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April 1992 MODIS Science Tealll Meeting Objectives
a~~dReqt~ired Calibratio~l/MCST-Related WG Action

1. Rc-cvalt]atc selection of science algorithms
as a result of Current instrlllllent selection.

Required Action:
Need Calil~rati(Jn W(; cl~tlt~rs~~l]~elltof Ilp-ciated list of calibration products.

2. Report on current stat~ls of algorithnl development.
Required Action:

Pr~)vide MCST Stat[Is l<ep~)rt

3. Identify the planned level of algorithm development
in light of current budget and time constraints.

Required Action:
Examine and up-date or confirm 1991 MCST Priorities

4. Your algorithm development plans and schedule for development.
Required Action:

Develop schedule for peer review and delivery of algorithms

5. Your current perception of planned stage of algorithm development
before entrusting to the Science Data Support Team (MSDST)

! Required Action:
I In(licate intent to provide peer-reviewed ~nd working S/W to MSDST

hiODIS Calibration Statt]s l{up[)rt by h!(;ST (M(>I>lS Char,lct(~rizati(m Sl]ppflrt Team) TAt,K at MODIS ~ience Team Calibration Working Crroup Meeting 13 Apr92
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MCST Priorities

uncl~allged froln

1990 and 1991 MODIS Science Tea~n Meetings

1. Instr~lment-Related Cl~aracterization/Calibration

2. Algoritl~ms, Software and Hardware
for EOC/MCST Monitoring of In-Orbit Data

(L,C>L9(.‘\1‘[p.{)J{P.~(“$’’L?L’)
~ 3. Utility Products ~J, c(~fi, (-[. 4.<J -[ C”({{ PI, Lv?

)

KI(>DIS Ctllillrati{)n St,][[ls f<~}port by LI(-SI’ (NI(JI)IS Cllilr~ct~!ri/,ltitJt~ Sui]port Tc.lm) TA1.K at M[)L)IS %icnce ‘1’c~m Calit~r~titm Working Crr(]up M~wting 13 Apr92
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MCST Personnel

Civil Servants with Interfaces to MCST

Jc)lln I)arkcr

I’eter Ab~l
Bill Barnes
Ken Brown
Wayne Esaias
Brllce Guenther
Forrest Hall
Joann I Iarnden

Chris Justice
Michael D. King

Brian Markham
Steve Ungar

(925)

(925)
(925)
(925)
(697)
(925)
(923)
(925)

(913)

(923)
(923)

MCST ~l~,l(i

Aircraft Under-flights / Tl~ermal
MODIS Instrument Scientist / SeaWiFS
MODIS Airborne Simulator (MAS)
MODIS Ocean Discipline Head / SeaWiFS
EOS AM I’reject Scientist / EOS Calibration Scientist
Image-Based Radiometric Rectification Calibration
Artificial Intelligence Information /
Scene Simulation / Modeling
MODIS Land Discipline Leader / AVHRR / NDVI
MODIS Deputy Team Leader /
Atmosphere Discipline Head / CERES
Instrument Characterization/Field Calibration
MODIS Scene Simulation / Utility Algorithms

LIOI)IS C,]li[,r,]ti[,ll SI.ItIIS Report t]y L1(sI (RIIJI)IS (’t],] r,l{-tcrizati,jn Slipp,,rt ‘1’c,,]rn)TAI K at MOI>IS kicnce ‘ream C~libration Working Grroup Meeting 13Ap&2
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MCST Personnel

Contractors, RDC (Researcl~ and Data Syste~ns Corporation)

IlcI~(JILiGcller Out-G{~ing I’r~~je~~tManager

1’l~ilArdan~]y Acting l’rt~ject Mallagcr

1(Jnathan B~lrelbach I’rogrammer /Analyst / Image Analysis

Barbara Grant Optics Engineer / SBRC Interface / Calibration Plan

Doug Iloyt Scientist / Solar Irradiance / MODIS Calibration Handbook

Janie Nail Technical Editor / Meetings / Plans / MCST.BB

George Riggs Scientist / Utility/Masking Algorithm / Snow / Ice

LiODIS Calit]ralion St,IIIIS i{cpi)rt by LICST (MOI)IS Char.] cterization Sl]pp{)rt “Icarn) TALK

John L.ll,lrk,~r

at M(>DIS %icncc Team Calibration Working Grroup Meeting 13 Apfi2
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MODIS Science Team Organization Chart

[MCRPI—

MODIS Calibration
Review Panel

of MCST Supplied
Algorithms

P. Slater/ U of AZ Chair

R. Evans/ U of Miami
C. Johnson/ NIST
Y. Kaufman/ GSFC/923
H. Kieffer / USGS
P. Menzel/ NOAA/NESDIS
J.P. Muller / U.Coil.London

1
MODIS

Instrument
Scientist

W. Barnes/ 970

I MST I,
I 1

MODIS Team Leader
V. Saiomonson / 900

MODIS De ut Team Leader
18.M. . lnq /913

- I -i

MODIS
Technical

~1 MODIS Science Team 11 I Team

—

1

1 MCST I

MODIS
Characterization

Support Team
J. Barker/ 925

Civil Servants
J. Harnden / 925
P. Abel/ 925
B. Markham/ 923
S. Ungar / 923

Contractors

P. Ardanuy / RDC
J. Burelbach / RDC
B. Grant/ RDC
D. Hoyt/ RDC
J. Nail/ RDC
G. Riggs/ RDC

I

I MSDST I

MODIS
Science Data

Support Team
A. Fleig / 900

Civil Servants
V. Kalb / 923
W. Webster/ 922

Contractors
L. Carpenter/ RDC

T. Goff / RDC
L. Gumley/ RDC
B. Vallette / RDC

1

I MAST I

MODIS
Administrative
Support Team
L. Stuart/ 920

Civil Servants
A. Mecherikunnel / 92(
H. Oseroff / 920.2
D. Toll/ 974

Contractors
S. McLaughlin/ RAI

John l..l;,lrk,r /N ASA/GS17(~/9Z5
. .
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MODIS/MCST Calibratiol~ Strategy

I. Use Alternative MODIS Calibration Methodologies
Several alternative calibration methodolc)gies

will be implemented thr~)llghout 15-year mission
to provide a robust uniq~le “{~fficial”calibration algorithm ~= Af’ ~j L(L(4tiiti’’o$~,~~
and to allow for its validation by independent methods

~..cdl
I} /&Q]k<.<

4
7

‘,@*,+&)

2. Characterize Precision on a Time-Scale of Months
Post-launch quantitative characterization and monitoring

of the precision (repeatability) with which MODIS at-satellite radiances
are measured by various methods
will occur within 2 to 6 months

L1OI)IS {’,~lll)rdti(~r] SI,IIIIS l<~ip[}rt i)y hf( SI (L1(JI)IS Cll,lraLt~>rixilli~JIl Sllllpt)rt ‘l’~,]m) ‘l’Al K

John [. Ilark(r /NASA /CSI’C/92.5
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MODIS/MCST Calibration strategy (continued)

3. Cl~aracterize Acc~~racyon a Till~e-Scale of Years
I)~Jst-launcl~(Illalltitative cl~i]rt~cterizi~tiol~al~d monitoring”

of the acc~lracy with which MODIS at-satellite radiances
are lneasured by varic~us methods and tln two in-orbit instruments
will occllr within 3 tt) 5 years {L} 4uf+’~.57,&c c LU

. \
L, )

4. Validate Math Model in 10-15Years
Validation of the components of the predictive radiometric math models

for each MODIS instrument
(with an expected life-time of five-six years each)
will occur over the fifteen year life-time of EOS mission

LfC>L)lS (“~lillr,]li(~ll SI,IIIIS I<,pc)rt by MCST (MO1)IS Ctltlract~rizi]ti(,[l Sl]pport ‘1’c,]m) TA[.K at ML)l)IS ~iencc Team Calibration Working Grrol]p Mwting 13 Apr92
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At-La~l~~cl~MODIS Calibratiol~ Data Products*
I’ril~~aryMCST Prodllct Generation Responsibilities

I~~str~llne~~t-I?elate~~Cl~aracterization /Calibration

i~ilcs for Appcl~dillg/Accessil~g with Raw Level-lA or -lB Imagery

Derived Level-2 Imagery
● Earth-Sun Distance and Solar Zenith Normalized Exoatmospheric Reflectance
● Errors in At-Satellite Radiances

* MCST-generated algorithms and software for operational products,
including associated algorithms for automated quality assurance, metadata, and browse products,
are to be rehosted to EOSDIS by MSDST

At-Launch products will be up-dated after launch, as required.

MO1)lS C,]libr<lti{][l SI,IIUS Report by M[~ST (AIOI)IS Chardc-turizatif)n Sll}~pfJrt Ic,]m) TA[.K at M(3DIS Science Team Calibration Working Grroup Meeting 13 Apr92
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Post-Laul~cl~ MODIS Calibratiol~ Data Products*
I’ri~~~aryMCST Prodtlct Generation Responsibilities

I~~strLl~ne~~t-I?elate~~Cl~aracterization/Calibration

l:ilcs for Appending/Accessing witl~ Lcvc1-IA or -lB Imagery
Solt~rCalibration Datasets fronl the S{)lar Diffllser used for Calibration
I,unar Calibration Datasets ~lseci ft)r Calibration

Derived Level-2 Information or Imagery
Solar Irracliances
Lunar Irradiance
I.unar Reflectance

“ Errors in Reflectance after Atmospheric Correction

{

Errors in Pixel Geolocation withou t Topographic Correction
Errors in Pixel Geolocation with Topographic Correction,/

[

Derived Level--3 Information or Imagery witl~ Critical Data Products (~c ~ J
Errors in Reflectance after Atmospheric Correction

m.?<,W 4U->M
Owefr-r,,-r-I

\ Errors in Pixel Geolocation without Topographic Correction ‘- “ti~: i’fY’,,.l(? [& Errors in Pixel Geolocation with Topographic Correctionfi:
,J3Li @p -[(

*(7 ‘Y\4 A .Lcu , .(* cLAO< 1)<( 3 (.hQc. *PdL( c-f&

MCST-generated algorithn~s and software for operational products,
il~cl~ldil~gassociated algorithnls for au tolnated (Illalit y ass~]rance, nletadata, and browse products,
are to be rehosted to EOSDIS by MSDST

1
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MODIS/MCST Calibratiol~ Plal~

Objective
I’rovidc ,] cc)nlprellcnsive review i]ncl intcgratit)n tlf all nletllt)dol~)gies

~Ised to calibrate tl~eMOI>TS instruments

ApproaclI
Integrate calibration plans from all sources and ft)r all phases of tile mission:

pre-launcl~, in-orbit, and t)n-bt)ard
Iiventllally, provide an on-gt)ing structure of tl~emetl~odologies used

to obtain tl~eresults in tl~eMO131S Calibration 1-Iandbook - 4J4U~-(d(~~,,, ,~. ~
Incl~lde references t<)supporting and more detailed publications A..(’ai~

<
~c’LL“C’5

[c{ . t.lc~lrr<

context
Provide an executive summary of methodologies

from botl~ external peer reviewed articles on MODIS calibration and
internal NASA readiness review documents

Scl~edule
Provide up-dated versions at

MODIS Science Team Meetings, and,
I EOS Calibration/Validation Panel Meetings
I
\ For E-mail correspondence address GSFCmail:J13arker or BGrant.
i For Il}ldates on tl~clatest events and availalllc doc~lmcnts, CI IECK MCST.1313btllletin board on GSFCmail.

L1(JDIS Calibr,lti,)n SI,IIUS Ruport by klCST (MOI)IS Charnctcrizatifm Support Tc,im) TA1,K

Jt)hn [,.l\,lrk,

at MODIS Q-icnce T{’am Calibration Working Grroup Meeting 13 Apr92
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MODIS/MCST Calibration Handbook

objcctivc
l’rovide rcslllls of ci]lil)ri]lit)ll illlcl sllfliciellt s(lp~~~)rlinginfornlation”

[t) be able tf~scientificillly IISC ~ln(l interpret MODIS data.
Ap~~roacl~

~’ro(l~lce a stand-alone scientific Ilscr’s glli(ie ci~ntaining all one needs to know
ab~)~ltcalibration of MOI~l S data
thr(~llght)ut the li fctirnc t~fthe EOS nlissi~)n

I’rovide handb(>(lk in l~ard copy and clectrt)nic forn~,
initially fr(~n~MOIllS/ MCST IJ~llletin 13tlard, and
operationally from EOS DADS (Data Archive and Distribution System)

I’rovi(lc notification” of up-dklte(l version
initially to MODIS Science Team members, and
operationally to EOS Science Office Mailing List

Include references to supporting and more detailed publications
Context

Provide an executive summary of results in this handbook
from both external peer reviewed articles on MODIS calibration and
internal NASA readiness review documents

Schedule
Provide up-dated versions at

I MODIS Science Team Meetings, and
! EOS Calibration/Validation Panel MeetingsI

hlOIJIS Calibration Status Report by MCST (M(J[)IS Characterizati(m Sllpport Tt’am) TAI,K at MODIS %icnce Team Calibratit}n Working Grroup Meet ing 13Apr92
I John [.llt~rk(’r /NASA/(; SFC/925 I’agc-l 5 T~lk#l Macllci File: 13 AI)R92B.MCSTRptt.7 3:43 PM 4/12/92
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Hugl~es/SBRC MODIS Instru~nent Delivery Scl~edule
I’rotofligl~t Model (PF) for launch June 1998 on EOSAM-1

F1igl~t-Model-l (Fl) for launch Jt~ne 2000 on EOSPM-1
MCST plans to analyze test data as it is generated

PtlASE C/D AWARD

C)ESIGtl

ENGINEERING MODEL

PROTOFLIGt-lT MODEL

FLIGtlT MODEL 1

FLIGHT MODEL 2

FLIGHT MODELS STORAGE

I i’i~li ( 1)1

I A
[
I

A
--

[

\

.—.—

——

jol~rr f..llark~r “’4SA/(;S[~C/9L5
. .

