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FITBD for MODIS Leuel 1 B Rlgorithm

RGENDB

DIntroduction & Overview Harry Montgomery

DArchitecture Peter Abel

sVerification Peter Abel

● ATBD Risks, Statis & Future Activities Harry Montgomery

● Level lB Software Harry Montgomery

● Thermal Calibration Dan Knowles

● Solar Diffuser Radiometric Calibration Paul Anuta

● SRCA Radiometric Calibration Nianzeng Che

● SRCA in Spectral Mode Nianzeng Che

● SRCA in Spatial Mode Nianzeng Che
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RTBD for MODIS Leuel lB fllgorithm

Introduction O Oueruiew

Harry Montgomery

11 OCT 94
Calibration Discipline Group A4eeting



SD

SDSM

Scan Cauity uJ/ OBCS

~U-Grooue
Blackbody

~lJiew of
Space

h

11 OCT 94
Calibration Discipline Group Meeting



—— ——__ ___ —— —_ —..—.——

MCST Level lB SW Milestones

ID

1

2

3

4

5

6

7

8

Beta 2 Delivery

. ....
Engineering Model Testing Complete

.. . .
Beta 3 Delivery

Version 1 Delivery

Protoflight Model Testing Complete

Version 2 Launch Ready Delivery

Version 2.1 Pre-Launch Update

Version 2.2 Post A&E (Launch + 6 months)
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I
I
I
I
I
I
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I
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19%
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1997
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199
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Functions of On-Board Calibrators
OBCS FUNCTION BANDS

BB DN ~ L Emissive

Emissive
Sv DN~L=O Reflective

SRCA DN ~ L
Reflective

DN ~ x

Emissive
DN ~ dx~ dy Reflective

SD/SDSM DN ~ L Reflective
DN ~ BRDF

I [dx, dy=FOV shift along-scan, along-track; DN = Counts; L= Radiance; L=Wavelength]
I

I ● SRCA (Spectro-Radiometric Calibration Assembly)
I

● SD / SDSM (Solar Diffuser/Solar Diffuser Stability Monitor)
. BB (Blackbody) ● SV (Space View)

6.



MODIS Data

*Subject of Today
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Purposes for this FITBD
1 Give Formulae and Error Budget for Transformation

2 Describe Physical and Mathematical Basis of (1)

Characterization
Data Sets

MODIS output counts ~ Radiance at MODIS a~erture

3 Describe Verification Procedures for (1)

4 Describe Internal and External Data Product Flows,
Granules, Metadata, and Computer Requirements

5

6

Describe Exception Handling, QC, Diagnostics

ATBD is an evolving document, intended as the on-line
reference for eventual attachment to EOSDIS Products
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Building Blocks and their Time Sequence

Heritage
Take advantage of experience& lessons learned from Now
other radiometers flown on Landsat, GOES, etc.

Mathematical Models Ongoing improvements for MODIS and its on-
Some Now

board calibrators.

Subsystem Test Used to verify and tune parts of models. Some Now

First opportunity to tune& compare models of end-

Engineering Model to-end system with real data for the MODIS and the

(EM) TV Tests
Feb 95

on-board blackbody. SRCA and SD/SDSM will not

be available for EM testing.

PF TV data will be used to tune/compare

Protoflight Model (PF) calibration algorithm. Complete MODIS/OBC Mar 96
system, with ghosting fixes incorporated, will be

tested.

Activation Comprehensive evaluation & verification of Jun 98
& calibration algorithm based upon on-orbit Launch

Evaluation (A&E) data. for 6 mos

11 OCT 94
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Sequence of Euents for the L1B Rlgorithm

● Examine & understand the physical principles & engineering
details of the MODIS and its On-board Calibrators

● Derive the general form of the algorithms:

Product = f(DN, VI, Vz, ....... Cl, Cz,....)
● Product = MODIS input (eg. radiance, k, FOV shift) ●DN = Counts from MODIS/OBCS

~= variables of the system, such as temperatures at monitored points ● Ci = coefficients to be fitted●V”

●Determine and verify the optimal Vi and Ci based

Thermal Vacuum (TV) data. This process will

on System Level Ambient and

be achieved using techniques
that divide the TV data into statistically independent parts. -

●Determine calibration uncertainty using TV data

. Incorporate the
Algorithm

Algorithms into the Latest Software Design of the Level lB

. VerifY algorithms during A&E (e.g. radiance, ~, FOV shift)
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HTBD for MODIS Leuel lB fllgorithm

flrchitecture

Peter Abel
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Architecture of the
MODIS characterization & calibration algorithm e

Peter Abel

1. Requirements (algorithm drivers)

2. Data & information flow

3. Overview of applications
Thermal infrared bands
Reflected solar bands
Spectral calibration
Spatial characterization

4. Summary



Goals of the Characterization & Calibration Algorithm:
Key Requirements in the MODIS Spec

Absolute radiometric calibration accuracy
(la @ Ltyp)

<3pm + 5%
>3um, except bands 20, 21, 31, 32 ; 1%—
?and 20 (3 .?5 pm)
Bands 31 (1 1.03~m)

& 32 (12.02 ~m)
‘High” band 21 (3.96 ~m)

[New spec]
“High” bands 3 lhi, 32hi
{reflectance (Target BRDF

& 0.75% (Goal ~0.5%)
+ 0.5% (Goal YO.25%)—

& 10% (Agreed wlSBRC)

+ 10%
at TOA) ~ 2%

Stability of radiance ratio

Ratio of mean band
~max change in two

responses +0.5% @ full scale
; 1% @ half scaleweek interval) _

Spectral calibration accuracy

~ < ~, preflight +0.5 nm where

X > ~, preflight 20.5 (A/~) nm ~= 1.0 pm
A < ~, inflight *1.0 (XIA1)nm Al= 0.412 pm



Goals of the Characterization & Calibration Algorithm:
Key Requirements in the MODIS Spec (continued)

Spatial calibration

‘LODIS pointing knowledge +30 arcseconds, 10
with reference to EOS AM-1 ‘(~ 100 m at nadir)

‘~bsolute AM-1 pointing knowledge +30 arcseconds, 10
‘(& 100 m at nadir)

Coregistration

&O.2 km (goal AO.1 km)
*0.1 km (goal *0.05 km)
&O.05 km (goal ~0.025 km)
~0.2 km (goal ~0.1 km)
~0.2 km (goal *0.1 km)

Bright target recovery & associated optical effects

‘cloud + L,YP(Reflective bands) Output settles to < +0.5%—

Lmax + L,m (Thermal bands) within 2 km of entering
L~Wregime



Radiometric, spectra!,
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Absolute
reference
standard

Prelaunch & T/V characterization
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In these areas the Level 1b
I
I

m algorithm executes in near-
1
I

real time
!(

( )Science Team
Concurrence

A 1

AnScience Team
Concurrence

Team Leader’s Computing Facility
(TLCF) 1
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:( Verification results )
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MODIS

PRELAUNCH POSTLAUNCH
END OF LIFE

MODIS CHARACTERIZATION

& CALIBRATION DATA FLOW Acronyms:
CCB Configuration Control Board
TLCF Team Leader’s Computing Facility



Absolute radiometric calibration - baseline TIR
Products (Thermal calibration - Dan Knowles)

Level 1B :
Absolute radiance, L, at MODIS aperture

Metadata
10 uncertainties, quality indices

Baseline process
.............,:::::::::,,:,,,,,,,,:,,,:::,,:,:::::::::::::,:::::::::::::::::..............,,:

~:Quad’~a~C’’t~ariSf&~’’~ufi&”givenenby
,:,::,::;::

~ Vdet=tor=Vo + m (Ltarget+ b) + q (Ltarget+ b)2[
~~Onboard BB thermistors carry absolute

,. 5 TN
~~ FuII dynamic range at

] radiance scale into orbit
temperature IAIUNCH,,,,,::,., each T/V plateau plateaus 1:;:,:::::::::::::,::::::::::::::::,:::::::,::,,,,,:,,,,,,:,,,,,,::,,,,:,:,,,,:,,,,,::,,:!::,:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::.,,:,,,,,,,,:::’;,,,,,,,,,,:,,,,,~,,::,:::~,~,,,.,.,,,,,,,,,,,,::

r

NIST ~5mK kxternal B~ y 4° ‘K dnboard Ba ~~lOomK

temperature ~ pRTs > Thermistors I
standard I

I
1
1

Scan mirror data

Tune onboard thermistor coefficients

Data Table Examples Find nonlinearity coefficients

‘L~onboard BB) for each detector
-Detector nonlinearity coefficients
-Scan mirror (both sides) reflectance or emitiance as f(rotation angle)
-Onboard BB thermistor coefficients

