
MODIS Algorithm Team (MAT)
Meeting Minutes, 2MAR94

ATTENDEES:
WPeter Goldberg/ Lwry
Am@ Pad Knight, Edwmd
Baden, Joan Rapportew Kvaran, Geir
Bryan~ Tom Montgomery, Harry Chair
Che, Nianzeng Ungar, Stephen
Farwelt, Lester Wolfe,Robert

Zukow@Tmitd J.

The next meeting has been scheduled for Wednesday, March 9, 1994, from 9- 12: OOPM, in
Building 16, Room 242. Contact Joan Baden for copies of presentations (286-1378). Attached is the
current scheduled listing of MAT meetings for 1994 and the MAT member listing.

It was agreed that standard notation, as close to SBRC’s as is practical, will be utilized in all MAT
documentation and software. A list of standard notation and definitions will be maintained by
Joan Baden. Names of variables are limited to those allowed under ASCII C (i.e., TBD by Joan
Baden).

ACTION lTEMS ASSIGNED 2MAR94:
28.MAT Joan Baden to begin list of standard notation and definitions.

AGENDA
MODIS Algorithm Team (MAT) Meeting

Guesti Michael Weinreb/NOAA Calibration Scientist
March 9, 1994
(9AM-12PM)

Building 16, Room 242
NASA/GSFC

9:OOAM The MODIS Blackbody (BB) (Dan Knowles)

9:15AM Solar Diffuser (SD) & Solar Diffuser Stability Monitor (SDSM)
(Paul Anuta)

9:30AM Spectral Radiometric Calibration Assembly (SRCA)
Spectral Calibration (Ed Knight)

9:50AM Radiometric Calibration (Nianzeng Che)

10:1OAM Spatial Calibration (Tim Zukowski)

10:3OAM Synthesis (Nianzeng Che)

ll:OOAM Discussion

11:30AM Adjourn



MODIS ALGORITHM TEAM MEETING

2 MARCH 1994

9:00 THE MODIS BLACKBODY (BB) (DAN KNOWLES)

9:30 REGISTRATION (SRCA) (TIM ZUKOWSKI )

10:00 LEvEL IB SOFTWARE PROTOTYPE (GEIR KVARAN)

11:00 ADJOURN
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OFFICIAL
MODIS ALGORITHM TEAM

(MAT)
SCHEDULED MEETINGS

1994

wed Feb 9 BLDG22/271
wed Feb 16 BLDG22/G95
Wed* Feb 23 BLDG 22/G95
wed March 2 BLDG22/G95, ,

Wed* I March 9 IBLDG 16/242
wed March 16 BLDG22/G95
wed March 30 13LDG 22/G95
Mon Atxil4 BLDG22/G95

1

Mon April11 BLDG22;G95
Mon Avril25 BLDG22/G95

n , 1

Mon I Mav 2 ]BLDG22;G95, ,

Mon I Mav 9 IBLDG22/G95
Mon May 16 13LDG 22/G95
Mon May 23 BLDG22/G95
Mon May 30 BLDG22/G95
Mon June 6 BLDG22/G95
Mon June 13 BLDG22/G95
Mon June 20 BLDG22/G95
Mon June 27 BLDG22/G95
wed July6 BLDG22/G95

:ently scheduled additions

NOTE: Michael Weinreb/NOAA Calibration Scientis
the March 9, 1994 MAT meeting from 9-12p.m.

a9-11AM
9-11AM
9-11AM
9-10:3OAM
9-11AM

9-11AM I
9-11AM
9-11AM
9-1OAM
9-11AM
9-11AM
9-11AM
9-11AM
9-11AM
9-11AM I

Lwill be the “subject” of



T’/he MODES Om==.lBaMNYd
Blackbody

Predicted Emissivity

MODIS

Dan Knowles Jr.