Page-”

!1!-)G

A
.._—..
.——

!000 !001 2002

03192
92-0163-16

at MOI)IS ~icn{e ‘lc,IIn C~lil~r,]tit}n WorkiIlg (“;rrol]p Mt’(’ting 13 Apr92
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‘Hugl~es/SBRC MODIS Systems Analysis Overview
including NASA/GSFC Instrument Requirements

MCST plans to docull~el~l scientific rationale for any cl~anges

;SFC REQtJIREMENTS

‘----(.. 1
RADIOMETRIC

— ● SENSITIVIW

[)

(c~~~~~::] (’g~:i [.;;~,l)

‘ OPERAnONAL ● ACCllllACY
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. . . .. .. ... . . . .
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I
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c COATIKS /’
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/

‘---”--’f
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-- -—...__
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‘----)
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● UFETIME
● RADIATION

NOISE
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[
...J

● DYNAMIC RANGE
L. ___ —-–-J
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lI~~ghes/SBRC MODIS Radiolnetric Math Model
delivered to MCST 011 a~~as ~lp-dated basis

l}JPi)T DATA FILE OUTPUT
FILES

I‘ARRS.I
. ltiSTRllMEtlT

PARAMETERS

I

TRAtJS (4) I—.—.————- 1

. OPTICS
TRANSMISSIOttS

riNDA:l

. SOLAR RADIANCES

,.. . ..... ....-—.. --— .

● SCENE RADIANCE!
● REQD SNRS

I

,

i

* I FI1.EIIJ
*

I

IECALRADS

\
\.

4

. [)11 i’
● CID
. SriCA
. SI,ACE

A“1 ‘CENEI ,

~MM

RSM

[‘q ‘cc””””(Spreadsheet)

lR’Mou:_l
I=:d

3

SNR/NET
(Full Dump)

SNR/NET
(Plot file)

SNR/NET &
ACCURACY
(Summary)

Detector
Budgets
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13LIglles/SBRC MODIS 2.6 sec 2-Mirror Scanning Sequence
Does tl~is get reviewed by MODIS Calibration WG?
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Hugl~~~s/SBRC Proposed
Do tl~ese get reviewed

CAI.IBRATION DEVICE————— —

10

38 HEATER

SD

SDSM

SRCA RADIOMETRIC CAL

SRCA SPECTRAL CAL

SRCA SPECTRAL SELF CAI
●

SRCA SPATIAL CAL

ORBIT
USE..— ——_. ..

CONSTANT

lX/MO

2 ORBITS
1 XIWK

2 ORBITS
1 X/WK

lXIMO

lXIMO

lXiMO

1 X/3M0

MODIS Calibration Scenarios
by MODIS Calibration WG?

ORBIT
COLLECT——— —

:ACII SCAN

10 MIN

6 MIN

6 MIN

3X2 MIN

65 MIN

45 MIN

3X2 MIN

—— —
ORBIT
PREP*.— —

MA

30 MIN

4 MIN

5 MIN

3X1O MIN

10 MIN

10 MIN

3X1 O MIN

REMARKS

)C RESTORE

10 MIN WARMUP & 10 MIN
:ACH SCAN

*IGH 13~DF 1 ORBIT, LOW
3RDF NEXT 0R91T; 3 MINI
SIDE; DOOR OPEN/CLOSE

i MIN WARMUP & 3
MINISIDE

UUARMUP & COLLECT
3 PTSIORBIT FOR 36 MIN TOT

10 MIN WARMUP & 45 MIN
VIS/Nl~ & 20 MIN SWIR

10 MIN WARMUP & 45 MIN
VIS/Nl~

WARMUP & COLLECT
3 PTS/ORBIT FOR 36 MIN TOT

,
● PREP CAN BE BEFORE, DUHING OR AFTER COLLECTS DEPENDING ON CAL DEVICE b-



Possible Rec01~~121ellcfations for

1 I~lgl~es/SBRC MODIS 2.6 sec 2-Mirror
Cl~anges in
Scanning Sequence

Longer Blackbody DC Restore, Solar and/or Space Look
original considerations of [ime ft)r DC restore, solar looks and space looks were

Prcdicatcd on tl]c millin]llln pt)ssiblc impact by MODIS on satellite to ground
transmission rate on tl]c original 14-instrun~cntEOS platform.

Witl] fewer instruments on both EOSAM and EOSPM observatories, it seems
reasonable to rc-examine the actual potential for slightly larger data rates.

(;urrcnt DC restore, solar and space look times are very small fractions of the total
MODIS downl ink rate.

1.ongcr space looks wo(Ild provide more p{)tcn[ii]l lk)rcharacterizing and potentially
correcting systematic errt)rs, n]:]ny i)f whicl] can not be expected to be
identified until after launch.

I.onger solar looks would provide potentially better solar calibration information and
the solar diffuser is currently considered by the science community as the
primary calibration mode.

I

N1(>l>IS C,]lillrt]tiot~ S1.][l]s Rtport by hlCST (L1(JI)IS [-l]ar,l(-tcrizatioll Sl]pport “1’c~,]ln)TA1,K at MODIS Sicncc Team Calibration Working Grroup Meeting 13 Apr92
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Possible Recoln~nendations for Changes in
Htlgl~es/SBRC Proposed MODIS Calibration Scenarios

Potential for Near-Contin~~o~ls Operation of SRCA
Calibration mode rcprcscnts peak pt~wer load for MODIS.
Cl]rrcn[ agrccmcnts bctwccn S13RC and GE call for no back-to-back calibration

(lrbils.
Initial design called for 20’% increase in power to run [IICSCRA above that required

for IIICnormal daytime [i:irtl] scan mode, while current design only calls for a
1() 70 incrcasc in power.

Wllal arc the real power constrtiinis on the solar panels from the fixed fairing size
given to GE by Code 421’?

Wtlat is the relative power consumption using [he SCRA wilhout the blackbody on?

Potential for Near-Continuous Operation of the Solar Diffuser
TIICprimary consideration for not deploying the solar diffuser continuously is the

expectation that it will slowly degrade with time.
During the first few months of operation, it will be more important to establish the

actual stability of the detector systems in space in order to empirically
determine the optimum calibration requirements.

MLllJIS C,~libr,tlitJn St,\[LIs l<cp,)rt hy MCST (LI{)[)IS Ch,lra(t(’riziltioI~ S,ll>pf)rt ‘I(,lln) TA[,K nt ML>[)IS %icncc Tcatn Calibration Wi)rking Crroup Meeting 13 Apr92

J~~hn[,.[),,rkc” ‘ lAsA/(;s[:~/9~ IJagc.- T.]lk#l Llacllci }:ilc: 13 APR92[l.MCSTRptt.7 3:43 PM 4/12,



O~~tline of MCST Global Calibration Site Selection Proced~lre

Objective
1,oca te potential MODIS calibration targets on the Earth’s surface

tl~atare radiometrically homogeneous on a scale of 3 by 3 Km.
Approach

Initially use annual NDVI biweekly datasets of 1 Km AVHRR data
in the continental United States in 1990
to search for radiometrically homogeneous regions
using the standard deviation of a traveling 3X3 pixel area
as a measure of heterogeneity+

Context
Use calibration sites within the MODIS imagery to provide for

1) every-pass calibration potential
using a modified “radiometric rectification” methodology,

2) aircraft under-flight calibration support, and
3) occasional support of ground field calibration experiments

Schedule!
Preliminary results for 1990 dataset from EDC (EROS Data Center)

I will be reported at the Calibration Working Group sessions
I of the April 14th MODIS Science Team Meeting
II

LIODIS C~librati(Jn St~tl]s R,’p,)rt by MCST (MC>I)IS Ch.lra(-t(rizatioll Sllpport Tc,an~) TAI.K at M(>DIS %-icncc Tcaln Calibration Wf)rking C,rr[~l]p M[wting 13 Apr92
!
i John [..ll,lrh(>r /N ASA/CSl:C’/025 I’.lg(’-23 ‘l,llk#l Macllci File: 13 Al)Rc)2B.MCSTRptt.7 3:43 I’M 4/12/92
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MCST.BB Electro~~ic BLllleti~~Board

objectives
Provide MODIS-related inft~rn~atit~non MCS’r ~ctiviti~s,

ft)r access bv MODIS Science Team

Approach
MCST contractors will maintain tl~ebLllletin bt~ard,

including provision for receiving fcedL~ack from it

contents

Calibration Working Grollp Agenda
MODIS/MCST Calibration /Characterization I>lan
MODIS/MCST Calibration EIandbook
MCST Presentations

Procedure for Accessing
Gain access to GSFCmail by normal means.
At the “Command” prompt

I enter <“CHECK MCST.BB”>
1 after return, enter “SCAN ALL”
{ Use normal “Read” command to access posted documents by number



I

I

I
I
I
I

“1.

2.

3.

4.

5.

6.

Open or Contintling Action Items for MCST
from October 1991 MODIS Science Team Meetings

Scientific Rationale for SPE(;S: l)cvclop il “Scicn(=e I<e(](lirements Supp(Jrtin$
Installment Specifications” doculllcnt to start ca~)tllring scientific rationa]e for
SLJXIIC(>f[he decisions associate(l ~vith lllc instr~lment specificatit~ns.

Field Validation Handbook: Carol IJrllegge (MISR at JPI.) requested interaction
bet~veen MCST and herself on a Field Validation ] landb(~(~k.

Figures from Hugh Kieffer: Figures to supplen~ent l~isdiscussion of lunar
calibration for the MODIS/MCST Calibratit)n /Characterization Plan were to be
supplied by Ilugh.

MCST Calibration Site Selection Procedure: Keep Chris Justice, Alan Strahler,
John Townshend and Alfredo I-Iuete informed about site selection procedure
(3x3 moving std dev).

MODIS Topographic Requirements: Contact Mike Barnsley about
topographical requirements and data.

Simulated Band-to-Band Registration Requirements: Enhance band-to-band
registration studies by taking pixels and producing a more global area coverage
band-to-band registration study.

h40DIS C;,lil)r,]ti{,n Sla(l]s I<,p{)rt [,y klcST (MOI>IS Cll,lracl(ri/ati,,rl Sl]~lf~t)rt ‘1’cilnl) ‘t’Al K ,]t M()[)IS ki(in(-c ‘Fc,]n] (’t]lihr,]ti[~n Working Grrt)up M~t.ting 13 Apr92

John L.,U~rk(~r /NASA/GS17C/9X Pc3ge-26 T.ilk#l M,]cll,i fllc: 13 A1’R<)2[J.MCSrR~>tt.7 3:43 PM 4/12/~J~



Open Action Itel~~sfor Calibration Working Group
froln October 1991 MODIS Science Tea~l~Meetings

Cross-Calibration with International Instrlllnents: AdCiress crtlss calibratit~n
iss~]es among internatit]nal instr~ln~cnts in the Men~orandun~s of Understanding
(MOU). (Br~lce Guenther)

EOS Cal/Val Peer Review InstrLlctions: Regarding the recommendations for
Peer Calibration PDR and CDR, perform an in-depth, technical review in a
format that allows inputs from a peer panel of experts, no later than PDR and
CDR, with the panel submitting a formal report to the engineering panel
including action items and suggestions. (Bruce Guenther)

Incident Angle of Sun on Diffuser: Provide answer to Phil (regarding the Solar
Diffuser Stability Monitor) about the angle of incident light on the sola; diffuser.

(Jim Young)

MODIS Calil>r,~li(}n St,l[tIs l{(pt)rt by ki(ST (L1OI)IS (’h.)r,]ct{riy,ili,)rl Sl]~l}~l,rl ‘l(,]ln) TA[ K .It M()[)IS %icnce “l’earn C.iliL}ralit~n Working Crrt)l]p Mt.cting 13Apr92

John l..l},lrkcr /NAsA/(;sIc/92s I’(Igc-27 T~lk#l M,]cllci }:ilc: 13 Al)R92D.M(-STRptt,7 3:43 I’M 4/12/92



5L.