Acronyms:

Non-Baseline Options BB

Correction matrices for residual optical effects NIST

Other methods for nonlinearity coefficients
PRT
TIR

Black Body
National Institute for Standards and Technology
Platinum Resistance Thermometer
Thermal lnfraRed

16



Absolute radiometric calibration - baseline reflectance for A< 2.3pm
Products (Solar diffuser - Paul Anuta)

Level 1B: Metadata:
Target BRDF -Solar & MODIS viewing geometry

-10 uncertainties, quality indices
P

Baseline process
Threatened by LAUNCH<

budget cuts ‘+
I

I

,
................, ,,,,,,,’’’....... :1:.!i!!!!?:!:i!l!!!!!!!1{.!:::::::::::::::;::............. ,,,,,,.,’.... ., ..,’:..:::: ,.,,,;;;!!;!! !!;!:!;:!::::!:::::::::::::::!::::::::::::::::::::::::::::::::::: :::::...;::!!;?!;::;:::::!!!:!!?:i!i: i::::::::::::::::::::=::::::::,., ::.......

,:: ,:: <Prelaunch >- +20/0;,:,
~]Solar diffuser carries BRDF scale into ;

,:,
solar-based

I

1

I

~ orbit. SRCA gives consistency check. { \calibration > I Solar when
I

,:: ,::
, ,,
,:: ,..,.. diffuser,:: ,..,:: ,..,:: ,,,,,,,.,.,,. ,,, ,,..:,::::::,::::::::::::,:::,,,:~:;::,,:,:;;;;{{:;~:::::::::,:::::,::::::::::,::=;:::::::::::,:;::;i::::{tl;;r,,::::,,,,,,,,,,:::,,:,,,,m:,,,;.................................................... ~bsolute BR

of diffuser

! + ] ‘s””=O
Prelaunch total
system calibration. ~olar diffuser”
Includes stray light stability monitor
effects.

Data Table Examples
-Absolute spect~al BRDF of diffuser
-Prelaunch solar-based MODIS calibration

Non-Baseline Options
-Transfer to lunar BRDF standard

Acronyms:
SRCA SpectroRadiometric Calibration Assembly
BRDF Bidirectional Reflectance Distribution Function



Absolute radiometric calibration - baseline radiance for Z c 2.3 pm
Products (SRCA in radiometric mode - Nlanzeng Che)

Level 1B : Metadata:

Absolute radiance, L, at MODIS aperture 10 uncertainties, quality indices

Baseline process
LAUNCH

Total

c

*oo40/ola
{External

\ Total < SRCA
\ Total

NISTStandard @600 nm
~2,8~o &3,8~0 ~ Solar *4.oyo

irradiance lamp
integrating source diffuser

\ detector

1..’!ll!titiK15111!lllil!llll!)liiltiM! EGi!iii!!il!!!l fi!tilllllilllti! lltiil!!tlllti! !llilitill!iii3 iiiiitiCl;:; :ix:; ~fi~;lj!ll!l liti!lfifil!ljfi jirtiw,il]l!!Ulil l,,:!

‘ SRCA SiPD detectors carry absolute [

1radiance scale into orbit, where it is
~8

I
I transferred to the solar diffuser during ‘~j Prelaunch radiance
I A&E calibration in T/V of
;:i;v;lVitiiliilliIaii! lfillllllfilfVill!!lli! illlltl+lilll1111tii13llilll#llWlllllllllllllllllll!llllllllti1lllllllll!tlilltlll!lllllllllllllill!ll$llllll1llllllllll!fillll!illllltillh!i!! MODIS and SRCA

Data Table Examples
-S~ectral responsivity of SRCA source detector
-SRCA prelaunch source radiance spectrum
-MODIS prelaunch band responses to External Integrating Sphere Source
-MODIS ~relaunch band responses to SRCA source
-Spectrai BRDF of diffuser
-Transfer to lunar radiance source (through space pofl)
-Validation data for External Integrating Sphere Source (Round Robin results)

Non-Baseline Options
Acronyms:

-Major spacecraft maneuvers
SRCA SpectroRadiometric Calibration Assembly
SiPD Silicon PhotoDiode
A&E Activation & Evaluation phase (6 months)



Spectral calibration - baseline for A< 2.3 ~m (k< 1 ~m in orbit)

products (SRCA in spectral mode - Nianzeng Che)
Level 1B : Metadata:

None Band centers
10 uncertainties, quality indices

.. ,,............................................. ...,,,,,,,,,.,,,,,,,.,,,,,,,,,.,,....,.,,.,,,,,,,,,,..............,,.,,,,,,,,,..,.......................................
Baseline process ,iiiii:;i;:iti.K,::,,::::,::,,,::,,:

.,. ................ .......... .........::. ,Kj K.;=. :::r.:~,llr. :: =::..::.: : .,. .,.:.’::F. ~:1:~. ..... .......... ................ :,.,..,.,,,,.,,.., ............. .......... ., ,. ... ..H.,* ~,:: t~. :!::w . . .. . . .. . . . . . . . . . . . . . . . . .. . . . .

1SRCA dldymium glass spectral features and
I SRCA SiPD detector responsivities carry
~absolute spectral scale into orbit,:,,,..,:, .............................. .,,.,,.:::::r.::::::::::.r.:::W.:11................W.::::::!::::::::::::::.::.::::::::::::~.,,,I,,,;:!;!;;i!!i:iii!.ti!wiii!:::::::1::::::!1.................................:ii:::::;;:::::u.::;:;;l,;:!:!!!!!!!!i!fi!.fi1::::::::::::::::?.:::.::::::::,,.,,,,.,..,.,,,,,,,,,,,,,,,,.,...,,,,....,,,,,,.,,,,,,,,,,..,...’’’”

Full aperture 2070 aperture
Negligible calibration calibration

LAUNCH

uncertainty
txternal ~! L-“”+”” “ ‘“’’’’”‘-----------’—Iubliiul[lalul

-J~

IV IWWIW
& detectors i ~ef~cte~

;ollimator I
All bands,

I solar bands
\ /: (only)

~ ‘ ““”
Spectral calibration Transfer MODIS spectral

of MODIS calibration to SRCA

Data Table Examples
-Spectral responsivity of SRCA source detector
-SRCA prelaunch source radiance spectra as f(# lamps)
-Prelaunch band centers measured by External Collimator and by SRCA

Non-Baseline Options
-In orbit measurement of band width

Acronyms:

-In orbit spectral calibration at 2.3pm> 1>1 pm
SRCA SpectroRadiometric Calibration Assembly
SiPD Silicon PhotoDiode



Spatial characterization - baseline
Products (SRCA in spatial mode - Nianzeng Che)

Level 1B : Metadata:
None Detector offsets in scan direction

Band offsets in track direction
10 uncertainties, quality indices

Baseline process
,,,~,,,,,,,,,,,:,:,,,,,:,:,,:,,,,,,:,,,,::,,,,,,.::,:,::,,:::::::,,::::::,:::;;j~\V:{::;::;;;~;:i::::::::::::,{::::::::i;::::{:::!:;;!,::,:;:!!;:iii:!;i!!.:.!!!!!!!!::!!!;i:,i:::;i;::!!!:i!!.!!{:i!!:::x:::;::::::::::::::::::::::::::....................... ...,’.....,,,,,,,,,.,’,..,’,.,. ,,,,,’...::::::.::::::::::::::::::::::::::.:,::::,::,,::,::,,:,,,~.,,,::;!!!:!!:!!.:!!!!!:.UI!IW.I!:!::::::::::::m:::

~IAC measurements of relative detector& band positions are transferred to ~~
~~the SRCA prelaunch

,,,,,,

~SRCA in orbit measures detector& band shifts relative to prelaunch IAC 1
,U,::
,,

Measure reference Transfer reference
positions of to SRCA

Data Table Examples
detectors & bands

-Prelaunch detector and band relative positions

Non-Baseline Options
-Lunar data analysis Acronyms:

IAC Interface Alignment Collimator
SRCA SpectroRadiometric Calibration Assembly



flTBD for MODIS Leuel 1 B fllgorithm

IJerification

Peter Abel
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Verification philosophy

~~ Activation

!*X i ‘nceyinty[‘has’:
& evaluation

~EIAUNCH I WTI.AUNCH I

LAUNCH
MOOIS

ENO OF UFE

0.0

Premises:

;~

vertication--:-’-’-...
methods ~ ‘“----------------------------

1

~T-
-----

I

[ MODIS [
I
I
I

I Tim=

Launch

1. MODIS foreoptics may degrade through the launch and insertion into orbit. Rate of
degradation will rapidly decrease and stabilize after launch.