Algorithm Team
2 Mar, 1994

Meeting
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●Calculation based on type II anodized aluminum data applied to the SBRC emissivity equation
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Candidate Anodized Aluminum Material for MODIS Blackbody:
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MODIS CDR, April 1993, pg. 75

PL3095-R01565
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&(a)= l–P(a)

where; ~~~ ~ = reflectance of blackbod y

if light undergoes one specular reflection then P,(A) =~(~)

if light undergoes two specular reflections then P2(L) =/)( A)P,(2

if light undergoes n specular reflections then P.(A) =~(~)-p. -,(L)

if light undergoes a variety of reflections with k as its maximum then

k
E(k)=]– ~Wnpn(A)

n=]



C’dmdafhimi Emissivity
Of $BM ikacum EWddlXOdhjj

0000000000000 0000000000000 00000000

k
E(k)=l– ~W@n(k)

n=l

k = # of spectral reflections

P(A) = reflectance of black anodized alulminum

WI = 0.1 (10’ZOweight for one specular reflection)

W4 = 0.9 (90% weight for four specular reflections)

The MODIS V-groove blackbody is designed such that 909’oof the reflected light undergoes at least

four specular reflections. The remaining 10Toundergoes at least one specular reflection. Therefore,

emissivity can be calculated as follows:

&(2~21–(W4P4(l~+WIP(A})

MODIS CDR, April 1993, pg. 75
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‘Calculation based on type 11 anodized aluminum data applied to the SBRC emissivity equation
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Level- lB Heritage Delivery

Djikstraa Diagrams

Top Level Flow Diagrams

Space View Emissive, Blackbody & Emissive Characterization Diagrams

Comparison of Heritage to proposed SBRC treatment of blackbody



Elements of Djikstraa Diagrams

DBEGIN

Indicates start of program or sub-routine

Indicates end of sub-routine

(3END

Indicates end of program

I Do Something I
I

I I

I Do Something Else

Indicates Flow of Controll



Test
False

Fake Stuff Do Something

Do Something Else

ti
More Stuff

Indicates a branch

kLoop Condition or ‘For’ Condition

1

+

Do Something

Indicates a Pre-Test Loop



Level lB Processing

c)BEGIN

+
PreP~ocessingo

t
OBCCharacterizationo

+
CompareCoefficientso

Calibration

ImageDerivedTechniques ()

kProject oeffo

Generate etadatao
P

(3END



OBCCharacterization

QBEGIN

t

Blackbody

Space View

Solar Difuser

+

SRCA

i

Reflective Bands

Emissive Bands

(+RETURN



Space View Characterization

QBEGIN

v
LunarCharacterization

Space View Reflective Characterization

+

Space View Emissive Characterization

I
Space View Linearity Characterization

ARETURN



Space View Emissive Characterization

5’

BEGIN

For Each Scan

1

A Moon in Port or SV Used
RETURN for Linear Calibration ?

No

For Each Band
For Each Band

I

For Each Channel

b

Is Band Emissive Is Band Ernissive
Band ? Band ?

Yes

, ~

No

I

Calculate SV
Avg Counts

t
I

, SV Prior Counts=
SV Avg Counts

I For Each Channel

,

SV Avg Counts =
Prior Avg Counts



Blackbody Characterization

9BEGIN

A~Calculate average of blackbody

f
For Each Band

@

L
Is Band Emissive
Band ?

No

Calculate blackbody radiance for band using avg
blackbody temperature and high,low wavelength.

For Each Channel

Calculate average of BB counts
.—



‘lamp - 180 Kalvin

Inleqrolion of Plonck’s Low Over Band Width to Obtoin Ideal Blackbody Irradiance
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Emissive Characterization

T

BEGIN

For Each Scan

@ 1

RETURN )

y For Each Band

T Iv
Is Band Emissive
Band ?

& For Each Channel

I

Perform Linear Fit of BB radiance, average BB counts,
Space View Radiance and avg Space View Counts

to derive calibration coefficients, which are the regression
coefficients

I
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/
3.3 Blackbody RadlometrJc Calibration (MWIR/LWIF?) IN-FLIGHT ALGORITHMS

The OBC blackbody and space views are used to calibrate all MWIR and LWIR bands and

channels. This calibration involves several phases briefly outlined below. The scenario

assumes that the bJackbody has an emissivity less than unity and its temperature

nonuniformity needs to be corrected. Preliminary thermal modeling indicates temperature
gradients of less than 0.03K and 0.3K for ambient and 315K operation, respectively. The
following steps are used:

Record alI blackbody temperature sensors (12),Tbbi.

Record scan cavity wall temperature sensors, Tcavity.

Calculate effective blackbody temperature for all MODIS signals. Note that MODIS
entrance aperture is scanned across the blackbody. In addition the detector array
length produces a projection translation along track.