6.

7.

8.

Open Action Ite~ns for Calibration Working Group
from October 1991 MODIS Science Team Meetings

(continlled)

Non-Uniform Contamination Study: Continue examination of the spectrometer
L~eingnon-uniform. (There was t.~lkabout the wide dynamic range of the optical
system where F5 was the effective beam to specification and F100 is the sun.)

(Jim Young)

Solar Diffuser Material Study: I{egarding tl~eselectit~n of diffuser material,
provide further study of two main candidates, Spectralon and YB71. (Carol
Bruegge)

Doped SpectraIon Proposal: Write a proposal to help fund the study of doped
Spectralon, sending to Bruce. (Carol Bruegg[’)

MODIS Filters for Lunar Observations: Fiugh Kieffer requests spare MODIS
filters for lunar viewing (the witness pieces?).

!

I

I

I

LIL)[)IS C,llit)ration St,ltlls I<l~p{Jrtt,y hlCST (Mc3[)IS Cl)ar,](t(,ri~~ti<)rl >Ii},},ort ‘1’(’.]rn) “IA I K ‘It LI(JI)IS Sit,nce T,,lrn <’.]llbr,}tion W,~rking (;rr(n]p Mt’c~ting 13Apr92

John 1,.[l,lrkcr /NASA /CjSl~C/925 1’,1$(’-28 T,IIL#l hi,]cllci I’ilL,: 13AI) R02[I M(~S”I’Rptt.7 3:43 pM 4/121Q?



Actions Req~~ired by
tl~eMODIS Calibration l’eer Review Panel

and/or tl~e MODIS Calibration Working Grollp

1. Need cnclorsc]ncnt to Scien(:e ‘1’c;~IIIof MLJIJIS/MCSrI’ ~’i]lil~rati~~nstrategy.

2. Need end~>rsel~~enttc) Science Tcanl of up-dated list of calil>ration products.

7. I]rovide current status of calibrati(ln alg(lritllnl devel~)pnlent.

4. lxan~inc and up-date ~~rc~)nfirl]~“1991MCST I’ri~)rities

5. Develop schedule for peer review and delivery of calibration algorithms

6. Indicate intent to provide peer-reviewud and working S/W to MSDST.

7. Confirm need for access to both calibration data and raw data at the same time.

8. Provide feedback on Calibration Plan and Iflandbook, including approach.

I



Appel~dix to
MODIS/MCST & Calibration WG Report

oflhc

MODTS Science Tealm
frolll

MCST (MODIS Cllaracterizatio~~ S~lpport Team)

I’resented by:
JOIIIIL,.Barker

C[>ntriblltions I>y

1 larold Gellcr, Jon Bllrclbacl~, Barbara Grant, DolIg 1Ioyt, Janie Nail
(301)286-9412 or (301 )982-370t) GsFCnl~il:lJ(;rilnl, JNill],

Rescarcl~ and Data Systems, Inc.
7855 Walker Ilrive, Greenbelt, MD, 20770

Fax: (301 )286-9200 or (301)982-3749

~ Monday, 13 April 1992
I
I Goddard Space Flight Center

Bllilding 22, Roon~ 365
Greenbelt, Maryland

1 h4(lDlS C.]libr,]iinn Statl]s R(port by hfCST (ML)I)IS Cl];]ra<-t(>rization Sllpp,)rt T(>,~m) TAI,K at Mc>[>IS ~il~ncc Icam Calibratiim Working Grrot]p Mt.cting 13 Apr92

John L.Ilarkcr /NASA/CSVC/92.S r’agi.-3rl T,Ilk#l hfac[lci File: 13 A1’1<92B.MCSTRp! t.7 3:43 PM 4/12/92
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MODIS/MCST & Calibration WG Appendix
MCST Interfaces

EOS Project Science Personnel
EOSAM Algoritl~m and Facility Delivery Scl~edLlle

SRI(CMODIS Progra13] Organization
MODIS/SBRCInstrument Information

(;uta~vay and Cross Section
In-orl~it Calibration (capability
Instrument Concerns
Instrument Layouts

MCST Information
Papers and Responses
OL~tlineof MODIS Calibration Handbook
OL~tlinefor MODIS Calibration/ Cl~aracterization Plan
Completed Action Iten~s from October, 1991
MODIS-T Action Items Dropped by MCST
Simulated MODIS Imagery from Landsat TM
Key MCST Algoritl~m Milestones

Requested Feedback from Attendees
MODIS\MCST Calibration 13andbook and Plan

klOIllS (-,]lll)r,]tl[l]l Stat[]s l<cport by MCST (bf(J1)lS Char.lc tcr]z.ltl{)tl Silpp<)rt It>nrn) rAl K at M()[)15 %I{,ntc Tcatn Callhrat]nn Worhlng Crr(J\]p Mct,ting 13 Apfi)2
John 1 II,lrht’r /NASA /(;51 c/9Z5 r“lgc-~1 T,\lk#l MacilLI File 17 AI)K92B MC S1 I{l,tt 7 3 4? PM 4/12/92



Associate [)ire(’[or for 1;(.)S
Dcp~lt y Associatt~ [)ir(’~at[)rfor EC3S/ Resollrces
I’reject Scientist
I)rojcct h4anagcr, 110S (.)l)s(’rva tory I’reject
Depllty I’rojcct Manilgcr, EOS Ol)servatory I’reject
Depl]ty I’reject Mani~gcr, I{eso~lrces, EOS Observatory I’reject
I’rc)jcct Manager, E(3S lnstrilmcnts I’rt)ject
Depllty I’rojcct Mi]ni~g~’r, IZ(ls Installments l’rt)j~)cst
Dcpllty l’reject Manag~’r, R~Jsol]rccs, F;OS Instrilnlents I’reject
I‘rt)ject h4a nager, EOS (;rt)l]nd System and Operatic)ns I’r[)ject
Dep~lty l’reject Manager, EOS Gro~lnd System and Operations Project
DepLlty I’reject Manager, l<eso~lrccs, EOS Gro~lnd System and Operations Project

LI(>I)IS C,]lil~r,ltit~n SI,lILIS I<cp(lrt by kf(~S 1’(h40111S Charact(:ri~atif}n Sllflp(,rt “r~’:lln) TAI K

John L.ll,lrk~>r /NASA/CSFC/925

at M(>I)IS ~icnct: Tct]tn (“’alibr~tion Working Grro{]p Meeting 13 Apfi~2

Page-32 T,Ilk#l Lla(-11[-i [:ilc: 13 APR02B.MCSTRpIt.7 3:43 PM 4/12/92I



EOS AM Instr~~~l~entScience Algorithm and
Science Comp~lting Facility Delivery Sclledllle

I“;cllrllal-y21,1992

Ileliveral>lc—.——.____

sofl\v’lrcandI),lt.1Alanagclllellt I’lan

Science Conlputing I:acility l’lan

Calibration Plan

Software review materials

Software, test data, and documentation

Status reports

hlODIS C,]libra(ion S[,)tus l<(port by LfCST (ML)131S (“bar,lc[crization Slll~p(]rt ‘l’c,]In) TALK

John L. B.lrkcr /NASA /CSi~C/925 I’ag(:-33

Date.——._

~/92

~/q~

6/94
6/95

6/~2
~fg~
~/94

6/95
as needed

6/95
6/96
6/97

annually

launch -36m
launch -24m
launch -12m

monthly

prclinlinary
draft

revision
final

preliminary
draft

revision
final

revisions

draft
revision

final

Version 1
Version 2
Version 3

at LIODIS %-ience T(:arn (’,]libr,~li(~n Working C,rroup Mm~ting 13 Apr92

T,]lk#l hfacllci l’il(~: 13 AI)l<02B.MCSTI{ptt.7 3:43 I’M 4/12/92
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● Maintaining perforlnance against cfiffic[llt reqllirenlents:

● Performance Margin: Bat~ds 31-36 operaling at 881(.

. Ptlrsuing improvements to Ihe Radiative Cooler to red(]ce the operating temperall!re
of the cooled detectors.

“ Investigating changes to improve the transmittance of the LWIR Objective Assembly.

● Ptlrsuing alternative PC detector processes (serpentine detectors, etc.).

● Spectral Band Registraliol~ - Very complex and diffic[[lt series of design and integration
issues.

●

●

●

●

●

●

Matched ho~lsings w/ fid[[cial feat[lres.

Proper tolerances on all assemblies.

Distortion uncertainties.

Tight EFL requirement J0.20/o.

Adlustrnent resolution and locking capability on objectives

Cold Stage shifts with cooldown. No ability for adjustment

I

and FPA’s.

in vacuum.

JLE-17

hlt>IJIS C,llibr,]ti{~n St,~tlls Rep{]rt by MCS’~ (hlL>l)]S Cllar,lclt>rix,ltio]l Sllpporl ‘l’c,In~) TAIK at M(.>1 )1S %i~~ncc “r(~an~C,]lihration Working C.rroup M~,cting 13 Al>r92

J[lhn I.ll,lrkcr /NASA/(~SIC/9Z5 [’a&L?-38 T,~lk#l hfacllci i~ilc: 13 A1’1<92B.MC-Sl-l< lltt.7 3:43 Pkf 4/12/’)2
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EOS Moderate Rcsoll~tion Ilnaging Spcctroradionleter: Pl~ase
C/l> Stat~ls and Col~III~entsf~nCalibration and Gcorcfcrencing
Approacl~es by Vincelqt Salt~nntJnstJITand ,[t)l~nBarker, 15tl~ Annual
A AS Guidance and C{>l~tr~~lConference, IJel>ruary 9-12,1992,
ll~>lllder Colorado.”

MODIS/MCST Calibration/Cl~ aracterization Plan Version 1.0 (13
April 1992)

MODIS/MCST Calibration Handbook Version 1.0 (13 April 1992)

L1ODIS C,llibration SI,lIIIS K(’pf)rt by LICST (kl(~[)lS C1l.]ractt?rizz]til,n S[]pp(jrt ‘T,,lm) IAI.K at M{>l)l!i %i~,ncc Team Calibr,]tion Working Grroup Meeting 13 Apr92

john L.11.~rkt’r /NASA /(; S~C/925 [’a~;(>-dd Ttllkfll Nlacl[(-i l:il(’: 13 A1’R!)2[\,MCUS1’K1) tt.7 ~1:43PM 4/12/92
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MCST Papers ill Progress

Evoltltion of a Snow Cover Algoritl~n~ for tl~c Moderate Resol~ltion
In~aging Spcctron~ctcr-NAIJll{ (MCJ1>IS-N) l~y[leorge Riggs, Dor~]tl~yI-lall,
JcJlnn Barker, and Vincent Sal(JnnI~nstJn, ti~appear in tl~e ‘1992 ASPRS/ACSM
Ct~nvention Procee~iings, A~lgllst 1992, Wasl~ington, D.C.