2. MODIS on-board calibrators will slowly lose absolute accuracy due to surface
contamination, detector degradation, light bulb aging, etc.

3. Verification methods will improve their combined accuracy during A&E phase due to
intensive data collection and comparison of results, and will thereafter maintain their
absolute accuracy.

4. Combined absolute accuracy of verification methods may gradually overtake that of the
onboard calibrators.



Examples of verification methods for radiance calibration
(over landL, ocean”, cloudsc (TBD))

Thermal bands
Aircrafi underflight:

High resolution intederometer/spectrometer (Hl~ [NOAA-Menzel*] L’O’c
MODIS Aircraft Simulator (MAS) [GSFC-King] LO’ * May have potential for

detecting spectral

Surface truth & radiative transfer models:
shifts

University of Arizona [Slater]L
Other MODIS Science Team members (TBD)

Relative methods:
MODIS pixel overlap [GSFC-Ungar]hO

Reflective bands
Aircraft underflight examples:

Aircraft-satellite instrument calibrator (NASIC) [GSFC-Abel]LO1c
MODIS Aircraft Simulator GSFC-King]LO)c

L
AVIRIS [JPL-Rob Green]L ‘c
University of Arizona [Slater]L

Surface truth & radiative transfer models:
University of Arizona [Slater]L (Radiance and reflectance)

Sensor-to-sensor transfer:
MISR [JPL-Bruegge]L’O’c
SeaWiFS [GSFC-Esaias]O
MODIS-to-MODIS

Relative methods:
Extended desert targets [NOM-Rao L

LMODIS pixel overlap [GSFC-Ungar]L)



Verification campaign strategy

1. Campaign scheduling

IAUNCH
I I

Preparation phase
I I

— (SeaWiFS, AVHRR, etc.) ‘~ ‘~
Operational phase

m m m m
\ A&E ~
I

phase;
;<~l

-1 0 1
>Time (years)

?. Representative absolute gain error budgets claimed for individual methods

I Aircraft over ocean
~ Abel

King
I Aircraft over land

Slater
Abel
Menzel
King

Land surface based
Slater

Sensor-to-sensor
Bruegge

I

Thermal bands

not applicable
TBD

TBD
not applicable

TBD
TBD

TBD

TBD

Reflective bands

*3.5°/oA
TBD

? 2. 80/0
t 3. 5%A
not applicable

TBD

~ 3. 5°\o (reflectance scale

TBD

3. Data analysis

For acceptance, all methods must meet TBD error
budget requirements, and be peer reviewed by the Science Team.

Prelaunch campaigns empirically establish the repeatability of

A. Reduces with future
improvements such as
in-flight calibration.

e e
each method, and-gain field experience.

Post-launch campaigns must be long enough to collect
statistically significant amounts of verification data for =
preparation of realistic error budgets.

As far as practicable, different methods will be applied at the same target for the same
MODIS overpasses. This will allow direct comparison of results from different methods.

Combined results for all methods, and MCST recommendations, will be reported to the
Science Team for action.



I

Radiometric, spectral,
1
I Space, solar, lunar, Earth radiances I

or spatial I
I

I

,,,, -~A—’ l.a:::::::::::::::::::::::::::::::::,,,,,,.,..,.,.............,:.:::,::,,,,,,,,,,,,,,..,,,,,,,,,............,,,,,,,,,,,,.,,,,,,,,,,,,,,::::,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,...............,::::::;::,:,::,,::,,,,:,::,:::,,,:,,:,,~.::::,$: , :::::::::::: , ::::,::::::: ::,,:,,,,:,:, . . . . . . . . . . .

..:!!:~~;::~. n:=::::::: ::::::,::::::::::,:,,::::::,,, HI,,,:,,,..,’..,, ,,, ,, ..,.,,,..,............,.,.,,’ ..

External On-board \
ctivation & Evolution of I

evaluation ,,,:,,,,:,,,vj,,,,,fi,,characterization&
.,,,,,,nre!a!.inch:,:::::,:,::::::::,,...,target(s)

I

“target’”’””””’’’””’”:”””” ““”’’’’’’’’’’’’’’’:’”:::’:’””’ ‘
-,:

I phase(6 mos) ,:,.$W:: ;“~$,alibration

,::,.,:::,.
,*,:::.,:::,:::,:::,,:,,,~,,-

W t)=yl >~4:-

C
:::
,,:, Prelaunch & T/V characterization

.::,,::,:::,::,

‘i’ H
:::,::, (radiometflc, spectral, spatial) ,,::’:”’

; :,,:! ,:, ,,. , ,., ,.; .,, . . , .: ..{.

I

,.,,...,..,:,,::,::::::.::,::::::,:.., ,,:,,:.,,,!,, , ::,,,::::::: :!!::::::::: ::::::!:::,:: : :::,:::,,,,, ............. . ...:.;!,,, :;:,,,:,,: ,,. :::: ::::~: , :::::::,,,, ,, ::,:,,::,!: !$:,,;::,,:: , :::::::,::;: ,: :::,
I

Introduction & overview Harry Montgomery ~ ~
Architecture Peter Abel ~ \
Verification Peter Abel ~ I
Risks, status &future activities Harry Montgomery ~ ;
Level 1B software Harry Montgomery; I
Thermal calibration Dan Knowles ~ j
Solar diffuser Paul Anuta :: ,

SRCA in radiometric mode Nianzeng Che ~ \ (

‘:’ Data

Tables
) ,::,::;:,,,,,,~:,:,,::,,::,,::**,,::,::,::,::.:

,.,,:,,::,::,::,:,,:,,::,::,,:,,::,.,
/:

,::_r,,.,,., -----,::
, Team Leader’s Computin[] Facility
:;: (TLCF) [ 1

SRCA in s~ectral mode Nianzeng Che i : ~i
,,.,..,::,::,.

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

LAUNCH

PRELAUNCH POSTLAUNCH

MODIS CHARACTERIZATION
& CALIBRATION DATA FLOW Acronyms:

CCB Configuration Control Board
TLCF Team Leader’s Computing Facility

&
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Radiometric, spectral,
I
I Space, solar, lunar, Earth radiances

I

or spatial I
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..,,,,,.....................,.:::::::::,::::::. ............................ I
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, :::::,.,,., , .:,,,::,,;;, ,:i::; ;:, :i; ,; ii:,:.:,, ,,, ,, :,,,,,:: ,,, ,,, ;’,!:.: ,:::::::::::: :{::::::::.:: ::::::::,:::: :, .., ,’...... ........... ., ,’ ..,.....

