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Terra MODIS On-orbit Calibration
& Characterization
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 Terra MODIS (PFM) status (update from last STM)

— Operational configuration
— L1B (algorithms) and LUTs status

e On-orbit calibration and characterization
— Thermal emissive bands (TEB)
— Reflective solar bands (RSB)
— SRCA and ECAL analyses

e Current and future work
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Terra MODIS (PFM) Status

e Terra launch: Dec. 18, 1999
« MODIS first image: Feb. 24, 2000

 Launch - Oct. 30, 2000
— A-side with SMIR Itwk/VVdet=110/226

— Other Itwk/Vdet also used during early
testing

 Oct. 30, 2000 - June 15, 2001
— B-side with SMIR Itwk/Vdet=79/110

e July 2, 2001 - Present
— A-side with SMIR Itwk/Vdet=79/190
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Operational Configuration - 2000

[ SUMMARY OF KEY TERRA MODIS OPERATIONAL CONFIGURATIONS |

2000| 1| 2| 3| 4 5| 6 7| 8| 9| 10| 11| 12| 13| 14| 15| 16| 17| 18| 19| 20| 21| 22| 23| 24| 25| 26| 27| 28| 29| 30| 31 2000| 1| 2| 3| 4| 5| e 7| 8 9| 10| 11| 12| 13| 14| 15| 16| 17| 18| 19| 20| 21

JAN FEB

MAR

Yes. No

110 190 218 226
Temperature Control of Cold FPA Partial Lossin orbit . No controlled over entire orbit
A-side /B-side Electronics A-side (PS1) B-side (PS2)

Day 2000174, first formatter reset . Complete cooler outgas, focal plane control returned P F M_6

Legend| Science Datain Earth View Sector
SW/MWIR Foca Plane Bias (DN)




Operatlonal Configuration - 2001

SUMMARY OF KEY TERRA MODIS OPERATIONAL CONFIGURATIONS

Legend| Science Dataiin Earth View Sector

Yes . No

SW/MWIR Focal Plane Bias (DN) 110 190
Temperature Control of Cold Focal Plane Yes Turned off
A-side/B-side Electronics A-side (PS1) B-side (PS2)

SSR anonmaly, partial datalost

Power supply 2 anormaly.
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Operational Configuration - 2002

| SUMMARY OF KEY TERRA MODIS OPERATIONAL CONFIGURATIONS |

198 200 202 204 206 208 210 212 213 215 217 219 221 223 225 227 229 231 233 235 237 239 241 243
AUG
244 246 248 250 252 254 256 258 260 262 264 266 268 270 272 274 276 278 280 282 284 286 288 200 292 204 206 208 300 302 304
SEP OoCT
305 307 309 311 313 315 317 319 321 323 325 327 329 331 333 335 337 339 341 343 345 347 349 351 353 3%\ 357 359 361 363 365
NOV DEC
Legend| Science Datain Earth View Sector Yes . No
SW/MWIR Focal Plane Bias (DN) 110 190
Temperature Control of Cold Focal Plane Yes . Turned off
A-side /B-side Electronics A-side (PS1) B-side (PS2)
SSR anonmaly, partial datalost Power supply 2 anormaly. P F M_8




L1B & LUTSs Status (What’s New) %}i

e B26 de-striping algorithm

— Input from U. of Wisconsin

— B26 de-striping using B5
 Time-dependent RVS LUTs

— Capture AOI dependent scan mirror degradation
— Impact only on B8, 9, 10, and 3
— Tested by U. of Miami

 PC bands (B33-36) a; =0
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Recant MODISITerra Level 1B Gode Versions

Calendar Version Description

Version # date of 1* Changes apply to subsequent versions unless otherwise
usa nated.

V1.01_Terra 2I2TI2002 in « Production of 250m and 500m resolution data may ba
GDAAC turned off when not operating in day mode.
processing « Leadingitrailing granule time check insarted.

« Lodews LUT version number checking
«  Miscellaneous spelling/grammar corrections

Vi1.0.1.1_Terra AM 22002 at LUT Update: Slope of fit for Band 3 calibration coefficients
GOAAD adjustad.