I

4

I

MODIS C.]libr.lti{)ll St.]tus I<tporl by MCST (M(>[)IS Charactcrizaiit)ll Sufll~{Jrt T(,am) TAI,K

j(~hrl I ll,lrk~’r /N ASA/(;Sl:C/925

at M(>l)IS ~it~nce Team Calibration Working C,rroup Meeting 13 Apfi2

I’(lg{’-’15 T,]lk#l Macll,i [’ilc: 13 APK92B,MCSTRptt.7 3:43 PM 4/12/92



MODIS Calibration/ Characterization Plan

2 I’rc-l,aunch Calibratic)ll /Cllaraclcrizcl lit)]l Klctl]t)lit)l{)gy
~, ] Objectives /Rationale
2.2 Radiometric Calibration
2.2.1 Absol~]te Calibration
2.2.2 Relative Calibration
2.3 Geometric Characterizatiol~
2.4 Spectral Characterization

3 lnstrill,,. ill Cross-Calibration
3.1 Pre-I.aunch Cross-Calibration

3.1.1 Cross-Calibration Among h4[)l>lS instruments
3.1.2 Cross-Calibration Belrveel~ hlO1)lS and Other lnstr~]mcnts
3.2 In-Orbit Cross-Calibration
3.2.1 Cross-Sensor/ Within I’la tform

3.2.2 Cross-Platform / Ami~ng Sens(>rs

3.2.3 Target Related /Aircraft

I

4 Transfer of Calibration /Characterization from Pre-I,aunch to In-Orbit ~lsing ~n-~oard Calibrators
I 4.1 Objectives/Rationale
I 4.2 Radiometric Calibration

I 4.3 Geometric Characterization

I 4.4 Spectral Cll;lrilcterizLltifJ1l

I
t
I



8 (Official MODIS/MCST Calibration AlgI}ri[l]]l~
8.1 Objectives/Rationale
8.2 Minimization of Instrtlment Systematic Noise S(~~lrcc’s
8.3 MCST Calibration Flow

g MO~IS/~fcST Calibration Al~oril]~m Va]idalion and Upgrade

9.1 Algorithm Correction for Systematic Errors

9.2 Inclllsion of ItI-Orbit Calil)ration Information
9.3 Creation of Calibration Ilrror Images

10 I]efinitions and References
10.1 Data Dictionary/Glossary
10.2 Acronyms
10.3 Adtji[ional I<cfcrcnct:s





hlO[)lS Calil)rtlti{)n Sl,]tlls I{cport by MCS’I’ (N1(>[}[S Chdractc:ri~ati{JnSil\>\~{)rtIt’am) TAI.K at MOIJIS %ic~n(-cTeam C<llibratit)n W<)rking Crr[)up Meeting 13Apr92

John l..Ilark,r /NASA/(;Sl:C/925 [’a~c49 Talk#l Llacllci Iilc: 13A1’R92D.MCSTR~>tt.7 3:431’M 4/12/92



Objectives /Approacl~

Intl”()(illc[i()n:

‘1’hc IIIC{]IOLi (iescril~c~i l>elolv is an at(enlp( to sim~]la[c tile near na~iir
spa[ial rcsoluti{)n of the h1(3i)lS-N ins[rilmcnt using I.ANi>SA’i’‘1’hl(1(;’1”-171’da[a.

i)cscription:
‘1’he 28.5111 ‘l”hfCiata are spaiially fil[ere(i 10 prodl]ce Moi)lS-N resolution

Ciata. ‘l-he spatial fil(ering is perfornlc~i in Ihe l’rcquency d(~main f(}r
efl’i[:iency dlJe [0 lhe large dimcnsi(~n 01”the filter re(]l]ired to go from
28.5 to 250t meters. l-he 28.5 meter “I’Mdata at-e f{)l~vard IJourier transformed,
nl{ll tiplied by (hc transfer fllnclion 01”an appropriate Gallssian blllr filter and
the resultant image is inverse l;out-ier transformed. ~’his was done using
I)V-Wave on the Silicon Graphics 4[)3 10-VGX 11{1SI)(~wcrSerics workstation. The
f(~llo~ving table shows the TM and MOl)lS-N bands used. All TM bands have 28.5m
resolution except band 6 which is a 120m resolution band.

‘1’M Illand I (corresponding MO1>IS-N Iland
l~and I.ocation I
# (urn) I # Band I,oca(ion (urn) Spatial Resolution (m)

__________________________________________________________

1 ().45-0.52 I 3 0.470 +/- 0.005
2 ().52-0.60 I 4 0.555 +/- 0.005
3 ().63-().69 I 1 0.659 +/- 0.()()5

I 4 0.76-0.90 I 2 0.865 +/- 0.005
5 1.55-1.75 I 6 1.640 +/- 0.()()8

1 6 10.40-12.50 I 31 11.030 +/- 0.055
1
I

7 2.08-2.35 I 7 2.130 +/- ().010

500
500”
250
250
500
1000
500”

.It Ll( )1)1S&i(,t~c-~*‘[(,,IIn (’,illllr,]tlt)n \V[)rking C,rrt)ll[~ Meeting 13Af~r<)2

T,Ilk#l Nl:]cll(i I’Ilt!: 13AI’1{9211hlCSTRptt.7 3:43 I’M 4/12/92



l)V \Vavc rotltincs:

d = l)[s’1”(111)/’ln
filler -: CX13( 2“(l>i)A2k(ll)A2’A(~

\vllere

m = {he si7.e in pixels 01” the in

/’28.5)A2)

age,
28.5 = the res[~l~]tion of (llc inpu~ image in meters,
n is a fil[ering factor to lnatch the MOIJIS hl’l’l; at [he
Nyq~]ist- frcq~lency.
n= 123.5 for 250nl, 247.() for 500n1,” and 494.() for 1()()()m,

and
I>]s>ris a function [l~at produces a mxm floating point
array, in which:

rcsult(i,j) = sqrt(I:(i)A2 + F(j)A2)
where,

F(x) = x if O <= x <= nl/2
or

F(x) = x11- x if x > nl/2

3) A forward l~ast Fourier “1’ransform (1;171’)was then applied to the
nxn image array to convert the image from the TM spatial domain to the
TM frequency domain. This created an array in complex format, fftimg.

fftimg = I:FT(img2,-1 )

4) ‘1’he MO1)IS Ircqt]ency d(~n~ain ilnagc, ft, is treated by mllltiplying



7) ‘1’his floating point inlaj;c was Il]en Convcr[cd l’rotn ‘I”M dynamic

rat]ge 10 a 12bit N1(II)IS dynan~ic ranj;c. Spectral ra(iiance was used [0 convert

‘1’hl imagery in[o MO1>IS imagery by converting ‘1’N1dif;ilal vallles ((~cal) into

spectra] radiance t]sing ~!(]l]ati(~ns J“rom Markhalrt aI]d l;arker, 1986. “1’he data were

m~~lt iplied by (he ratio of Mf)lllS l.(’l(~~]d [o ‘I’M I,solar in order to acco~]nt for

dii”ferenccs in MODIS and “I’M balldwiths. “1’hen the dala were scaled to 12 bit

val[les in the range 32-368 (i.

8) This resulting image o& 250m MOI>IS-N pixels was still a
2500x2500 oversarnpled array. The image was then reduced using a nearest
neighbor resampling to 285x285 pixels for the 250m images, and finally saved
as 16bit integers in an unformatted dataset.

I
!

MODIS Calibrating Statl]s I<cpf)rt LIyNICSI (L4C)L)ISCharact(!rization Sllppf)rt T{,am) TAI,K at MODIS kit~nce Team C~lit>r;]ti{m Wt~rking Crroup Mct>ting 13Apr92

John 1,.llarkcr /NASA/CRSFC/92S Pas{:-52 T,]lk#l bla(llci Iile: 13A1’1<92[\.MCSIR[> tt.7 3:43 PM 4/12/92



Siln~~lated MODIS Ilnagery

Procedllres for Accessi~lg

$OV

Welct)me L()II]L!N4t)l~lS ~l~ilr:l~-[~’]izc]lioll s~]}l})~~rl “1’{’(1111(NI(’S’1’)

at NA5A/(;{~~l~lar(l S~JaL’Cl;ligh[ (’(’1~1~’r,(;r~’~’l]l~(!ll,Ml)

220 high~viru flp server rcLldy
[Jserr: IIIIl~IlyI~I(IIIS
331 Guest login ok, send idel~t as passwt~rli.
Password: ZIsc@/~Ost
230 Guest login ok, access restrictions apply.
Remote system type is UNIX
Using binary mode [o lransfer files.

from a Macintosh:
I suggest using a utility like Fetch or Xfcr-it or the BYU version of NCSA Telnet which allows anonymous ftp

from a PC:
?

MODIS Calibra!i{)n Status Rcp{)rt by MCST (MODIS Charactcrizatit}n S~]ppt,rt T{’,]m) TA1 K at MO[)IS %-ii>nccTeam Ccllibrati[)n Working Crr[)up Meeting 13Apr92

John L.Barker /NASA /C;Sl~C/925 I’agc-53 T,}lk#l Macllci Fil(’: 13A1’R9211.MCSTRp[t.7 3:43 PM 4/12/’)2



Sirnl~lated MODIS Imagery

‘{, 1 1 –R /\]:;r./])(:[)[,l{)/ft [~/[)l]t)/rno(ji:;

t:()(”c~l 597
–rw_r-–r_– 1 ),l]r[:l Ii:; (!t ;?[\(J’ loo” tlov 2’) 10: l!)
--lw–r––r–– 1 t)(lr e I IIsc:r ‘\4”/l 1’(1) 1 1 [):11
.~w_r––l-_– 1 bllrel llsE~I 31 “71 I“c’b 1 18:42
_~~_~__~–– 1 b{]rel llse~ ‘\91 O Apr 9 11:49
(lrw:<r–xr–x 2 k]l~rel I]ser 512 Apr 9 11:55
(Irwxr–xr–x 2 burel user 1024 A~)r 9 14:15
[~rwxr–xr-x 2 burel Ilscr 512 A[)r 9 11 :4-)
(irwxr–xr–x 2 burel ~]ser 512 Apr 9 11:44
_r~J–r–--r–– 1 burel llser- !]040 Feb 1 18:11

PTA!;.’)] 6;{400. imcj
I’I{O(:I:I)[J[?E

L’[{OCLCDURE. cc:t[)L
I’I{OCFr)[JRE. cctpt . rev Ol
cal site select/
cF1e~nobyl/
cl.olIc~ sire/
kennedy/
mociis sire. pro

/LISr/peOEl].e/ftp/pUb/nlodiS/cal site select:
total 25874

—

–rw–r––r–– 1 burel I]ser 132472S6 Apr 9 11:55 avllrr.mask .4587x2888



1“) jll[]. (:1]3.250m.128. i
13 j\]I~.ct~4.250111.128.i
24may. ct]3.250m.128. i
24may. cl~4.250m.128. i
29apr. cl~l.500m.64. i
29a~>r- .cl12.500m.64. i
29a[Jr- .ct]3.250m. 128. i
29a[~l . ct~4.250m.128. i
29~l[Jr .(-,115.500m.64. i
29a[Jr. {;116. looOm.32. i”
29aIJr . [:}17.500m. 64. i
2tlf~(; .{:tl”) .2!)om. J28. i
2fi[?(: .cl~4.250rn.128. i
31may. (:h3.250m.128. i
31may. c}]4.250m.128. i
6]l]r~. ch3.250m.128. i
6jun. ch4.250m.128. i

/ll:jr/ ~Oe(>~>le/ft. p/iJ\ll> /mtl(ii:s/cl(J\ Iti s illl:
total 491
–~~–r--r_– 1 burel l]ser- 8336 E’eb 11 L4 :4-7 cloud .img.285. i.Z
_~.J-r--r -- 1 burel user 121032 Feb 2 09:22 cloud s. b3.250m.246. i
–r~_r-_r_– 1 burel user 121032 Feb 2 09:22 clouds .b4.250m.246. i

/usr/peopl e/ ftp/pub/mod js/kennedy:
total 12-?5
–~~-r--r–- 1 burel user 1-79 E’eb 25 11:1-) 21aug82.README
_rw–r ----- 1 burel user 162450 E’eb 25 09:48 21aug82.modi sl.285.int
_r-~–~-_~__ 1 burel user 162450 Feb 25 09:48 21aug82.modis2 .285.int
–rw-r-–r–– 1 burel user 803 Feb 2 09:22 kennedy.hdr
–r~–r--r–_ 1 burel l]ser 162450 Feb 1 18:41 kennedy.modisl .285.int
–r~–r_–r-_ 1. burel user 162450 Feb 1 18:41 kennedy .modis2.285.int
%



‘1.

2.

3.

4.

5.

Completed Action Items for MCST
froln October 1991. Meeti~~gs

I’r(Jvide general distrilolltion (lf tile l<espo~lsc to (;I1 I’latf(Jrm Questionnaire
Llefore another version goes (>11t to GE.

T<clcase Version 1 of tl~e M(lIJIS/MCST C;llilOr:]tiol~/Cl~aracterizati(>n Plan April
1992 at the next MO[>IS Science I’eam meeting.

Release Version 1 of the MO[]IS Calibration I Iandbook to the 5th EOS Reflected
Solar Panel A of the Calibration/Validation Panel meeting in Boulder, Colorado,
April 1992.

Devise a materials test program for the Russian opal material (a possible solar
diffuser material). Material deemed unuseable due to its hydroscopic nature.

Provide spectral passband information on MODIS-N/T and SBRC documents
from Jim Young (preliminary Calibration Plan) for Hugh Kieffer.