~Introduction & overview Harry Montgomery ~ ~
~Architecture Peter Abel
f Verification Peter Abel 11 I @~~~~JJ$3I @~~~~~~;;-—-
j Risks, status&future activities
\ Level 1B software
~Thermal calibration
~Solar diffuser
~SRCA in radiometric mode
~SRCA in spectral mode
~SRCA in spatial mode

Harry Montgomery ~ \
‘“. / \ /

Harry Montgomery ~ I
Dan Knowles ~ J T

Paul Anuta ~ ; Team Leader’s Computing Facility
Nianzeng Che ~ , (TLCF)

Nianzeng Che ~ ~
Nianzeng Che j ,:; ,

I

IAUNCH MODIS
END OF LIFE

PRELAUNCH POSTLAUNCH

MODIS CHARACTERIZATION
& CALIBRATION

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

DATA FLOW Acronyms:
CCB Configuration Control Board
TLCF Team Leader’s Computing Facility



flTBD for MODIS Leuel 1 B fllgorithm

Risks, Status O Future Rctiuities

Harry Montgomery
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flTBD Status & Future Hctiuities

Status
•~~ Version of Software Complete

● First Order Algorithm Defined

● ATBD Reviewed in Viewgraph Form

● GSFC TAC bought (clone of SBRC Test Analysis Console & Archiver)

Future Activity
● Obtain feed-back from Science Team, especially on Verification Activities

● Prepare written ATBD

●f$ Version of Software Delivery

•~3 Version of Software Delivery

October 31,1994

April, 1995

11 OCT 94
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flTBD for MODIS Leuel ‘1B fllgorithm

Leuel 1 B Software

Harry Montgomery
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Leuel 1 B Software Context

Level 1A
----- -:--

Level 1B Processing

Thermal Calibration

eflective Band Calibration

Calibration Discipline Group Meeting
3[



Purpose of the Leuel 1 B Software

Provide calibrated MODIS data which satisfies the
requirements of the scientific community for analysis

Implement the Calibration Algorithm

Supply Metadata which Describes the Data

Monitor MODIS Status and Report Data Quality

Identify Exceptions and Anomalies in the Data

11 OCT 94
Calibration Discipline Group Meeting
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Level lB Calibration Capabilities
Thermal Calibration
Uses Blackbody with along-scan interpolation

Reflective Band Calibration
Solar Diffuser Based (SRCA during A&E)

SRCA Characterization
Spectral, Spatial, Radiometric

Level lB Issues
1. Undefined Portions of Algorithm

2. Major Changes to Defined Portion of Algorithm

3 ●

4 ●

5 ●

Finalization of Interfaces

Quality Assurance

Exception Handling
33



Leuel 1 B Software Milestones
I

—*.

Launch Ready Delivery

April, 1995

Beta 2 Delivery October, 1994

Beta 3 ~ehvery

Version 1 lJelwery February, 1996

Version 2

Verson 2.1

Verson 2.2
(Launch + 6 months)

1998* .

Pre-Launch Update

Post A&E-k

February, 1997

February, 1998

Tune,

11 OCT 94
Calibration Discipline Group Meeting



flTBD for MODIS Leuel lB fllgorithm

Thermal Calibration

Dan Knowles

9

m 11 OCT 94
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Absolute radiometric calibration - baseline TIR
Products (Thermal calibration - Dan Knowles)

Level 1B :
Absolute radiance, L, at MODIS aperture

Metadata
10 uncertainties, quality indices

Baseline process,,,...,,,,,,.,.,,,,,,,,. .............,:::::::,::,,,::,,.::::::::::,,,,,.;:::,::,,.,::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
j~’~tiadiafi”c’”transfer’’cutiegiven by ,::,:,
,! Vdetator=Vo + m O-target+ b) + q Lirget+ b)2~
~onboard BB thermistors carry absolute ~ Full dynamic range at 5 w

; radiance scale into orbit
,:: temperature I+UNCH,..,..,: each T/V plateau plateaus [:::::::::::::,:::::::::,::,,:::::::::,:::::::::::,::::::::::::,:,,,,,,,,,,::,,,,,:,,,,,:,::::,,,,,::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::,,,:::.,...,.,,,,,.,,,,,,..,,.

Data Table Examples
‘L~onboard BB ) for each detector
-Detector nonlinearity coefficients
-Scan mirror (both sides) reflectance
-Onboard BB thermistor coefficients

+

Space view data
Scan mirror data

Tune onboard thermistor coefficients
Find nonlinearity coefficients

or emittance as f(rotation angle)

Acronvms:
BB “Non-Baseline Options

Correction matrices for residual optical effects NIST

Other methods for nonlinearity coefficients
PRT
TIR

Black Body
National Institute for Standards and Technology
Platinum Resistance Thermometer
Thermal lnfraRed



Calibration of the MODIS Infrared Detectors (Bands: 20-25,27- 36)

Im=l
P m

● Use the Space View, Blackbody, and other on-orbit telemetry
to correct for changes since pre-launch thermal calibration

● Determine the spectral radiance at the MODIS aperture while
observing the Earth target

●

Summary

● Current analysis shows all infrared bands meet the specification
except bands (20, 22, 23, and 24)*

m

● Center wavelength shift is the dominant source of error for the
MWIR bands

* Bands 20, 22, 23, and 24 are .1570, .08Y0, .05?I0,and .05%out of spec, respectively

J?



MODIS On-Orbit Blackbody
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EEl

I

i

1

~

I

I

i

I

I

Telemetry
> “ MODIS Infrared Calibration Algorithm

● Counts
●Gains Lev=f(DN ev, DNb~ DN~v, G, VW, Tb~ TCaV,Tdet, Tad )
● Offsets
. DetectorTemp &
. BlackbodyTemp
●CavityTemp

Spectral Radiance
L+

● EarthView

I

Telemetry *
●Counts
●Gains
● offsets
●A/D Temp

Telemetry
● Blackbody Temp

*

● CavityTemp

Determination of the
Detector Voltages

Valet= f ( DN, G, VW , Tad)

Determination of the
Blackbody Spectral

Radiance

Lbb = f ( Tb~ Tcav )

Detector Voltages
● Blackbody
.*Space View \
● Earth View

Telemetry b
● Detector Temp -

● Blackbody

Determination of the Earth
View Spectral Radiance

L = f ( Vev, ‘b~ ‘SvI ‘bb ‘det )ev

Spectral Radiant
● EarthView



Determination of the Detector Voltages

Photovoltaic Circuit (Bands 20-25,27- 30)

DN– DN..
Vh = – Vm

G R,,

PL3095-MO0832

A/D =12 bit

L +Lo
aP [

DNO

I

v det
+

Detector ‘D+ AID
DN ~

Photoconductive Circuit (Bands 31- 36) Lap + Lo

~1 Det::tor ‘d

PL3095-MO0890

v v
A/D =12 bit DC1 DC2

Offsetl = 8 bit V. Offsetl Offset2
Offset2 = 8 bit

—

● VDC is negativein valueto placethe targetsignalwithinthedynamicrangeof the A/D converter

● The digital numbers, gains, and offsets will vary from scan to scan

● The space view detector voltages and blackbody detector voltages will be averaged over 15 frames to obtain one value for eacho

● Linearity and temperature dependency of the responsivity of the A/D converter will be determined with the thermal vacuum test data

● Rad will be checked with the electronic calibration (ECAL) on-orbit

40



Determination of the Blackbody Spectral Radiance

● The blackbody spectral radiance can be determined every scan as. RP192~618pg.5-8
hpper kupper hpper

~.k,,BwRkAl f2av ~&.kM)BkavRkAk Qmh ~&qtJBkmtiR~~
Mower

L
Mower Mower

bb = kupper hpper + kupper
~Rkti + z ~ RkAk z~RAAk

Mower Mower Mower

Blackbody Term Cavity Term Earth Term

. Blackbody term is at least 98’ZOof the total value of Lbb

v “ere m .

“ The result of the above integral will be stored in L Q.VL ~E~Lrcflwt(T,ti)
detector dependent tables which relate radiance to target L emis<T& ) refkt(Tav )

temperature. The blackbody spectral radiance can then be bb = R+
+

%lter %lter
determined as

filter

● The range of the emissive tables will be from 280K to 320K with a resolution of .05K.

c The range of the reflective tables will be from 200K to 400K with a resolution of lK.

● The 12 blackbody thermistors will be averaged to determine one effective blackbody temperature. The
thermistors may be weighted to obtain an effective temperature located towards the center of the blackbody.

● A thermistor failure determination algorithm will be developed.

● The blackbody temperature will be elevated periodically to 315K

+/.



Universal MODIS Infrared Calibration Curve

Lap + Lo = Total equivalent spectral radiance incident upon the MODIS aperture

t -r -.

Radiance Mapped onto the Dynamic
Range of the A/D Converter

f-

V

1
ad

—-

-v DC

1

Lap + Lo (W/ mz-sr-~m)

4J .