For a given channel (Ch#) of spectral band (B#) the temperature used in the dc
restoration algorithm is the average of effective temperature along scan.

Record all MODIS signals, DN_bb (B#,Ch#, FD#), as system is scanned across the
blackbody.

Record all MODIS signals, (DN_sp (B#, Ch#, FD#), as they scan across the space
view port.

Calculate temperature gradient across paint layer, ATp. This can be a single value for
all locations on the blackbody.

Calculate average space signal: DZV_sp_aVg(B#,Ch#) =
XDN -sp(B#, Ch#, FD#)

Z FD+

- Calculate responsivity:

R(B#, Ch$, FD$) =
DN_bb(B+, C/1#,FD#] – DN_sp_ avg(B#, Ch#)

AL

where

AL(B#, Ch#, FDi?) = Ebb * L(Teff (13#,Ch+, FD#))

(1- Ebb)* Lzaviry *f2caviry + (1 - Ebb) * Leanh * f2.earrh
i-

n z

● CalcuIate average responsivity: R(B#, C’h#)=
zR(B$, Chi%)

X FD#

● Scene radiance algorithm

L(BA+,Ch#) =
DN_scene(B#, Ch#, FD#) - DN_sp_avg(B#, Ch#, FD#)

R(B#, Ch#)

The final algorithms are expected to include effects of varying MODIS instrument thermal
backgrounds. It is expected that at ]east the pc l+gCdTe,detectors will need to have this type
of correction. \

3-3



Some SRCA Spatial Calibration Issues:

Error sources in centroid determination

- Low SNR
- MTF degradation - SRCA image quality V.S. MODIS changes
- Distortion, relative rotations of FPAs and SRCA
- Along track- detector-to-detector variations
- Non-uniform SRCA illumination
- Scan dependencies due to SRCA optical configuration (MTF variation, illumination angle)
- Reticle repeatability - mechanical tolerances of SRCA/environmental influences
- integrator reset time

Additional analyses of SRCA Spatial Calibration data

- MTF/LSF - separation of MODIS effects
- IFOVS - input to geometrical correction of images?
- statistics - can enough data be gathered, and can measurement driftsbe accounted for?

ENSwales &Associates, Inc tjzO12.ds4 3.1.94



MAT Presentation

MODIS Solar Diffuser Geometry

MODIS Algorithm Team of the
MCST (MODIS Characterization Support

Har~ Montgomery, Manager

Team)

MODIS-Instrument Characterization

Code 925- Sensor Development and Characterization Branch
NASA / Goddard Space flight Center, Gr&nblt, Maryland 20771

FAX: (301) 286-1757

Paul E. Anuta, Edward Knight, Tom Bryant

Research and Data Systems Corporation (RDC)
7855 Walker Drive, Greenbelt, MD, 20770

FM (301) 982-3749

Presented by Paul E. Anuta

February 23, 1994

MODIS Characterization Support Team Solar Diffuser Calibration Methodology
MODIS Algorithm Team 1 P. Anuta 3/1/94 9:15 AM
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~ MODIS Solar Difluser
Geometry-UI

UPWARD ZENITH VIEW

SDSM AZIMUTH
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~ SCanMirror Angle of Incidence
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MCST Modis Characterization Support Team Februaty 22, 1994@ 8:00 am



Table WI
Sok.r Diffwx Albedo for 15 Rbw, + Orbit Tolera.rw

forSoliuDiffuserInclinationAngie=20.2 Degrees
Orbit Solar Eq. of Time Hmin in Solar Solar Solar SD_Fwd_Ray

Angle in Decl & Km View Viw k Inc”kkmce in Km from
C&l in Deg Tolerance Decl in 13eg Angfe on Terminator

i -1 :. n-- 1 in Deg s3-
254.06 -12.6 7.32 211.86 21.92 -33.52 51.88 0.611 2359.7