L1[JIJIS C,]liilr,~ti{~nSt,~tt]sI+(p{)rt ljy MCST (McJ[>IS Ch,lra,tcrizati,)rl Si]ppt)rt T[,]m) TAI K at MOI)IS %icncc T(.,]m Calit)rati{]n Wf>rking C.rroup Meeting 13Apr92

John 1,.I),lrkt-r /NASA /(; Sl’C/925 r’.lg(’-56 T,]lk#l M,~(-llc-il’il~>:13Al)[{92B.MCSTRptt.7 3:43 [’M 4/12/92



Co~npleted Actio~~ Items for MCST
froln October 1991 Meeti~~gs (col~[il~ued)

8. Carol Bruegge requests updates on M(JIIIS-N /T crf)ss-calil?ra tion questionnaires.

9 With Stewart Biggar - design a Kaleidagraph spreadsheet to demonstrate
sensitivity of sphere thru-put to sn?all changes in spere efficiency (for MODIS-T
calibration discussion).

htO[)lS C’llihrt](i(~n St,]tlls R{!p{)rtby MCISr (LfODIS Ch,]ra,-t,,rizatit)l] Sl][>}l(,rt ‘1’{,im)TA1,K at MOI>IS Scienc-cTc~,]mCalibrati~m Working Crr(]llp Meeting 13Apr92

John l..~ark,’r /NASA /[; S1’C/925 I’cIgc-57 T,]lklll Lfacllci l’ih’: 13Al) R92B.M<STl<ptt.7 3:43 I’M 4/12/’)2



Actiol~ ltelns Dropped by MCST
froln October 1991 Meeti~~gs

1. Prepare Doctlments Expected from MODIS-T by expected delivery dates for the
final plans, which are contractually due at PDI< about October 23,1992, and
all~~willg 60 days prior to 1’DI< ft~r;ovcrnn~ent review. (John Barker)

2. Pass the MODIS end-to-end model development by the current manager for
Code 70(1 (Bill Stabnow), in order to determine if this is still the general
consensus regarding the end-to-end modelling efforts. (John Barker)



Key MCST Algoritl~~~IMilestones

I MCST Algorithnl Deliveries

J\llle 1995 Versit)n () Algt)ritlll~ls ft)r MS[15r Test ~lnd [>elivery

J Ilne 1995 Version 1 Algoritl~ms to MSDST
January 1996 Version 1 A1goritl~ms f~~rMSDST Integration
J~lne 1996 Version 1 Algoritl~ms for MSDST Test and Delivery

JU1lC 1996 ECS Version 1 Delivery

October 1996 Version 2 Algoritl~ms to MSDST
April 1997 Version 2 Algoritl~ms for MSDST Integration

June 1997 Version 2 Algoritl~ms for MSDST Test and Delivery
June 1997 End-to-End Software Test
June 1997 ECS Version 2 Delivery

January 1998 Post-I.auncl~ Algorit}~m Development

June 1998 Launch of EOS-AM Platfor~n
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Input

EOS Plalform Ancillary
Data
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Iity

GSFC / EC!

MODIS CF

EDOS / WS
I

I
I

WVA I LevelO I

I TL 11ST I
.

—

r-cMODIS-N
Engineering Model

MODIS-N
SBRC, HAC t LA, GE I VF, VanAFB

PF 1
I F1 I

Continuous Data Flow

Periodic Data Flow

hl(~DIS Calibration Stailis Rc,p{)rtby hfC’ST (MO1)lS Cl]ar,lt-t(,rizati(jn S{]\>[~ort‘1’~~an])TAI,K at Mc31)IS %icncc “1’t,t]n]C’llibratit)n Wt)rking Crro~]}~M(’(,ting 13Apr!}2

John I..Barkcr /NASA/CSl’C/925 [’ilg(’() I T,llk# 1 Nla,llci [:llt~: 1IAI’1<[1211M(’S11<])(!.7 3:43 I’M 4/12/92



Transcievers

I EOS-AM1 I

MODIS-PM1

~
Fligtlt Model

EOS-PM1

Facility I

lDownlink: lma~ery and/or “Telemetry (All or Selected)!Uplink: Commands

I’ll

I
Ku s Direct
SMA high

Ground
Landsat-type

TDRSS Ground

Station
Ground
Station

Station

—

EDOS / WS

~ Continuous Data Flow

- Periodic Data Flow

N1OI)IS C:,librali(}n St~tl]s Rt?pt)rtt)y MCSr (L1OI)IS (’h,}r,,[ t,ri/ati(Jr~ Slip}>,)rt ‘[<:,1111)‘1’A1.K ;]t ML)I )1S& i(~ll(c “1’(’,}rll(’tllitlr.~ti[]n Wt)rkillg C.rroup M{’<’ting 13Apr92

John 1,.[larkcr /NASA/GSFC/925 l’agt’f)2 ‘[,]lklll Ll,lc-ll(i I’IIL*: llA1’R[~2[l.MCSl Kfltt.7 3:43 [’NI 4/12/92
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Instruments

Communication Links for
MODIS Sceneries

EOS-AM1 EOS-PM1

I 6ufferfiaDe

Uplink Commands lDownlink Imaaerv andjor Telemetrv (All or Selected)

X Dlrea X I D/rem

Transcievers TDRSS &+,

$ hlgn

I 1

Facility I

GSFC [ ECS

MODIS CF

SBRC

EDOS / WS
I

WVA I Level o

EOC

MCST
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1 Introduction

1.1 MODIS/MCST Calibration/Charactenzahon Plan Objectives

MCST will evaluate, integrate, and update calibration plans and related information for pre-
launch and in-orbit phases of tie MODIS mission. Vendor calibration information will be included
by reference in the MCST documentation. These plans will be reviewed by the MODIS dibration
review committee, and will be included in the MODIS calibration plans to be delivered to EOSDIS.
Updated versions of MCST’s Calibration/Characterization Plan will, in general, be available at the
times of the MODIS Scienee Team mmdngs.

MCST will be the primary source of information on the MODIS instrument for the many
science data users who will need instrument characterization and calibration information. This
document is intended to provide a thorough discussion of the plans for pre-launch and in-orbit
radiometric calibration, spectral characterization, and geometric characterization of the MODIS
instrument. References to other published literature are included when possible. A list of helpful
acronyms follows the technical sections. Administrative information, including schedule
information and related organizations and responsibilities, may be obtained in the MODIS/MCST
Calibration Management Plan.

1.2 Document Overview

Chapter 1 discusses the h40DIS/MCST Calibration/Characterization Plan Objectives and
provides an overview of all chapters.

Chapfer 2 describes the pre-launch calibration and characterization methodologies. The
MODIS-N Preliminam Calibration Management Plan provided by Hughes Santa Barbara Research
Center (SBRC) and dated September 17, 1991, is the primary source of information for this
chapter.

Ckpfer 3 contains information on cross-calibration plans, MODIS instruments will be
compared to one another and to other instruments with comparable fields-of-view and spectral
coverage. These comparisons will enhance the calibration data base and provide a more thorough
understanding of instrument performance. Other sensors whose output will be compared to the
MODIS instruments include AIRS, ASTER, EOSP, MISR and SeaWiFS on the EOS Platfoms;
and the Landsat Thematic Mapper.

Chapter 4 discusses the transfer of calibration and characterization from pre-launch to in-orbit
phases using the on-board calibrators. Historically, this transition has been among the least well-
understood aspects of the calibration process. The MODIS instrument utilizes a
Spectroradiometric Calibration Assembly (SRCA) to transfer calibrations and characterizations
between pre-launch and in-orbit states. Once in orbit, the solar diffuser is intended to provide the
primary relative and absolute radiomernc calibration.

Chapter 5 describes the in-orbit radiometric calibration and characterization methodologies.
Discussed here are the instrument-based methods using the calibrators noted in Chapter 4; target-
based methods, including the use of ground targets and ocean phenomena to achieve a calibration;
and image-related methods including radiometric rtitiflcation and class-specific scene equalization
techniques.

Chapter 6 contains information on in-orbit gametric characterization,
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C@~er 7 describes in-orbit spectral characterization.

Ch.upter 8 discusses the official MODIS calibration algorithm.

Chupter 9 provides a strategy for the MODIS calibration algontim validation and upgrade. In
order to provide a reliable model for MODIS behavior throughout the 15 year life of the EOS
mission, the calibration algorithms and their associated error functions will be routinely examined
to determine when, and if, changes are desiable in the official calibration algorithms.

Cbpter 10 includes a list of acronyms, definitions, and references appropriate to the topics
considered.

1.3 Applicable Documents

Documents which mntain pertinent information relative to this MODIS/MCST Calibration Plan
include, but are not limited to the following, some of which are still in planning stages:

1)

2)

3)
4)
5)
6)
7)
8)

1.4

Earth Observing System (EOS) Project Calibration Plan, 29 July 1989, GSFC 420-0
3-01

Earth Observing System (EOS) Projmt Cotilguration Management Plan, GSFC 420-
02-02

1990 Reference Handbook, EOS
MODIS Calibration h4anagement Plan from SBRC
MODIS Verification Plan from SBRC
MODIS Calibration Data Bwks for each instrument from SBRC
MCST Interface Control Document with SBRC
MODIS Calibration Handbook from MCST

Overview of Instrument Design

MODIS–N is an imaging scanning spectro-radiometer. It views the Earth from an orbit

of 705 km. and continually scans across its nearly polar orbit through the nadir to ~55°. The

instrument measures the at–satellite radiance in 36 bands from 0.408 pm to 14.385 pm. The
footprint of the detectors varies from 0.25 km. (2 bands) to 0.5 km. (5 bands) to 1 km. (29
bands).

The spectroradiometer itself is a 2–mirror off–axis Gregorian design. Radiation from
the Earth passes through dichroic beamsplitters which reflect/transmit the light onto four focal
planes. Discrete interference falters over the detectors provide the higher spectral resolution.

1.5 Single Official Calibration Algorithm

It is the responsibility of the MCST, together with review by the MODIS science team, to select
a single calibration algorithm which will be used as the official calibration algorithm for producing
Level- lB products (radiance images). This algorithm may be selected from various methods,
although early versions will depend heavily on the internal instrument methodology provided by the
vendor. This algorithm will change with time as understanding of the instrument, data
characterization, and calibration methods improve.

1.6 Multiple Parallel Approaches
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In order to have confidence that the required precision and accuracy have been met, several
independent methods will be used in parallel. In addition to the pre-launch calibrations and
characterizations, there will be in-orbit (on-board) calibrations routinely using the SRCA and a
solar diffuser. Occasionally lunar images, as well as in-orbit ground truth calibrations using
reflectance and radiance based methods (both on-ground and aircraft) will be used. The primary
purpose of these multiple pathways is to obtain, through independent means, a “calibration table”
which can be used to convert instrument quantized DNs (digital numbers) to radiance on a routine
basis (the MODIS/MCST calibration algorithm) and to be able to quantitatively assess both its
precision and its accuracry.

1.7 Radiometric Math Model Development

The conmactor (Hughes/SBRC) will develop and transfer to MCST a mathematical model of
critical components of each MODIS instrument to allow performance prediction, uncertainty
modeling, environmental sensitivity studies, and degradation and failure analyses. The
characterization of the MODIS subcomponents will be of sufficient accuracy to allow meaningful
analyses to be performed with this model, thus this guideline defines the subcomponent calibration
specifications. Initially, reports will be produced by SBRC to d~ument analyses and the impact
of the code on instrument characterization. The radiometric math models may be a coherent set of
indivdual models or software packages. After in-orbit checkout, hlCST will take over the routine
monitoring of the MODIS performance, which will include using these math models, especially to
understand changes in performance both within and among MODIS instruments.

1.8 Comprehensive Documentation Trail

The contractor (Hughes/SBRC) will provide system-level calibrations (radiometric, geometric,
and spectral) which are traceable through documentations of data, procedures, and data analysis
techniques, and the contractor will radiometrically calibrate to a set of physical units as expressed
in the Systeme International (S1) set of units. In addition, the contractor will adhere to a common
set of calibration terminologies, as sanctioned by the EOS Calibration Advisory Panel. These will
be supplemented, as needed, for clarification or instrument-specific procedures.

●
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2 Pre-Launch Calibration/Characterization Methodologies

2.1 Objectives/Rationale

Prior to launch, the MODIS instrument shall undergo radiometric, geometric, and spectral
calibrations. These values will be compared with on-orbit results to obtain a measure of
performance of the MODIS sensor over time. In addition, the instrument shall be well-
characterized before launch for properties including, but not limited to, linearity, signal-to-noise
ratio, coherent noise, scan modulation, and band-to-band stability. The Modulation Transfer
Function (MTF) will be measured along-track and across-track. Spectral band shapes and out-of-
band responses will be measured. The Bansient response, including rise time and overshoot or
undershoot, will be tested. Polarization sensitivity will be measured. The spectral band
registration along-track and across-track will be measured. Most of these tests will be performed
under both ambient and vacuum conditions. A total of 29 different types of ch-ctenzation tests
are currently planned.

As part of EOS calibration planning, MODIS and all EOSAM and EOSPM observatory
instruments will be cross-calibrated using a common known source and/or a traveling standard
radiometer. These activities are in the early planning stages.

The primary source of information for this section comes from the Prelimin~ Calibration
Management Plan for the MODIS instrument provided by Hughes/SBRC, the prime MODIS
contractor.

2.2 Radiomernc Calibration MODIS Preliminary Calibran “on Manage ment Plan.
Hughes Santa Barbara Research Center, September, 1991

Pre-launch radiometric calibration of the MODIS Instrument and the On-Board Calibrators will
be performed. For the solar reflective bands of MODIS below 3000 nm, an absolute one sigma
accuracy of 5% is required, with a 270 reflectance calibration requirement relative to the Sun, once
in orbit. For the thermal emissive bands above 3000 nm , this requirement is l~o, one sigma.