Determination of the Earth View Spectral Radiance

The detector voltage can be expressed in terms of the total <
2 + m(L,P+LO) + VOequivalent spectral radiance incident upon the MODIS aperture v det = q(Lp+U

as follows, where, Lo and m are unknowmx

Applyin@he blackbody and space view data to this equation
and accounting for mirror emissivity variations with scan Lev = A(J% /unmrrecd )+B
angle, the Earth View spectral radiance can be determined as

s The value of the non-linear term, q, will be determined pre-launch at three detector set points and treated as a
constant on-orbit

-Q .



Current Absolute Error Analysis

RSS = d o:+o;+... ~

L(P1jPz>...Pi+@i>... >Pn)- L(Pl~P2~...~pn)
CJi= 100

L(P1JP2!”””$P.)

● Analysis based on perturbations of nominal
values through the calibration equation

I I

Band 20 Itemized Root Sum Squared List

F%rarneters
Non-linear Coefficient
CavityTemp
Blackbody Temp
Blackbody Emissivity
Signal Digitization
Detector Bias Variation
Scan Mirror Emissivity Variation
Center Wavelength Shift
NIST Traceability(absolute error)

Rss

perturbation
1%
lK
.lK
.004
lDN
.01%
.001
.1%
-------

Band 20 Error
.01%
.04%
.48%
.00%
.24%
.01%
.05%
.87%
.52%

1.15%

Absolute Spectral Radiance Error at Ltyp

RSS RSS* Spec
Band 20 1.15% 0.75% 0.75%
Band 21 6.93% 6.89% 10.00%

1.08%Band 22 _ 0.72% 1.00%
Band 23 1.05% 0.71% 1.00%
Band 24 1 05% 0.87% 1.00%
Band 25 G 0.66% 1.00%
Band 27 0.74% 0.70% 1.00%
Band 28 0.64% 0.61% 1.00%
Band 29 0.58% 0.57% 1.00%
Band 30 0.57% 0.57% 1.00%
Band 31 0.28% 0.28% 0.50%
Band 31hi 0.32% 0.32% 10.00%
Bhnd 32 0.28% 0.27% 0.50%
Band 32hi 0.32% 0.31% 10.00%
Band 33 0.55% 0.54% 1.00%
Band 34 0.55% 0.54% 1.00%
Band 35 0.56% 0.55% 1.00%
Band 36 0.58% 0.57% 1.00%

I

* RSS* has center wavelength shift of .017’oinstead of .l?io (Spec value)

i I ● Errors underlined do not meet specification

. NIST traceabilityis: .52% for bands 20-25,27-30, and 33-36,
.22% for bands 31 and 32.

refi RPT94-0234 pg. 1-10

+4,
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flTBD for MODIS Leuel 1 B Blgorithm

●

Solar Diffuser
Radiometric Calibration

Paul Anuta
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SDSI

........ . ......................................... .. Scan Cauitu uJ/ OBCS
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,+ : ~U-Grooue........................................,.,.,,,,,.,,,,,.,.,.,,..,
Blackbody
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I

Absolute radiometric calibration - baseline reflectance for M 2.3pm
Products (Solar diffuser - Paul Anuta)

Level 1B : Metadata:
Target BRDF -Solar & MODIS viewing geometry

-10 uncertainties, quality indices

,C

SRCA radiance
● calibration

Baseline process
Threatened by LAUNCH

\ ~Onboard
budget cut.. ‘ I

F* A
~ ~verifi~ion24, ,n

;~j!~!!!!:l{!!~!ti{;!!;W;!!X!l!Iifii ,,~;+~.,:;;;,:? ~::::; ~;;:; ::~l,~j~;:;,j;;, ti{:,,:%,,,,,,::::::::::,x:::,,:,x,%:::x.,:::,,:::,,,:,,.,.,.. ., ,.,,,,,,,,,,,.,,::............. . ....... ::, ........ ....

,:
,::

,:: ,: & ,O. ”
,:: ,:
,::

I Solar diffuser carries BRDF scale into ]
.
,,

~orbit. SRCA gives consistency check. ],:: ,.!:::,:: ::,. #~;,,:,,: m........................... ,:::,::::,.::::,.:,,,.,,.,,,:::::,::,,.,:::::.:::!,l::,,,n{:lF,!l!E,x,,,!,:::i,:ii.
\;:wl{,ti:;;i{jti~;:;~,~.~~i,~,<,:;~::~,::j;r,fi:,.,1.,,!,,!.!.,:,,,,!.1,!,,!,.,,:!,. !..,.,,.

Data Table Examples
I -Absolute spectral BRDF of diffuser

-Prelaunch solar-based MODIS calibration

of diffuser

Prelaunch total
system calibration. 6ar diffuser ~
Includes stray light stability monitor
effects.

Non-Baseline Options
j -Transfer to lunar BRDF standard

Acronyms:
SRCA SpectroRadiometric Calibration Assembly
BRDF Bidirectional Reflectance Distribution Function

48’



SD/ SDSM Calibration Summary

Objectiue:
● Track MODIS reflective band

to correct for changes
9

since
gains using the SD/SDSM
pre-launch calibration.

Baseline:
● Absolute accuracy -4 ‘XO

- NIST standard transferred from SRCA to SD

● BRDF accuracy -2.4 9i0

- Based on pre-launch SD measurements

Solar Model-Based SD Radiometric flccuracy:
Q Absolute accuracy - 4?Z0

- Based on pre-launch SD measurements and knowledge of Solar Irradiance

BRDF of Scene is
SRCA -
SD -
SDSM -

called Reflectance Calibration in MODIS Specification
Spectro-Radiometric Calibration Assembly
Solar Diffuser
Solar Diffuser Stability Monitor



o

T Solar Spectrum Model
Neckel& Labss 1.3&m

Wavclonoth, Lambda (rim)

0.33

0.325

0.32

L
o 0.3
a
m

0.295

0.29

-. ---— —— --- ---.-- .,
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

t:,-”- ”------------------ — ---------

J’ \$

k
i,

t

SolarAzimutk14 Deg.
ViewAngle-21 Deg.

ViewMtmutk180 Deg.

-1::::::: 1

Solar Incidence

m------630eg.

-------- 60 Deg.

l-l
-----57Deg.

— 54 Oeg.

Wavalangth Lambda (rim)

Angle

BDRF of SpectraIon
Solar Diffuser
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SD Calibration OueruieLu
I

‘SDh IMODIS views the SD
DNSD = @s(osD) ‘G~ESuNTSDASDSM

I
(+

When MODIS views the scene:
‘SCENE

1
DNSCENE = GL’EsuN BRDFSCENE COS(e~cENE)

I
GQ QSCENE

I

To obtain scene spectral radiance:
DNSD DNSCENE

GL . ‘SCENE =

‘SD
GL

I
I

To obtain scene BRDF:

DNSD ‘NSCENE
GQ . Q SCENE =

QSD
GQ

QSCENE
BRDFSCENE =

COS(ElscENE)

Where:

DN -
G-
L-
E-

i-
A-

Counts
Gain
Spectral Irradiance
Solar Irradiance
Screen Transmission
Solar Incidence Angle
Degradation Factor

51



~ VIS, NIR, SWIR Calibration Algorithm

Responsivity Estimation:

~N:ch – ~N:ch ~N ~ch–~N:ch

G;ch (t)= G:ch(t) = * ‘ ~Nis the average over
LJ@)

, Q~D(&t)
one MODIS scan

Trend the Responsivity Values: Piecewise ]inear and quadratic ]east squares
trend functions track, smooth and predict the responsivities over time:

~(q))is the intra-orbit variability factor determined from the SRCA as function of orbit angle q.