254.56 -12.6 7.32 230.99 21.5 -33.41 52.26 0.606 2313.9

255.06 -12.6 7.32 249.79 21.08 -33.31 52.64 0.601 2267.8

255.56 -12.6 7.32 268.26 20.66 -33.2 53.02 0.596 2221.3

256.06 -12.6 7.32 286.4 20.25 -33.1 53.4 I 0.59 2175.1

256.56 -12.6 7.32 304.2 19.83 -33 53.79 0.585 I 2129.3
257.06 -12.6 I 7.32 [321.671 19.41 I -32.9 I 54.18 0.579 1 2082.4
257.56 -12.6! 7.32 { 338.79 I 18.99 I -32.81 54.57 0.574 2035.8
258.06 -12.6 [

d
7.32 I 355.5 i7 18.57 I -32.72 I 54.95 I 0.568 I 1989.5

18.15 [ -32.63 I 55.35 0.563 1943.2 -.258.56 -12.6 7,32 372

259.06 -12.6 7.32 388.08 17.72 -32.54 55.74 ! 0.557 1896.1

259.56 -12.6 7.32 403.81 17.3 -32.46 56.13 0.552 1849.4
260.06 -12.6 7,32 419.19 16.88 -32.37 56.52 I 0.546 1803.1

260.56 -12.6 7.32 434.22 16.46 -32.29 56.92 0.54 1756.1
261.06 -12.61 7.32 448.88 16.04 -32.21 57.31 0.535 1708.9
261.56 -12.6! 7,32 463.19 15.61 -32.14 57.71 0.529 1662.2
262.06 -12.6 I 7.32 ~ 477.13 [ 15.19 -32.07 I 58.11 1- 0“.523 1615.9
262.561 -12.6 t 7.32 [ 490.71 I 14.77 1 -32 [ 58.51 0.517 1568.2

“-. -, 1 ----- , ----
I

.8 I 59.71 1“-0.499 [ 1427.6 I

263.06 -12.6 7.32 ~ 503.93 14.34 -31.93 FiRQl I 0.511 I 15?1 I

263.56 -12.6 7.32 516.77 13.92 -31.86 59.31 I 0.505 I 1474.2 I
264.06 -12.6 7.32 529.25 13.49 -31

264.56 -12.6 7.32 541.35 13.07 -31 .73-[ 60.12 I 0.493 I 1379.7
265.06[ -12.6

i
7.32 553.0

265.56 -12.6 7.32 564.4

266.06 -12.6 7.32 575.4

266.56 -12.6 7,32 586.02 I 11.36 -31.51 61.74 0.469 I 1190.6
267.06 -12.6 7.32 596.25 10.94 -31.46 62.14 0.463 1143.3
267.56 -12.6 7,32 [ 606.09 10.51 -31.41 62.55 0.456 1096.7

18 12.64 -31.67 60.52 0.487 1332.4

4 12.22 -31.62 60.92 0.481 1285,7

2 11.79 -31.56 61.33 0.475 1238.6 3

268.061 -12.6 I 7.32 I 615.551 10.08 -31.36 62.96 0,45 1049.1

268.56[ -12.6 7.32 624.62 9.66 -31.31 63.37 0.444 1001,1
269.06[ -12.6 7.32 633.31 9.23 -31.27 63.78 0.437 953.8
269.56! -12.6 7.32 641.62 8.8 I -31.23 64.19 { 0.431 907.4
970.06 I -12.6 7.32 649.54 8.37 -31.1 Q 64.6 0.4?5 859.3

S&r Diffuser Albdo for 15 February, - Orbit Tolerancz
for Solar IMYuser Inclination Angle= 20.2 De=

I Orbit I Solar I Eq. of Time I Hmin in I Solar I Solar I Solar I SD_Fwd_Ray ~
Angle in Decl “a Km Vie w Vkw & Incidence
m

in Km from-
in Deg Tolerance Decl in Deg Angle on Terminator

in Deq in Deg a
257.26 -12.6 -0.2 255.05 20.97 -25.27 51.14 0.621 2212.8
257.76 I -12.6 -0.2 274.89 20.52 , -25.19 51.57 I 0.615 2162.8

3
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SWALES & ASSOCIATES, INC.
AEROSPACE ENGINEERING/STRUCTURAL ANALYSIS

5050Powder Mill Road
Beltsville, Maryland20705

(301)595-5500

Feb. 25, 1994

To: H. Montgomery, Code 925.0

From: 1.L. Goldberg, SAI

Subject: Comments On SBRC Memo Concerning MODIS Calibration

Reference: I’Gain Coefficients for Radiometric Calibration: Version
2“, T. Pagano, October 4, 1993, PL3095-M03082.

My intention is to make some constructive criticisms. In this

memo I write neither to praise nor bury SBRC (although, in general,
I think SBRC is praiseworthy).