2.2.1 Absolute Calibration

Source-based ctiibration techniques, with sources traceable to NIST primary standards, will be
used to perform the pre-launch calibration of MODIS. A spherical integrating source (S1S) will be
used for the VIS, NIR, and SWIR bands, and a full-aperture blackbody will be used for the
MWIR and LWIR bands. These measurements express digitized output as a function of input
radiance. The repeatability in the measurements constitutes their precision, while the deviation of
the results horn a true value is the calibration accuracy.

2.2.2 Relative Calibration

The pre-launch absolute calibration of MODIS is the first data point in the MODIS calibration
history. Subsequent calibrations will enable assessment of sensor performance as a function of
time, allowing a relative calibration history to be documented. Relative comparisons are also
performed by ratioing the output of one sensor band to another, or comparing the outputs of
different detectors within a band.

2.3 Geomernc Characterization

The pointing accuracy of MODIS will be sufficient to locate any pixel on the Earth’s surface to
within L 0.5 times the length or width of the pixel, Registration of pixels to 0.1 pixel or better
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will be made, but a pointing knowledge of 30 arc seconds and alignment changes of 60 arc
seconds will reduce the overall pointing knowledge to 0.5 pixels.

2.4 Spectral Characterization

Pre-launch spectral characterization of the MODIS instrument will based on relative spec~al
response measurements made with a grating monochromator coupled to the MODIS calibrator.
Auuracy of this test device will be traceable to NIST silicon photodiode reference detectom for the
VIS and NIR, and to Naval Ocean Systems Center (NOSC) for reference pyroelectric or
thermocouple detectors.

3 Instrument Cross-Calibration

3.1 Pre-Launch Cross-Calibration
3.1.1 Cross-Calibration Among MODIS hstruments

The radiometric calibrations of different MODIS instruments will be compared. Cross-
calibrations will occur between MODIS instruments on morning and afternoon platforms; and
between MODIS instruments on different EOS platforms. Plans for these activities are currently
under considerauon. A standad radometer may be used to Gansfer calibrations among integrating
sphere sources.

3.1.2 Cross-Calibration Between MODIS and Other Instruments

MODIS shall be inter-compared after integration with all other optical instruments operating in
the same spectral regions (e.g. ASTER, MISR, AIRS, SeaWiFS, and also with HIRIS for the C
platform) using a single source. A cross-calibration between MODIS sensors and the Landsat
Thematic Mapper will also be performed.

In-Orbit Cross-Calibration
;:;.1 Cross-Sensor/Within Platform Phil Slater et al,, University of

Arizona; Doug Hoyt, RDC
Inb-oduction

Several passive remote sensors using visible radiation are planned for the EOS–A platform.
Each instrument will be independently calibrated. After corrections for differences in footprint
size, spectral reso~ution, and pointspread functions are made, the radiances measured by the
separate should agree to within their stated accuracies. If they do agree, it tells us that any biases,
whether the bias is zero or not, are the same. If they do not agree, an opportunity exists to
investigate the reasons for the disagreements. The more instruments that agree, the more
confidence we can have that correct measurements are being made. Potential comparison
instrument include MODIS (am) to MODIS (pm), AIRS, ASTER, EOSP, and MISR. Several of
these potential configurations are discussed below.

AIRS (Atmospheric Infrared Sounder) has a 56 km. nadir footprint with five channels in the
visible region from 0.4 to 1.1 microns. Inter+ ompanson to MODIS will consist of combining
many MODIS pixels, weighted by the AIRS pointspread function, to form an image like a single
AIRS pixel. Because MODIS also appears to have better spectral resolution in the visible, several
appropriately weighted MODIS bands will be rquired to match the ARS resolution. Comparison
of many hundreds of AIRS pixels with MODIS simulated AIRS pixels should give a reasonable
indication of the amount of agreement.

Both AIRS and MODIS also make thermal infrared measurements which allow comparisons to
be made. At each thermal wavelength, contributions are coming horn all layers of the atmosphere
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and the surface usually expressed through atmospheric weighting functions. If the two
instruments do not have similar bandpasses, the comparison is made difficult since the same layers
of the atmosphere are not sampled equally. It is likely that radiances in the thermal bands for these
two instruments will not be compamd directly, but a derived geophysical parameter such as sea
surface temperature will be used for the inter<omparison. The thermal cross-caliti~tion technique
for this pair of instruments and for other pairs of instruments is a topic requiring ftiher study.

ASTER (Advanced Spaceborne Thermal Emission and Reflection) has a 30 meter nadir
footprint and one near infrared band from 850 to 920 nm. Since MODIS–N has bands centered at
865 and 905 nm an inter--comparison is possible using appropriate weights or filter factors for the
two instruments. Spatially the MODIS–N pixel can be simulated by summing up the ASTER
pixels using the MODIS–N pointspread function as the weighting function. Inter-comparisons in
the thermal infrared are also possible for these two instruments.

EOSP (Earth Observing Scanning Polarimeter) has a 10 km. nadir footprint and several
spectral bands in the visible region, MODIS–N radiances can be spatially re–mapped, using the
EOSP pointspread function, and spectrally re–mapped, using the EOSP filter transmission
functions, to match the EOSP radiance observations.

MISR (Multi–angle Imaging Spectro-radiometer) has four viewing angles which can be
duplicated by MODIS-N. Four other MISR viewing angles cannot be matched by MODIS–N.
MISR has spectral bands centered at 440 and 860 nm which are closely matched by MODIS-N
bands at 443 and 865 nm. The wavelength resolution for MISR is not available, but probably is
less than MODIS–N. By spectrally re–mapping MODIS–N and spatia~y re–mapping MISR, a
matching image for the two instruments appears possible which will allow them to be inter–
compared.

One method for the cross-calibration of different instruments on the same platform is identical
to that used by the University of Arizona for the calibration of AVHRR with respect to TM, It
should be emphasized that cross-calibration of instruments on the same platform eliminates
uncertainties associated with different illumination and viewing geometies.

The University of Arizona group plans to make in-orbit calibrations of high spatial resolution
EOS sensors such as ASTER (and HIRIS for the C platform) using a reflectmce-based method
which references a well characterized ground site such as White Sands [1]. MODIS in-orbit
calibration with reference to a ground site shall be done with a method similar to its AVHRR work
[2].

The University of Arimna group has found that the responsiveness of channels 1 and 2 of the
AVHRRS on NOAA-9 and -10 has degraded significantly since launch [2]. The group has refined
its reflectance-based method and applied the refinements to its TM calibrations [3]. The group has
also developed a refinement to its reflectance-based method which uses measurements of the
diffuse and total irradiance at the surface [4].

The University of Arizona group is currently and analyzing channels 1 and 2 of the AVHRR on
hTOAA- 11. Preliminary investigations show degradation of approximately 5 and 15 percent in
channels 1 and 2.

The University of Arizona group plans to continue with this type of work with future AVHRR
and follow-on sensors and a MODIS simulator if it becomes available. The group plans to refine
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its methods to include the use of a field SWIR spectrometer, a solar radiometer designed to
measure total column water vapor, and an imaging solar radiometer which will be used to study the
solar aureole. The aurale is a sensitive indicator of aerosol scattering and the group hopes to
improve its knowldge of tie scattering phase function with this future instrument.

~eferencu

[1] Slater, P. N., S.F. Biggar, R.G. Helm, R.D. Jackson, Y. Mao, M.S. Moran, J.M. Palmer,
and B. Yuan, 1987. Reflectance- and radiance-based methods for the in-flight absolute calibration
of multi-spectral sensors, Rem. Sens. of Environ., 22, 11-37.
[2] Teillet, P. M., P.N. Slater, Y. Mao, B. Yuan, R.J. Bartell, S.F. Biggar, R.P. Santer, R.D
Jackson, and M,S. Moran, 1988. Absolute radiometric calibration of the NOAA AVHRR sensors,
Proc. SPIE, Vol. 924, Recent Advances in Sensors, Radiometry, and Data Processing for Remote
Sensing, 196-207.
[3] Hart, Q. J., “Refinements to the reflectance-based absolute radiometric calibrations of the
Landsat-5 Thematic Mapper,” Proc. SPIE, in press (1991).
[4] Biggar, S. F., Santer, R. P., and Slater, P. N., “Irradiance-based calibration of imaging
sensors,” Proc. IGARRS 90 Vol. 1, pp. 507-510 (1990).

3.2.2 Cross-PlatfotiAmong Sensors

The University of Arizona group has investigated the calibration of a low spatial resolution
imaging sensor by reference to a higher resolution “calibrated” sensor [1,2]. This work has been
funded under a NASA grant and is ongoing. The AVHRR sensors on the NOAA 9, 10, and 11
satellites have been calibrated with reference to the Thematic Mapper (TM) and Systeme Probatoire
d’Observation de la Terre (SPOT) HRV cameras. The high resolution sensor is calibrated with
reference to a ground site such as White Sands, New Mexico. This calibration is normally done
using a ground reflectance-based method. Pixels from a high resolution calibrated image (taken
nearly coincident with the low resolution image) are spatially registered and then are aggregated to
the spatial resolution of the AVHRR image. Corrections are made for sensor spectral response
differences and for the ground target bidirectional reflectance factor (BRF) if the sensor acquisition
geometies are significantly different. The ground reflectance is determined from the calibrated
high resolution image [3]. Spatially uniform areas on a scale of multiple low resolution pixels are
used in a reflectance-based method to determine the calibration of the AVHRR sensor. The
atmospheric correction is normally done using spectral optical properties measured from the
ground at the target site during the high resolution image acquisition.

References

[1] Teillet, P. M., P.N. Slater, Y. Mao, B. Yuan, R.J. Bartell, S.F, Bigga, R.P. Santer, R.D
Jackson, and M.S. Moran, 1988. Absolute radiometric calibration of the NOAA AVHRR sensors,
Proc. SPIE, Vol. 924, Recent Advances in Sensors, Radiometry, and Data Processing for Remote
Sensing, 196-207.
[2] Che, N., Grant, B. G., Flittner, D. E., Biggar, S.F., Slater, P. N., Jackson, R. D., and Moran,
M. S., “Results of Calibrations of the NOAA-11 AVHRR made by reference to calibrated SPOT
Imagery at White Sands, New Mexico, “Proc. SPIE, in press (1991).
[3] Helms, R. G., M.S. Moran, R.D. Jackson, P.N. Slater, B. Yuan, and S.F. Biggar, 1989.
Surface Reflectance Factor Retrieval from Thematic Mapper Data, Rem. Sens. of Environ., 27,
47-57.
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3.2.3 Target related/aircraft Peter Abel, Code 920, GSFC, Greenbelt,
MD 20770

Jntroducti “on

Satellite radiometer observing the Earth in the visible and near infrared (visnir) spectrum c400
to 1100 nm) have usually suffered significant losses in gain while in orbit. For example,
Advanced Very High Resolution Radiometer (AVHRR) visnir channels have shown gain loss rates
ranging from 7% per year (NOAA-9) [1] to nearly zero (NOAA-6), and CZCS results for the four
years after launch indicate that degradation is more rapid at shorter wavelengths (average
degradation rate of 7% per annum for Channel 1 at 443 nm, falling to less than 1% per annum for
Channels 3 and 5, at 550 and 670 nm respectively [2]). A primary objective of aircraft studies is
therefore to measure the absolute gain of the MODIS visnir channels and their rate of change in
orbit. Based on results from other satellite sensors, it would be necessary to collect such
measurements at least twice a year (more frequently immediately after launch) to establish the gain
to the accuracy wuired for useful application in global change science.

MODIS will have an onboard radiance calibration system for the visnir channels, but the
system represents technology that is unproven in space. A second objective is therefore to provide
independent calibration data to validate the performance of the onboard system.

Either MODIS instrument’s scan mirror, if contaminated in space, will cause the channel gains
to become dependent on scan angle. No measurements of this dependence will be available from
the onboard calibration systems, so a third objective is to measure gain as a function of scan angle.

Approach

Figure 3,3.1 illustrates the method, which uses a sunlit, optically stable, highly reflective and
cloud-free ground target as a transfer standard between a well-calibrated spectroradiometer on the
aircraft and the radiometer on the satellite. The method depends on accurate prediction of the
satellite-target viewing geometry, which is necessary to enable the aircraft spectroradiometer to be
coaligned with the satellite view vector during satellite overpass. Small corrections must be applied
to account for the effects of the atmospheric path between the aircraft and the satellite, and to
account for the difference between the footprints of the two instruments on the target. These
corrections, and knowledge of the spectral response function of a given channel of the satellite
radiometer, allow the calculation of equivalent sets of radiance values (from the aircraft
measurements) and count values (from the satellite measurements) that correspond to the altitude of
the satellite radiometer and the field-of-view of the aircraft spectroradiometer. These sets are
augmented in the case of AVHRR, for example, by the measurement of the count corresponding to
the radiance of space, which is assumed to be zero. A least squares fit between the sets gives the
gain (i.e. count output divided by radiance input) of the satellite radiometer’s channel as the slope
of the best-fit line.