Compute Calibration Coefficients:

–~N& 1
cL,Q

O,B,Ch =
‘ C;:ch= ALQ

A L,Q‘G
,9

B,Ch
GB;Ch

Compute scene radiance and Q values for each pixel:



Error Analysis for Solar Diffuser Calibration Mode
Absolute Accuracv.-— — —.-— -=. -——-—- -——z

Parameter Nominal Estimated Radiance Radiance Reflectance Reflectance
Value Error* Error (%) Error (%) Error (%) Error (%)

Screen Closed Screen Open Ser. Closed Ser. Open
‘r.WR .085 l% (2x SBRC) 1 0 .99

SD BRDF .318 1% 1 .99 .99 .99
t), Solar 58 Deg. .lDeg. .24 .24 .24 .24

Incidence
4, Solar 15 Deg. .lDeg. = o =o =o =0
Azimuth
(3MMODIS 20.49 Deg. .lDeg. =0 =o ~o ~ o
View Angle
~~ MODIS 180 Deg. .lDeg. = o ~o =o =0
View Azimuth
E,UNSolar 1817 W/mz-sr- 3%** 3% 3%

Irradiance ~m (Band 10,
488 nm)

Source BRDF Cal. 1.53 % 1.53 1.53

KMODIS - Includes all 2.32% 2.32 , 2.32
Radiance Mode MODIS

system errors
KMODIS - Excludes WL 1.23% 1.23 1.23
Reflectance shift and 00B
Mode

RSS 4% 3.9 % 2.4 ??o 2.290

* From SBRC Error Budget Document 93-0868-139
** From analysis of Neckel &Labs, Kurucz, Wehrli

Accuracy of knowledge of Solar variability = .5%

S3



SD System Calibration Using E%ternal Sources

● Transfer of calibration from other sources will be used to calibrate the SD

system in-flight. In each case the resulting SD radiance reference calibration

accuracy is directly determined by the radiance accuracy of the source:

1.

2.

3.

4.

. BRDF* of the

MODIS during A&E. 4-lo%

Baseline SRCA transfer in-flight 4%

Terrestrial Verification 3-5%

Lunar Verification 1-15%

SD is obtained from the ratio of the radiance from the SD

given by the external calibration via MODIS to the Solar spectral irradiance:

In this case the 1 sigma error in Q is the RSS combination of the Solar spectral

irradiance model absolute error (3%) and the error from 1,2,3 or 4 above.

*Baseline 2.4%



i.
I

I

j

I

]

1

1
\

I

SD/SDSM System Risks

No Solar-Based
pre-launch

calibration of the
SD

Scattered light
component in the SD

mode is unknown

SDSM does not
view SD at the
same angle as

MODIS

Radiance and
BRDF models

used in calibration
algorithm cannot

be validated

Radiometric error due to
scattered light is

unknown

Changes in the SD BRDF
in backscatter direction

(SDSM) may not be
proportional to changes

in the forward scatter
(MODIS) direction

On-Orbit transfer
of radiance

calibration and
knowledge of

Solar Spectrum

Model estimates from
ongoing studies

Use laboratory
measurements of SD

material after
exposure to Solar

radiation (e.g. SSBUV
experiments)



flTBD for MODIS Leuel lB fllgorithm

SRCfl Radiometric Calibration
of Reflectance Bands

Nianzeng Che
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Exit slit
Didymium glass ‘\ Slit I reticle
Cal~bration-detector

Grating motor
\_

/N --” 4-

1 I
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““-..
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Grating
Monochromator
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Filter-wheel
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Absolute radiometric calibration - baseline radiance for L c 2.3 pm
Products (SRCA in radiometric mode - Nlanzeng Che)

Level 1B :
Metadata:

Absolute radiance, L, at MODIS aperture
10 uncertainties, quality indices

Baseline process
IAUNCH

&().40/. 10 ~ Total IULcll

c

NIST standard @600nm
/13dernal

> Total T SRCA &3.8y0 Solar *4.0*)
~za8~o

integrating source
irradiance lamp

diffuser
sphere source ~ detector

& 3
:;::2!$i111!iiEtw#!litiiliiillllll!l!lK8ii5!llll!lfillfi!!Gtil!lwllffi!ll!tlfil$liltiliiilti!!!tiltllitii!iltil{ll!lfilllllllUlltl!i!i!iiillllllllll!!iitifi!iiiltitiiiCii~~

SRCA SiPD detectors car~ absolute I v

radiance scale into orbit, where it is ~

m

Solar diffuser

transferred to the solar diffuser during j Prelaunch radiance stability monito

A&E 1 calibration in T/V of
i,.;!Eiiilifli18ii!ltifitl111il!llllt13itil!!IillllHl!ltt!ltiifilt!llillllilltt!illllliltlltllillil!l#lllil!lllli!lllllllU!!llllll4lllilllllliillllltllllllllflllltiltilllllllllliH!lii* MODIS and SRCA

Data Table Examples
-SDectral responsivity of SRCA source detector ‘
-SRCA prelaunch source radiance spectrum
-MODIS prelaunch band responses to External Integrating Sphere Source
-MODIS prelaunch band responses to SRCA source
-Spectral BRDF of diffuser
-Transfer to lunar radiance source (through space poti)
-Validation data for External Integrating Sphere Source (Round Robin results)

, Non-Baseline Options
Acronyms:

I
-Major spacecraft maneuvers

SRCA SpectroRadiomettic Calibration Assembly
SiPD Silicon PhotoDiode
A&E Activation & Evaluation phase (6 months)



Summary of SRCA in Radiometric Mode

● Absolute Uncertain y of

● SRCA is radiometrically

ground Spherical Integration Source, SIS(1OO) of 2.8%.

calibrated by S1S (100) with an absolute uncertainty of 3.570.

. SRCA carries the calibration to space in Activation & Evaluation (A & E) phase with an
absolute uncertainty of 3.8$Z0.

● SRCA tramfers the calibration to SD/SDSM system With an absolute uncertainty of Q70.

● SRCA output radiance can be corrected on-orbit using the SD/SDSM after A & E.

SRCA -- Spectro-Radiometric Calibration Assembly
SD/SDSM -- Solar Diffuser / Solar Diffuser Stability Monitor

d ?



SRCA in Radiometric Mode ( Design)

1. Objectives:
(1)Track changes in radiometric calibration from prelaunch to on-orbit.

(2) Maintain the radiometric calibration accuracy intra-orbit after SRCA is
radiometrically calibrated against SD/SDSM.

2. Calibration frequency:
100 times in during A/E phase; once per week with 10W & 1W bulb
and once per month for full radiometric calibration in operation (to be
reviewed post-launch).

3. Six light levels are available by combination of bulbs on & off
(3-1OW, 2-1OW, 1-1OW, 1-1OW w/ ND, 1-lW, 1-lW W/ND).

4. Operational mode:
(1)Normal mode - Constant Radiance

(2) Redundant mode - Constant Current



SRCfl in Radiometric Mode (fllgorithms)
The algorithm determines the digital counts when MODIS detectors
are fully illuminated by SRCA under stable operational condition.

using SRCA (1 scan, 1 detector)
w

!!

1

0.8 -—–-

I
Algorithms: ~

(1)
(2)

(3)
(4)
(5)

(6)

(7)

3 (J 1-Ed-L— L1.h.~.l

Find the maximum DN over frames.
o 2 4 6 8 10 12

Frame number

Set threshold DN = 0.3 DN~~X ~ ~~(sc#). Signal response of MODIS detector

Determine the left & right frarn~ no. that the DNs are greater than DNthr~~hO1d.

Find middle frame no.
Average three DNs centered around the middle frame no., DNAV b &(sc#).11
Average over scan no.

‘Nb,ch = 1 / N~C~~● Zi=l ~~C-~DNAv b ~h(sc#)

Calculate the standard d~viation for ~he scans.

Radiometric gain values:
If the SRCA output radiance, LSRCAb is known or iS calibrated agai~t

other sources such as SD or verifica~ion results. The radiometric gain value is:

Kb,ch)L = ( DNMODISb ch - DNO,b,ch) / LSRCA,b
b -- band number scil -- scan number ‘No,b,ch – space counts

ch -- channel number DNMOD1~ -- digital counts when MODIS viewing ~RCA - Radiance output from SRCA



CRr~ in Rariinmmtrir Mnrlm f~rrnr ~stimatinn]ummwnm mmu ■ muumun-su= ■ aw I ■ WWW \wmm w= . . . . . . . . . . . . . .