1. There seems to be an oversight in the information that is needed
for the calibration of a detector (particularly Hg CdTe operating
in the thermal infrared) when it is inside an instrument like
MODIS. This is apparent from remarks made in the Introduction.
“The technique defined in this memo calibrates the system in a way
that is independent of the internal optics temperature.” and “The
technique refers all measurements of digital number back to the FPA
signal voltage. In doing so, the source of the nonlinearity, the
detectors, are calibrated”. The system voltage measurements can be
referred back to the FPA (focal plane array) signal output, but
calibration of a detector also requires (in addition to the effect
of background radiation) knowledge of sicmal irradiance (actually
the incident signal radiant power is more fundamental) . The

magnitude of the non–linearity of the transfer curve depends on the
maximum signal irradiance at the detector in the calibration

measurements. Siqnal irradiance is optics temperature sensitive.
The effect on calibration due to a temperature change in the
optical system (transmission, image quality) is usually greater
than that due to the background radiation change (see my report
“Behavior of PC HgCdTe Radiometer Channels”) .

2. In the section Nonlinear Gain Correction the voltage Vij of the
output of the FPA is described as a quadratic function of the sum
of scene radiance Lij and effective radiance due to the background
LO in the form

Vij= a,i(Lij+LO) + a2i(Lij+LO)2+ VO

This is not the preferred way to describe the behavior of signal
voltage. From the dominant term (first term on the right hand
side) it would appear that Vi. would increase if LO is increased
when the opposite would actual~y occur. Of course the coefficients



would have to be adjusted to agree with the data, but the form of
the equation unnecessarily complicates matters, particularly when
it is realized that neither the slope nor the curvature of Vij is
proportional to the term (Li.+LO).

In orbit, LO varies mucfi more slowly than Vij. In fact LO is
essentially constant during a line scan. In the laboratory,
changes that occur in the optical system and background when the
instrument temperature is changed are reflected in the aij and VO
values of the conventional calibration equation in which LO does
not appear.

3. At the end of the Nonlinear Gain Correction section it is
recommended that polynomials of higher degree than 2 be used. It
states, “This is recommended since it is better to gain correct
with a curve more representative of the final response than the
second order polynomial used originally”. This statement is not as
obvious as it appears to be. If the non-linearity is no greater
than a few % then expressing signal voltage with higher order terms
is not necessarily better because it may too closely resemble the
imperfect data and defeat the purpose of a LMS fit. As an
illustration take the extreme case of a sufficiently high order
polynomial curve that passes through every data point. The RMS
deviation of the measurements from this curve is zero! Is this
ideal? Even if the curve is well behaved it is not as good as a
lower order curve that smoothes out the random measurement errors.
From the data I have seen so far I am of the opinion that the
calibration equation does not warrant the third degree.

P.s. It would be very helpful in understanding what actually takes
place in the HgCdTe channels if a thorough description of the
characteristics and behavior of the HIT detectors that will be used
on MODIS is made available. At least one of the MODIS teams should
be interested in such detailed knowledge.

cc : J. Barker, Code 925.0
w. Barnes, Code 970.0
B. Guenther, Code 925.0



SANTA BARBARA RESEARCH CENTER
A Subsidiary of Hughes Aircraft Company

IN TERN AL ME MORAN DUM

TO: Distribution cc: L. Candell DATE: October 4, 1993

R. Durham REF: PL3095-M03082

O. Weinstein FROM: T. Pagano

~G. Bamem BLDG: B32

NIAIL STA : 79

EXT: 7343

SUBJECT: Gain Coefilcients for Radiometric Calibration: Version 2

Fe ference~

1)“GaidOffsetand S~ AlgorithmsforMODIS (l%eliminay)”,T.Pa.:a..o,June29,1993,PLW5-

M02698

2) “Gaiii Coefficients forRadiomeuicCalibration”,T.Pagano,August 25,1993,PL3095-2950

3) “Linearity?vfmurementConceptforMWIR andLWIR Regions”,J.Young,June30, 1993.

PL3095-N02693

Introducb“on

Thismemorandum definesa way tocalibratetheMODIS responseina way thatisindependent

ofvti.ationsiiioptics~mpaature. Itisanupdatefromthepre}iousmemo (reference2)andincludes

moreexplicitexpressionsforthevariables.