The atmospheric correction is minimized by operating the aircraft in the stratosphere, so the
necessary corrections are limited to stratospheric aerosol and stratospheric ozone. In this case the
atmospheric correction for reasonable observation geometry is calculated to be less that 3% for
channel 1 of AVHRR and is smaller for channel 2. The correction may be calculated to adequate
accuracy, in the absence of recent additions of aerosols of volcanic origin, by adopting
climatological averages for stratospheric composition, and calculating the correction with the
LOWTRAN-7 [3] computer code. The aircraft spectroradiometer collects data for a period of
approximately 3 minutes over the target. Satellite data encompassing the spatial range of the
aircraft data are collected from the satellite radiometer for approximately 3 seconds in the middle of
this period, and the method assumes that the two data sets correspond to identical states of scene
structure and illumination.
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The footprint correction is achieved by making the footprint of the aircraft spectroradiometer
much larger that that of the satellite radiometer. The footprint usd as the transfer standard is then
the footprint of the aircraft spectroradiometer, which is well-characten~ compard to that of the
satellite radiometer. Initial navigational uncertainties between the aircraft and satellite pointing
vectors amount to the ~uivalent of several footprints of the aircraft spectroradiometer. It is
therefore n~essary to search the satellite image to find the image displacement from nominal
alignment that corresponds to maximum correlation between the set of aircraft radiance
measurement and the ~uivdent set of wunts from the sate~ite radiometer. This approach to fine-
tuning of the navigation implies that the correct displacement is that which corresponds to the best
(in a least-squares sense) hnm relation between radiance and counts, and the approach is therefore
unsuitti to a determination of tie finearity of response of the sate~ite tiometer. Over effectively
uniform targets (such as clear ocm surface) this restriction does not apply.

The method assumes that the spectral response functions of the satellite radiometer channels
have not changes since being measured before launch, and all obsemed changes in response in
orbit are atrnbutd to changes in gain. For NOAA- 11 AV~R the prehminq results reported
here show that the gain ratio of channel 1 to channel 2 during the period November, 1988, to
October, 1990, is constmt to within ~ 1%. This strongly suggests that neither channel has
changes its sptitral response during this period.

The specuoradiometer has been radiance and wavelength ctiibratd on an irregulm schedule
since the quipment was acquired for NOAA in March, 1988. The system was calibratd in a
NA SWGSFC laboratory at Greenbelt, MD, before and after most fights, but the time intervals
between fight and ctibration usua~y exceeded 1 month. AH calibration data were collected under
ambient laboratory conditions and without the aircraft window in place. The window transmittance
as a function of incidence angle was measure separately, and includd in the calculations as a
corrwtion term.

Figure 3.3.2 illustrates the experimental arrangement in the laboratory to radiance-cdibrate the
1.22 m diameter hemisphere calibration source. The spectral irradiance spwtrum of a secondary
standard lamp supplied by Optronic Laboratories, Inc., is transfemed to an Optronic model 740A
spectroradiometer quippd with a small integrating sphere at its entrance pon The purpose of the
integrating sphere is to render the 740A’s response to input irradimce effectively independent of
the angular (and spatial) distribution of input irradiance elements at the entrance aperture of the
740A system. The (740A) irradiance to (hemisphere) radiance aansfer requires accurate
measurement of the diameters of the apertures in the sphere and the hemisphere, and of their
separation.

The 1.22 m diameter hemisphere source is internally coated with a barium sulfate pigment
embdded in a polyvinyl alcohol binder, Twelve 200W coild-coil tungsten filament lamps are
arranged internally along tie grat circle of tie hemisphere adjacent to tie flat face. Light from the
lamps is baffled by a barium sulfate coated internal cylindrical section that prevents direct
illumination of the exit aperture, and the flat intemd face of the hemisphere is paintd matt black.
The lamps are independently switchable, and are run at a current of 6.500 ~ 0.001 amps, Results
for the unifomlity, accuracy, and stability of the radiance calibration of the hemisphere have been
publishd elsewhere [4]. Uniformity of the radiance field (with all 12 lamps lit) as a function of
spatial and angular displacement from a position observing along the axis of the hemisphere was
reported to be better than ~0,3Y0.

The spectroradiometer is mounted on a gimbal in the aircraft that allows its optical ~is to be
directed to a range of angles to the right and below the aircraft axis. These motions are controlled
by an onboard minicomputer through azimuth and elevation drive motors with a positioning
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accuracy of approximate y 10. The optical axis passes t~ugh the center of an uncoated quartz or
infrasil window (both have been used) set into the floor of the aircraft.

The silicon detector and preamplifier (EG&G HUV 4000B) is hermetically sealed behind its
window. The detector responsivity near 400 nm and especially near 1000 nm is temperature
dependent, so the detector temperature is actively controlled at appmximatel y 17 C with a Peltier
heat exchanger. Heating pads are wound around the body of the spectroradiometer to minimize
internal temperature gradients. Under flight conditions the temperature of the supporting frame
measured close to the spectroradiometer is in the range of Oto 10 C.

The onboard minicomputer also acts to control motion of the second blocking filter and the
beam blocking actuator, and supervises the recording of sp~tral and housekeeping data. Data are
recorded with a resolution of 12 bits, and include the spectral data, frame and detector
temperatures, power supply voltage, time from a dedicated clock, and gimbal azimuth and
elevation. The pitch, ro~, heading, and altitude of the aircraft are recorded by the separate aircraft
Inerdal Navigation System (INS), which has its own dedicated clock.

White Sands, NM, has been the target of choice for recent measurements, but the CZCS was
successfully calibrated in 1983 by this method using clear ocean surface as the target. High
reflectivity targets, such as snow and stratus cloud fields are attractive candidates for future
evaluation as suitable targets.

Figure 3.3.3 show preliminary results [5] obtained for the NOAA- 11 AVHRR from 6 ER-2
flights over White Sands, NM, between November 1988 and December 1990.

The method has several major advantages: it is the only absolute method now available
(excluding on-board systems), it has high intrinsic accuracy traceable to NIST standards, it
requires no field work, and it can be configured for rapid response to a rquest for calibration
information. Figure 3.3.3 also shows the results from Kaufman and Holben, using selected desert
areas observed at annual intervals with the same observation and illumination geometry, and the
results of Che et al., using White Sands to transfer the calibration of the SPOT Haute Resolution
Visible (HRV) channel to AVHRR. These two methods represent, respectively, the more precise
relative methods now available, and the methods for cross-calibrating sensors on the same or
different platforms. The trend of gain decreasing with time shown by the aircraft results is
confined by Che et al., and is consistent with the results of Kaufman and Holben, although the
aircraft-measured absolute gain is displaced from the other results for channel 2. Figure 3.3.3b
gives the results expressed as the ratio of gains for channels 1 and 2. Normalized Difference
Vegetation Index (NDVI) is a function of gain ratio, which must be held constant (or measured
accurately) to provide useful estimates of NDVI. The aircraft measurements indicate that the gain
ratio is within ~ 1Yo, which agrees with the results of Kaufman and Holben for the
February/March periods, and disagrees with their results for August/September and with the
results of Che et al.

This project is now reducing data collected from the GOES-7 VISSR/VAS and from NOAA-9
AVHRR. Underflights of NOAA and GOES satellite sensors are planned for spring and fall of
1992.
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4 Transfer of Calibration between Pre-Launch to In-Orbit Using On-Board
Calibrators

4.1 Objectives/Rationale

Instrument behavior during the period between pre-flight calibration and the first in-flight
calibration is currently not well quantified. On-board calibrators have been designed for the
MODIS instrument to aid in bridging the gap between ground and in-flight calibrations. These
calibrators, including a solar diffuser and Spectroradiometric Calibration Assembly (SRCA), will
transfer the radiometric, geometric and spectral calibrations of MODIS between pre-launch and in-
orbit phases of the mission by providing a relationship between calibrator effective radiance and
sensor digitized output. An assumption critical to this process is that the on-board
calibrators themselves will not change calibration after insertion into the space
environment.

4.2 Radiometric Calibration

The full-aperture blackbody source for the On-Board Calibrator (OBC) will be calibrated pre-
flight with traceability to a NIST temperature standard. Similarly, redundant tungsten lamps will
be calibrated with NIST traceability. The solar diffuser for on-orbit reflectance calibration will be
calibrated pre-flight and traceable to NIST reflectance standards. BRDF measurements to
determine the diffuser’s response as a function of wavelength and angle of incidence will also be
made.

4.3 Geometric Characterization
4.4 Spectral Chwacterization
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5 In-Orbit Radiometric Calibration /Characterization Methodologies

5.1 Objectives/Rationale

In-orbit calibration of the MODIS instruments is crucial to assessing the performance of the
instruments during the lifetime of the mission. In-orbit techniques, combined with pre-flight and
ground truth calibrations, provide the necessary redundancy to ensure thorough knowledge of
instrument operation.

5.2 Instrument Based Calibration Mo DIS Prel iminarv Ca Iibrat ion Manage ment Plan,
Hughes Santa Barbara Research Center,
September, 1991.

The MODIS sensor includes the capability for in-orbit calibration using instruments spmifically
designed for this function. Included are the Spectroradiometric Calibration Assembly (SRCA), a
solar diffuser and its stability monitor (SDSM), and an on-board blackbody source for calibration
of the MODIS thermal bands.

5.2.1 Internal sources/assemblies

5.2.1. Spectroradiometric ~ibration Assembly (SRCA)

The SRCA will allow in-orbit capability for radiomeh-ic calibration of the VIS, NIR, and SWIR
bands; and for spectral calibration of the VIS and NIR bands. It utilizes an incandescent source
and internal optics to collimate a beam directed to tie MODIS scan mirror for relay into the MODIS
instrument.

5.2.1.2 Blackbody

MWIR and LWIR bands use a full-aperture blackbody for in-flight calibration, The
blackbody, operated at ambient temperature, will have excellent temperature uniformity across its
surface and provision for directing residual reflwtion toward similar temperature surroundings.
The blackbody cavity design is similar to that usd for SBRC’s ground test, utilizing an aluminum
plate with V-grooves cut at 25-degree half-angles.

5.2.1.3 Solar Diffuser Panel and Solar Diffuser Stability Monitor (SDSM)

The solar diffuser is a panel with two BRDF levels for extended dynamic range of operation.
The solar diffuser stability monitor periodically compares the reflectance properties of the panel to
the sun and measures any changes. The optical system of the SDSM consists of a Czemy-Tumer
grating spectrograph with a fixed entrance slit, grating, and exit slit detector. The fore-optics can
image either the diffuser or the sun, and can provide attenuation allowing the signals to come
within two orders of magnitude of one another, where comparisons can be made.

5.2.2 External solar

5.2.3 External lunar H.H. Kieffer and R.L. Wildey, U.S. Geological Survey,
Flagstaff, AZ 86001

Introduct ion

In-flight calibration of imaging instruments is a difficult task. Calibration subsystems
themselves are subject to offset and drift, and many do not calibrate the entire optical system,
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which can be done only by having external, full aperture sources, such as solar diffuser surfaces.
Calibration can k done through the use of well characterized ground targets, but this rquires near-
simultaneous measurements, a substantird ground campaign, and a difficult correction for the
atmosphere.

The objective of this work is to provide new radiometric information needed to allow the moon
to be used as a well-characterized radiometric source for calibration of earth-orbiting instruments
that can view it. In addition to direct use of the radiomernc information, such detailed knowledge
of the lunar brightness enables better use of the moon for measurement of the MTF and scattered
light performance of the instruments.

Bac _kaoun~

The moon has several unique properties: it is within the dynamic range of most imaging
instruments, it is surrounded by a black field in both reflective and thermal band, and its surface
brightness distribution can be better known than that of any other natural object at which most
instrument can be safely pointed. Although the moon’s photometric properties are thought to be
intrinsically constant over long time scales (natural rate of change estimated at 10-9 percent per year
[ l]), the effects due to the variation of illumination conditions and observation geometry must be
considered. These in turn are related primarily to the lunw photometric function and the lunar
libration

The libration of the moon, the change of the position of the sub-earth point on the moon,
results from the axial inclination and the small change in the angular velocity of the moon around
the earth due to eccenrncity of the lunar orbit (optical libration) and small nonuniformity in the
rotation rate of the moon (physical Libation). These combine to yield a variation of about f 70 in
both latitude and longitude, both with a period of near one month, but with small differences that
require the dual precessional cycle of 18.6 years (accidently approximately the same length as the
Saros cycle) to complete.

The variations of albedo over the face of the moon are common knowldge. Quantitatively, at
modest spatial resolution the normal albedo (in V band) ranges from 9% to 23Y0, with a mean
value near 12.5% [2], Albedo variegation extends to scales below the limit of telescopic
resolution. The moon appears gray in the visible, but has a general increase in reflectivity into the
near infrared [3]. Variation of color between different locations on the moon is small, and those
spectral features that do exist are relatively broad [4,5].

