescope for all bands)
o Multlspeetral Thermal Imager (MTI)

Uneooled detectors

- ALI pushbroom architecture (common telescope for all

bands) Li | L
— Custom TIR system separate from 2

* Framing camera and filter wheel (ISIR)
* Pushbroom multispectral system (THEMIS)
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Q%Uncooled Thermal Detector Characteristics

« Primarily developed for military systems:
/1 optics, 30-60 Hz framing rates

* Microbolometers

— Slheon mlcro maehmed dev1ces prov1de excellent
thermal 1solat10n from substrate P |

— nghest sen31t1V1ty demonstrated f/ 1 eptlcs 30 60 Hz
frammg rate NEDT 20 mK - -

* Pj§ lroelectn

— Older teehnology f/l optles 30 Hz frammg rate,
NEDT ~ 100 mK

— Requires a chopper

* Emerging technologies: Thermionic, SAW
Oscillators, Capacitive



Silicon Microbolometers

 Black absorber with a broadband response
(atmospheric window 8-14 microns) thermistor

Stennis Space Center

VOX/SigN4 : BICMOS
MICROBRIDGE ROIC

MICROBOLOMETER PIXEL
STRUCTURE

W. Radford, D. Murphy, M. Ray, S. Propst, A. Kennedy, J. Kojiro, J. Woolaway, and K. Soch, YEAR. “320 x 240 silicon
microbolometer uncooled IRFPAs with on-chip offset correction.” SPIE Vol. 2746, pp. 82-92.
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Q& Spatial Resolution Drivers

* Fundamental

— Orbit altitude (the lower the better)

— Telescope diameter
 Engineering

— Detector size

~ Focal lengths

= Frammg rates

— Data rates and storage



Thermal GSD Trades

&
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GSD usually set approximately to FWHM of PSF

Two sensor characteristics drive PSF:

byt Alry. Ditfraction Pattern

» Ground spot size ~ 2.44 Wavelength*Range/Telescope
Diameter
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Landsat Orbit

Framing Rate (Hz)| Smear (m)
3000 | | 2501
35.00 2143

20 40 60 80 100 120
Framing Rate (Hz)

60 Hz framing rate limits GSD to 125 meters

Stennis Space Center

140
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Telescope Diameter Trades
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Diffraction limited resolution (Rayleigh criteria)

4

Ground Spot Size = 2.44 ), Range/Diameter
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Detector Time Constant Limits

80

Detector Thermal Time Constant 10 ms
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7.5 km/sec produces a 75 m 1/e exponential response



ermal Time Constant & Spatial Resolution
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Detector Thermal Time Constant 10 ms

00}
o

ik =

Spatial width m
S 2V NE o

N
o

10+

O 2 o et - L 1 _ ]
0 2 4 6 8

Ground Speed km/sec




Custom Thermal Infrared Sensor (Point

e F-number 1.8

— A little fast but probably achievable (THEMIS
f-number 1 6)

- NEDT for Landsat ]and 3

.}_ :
7 ® gl
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Custom Thermal Infrared Sensor (Point

 Detector spot size 50.5 umat1=11.5 pm
— ~ 1542 detectors at 50 pm pitch for 185 km swath with
120mGSD,_____




Possible FPA Configuration
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Double bank of uncooled microbolometer detector arrays

T Spacecraft Direction

5,000 50 um pitch detectors or 10,000 25 um pitch detectors

320x240 or 640x480 detector FPA



Backscanning System
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» Trade off coverage for GSD by backscanning the
System
— Used by 1 m class GSD commercial systems such as .
IKO! ;L_?_‘;OS and QulckBlrd
- Cuttmg the ground spced down by a factor of 2 or more
produces dramatic results

—,,, Improved NEDT for a fixed GSD

. 3 mGSD oa‘;i?-f?betf?er sff:?“}.stem ptoss1ble w1th
backscanmng, creating a high system w1th MTI-

like performance without cooled detectors




Simulation

[
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&

 Landsat 7 thermal imagery was synthesized from
ATLAS 10-meter imagery

Mlgrobolometer-mmulated 1mage

ry was produced
w1t? ;?',?'?r?s'everal Parameters o

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




LDCM Thermal Trade Simulation
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andsat 7 60 m detector; 60 m PSF; NEDT 0.22 K; decimation (6x6).
| Final product: 60 m GSD.




LDCM Thermal Trade Simulation
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Microbolometer 60 m detector; 120 m PSF; 125 m smear; NEDT 0.30 K;
| LPF (2x2); decimation (6x6). Final product: 60 m GSD.




4 LDCM Thermal Trade Simulation
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|
Microbolometer 60 m detector; 120 m PSF; 125 m smear; no noise; LPF
" (2x2); decimation (6x6). Final product: 60 m GSD.
|
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" LDCM Thermal Trade Simulation
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'Microbolometer 30 m detector; 60 m PSF; 125 m smear; no noise;
| decimation (3x3). Final product: 30 m GSD.

L7 Baseline Wi \ g licrobolometer
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« Conventional microbolometer pushbroom mode
offers potential for low-cost LDCM thermal or
ASTER Capability with atlﬁast a 60-12Ometer ,,

. Bacf?scanmng could produce M;?',??;_-I“??hke

perfcrmance w1th0ut cocled detectors ,

Cool 'j;j‘j.ldetectors couli proce hyperspec{"iral

therm‘al class system or extremely high spatial

resolution class instrument
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