# Description Uncertainty
Requirement 5.0%

(1) SRCA carries calibration into space
1 Calibrationpreflightat T / V environment 3.5%
2 Carrying into space 1.0%

3 Instabilityduring radiometric calibrationby SRCA 0.3%
4 Possible MODIS band shift by 0.5 nm 1.0%

Summary 3.8%
(2) Transfer calibration from SRCA to SD/SDSM in A/E phase
1 SRCA radiance uncertainty 3.8%
2 Instability during radiometric calibtaion by SRCA 0.3%
3 Transfer from SRCA to SD/SDSM 1.0%

Summary 4.0%
(3)SRCA radiometric uncertainty by referring to SD/SDSM in operation
1 SD/SDSM radiance uncertain y 4.0%
2 SD/SDSMuncertainty @ space 1 .5%

3 Transfer from SD/SDSM to SRCA 1.0%

4 Instability during radiometric calibration by SRCA 0.3%
5 Instability between two radiometric calibration by SRCA 1.5%

Summary 4.6%
——

Risk: Reference Silicon Photodiode signal may be saturated in seueral MODIS bands.



flTBD for MODIS Leuel 1 B fllgorithm

SHCfl in Spectral Mode

Nianzeng Che
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Spectral calibration - baseline for k 2.3pm (k< 1 pm in orbit)

products (SRCA in spectral mode - Nianzeng Che)

Level 1B : Metadata:

None Band centers
10 uncertainties, quality indices

Baseline process
........ ,.,~.:,$~...xzF8zi1=”‘W”’::~l~xl!~:,;w&!~!; \l~t!i~li~l!fifi!l:illllVifi!iliilifiiiiii!fiXiH!iti!ifililililF.:$.tillh..llllil.,.............,... .. ‘,.O

,:.,,,... ..Yw...{t.,,ijfi,~jlj,:,l,!,l.l,,,ll,l,i,\ml.,.........i..i...ll*lktiiiill.t.t.lt.,,t,ti,i,....,..
... . ... ... .

~

‘[ SRCA didymium glass spectral features and ~1
~SRCA SiPD detector responsivities carry

II

1absolute spectral scale into orbit I

~ ~
.,..,,~,,::~2x:.:,,~$~$~:]!~i!$~~~l~!,L~!~:!,!m:,..,,,...i ....lp...::i;il~,!i~:~.!w.Kilifil\l:?.f:llXti!lY,ti.i

“.HW:rw- ':v.'"'i'~''.'~~''!''~'ii~i!~~tfiifi'';"'ii!1`''!'''''.'''..
..,,,.. ... .

...............L,.,,,1:..4..,........ I . ... . ,... ............ ...

Full aperture 20% aperture IAUNCH
Negligible calibration

Icalibration I
uncertainty I

/External
~Atomic line’ + monochromator + MODIS

~RCA didymiu~ :

standards & collimator
&detectors ~ ~ef~ted

I

‘All bands
solar bands

/
I

\ I (only)

~ ~ ‘~a, ‘ ““”
Spectral calibration

of MODIS calibration to SRCA

Data Table
-Spectral

Examples
responsivity of SRCA source detector

-SRCA prelaunch source radiance spectra as f(# lamps)
-Prelaunch band centers measured by External Collimator and by SRCA

I

Non-Baseline Options
1

-In orbit measurement of band width
Acronyms:

-In orbit spectral calibration at 2.3 ~m> X> 1 pm

SRCA SpectroRadiometric Calibration Assembly
SiPD Silicon PhotoDiode
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Summary of SRCFI in Spectral Mode
QPrelaunch spectral calibration accuracy for MODIS is less than 0.5 nm for
wavelength less than 2.3 pm.

cEstablish the center wavelength relationship between MODIS and the SRCA
during ground testing.

LC ~o~I~ (b#,cM = K(b#,ch#) c lC (b#,ch#)
f

● Specification requires that the spectral calibration accuracy on orbit is less than
1.0 nm for 0.412 ~m and ( L / 0.412) nm for 0.412 c L <2.3 pm.

● SRCA is a spectral self-calibrator using didymium glass.

. The on-orbit calibration accuracy is expected

6

~:”’’””, -

——

z
55 . ..’.

/

$

;4
. . .

g ~ ....... ... . . .

% .......... ........... . ~mti#ma!w ...... .... . . ...
t#

~mmfiii BgEafg =
z 1 @Jgij~~ei?a@!3mNm3~=~~~~””

3 0 ,—+,_,_,..,. ,-.,..-,-.,- ,–,–++ t--t—t–t–t–;
893101112411314152 161718195266

MODIS band number
——.—— —-— —

R-Specification ~ Expected

to meet the specification.
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SRCA in Spectral Mode ( Design)

1. Objective: Track on-orbit changes in the MODIS center wavelengths
(for k< 2.3pm) from prelaunch.

2. Preflight requirement: 0.5 nm (~ < Ium) and 0.5 nm ● ~t~o (~ > l~m) 1
where Lo = 1~m.

On-orbiti 1 nm ● ?@, where kl = 0.412Lm. NO requirement beYOIId lWIIL

30 Outputi
(1) MODIS center wavelength shift, AL,, is detected by SRCA.

(2) AC~0~1~ = K ● (LC~fi~i~~l+ A~C)t 1

4. Calibration frequency 100 times during A/E phase and once per month
in operation (to be reviewed post A&E )
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SRCfl in Spectral Mode
cThree SRCA monochromator parameters, A, 13,and OOff,need to be

. Didymium

for wavelength self-calibration.

peak positions and curve match to determine the three

Calib. SiPD

f-

, -*F ———--
‘-.

*__ Ijr \,
,-””

k-,- 9 on—
—’ ~

I

cRef. SiPD—

—

re-measured in space

parameters.

1.0. -
0Utm6tm6rdcr.2

dldyrnlurn(”~,.,.T
Pwh ~ -551.. olmucomc#der-3

p.. ~ = 496 n. Iteration

0.6.

~ \
04.

0.2.

0.0.
0 Z04060B0 lmt20140160f60 200220em

‘“”~

‘Cdib (%) ‘“”

V ~,,(tlm+ A)”””
04.

J

0.2.

0.0-
e02d4060Bolm12D 14a lml’omzmm~ t

. MODIS detector signal under SRCA Illumination is used to determine
(1) Center wavelength shift, A?Lc,for each MODIS band (1< 2.3 pm).

(2) Center wavelength, kc, corrected for SRCA partial aperture illumination effect using prelaunch coefficient K.
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SRCfl in Spectral Mode (Error Sources)
The MODIS center wavelength error sources are listed below. The error is evaluated by averaging
over the spectral range from-0.4 to 1.0 ~m.

Error budget of spectral calibration by SRCA
Item Description of error sources Wavelength uncertainty (rim)

m=l m=2 m=3

1 Motor angle repeatability & non- 0.21 0.13 0.08
linearity for t6° (1)

2 grating motor offset error of 6 *0.006 0.60 0.45 0.30

3 half included angle error of 0.025 *O.1O5 0.48 0.36 0.24

4 grating width error of O.10nm in 0.06 0.05 0.04
manufacturing (1)

5 grating width error due to temperature 0.04 0.03 0.02
change of 10K

6 difference in responsivity of std. & calib. 0.24 0.18 0.12
detectors by 2%s . . . . . . . ----

N(ItE!: {lJ from SBHL.

Risk:
Grating motor fails or is worn out.



SRCA in spectral mode (calibration flowchart)
---- ---- ---- ---— ---— - ---

-— -- --—- --—- ---- ---— -
Calibra;i;; d;t;c;;r;ignal Reference detectorsignal ~

~Moili - -- M-O-Dj~ ~@;, ---- ‘I

, SRCA I I

I
CDS(step,F,l-),.~ I SDS(step,F,L-),,~I II MSR(B,step, F,L),,l.k

,-
1
I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

~ 0.= f(step, — ——————+
,.

*
I II

; F = O,em= 7.8-15,0°, m=l CDS(8~,F,L),,k MsR(B@m!rn)ij,k

: F=l, em= 7.9-11 .0°,m=3

; F=2,9~<10.4°, m=2
L >

Averaging over~rame & scan No”
~

I

: F=2, (?~> 10.4°, m=3
I

, F = 3, (?~< 8.6°, m=l
I

CDSAv(e~, m,L) SDSAv(@~,m,L) ;

: F=3,9~>8.6°, m=2

I I 1

_~ MsRn.m(B@m,rn)ij,k I

I I

I I Avergaing overI

I Ref. SiPD I
frarrk & scan No.