The moon does not behave as an ideal diffuse reflector. As the phase angle (sun-moon-
observer angle) becomes small, the moon brightens dramatically; this is called the “opposition
effect” [6], which increases up to the point that lunar eclipse begins. Current knowledge of the
lunar photometric function is limited to a few wavelengths, and to a few small areas or for the
spatially-integrated lunar brightness (the phase function) [7,8].

The moon has several additional characteristics that require consideration in treating it as a
radiometric standard, Light from the whole moon has small negative polarization at small phase
ang]eS, kCOming most negative at -- 1.2~~ near a phase angle - 120, then increasingthrough ()

polarization near 24° up to about +8% at phase angles near 90°. Individual areas (appropriate for
HIRIS spatial resolution) typically have polarization at phase angles less than 150 of 1.2% or less

at 361 nm, and polarization decreases toward longer wavelengths out to at least 1 Lm [9]. The
degree of polarization is approximately inversely proportional to albedo, begin greatest for dark
areas, and least for bright areas [6]. Variations with albedo are small for phase angles less than
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about 40°. Early work indicated that near full moon, polarization near the limb of the moon was
about 0.1 -0.2% parallel to the limb [10].

Because the surface of the moon can become as hot as 400 K[ 11], thermal emission becomes

important for longer wavelengths. Thermal emission at 400 K contributes about O.l~o at 1.8 pm,

1% at 2.0 ~m, and 10% at 2.3 ~m. Thermal models and prior infrared measurements [12] would
allow correction for thermal emission to about 1/5 of these levels. Simultaneous measurements of

lunar radiance near 3.5 pm would allow correction for thermal emission to better than 0.590.

ADDroach

Current knowledge of the radiometry of the moon is limitd to attempts to calibrate the absolute
spectral reflectance at a few points [13], and measurements of the integrated lunar brightness at a
few wavelengths [7], In order to support the spatial resolution of EOS instruments, especially
HIRIS, extensive radiometric observations will be made with spatial (angular) resolution of 4.4
arcsec, twice as fine as HIRIS. The wavelengths of reasonable transparency of the earths’

atmosphere between 0.3 and 2.5 ~m will be covered. Because the technology to do radiometry
with imaging spectrometers has not yet been developed, radiometry will be at a discrete set of
passbands by use of interference filters; on the order of 20 wavelengths will be used.

Two filter imagery systems will operate simultaneously, one in the VIS and one in the VNIR.
Each will have its own telescope, boresighted and supported on a common mount. No beam
splitter or fold mirrors will be involved and each telescope and detector system will be axial, so that
the detection systems should be polarization-insensitive.

For wavelengths from 0.3 to 1.0 ~m, a conventional astronomical silicon CCD will be used,
with 512 x 512 pixels. No “off-the-shelf” photometric arrays are available for wavelengths longer

that 1 pm, and this project had planned to use an array produced as part of the HIRIS
development. The exact type of infrared array to be used is still under study, but it is assumed that
a 256-square array with characteristics similar to HIRIS test arrays will be available.

An in-dome radiometric standard will be observed at least as often as the beginning and end of
as~onomical observations each night. This standard will utilize a NIST-traceable halogen standard
lamp and a nearly ideal diffusing surface large enough to illuminate the full aperture of the
telescopes. Our plan is that this facility be part of the circuit for the EOS portable radiometer
standard (Phil Slater proposal), and the connection to NIST be established every 6 months.

The telescope system will be highly automated and entirely under computer control. Most of
the telescope time will be spent observing standard stars, especially those in a band along the
moons’ orbit. This both allows quantitative determination of atmospheric extinction (needed to
comect to exe-atmospheric radiances) and ties the radiometric system to the existing standard star
system. Experiments “trailing” stars at different rates will be done to determine the best
radiometric techniques and to determine the high-frequency variation of apparent radiance due to
atmospheric lensing (scintillation).

Design and planning for this lunar radiometry facility has begun, and routine observations are
scheduled to begin in the fall of 1993. Observations would continue at least 4 1/2 years;
observations over at least 1/4 the Saros cycle are required to cover the range of lunar libration.

Observations will be made each month when the moon is at 900 phase or less (the bright two
weeks of each lunation) on all photometric nights (at the planned observatory site in Flagstaff,
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there are approximate y 100 photomernc nights each year). J-norder to develop a photometric
model for each resolution element on the moon, all observations will be reduced to a special
projection that incorporates all areas of the moon visible from the earth over the full range of
libration, yet has minimum distortion from the appearance of the moon for a single observation.
Observations will be reduced to produce a photometric model of each pixel in this projation for
each wavelen~h band.

Initial error budget analysis that the expwted long-term precision is -0.870, and absolute
radiance -2.3Y0. The largest contribution to uncertainty of absolute radiometric accuracy is the
calibration of the standard lamp.

For the nominal EOS platform orbit, the average angular size of the moon is equivalent to a
nadir target of 6.73 km. Instruments of 15 m , 30 m, 250 m, and 1 km resolution would have
425, 212, 25.5 and 6.4 pixels across the moon, respectively.

Because the moon is darker than most terrestrial scenes, spacecraft calibration observations of
the moon should be made at small phase angles if possible to avoid being low in the dynamic range
of the instrument. Spacecraft observations could be made at any phase angle greater than 1.50,
where lunar eclipse phenomena begin. The moon attains a minimum phase angle of less than about
60 each month, and near zero twice a year.

Expected Results

For any specific spacecraft observation, the precise illumination and observation geometry will
be used to calculate a radiometric image of the moon at full model spatial resolution in each
wavelength. This radiometric image will then be geometrically transforms to match the resolution
and orientation of the spacecraft instrument image. (The spatial uncertainty in resampling to a
specific HIRIS observation increases the overall radiomernc uncertain y O.170, other instruments
would be similar for pixels that are fully on the moon). The team for that instrument would
produce a radiometric image based on their calibration files. The ratio of the two images represents
the factor between the two calibration systems.

Such radiometric images can also be used in reduction of instrumental scans across the moon
for study of MTF and scattered light sensitivity [1], although for these purposes the spatial
resolution and radiometric praision of this study would rarely be needed.

Preliminary calculations of lunar radiance levels, with about 15% uncertainty, are now
available for use in design of instrument gain settings.
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5.3 Target-Based Calibration

5.3.1 Target related/ground reflectance

The reflectance of a ground target large enough to have a stable spectral reflectance over many
sensor pixels is carefully measured when the image is taken by the sensor to be calibrated. At the
same time, the extinction optical depth of the atmosphere is measured along with certain nwessary
meteorological parameters. The aerosol particle size distribution is inferred from the spectral
optical depths. A radiative transfer code which accounts for multiple scattering and absorption is
used to predict the in-band radiance at the entrance pupil of the sensor being calibrated. This
radiance is used along with the average digital counts of the pixels corresponding to those
measured on the ground to compute the calibration [1, 2]. This same method has been applid to
calibrate the AVIRIS sensor in an ER-2 [3] and a Daedalus 1268 operated by EG&G in both a jet
aircraft and a helicopter [4]. This method is NOT directly applicable to MODIS as the MODIS
pixel size is too large for a ground crew to adequately sample the ground reflectance over multiple
pixels. An modified approach, provided by the University of Arizona, is described below.

The University of Arizona group plans to make in-orbit calibrations of high spatial resolution
EOS sensors such as ASTER (and HIRIS for the C platform) using a reflectance-based method
described above. MODIS in-orbit calibration with reference to a ground site shall be done with a
method similar to its AVHRR work [5]. The U of A group plans to continue with this type of
work with future AVHRR and follow-on sensors and a MODIS simulator if it becomes available.
The group plans to refine its methods to include the use of a field SWIR spectrometer, a solar
radiometer designed to measure total column water vapor, and an imaging solar radiometer which
will be used to study the solar aureole. The aureole is a sensitive indicator of aerosol scattering and
the group hopes to improve its knowledge of the scattering phase function with this future
instrument.
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5.3.2 Bio-optical oceans

Water leaving radiances over the many ocean locations at wavelengths greater than about 700
nm are close to zero. The satellite radiance therefore is arising endrely from the path radiance. An
accurate radiative transfer model allows the path radiance to be calculated. This path radiance
provides a known source which allows MODIS to be calibratti. The technique makes the
instrument calibration and the radiative transfer model self-consistent.

Buoy measurements of pigment concentration can be compared with MODIS determined
pigment concentrations. A discrepancy between the two maybe resolved by altering the calibration
of the satellite. This technique can be introduced into the routine processing and is called bio-
geochernical normalization.

5.4 Image Related

5.4.1 External image related radiometric rectilcation

Certain regions on Earth contain areas which are radiometrically stable. For example,
exposures of bedrock may have a relatively stable reflectance over long periods of time. These
radiomerncally stable areas within images can be used to correct other portions of an image so that
they are internally self-consistent with the stable portions of the image. The technique is generally
applied to high resolution images such as those producd by Landsat or SPOT. The applicability
of the technique to MODIS images will be researched and applied.

5.4.2 Class-specK1c scene equalization

A generalization of the within image radiometric rectification technique in which multiple
scenes are used will also be employed for monitoring the MODIS stability.

6 In-Orbit Geometric Characterization

A deployable line ruled recticIe will on occasion be placed in the field of view of the
instrument. The alignment of the sensor will thus be periodically checked.

7 In-Orbit Spectral Characterization
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8 Official MODIS/MCST Calibration Algorithm

8.1 Objwtives/Rationale

During routine processing, one calibration algorithm will be used to determine the Level- lB
radiances. This “official” algorithm may be one of the techniques described above, but it is more
likely to be a combination of methods.

8.2 Minimization of Instrument Systematic Noise Sources

The connactor will work to ensure that sources of systematic noise, which will detract from the
absolute instrument performance, are minimized during the design and build phases.

8.3 MCST Calibration Flow

The calibration algorithm produced by MCST shall take into account all instrument
components, both optical and electronic, between the radiance input and the digitized output of the
sensor. Components in each optical path will be accounted for. In this manner, the propagation of
error in the calibration process can be more meaningfully quant~led.

9 MODIS/MCST Calibration Algorithm Validation and Upgrade

9.1 Algorithm Correction for Systematic Errors

Systematic error sources that have not been eliminated from the hardware will be processd out
by application of the software algorithm. These error sources yield image-related effects including,
but not limited to. drifts within scan. “memory effect” which is manifested as Dixel-to-Dixel.
aliasing, and the effects of the array’s fried pattern noise.

1 .

9.2 Inclusion of In-Flight Calibration Information

Additional information on MODIS performance will be available after the instrument
launched. On-board calibrators and solar calibration will provide data that will be analyzed
further validate and upgrade the software algorithm.

9.3 Creation of Calibration Error Images

is
to

A two-dimensional image, representing the error in the calibration on a pixel-by-pixel basis,
will be created after each calibration procedure.

10 Definitions and References
10.1 Data Dictionary/Glossary
10.2 Acronyms

A
AIRS Atmospheric Infrared Sounder
ASTER Advanced Spaceborne Thermal Emission and Reflectance
AVHRR Advanced Very High Resolution Radiometer
AVIRIS Airborne Visibltinfia-Red Imaging Spectrometer

E
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EOS
EOS&M
EOSPM
EOSP

G
GOES

H
HIRIS

M
MCST
MERIS
MISR
MODIS

~
NASA
MST
NOAA

s
SeaWiFS
SBRC
SDSM
SRCA

10.3

Earth Observing System
EOS AM polar orbiting observatory, with a 10:30 AM equatorial crossing time
EOS PM polar orbiting observatory, with a 1:30 PM quatonal crossing time
Earth Observing Scanning Polarimeter

Geostationary Operational Environmental Satellite

High Resolution Imaging Spec&ometer

MODIS Characterization Support Team
Medium Resolution Imaging Spectrometer
Multi-angle Imaging S~mo-Radiometer
Moderate Resolution Imaging Spectrometer
Modulation transfer function

National Aeronautics and Space Administration
National Institute of Standards and Technology
National Oceanic and Atmospheric Administration

Sea Viewing, Wide Field-of-View Sensor
Santa Barbara Research Center
Solar Diffuser Stability Monitor
Spectro-radiometric Calibration Assembly

Additional References

Flittner, D. E., and Slater, P. N., “Stability of Narrow-Band Filter Radiometers in the Solar-
Reflective Range,” Photogrammetric Engineering & Remote Sensing, Vol. 57, No. 2, pp. 165-
171 (1991).
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MODIS/MCST Feedback Sheet
on MODIS Calibration Handbook and MODIS Characterization/Calibration Plan

Questions ? Concerns ?

Suggestions ? Actions for Next Meeting?

Name: Date:

For E-mail correspondence address GSFCmail:JBarker or DGrant.

For updates on the latest events and available documents, CI-lECK MCST.B13bulletin board on GSFCmail.
Or. via re~ll ar mail to B Grant @ Code 925, GS~, Greenbelt, MD 20771,