Typicallysys~m responsesarefoundforeverypossiblei.ns-tu-nen[operating‘k.mperature

dting hermal vacuum. Thiscanleadtoemorsinhattiein-orbitcoriigurationmay notbe acurately

simu.latidurin~thermalvat.The techniquedefinedinthismemo calibratestiesystemina way that

isindependentoftheiiit.emaIopticstemperature.The techniquerefersallmeasurementsofdigiul

numberback10tieFP.4signalvoltage.Indoingso,tieSOUPX.SofLbenonlinearity,he de~m:ors,are

ctibm.ted.Itis assumed that his response is more smblethanthere~pori~su$atwouldnormallybe

foundthrou@ thermalvacuum ~mpemtum cycling.Botimetiodsu.itiadywiilbecomparedto -

verifytieapproach.

Tr~nsfer Curve Measurement

_13e nmdard approach for measuring he transfer c“-uweof tile \~ODIS k tovarytheSoui-ti

mdiaii~md acquirenumerous da~ points. TFUYAconaiuons ,must IX ~$tii~ed [o acquire acc’ura.I@data:

1) Soume 2bso1u~Gradiancemustbeknowm LOwithinallowablebucigtL 2.2870 radimce, 1.2570

reflti~tance h re.ilective bands, aid 0.45% in emissive bands except 31, z;ci 52 which xed 0.16% (XS
Table 1).

2) SOW stability must k maintained d-u-oughout measurement to wiLlfi 0.055?0(IR), 0.2570
(Refkcive). If Lhs is not possible, hen kmowledge of the stabiiir,’ to L!X values will suffice.
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3) Sufficient samples must lx squired to achieve ~ SNR of 1003:1 (IR), and 10001 (Refl~five).

The number ofsamplesrequti toachievethisdependson theradiamxlevelundermeasuremenr-

TotalsamplesincludesallframeswirhintheFOV andmultiplescansofdam

The key to detmniningthemansfer curve is the correction for Ist order gain based on the on-board

calibrator dam and fie corrmtions applied to tie calibration SOW-Wfor instabilities. This algoridun
description addresses tie former, and not the latter.

Ditital Number vs R*

The objective of this measurement is to derive a xt of calibration coefficients that describe r-be

MODIS digital number, DN, vs radhw, L; i.e. the uansfer ewe. The Calibration cmfficients m

coefficients of an ?’@ order pdy-nomial which describes the transfer curve. Since the data is acquired

over a long period of d.rne, a correction must be made for chi.fts in insmment responsivity and

background from tie optics. This cornxtion is made using the on-board calibrator and Lhespace view
respectively. Once the Uansfer cu.we is known, then it can ix used in-orbil in conjunction with the on-

board calibmtor DN todeterminetheinsuu.mentradiance.A technique for non-linm gain corraxion
and background/drift con-eaion are described below.

The VTS, NIR and SWIR bands most likely will not require ddftconectionsincethe

measurement can be made over a significandy shotir tie period. If drift correction is required, t-hen
~ ~fieSNR ~gofi~m for com~bon ~~g fie WA ~mpem~e te]emery. The aJgori&m descii’wd

MOW 2ppLiestoallbands,however,sinceitmay lxdesh-cabletouseacalilxationW:et cquivdenLLO

theon-boardblackkdy forthereflectivebands. - ‘ : -:,..

~cmlinear C7t3“n Co rmction

The non-Linear @n comxtion methwi involves using r-heoriginal &la set to get an estiate of
the shape of tie tmnsfer cume firs~ then returning to the original data and applying Lhenon-linm

comcuon curve mtier fian a linear correction. By iteratig the prcxes.s, a berter fit to the true mansfer

cume can k obta-imd (referen~ 3)

The proc-ess ?xgins with obtaining a sample on the ~ground based cdibmtor and anotier sample

on fie on-board calibramr for a single scan. A second order polynomial is 12Lto the two poin~. W’e

must work in tie voltage domain at the output of tie FPA to allow for changes in background and “LO

include ?~e effec~ of DC res[ore

Vij = ali &-ij +LJ + 22.i Lj + LO)2 +- VO
where

Vij = vOIt2~e Of Lhe OUtpUL Of Lhe~.4

Vo = Volt2ge Frcm k F?.4 for Zero R2di2nce 21‘&eFP.4

Lij = Radmce at the Aperture of the MODIS

~= Effwtive Rd.iance al the SpacePort Due to i-heBackground of dqe Iiiu-ument
ali = gain cc-efficient of L!!e1st order term

a~ = gain coefficient of the 2nd order term
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Vij =