Via.0.0 Terra Collection 4 « Band 26 Correction inserted: Band 26 corrected using

aggregated Band 5 radiances.
Submitted to | +  RVS correction changed to piecewise linear,
SDST ¢+ Mew flag TEB_B1_NOT_CALCULATED added. Set if b1
3272002 cannot be calculated.
«  LCollection 4
(Mot used in | «  Various minor code upgrades not affecting scientific
production) output
Vd.0.1_Terra Collection 4 + Lode ported to LIMUX machinas.
« ADC correction algorithm strippad out.
Submittedto |+ Band 26 correction algorithm turned on for testing
SDST #  Treatment of leadingitrailing granules when 5 or fewer
AI30V2002 scans dropped changed
(Used in # Code logic altered for efficiency
scientific *  Small bug in Band 26 correction algorithm fixed
testing; not
usad in
production)
Va.0.5 Terra Collection 4 + Band 26 Correction LUT table pieces added and Band
26 correction turned on.
To be +« Datatype of LUT "dn_sat_ev"” changed to floatéd for
submitted to IRIX/LINUX agreameant.
SDST » Small bug in calculation of RVS coefficients fixed (did

not lead to incorrect RVS values).
Gealocation metadata now obtained from L1AGEDQ
Geolocation input file, not L1A input file.
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Calibration and Characterization @‘;‘i

 TEB
— Response trending, NEdT

e RSB

— SD degradation, AOI dependent response
trending, SNR

e SRCA and ECAL

— Spatial & Spectral
— Electronic gain trending, dn_sat
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TEB product: Radiance (TOA), Lz,

RVS, g, + (RVS&/S - RV%V) X gy
=g, +b, xdng, + &, xdng,

Calibration coefficient, b1, from BB

TEB Calibration (1 page summary) @a

RV&:s *€0pc XLogc +(RVS$/S - RVSBB) gy + RVSss "(1' SOBC) oz Alzy

= 3y + by xdnyg +a, xdngge

RVS: Response Versus Scan-angle

€: Emissivity

L: Spectral band averaged radiance

dn: digital count with background corrected

= a Planck(A, T) XRSR()L)
S° & RR(L)

C1

Planc(.T) = 5~ —
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TEB Calibration Illustration
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TEB Response Trending

MODIS FPFM TEB bl Trending

Hand 20
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Days {Epunh EDD[}]

Band 21
MAMJIDJIASOND JFMAMD ] ASOCOHDJdFMAMJJ

o i
s BE agns

e e
0 O O €0 [0
Ct3 - o D9 Ob2

200 400 B0 8O0
Daye {Epoch 2000)
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Day 218 — Formatter Anomaly Deay 032 — P82 ancmaly
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TEB Response Trending

MODIS PFM TEB bl Trending
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MODIS PFM On—arbit TER b1 ws Sean (M51)  {Detector in Product arder)
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TEB NEAT

TERRA MODIS Thermal Emissive Bands On—0Orbit NEdT at L,

¥p
0.8
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Detector Noise History

TerraMODIS TEB NEdT (K) Changes History

Band 27 28 30 33 34 36
Day/Year Specification 0.25 0.25 0.25 0.25 0.25 0.35
Detector
05572000 Nadir door open
232/2000 |Back from FPA recycle
030/2001

087/2002 Back from safe mode

In Spec

out of Spec (close)

Out of Spec
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RSB Calibration with SD/SDSM

ke
L.
e
|

Reflectance pEv xcos(B ey ) = My xdngy *dEarth- aun
pIBRFg >cos(0gp)
Scaling factor m1 fromSD M =__= *Csp *Dsp
J <dng > dEarth ain
P = D
. D =
SD (BRF) degradation from SDSM dco
pIBRFgp: pre-launch SD BRF Radiance

I'sp: SD screen vignetting function (1 for open mode)

dn*sp gv: MODIS detector’s “corrected” digital number
dcsyn sp: SDSM detector’s digital count
dearinsuns E@rth-Sun distance

EV

L — rn.l. XESJH ><jn’lcEV

TU
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RSB Calibration Schematic

te

Optional 7.8% Screen

pIBRFgp *cos(0
m = * 2 S( ) X XOsp
<dngp > MEarth aun

Scan
Mirror V/'

20.5 20.7° =P
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REFLECTANCE DEGRADATION

: : SAMPLE MO1
|-~ — 1.02
- -1 1.01
i I 1.00 1~ 2 HOURS
B | gz : 10 HOURS
_— __ g 0.97 | 20 Hous
: I g °EE 100 Houns
g ot 7 T
5T i [ (Leland and Arecchi, 1995, SPIE, 2475, 384)
1000 — = 0.88 -
- N 0.87 -
B : Y .aloo o.400 ox!oo o.600 o.-;loo 0.600 o.nloo 1.000 1.1Ioo
.'!IDEI_— —_ WAVELENGTH {microns)
ol : L — = = s SDSM detectors
Elevation [dagrea:] Center wavelength (nm)
) D1 411.97
Normalize to SDSM D9 at 936nm D2 465.69
D3 529.74
N Dl D4 553.75
desp S view/ IS viewl! s 646.14
Dgp =—= ) = D6 746.62
ac . D7 856.49
un 1 CxH view! dCSun wewb D8 904.29
D9 936.23
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Cegradation Factor

1.00f
0.98 |
0.96 |

- —e— D1(412nm) .