DNij -DNQ -AV- -VO

G RAID 1

DN1j= Mmti DigiM Number

DNO = DigitalNumber OffsetProgmumed intoAEM

G = GainforpadcularchannelintheAEM (Volrs/Vohs)

R~ = &ponsivity oftheA/D (DN/Volts)

AVi = OffsetApplitiintheAEM

The coefficientsmustbeevaluatedforeverypair of ground based and on-board dibrator data poinr-s.

The method of solving for the coefficients uses the NO dara points. It can be shown witi a litde

algebra (we attachment ) that --!!”’1,! -,., .-. l.-. i. . ..

ali (viF~ - VO) (LiF2”+ LO)2 - (ViF~ - VO) (LiF~ + LO)2

(LiF3 + Lo) (LiF2 + Lo) (LiF~- LiF~)

and

aJi _(viF~ - VO) (LiF3 + Lo) “- (ViF3 - VO) (LiF~ + LO)

(LiFS+ Lo) (LiF2 + Lo) (Li@- Li.F~)

with

L
-B-~B2-4Ac

oi= 2A

and

B = (“viFI- VO) (h2 - Lim2)- (V= - VO) (LiFF2- LH2) + (vim - Vo) (Lw32 - I--H2)

F1 = Average Frame of !-heSpace View Look

V~7 = VoltageMeasuredWhen Vieti~ tieSpatsVie’sPort

LiFl= RaciknceintieSpaceView Port
F2 = Frame offieGround B.z.dCalibrator

V~= = Voltage.Mmured When VietingtieGround-Bti (kl.ib~~tci

k-= Radiance of the Ground Bti Calibmtor for t_hei~ szan
F3 = Average Frame of tie On-Board Caiibmtor
VF3 = AverageVoltageMeasuredWhen Viewingr.heon tieOn-Boa-d Calibmtor

1+3 = Average fidiance of the On-Board Ca.hbmtor for r-hei~ scm
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The explicit forms above for al, a2, and ~ in t.m-ns of m~umd variables is a mfmement in the

technique over that described in reference 2. a], a2, and ~ are calculated for eve~ scan (i). BY

compufig the avemge of the polynomial =fficients, we can determine a single cume towhichwe can

normalizeallLhedatafor gain correction.

OfYset comecrion is applied for every scan by the calculation of hi.

The average Wend order fit to the data set is simply

Vija~ = alav ~j + L-J + abv (Lj + L& + ‘0

This should k a re-m.enable second order fit to tie enti data seL

N’ote thathereisnothing preventing the algorithm from having more than one frame, j, of dau

per scan. .4n additional pint in a single scan can be &ted as ha%ing additional scan of data. Ttne .

softwme should b-e capable of treatig this situation. Please note thateveryLijmust be

characterized a priori and independently of this algorithm.

Now we can use the saond order polynomial above and d-ieon-board calibrator data [o gain comect the

original ckil.aset before we curve fit for higher orders. Each Siagml vaIue obtained in he original dara
set must be “gain correct.d” using the following quation

where

V~X = Si@ acquire-d when viewing r-he.gound based ctibmrior for he ih scan

v~~y =Average second order flt to the dam set evaluated at LF-

V~7-’ = New Function which fiLSthe on-board calibrator to the average cutve. Ewduated atJ-p-.SW

Below

Tnisprccesscornzx tieoti@naldatapointwithtieratiooftievalueatLR of.iheaveragecurvefitLO

tievalueatLF2 oftieavengecuwe fitwaledLOtieon-botidcalibrator.lnotierwords,we usetie

avemge c’uvefitandthecaliixamrto.scaJe,ornormalize,theori@aI daIQpoin~ The process;S

showm ~iz~hcdly ‘in Figure I.
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Fiszure1. The processofnon-lineargaincorrectionusesanon linearcurve(labeied“Fkst.Avera~e

Cumen) to Cor-ect each data poin~ F-tit the cbe is normalized to the OBC value by modifying tie

fmt order cdficien~ Then the mio of the new curve m the original curve is used to scale the original

data poi.n~ A third tune that fits the new scaled da-a represents the fm.d calibration ‘mansfer cume.

To scale the average cume fit to inrercept fie on-board cd.ibmtor data point, and hereby obti

V~Z’ for the above equation, we solve for the fret-order coefficient; i.e. we m~e a first order

comeaion of the average cume using r-heon-board cfibmtor dam

vj~3 “- Vo - a~av (L;F3 + LO)2
ali’ = (Li~3 + Lo)

so

Vij’ = alit &ij + b) + ah (Lij + LJ2 - Vo

and

We must now average over successive Scm”s to achieve adequam SLY

corrected. We only need to compensate for ‘the diffemn[ reflect-mm of

NTOLt3that each Vij’ is gain
d3escan mirror.

N

vij(L) = ~ an (Lij + LO)n + VO

c=l

At ti point we can return to tie ori@al daa sst and w tie above Fi<!er order po]ynomi~ [o g~

correct the data; i.e. compute ali’ based on he hi&er order polynomial. This is recommended since it ‘“/
\

is better to gain con-ect wih a cume more representive of tie final reepo~ -d-m t.!!esxond order .



“‘ polynomialusedoriginally.Successiveiterationson thecalculationofhe finalresponsecurvek

recommended.

Aftercalibrationusingthegroundbasedcaiibmtor,tocalibruusingtheort-botidcalibratorit

isnecessarytoperforma 1stordercornxriontothepolynomialasdone abovewitiVij’,secondorder

termsremainasdeterminedinitially.

N

Vij(L)t= ali~j + ~) + ~ a~i(Lij+ Lo)n + VO
=2

wherefieon-bo~d calibratordeterminesthefrostorderCo-efficient

N

ViF3 - VO - ~ a~i(Lij+ Lo)n

ali- (Li~~+ LO)

simulation

me abovealgorithmwas codedinan ExcelspieadsheeLA simulation was pdorrned and r-he

result-s demonsmat.e r-hatdispi~ significant gain and background v=iations, tie method worlu well.

Figure 2 shows tie original dm, uncorrected, and the corrected dau In r-hissimulation, as much 2S

40?0 of fuil scale background variation, and 1O$ZOgain vtiation was ap”plied.

m
-0.5z> -1

-1.5u 0.2 0.4 0.6 0.8 1

Fraction of Full Scale Radiance at the

Aperture

Figure 2. Example of t-he gain and background correction tdhnique d~ri’~.d

as much as 40% background variation and 10% gti variaaon were app!i~d-

Error Analvsis

—E— No Correction

n Corrected

FPA Respcmse

above. In his example,

Each pam.meter wa given m>~, and the standard de~iation of the raeasu.iiment calculated. It LUTIS

out Lhat if we how the AEM Gain, G, LO1%, tie AE.M OffsetAV to S bits, and ,&EM Responsi\i~ of
the .A.(Qto 8 bits, we can achieve tie 0-2% accuiiy for a non linw ‘en blat is.30% of l~e liri- - ~

.— ..

term. Actual tolemnces will depend on tie actual shaps of tie MODIS de’amr cume.s, but his ~dt
—. .—. —-— ----—- ---..— —- . ..



,.. ) isencouraging.‘Thecurrencsystemielerneay@be adequateInadditionthedetectoroffsetvoh.age

Vo needonlybe stableto1% also. ‘<
pt.
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Determinationof he c~bration cwfficien~ for the polynomials hat define the MODIS wmsfer

curve are critical to swxsful cal.ibxation of tie MODIS i.nsuumen~ Tlese calibrationcoefficien~will

beusedd-u-oughoutthepi-e-flightandon-orbitcalibrationoftiedatasquired.The algoritis

pmxnti aboveprovidemed-mdsfordeuxminingthesecalibrationmefficients.

Ccefilcients are calculatiintievoltagedomaintoailowforbackgroundvariationandtheDC

restoreprocess.‘llme algorithmsshouldprovidethebasisoftherad.iomernccalibrationoftie

MODIS insm.unentpre-flightandin-orbi~

A simulationprogramwas developdinanExcElSp~dshest (Attached).The resultsgavethe

errorsallowableon tievariables.The resultiindicatehatfiecurrentdesigncanachievetieallowab~e
O.~qOrad.io~e~cenor fordismeasurement
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