0.94}

Qo

Time [Epoch 2000 days]

1.00

0.93
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0.94

- —®— D1{412nm)
o D2[455r‘|m:1
—— ®— D3(530nm]
- —-%— D4[554nm)

200

400 600 S10E,
Time [Epoch 2000 days]
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RSB Response Trending Results

m1 Trending with SD Observations
AL L L L

1.25

1.20

1.15

1.10

\

1.05

m1 (Averaged over D, S, and M)

1.00

D- 95 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1

200 400 600 800
[Epoch 2000]
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Response (Band Avg., S0}

Response (Band Avg., Moon}
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1.02 -
- | SD Data (AOI=50.2°)

.| Moon Data (AOI=11.2°)

1.00
0.98 -

0.96 -

Response Ratio of dn2/dn1 (SD)

0.94 P R S

1.00

0.98 |-

0.86 -

Response Ratio of dn2/dn1 (Moon)

0.94 P R BT

200 400 600 800
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200 400 600
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1.00
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Degradation isAOI M S dependent
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- Timeand AOI dependent LUTs

200 400 600 800
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RSB SNR

TERRA MODIS Feflective Solar Bands On—0Orbit SNR at L,
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e gt
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A0 T %
o A e
(R 4
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1 2 4 4 = B Fo8 9101 1213134140153 16817 18 19 26

Band+Detector (in produet order) PEM_27



Spatial and Spectral Characterization
with SRCA

o Spatial characterization - stable
— BBR
— FPA shift

e Spectral characterization - stable
— Center wavelength

« Radiometric mode used for response
trending to support RSB calibration
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Spatial Characterization

¢ On-orbit FPA co-registration tracking ( relative to band 1)

TERRA FPA coregistration along-scan
(SRCA in spatial mode)
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Spectral Characterization (Table)

PFM Center wavelength (nm)

Band Specification Dl SpMA  [Orbit_109-02
1 645 14 646.3 646.5
2 858 +2.2 856.4 856.6
3 469 4 465.7 465.7
4 555 4 553.7 553.7
5 1240 15 1242.1 1242.0
6 1640 +7 1629.4 1628.5
7 2130 +8 2115 2117.6
8 412 +2 411.9 411.3
9 443 +1.1 442.2 441.6

10 488 +1.2 487 486.6
11 531 12 529.8 529.4
12 551 5 546.9 546.7
13 667 -2, +1 665.7 665.4
14 678 +1 676.9 676.8
15 748 12 746.6 746.2
16 869 15 866.4 865.8
17 905 +2.3 904.2 904.2
18 936 +2.3 935.7 934.9
19 940 +2.4 936.3 935.9
26 1375 16 1382.2 1380.3
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Current and Future Work
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e Support ST and Public on General Instrument
Calibration and Characterization Information

— RSB, TEB, Spatial, and Spectral

e Maintain L1B and Update LUTs
— SD and scan mirror degradation

— Tracking RVS variation in RSB and TEB
— Algorithm improvement
— L1B code maintenance

o Support Instrument Flight Operation for MODIS
and On-orbit Activities

* Prepare Change to B-side Formatter (TBD)
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Useful Sites

MCST Web

http://www.mcst.ssai.biz/

Instrument Operations Team (Daily and Weekly Reports)
http://www.mcst.ssai.biz/IOT/

L1B Product Information and Change History
http://www.mcst.ssai.biz/product.html

MCST Contacts

http://www.mcst.ssai.biz/mcststaff.html

MODIS PFM RSR
ftp://fftp.mcst.ssai.biz/pub/permanent/MCST/PFM_L1B LUT_4-30-99/
MODIS FM1 RSR
ftp://fftp.mcst.ssai.biz/pub/permanent/MCST/FM1_RSR_LUT_07-10-01/

MCST - Solar Spectral Irradiance Data Sets
ftp://ftp.mcst.ssai.biz/pub/permanent/MCST/Solar _Irradiance/
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