1

I L
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I

I

I

I

I

I
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I
I
I
I
I
I
I

I response R~oS($1 MSRnamAv(f%emIm),

A(L)I

MODIS (B, k), =
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I R~m(k)I
I I

* v
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1Centroid grating angle ~
D =3, m =2, em =7.4 -8.0°

I

I

I

I
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I
I
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I
I
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I
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I
I

1 I

‘c(B) l,cuflenl =

~, MODIS(B, L), ● ~

XA MODIS(B,k),4!2Jm,D,L) =
‘em cDsno!m.AV(6m\m!L) ● ‘m

Xom CDSnmm~v(o.,m,L)
I

1. I

~

(30,,(L)= tan-’
sin Q (3,2) - C, sin ~ (213)

L

1- A(L)

, COS Q (2,3)- COS n (3,2) ~
Determining mono-

chromator parameters rcurve best

matched
Od,(L), 9(L), A(L)

I
— _-. . —--- -——- ———— -——- —--- -—— —--— ———- —-
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Spectral calibration
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Nomenclature:

MSR - MODIS detector signal SDS - Reference detector signal CDS - Calibration detector signal
Step - Grating step number F - Filter number L - Lamp configuration
m - Grating diffraction order B - MODiS band number i - Channei number
j - Scan number k - Frame number em- Grating motor rotating angie
‘t

didymlum -- Didymium transmittance D - Didymium peak number ~ - Half-inciuded angle
A - Anguiar displacement between main exit siit and didymium slit e~ti- Grating motor offset angie
Cl - a constant A - Wavelength
R~o~(L) -- Spectral response of the reference detector
AA= (B)l - wavelength shift for band B and channei i
ACO~0~,~(B)l - Center wavelength for MODIS band B and channei i



flTBD for MODIS Leuel lB fllgorithm

SRCfl in Spatial Mode

Nianzeng Che

11 OCT 94
Calibration Discipline Group Meeting
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Spatial characterization - baseline
Products (SRCA in spatial mode - Nianzeng Che)

Level 1B : Metadata:
None Detector offsets in scan direction

Band offsets in track direction
10 uncertainties, quality indices

Baseline process
;;:;[::5ti;i!:ii?i:?:,:::::::::::l,,:::...,...,...............,.,,,,,,,,,....................,,V..z:::r.=:::~ ~::::,:~:,,:::,:~:::::fiGF.ti!!i%fi!3 Etiti!tiii21i SK!$.W.C:l:!~~~~ ~:~~+~~~:~~~~.* .~:~.~~~*.~:~~::: x==*.:::::::::::: K.:'= ::':' ':'': ':z,''':r.:'::` %z''' ''''''.' “:’::c,:’c’x’’>’c’’”’”’xxxx “Wj... .. ................... ..............".`Al"""'"```""""""`""""""""""'""""'"~"""p''"""`"

~ IAC measurements of relative detector& band positions are transferred to Ifii
~ the SRCA prelaunch

,::,:,::

; SRCA in orbit measures detector& band shifts relative to prelaunch IAC ~
,,.
,.!:!,

-l-porn ~ssm
(Ikm + 1 km) (1km ~ 1 km)

m“~ /: ‘O”’s ;\ :+;“ “
I

LAUhlCH
I Measure reference Transfer reference

positions of to SRCA

Data Table Examples
detectors & bands

I
/ -Prelaunch detector and band relative positions

I Non-Baseline Options
i -Lunar data analysis Acronyms:

IAC Interface Alignment Collimator
SRCA SpectroRadiometric Calibration Assembly



Summary of SRCA in spatial registration mode

❑ SDST provides geolocation of 10 nominal l-km IFOV in a single band with location
accuracy of

At launch ( 10 ) 97m along-scan, 75 m along-track
After A & E ( 10 ) 51 m along-scan, 28 m along-track

❑ The relative position along-scan & track is measured prelaunch for all detectors (490 in
4 focal planes).

❑ On-orbit SRCA measures the relative position shifts along scan direction for each
detector and the centroid shifts along track direction for each band.
❑ The shift uncertainty (m)
r

Ikm-lkm 0.5km - 0.25km - 1km - 0.25km 1km - 0.5km
0.5km 0.25km

Prelaunch (1) 20 ‘ 10 5 60 80

on-orbit 55 24 15 80 90
(1)SBRc9A-11323 -151868

❑- -Data can be combined to determine the geolocation of each pixel along-scan and each
band along-track.
❑ The relative co-registration (m)—

Ikm-lkm 0.5km - 0.25km - 1km - 0.25km 1km - 0.5km
0.5km 0.25km

Specification 200 I 100 I 50 I 200 I 200

Goal I 100 I 50 I 25 I 100 I 100

M .



SRCA in spatial registration mode ( Design)

1. Objective:
(1) Track the position shift of each MODIS detector along-scan and the centroid

position shift of each band along-track.
(2) MODIS project may utilize along-scan shifts to adjust sampling phase to allow

registration of the four focal planes along-scan.

2. Output : position shift for each MODIS detector along-scan.
centroid position shift for each MODIS band along-track.

This information provides the data base for determining how well the detectors are
registered focal plane-to-focal plane, band-to-band, and pixel-to-pixel ( along-scan only).

3. Calibration frequency: 100 times during A/E phase and four times per year in operation
(to be reviewed after A&E).

4. Spatial calibration procedure
The along-scan and along-track retitles are

alternatively in position. The reticle image scans
across the detectors when MODIS scan mirror is ‘
rotating. MODIS detector sampling takes samples
over frames in different phase delay setting.
Processing the entire sampled signal collected by
MODIS detectors provides the data base for spatial
calibration of each detector (along-scan). The
calibration in along-track quantifies only the centroid
position change for each MODIS band.

a. Alona-scan reticle b. Along-track reticle

~lg. 6.1 Reticle patterns

14.



I I I

SRCA in spatial registration mode ( Algorithms)

1. Spatial center value for each MODIS detector inalonq-scan direction

E CARFSb, Ch (x) ‘b, ch

<X>b ch = x
t

x
CARFSb,Ch (X)

x

where

f2ARFSb,~h (X ) = E MSRb ,.h (se,df,pals,t)

Number of scan

where X = [ pds + NP~~l “(df - 1)] ~pall.

2. Spatial centroid value for each MODIS band in alonq-track direction

~Yc, ~, CARFTb,C, ‘x) ‘,,.,
< y>b =

E CARFTb, .h (X)
x

E MSRb, .h
CARFTb,~h (X ) =

(se,df,pds, t)

Number of scan

where X = [ pds + NPD~2~(df - 1)] ~pdl

CARFS = Combined Aperture Response Function (along-scan)

CARFT = combined Aperture Response Function (along-track)

b = MODIS band number MSR = MODIS spatial response (digital counts)

ch = Channel number df = Data frame number sc = Scan number

!
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. 1.0 t—’—-—l s—”—”—t ‘r’’”-’-

I /II ./.
—.——4~—

1:: /
....—.—.~..A .. A_.

\

I
\

0,4
.

i
0.2

Q

from, number
0—0 Ddm.10r 4 I ● —, D, I,CIO, ,1 ~—b o,,ee,O, ,3
,—. Onleelor 64 0—0 Oal.ctfl, 85
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Fig. 6.2 Combined Aperture Response I%nctlon

pds = Phase delay setting number pdl = Phase delay step length

N~~~ = Number of phase delay setting t = Date & time Y = Ordinate value of MODIS detector center



SRCA in spatial registration mode (Error estimation)

1

I

\

Requirement: <0.2 IFOV ( qoal 0.1 IFOV ]

Table 1. Error budget of spatial calibration in along-scan direction (in IFOV unit)
( Detector-based calibration). .

Item Description of error sources Band 1-2 Band 3-7 Band 8-36
(250m) (500m) (1000m)

Crosstalk (1) Asymmetric response along cross-track direction 0.006 0.012 0.024

Phase-delay + 0.01 IFOV unit 0.006 0.006 0.006

Noise I 1 I SNR I J sample No. I negligible

Radiance output I 0.08% variation & 0.07% draft max. I negligible

Partial aperture filling I Transmittance reduction by 0.4’% at both ends I 0.009 I 0.008 I 0.007

Non-uniform slit I 3% reduction at both of slit ends, shift21000m- I
illumination I IFOV in orbit I negligible

Slit inclination (2) Max 0.05” along-slit direction and displacement of
0.0125 for Ikm IFOV 0.045 0.022 0.011

I Summary I 0.047 I 0.027 I 0.028

lote: The actual error values should be revised according to the measurement.
(1) The following electronic integrator response is assumed:

left side: (sin (1 I size ● 0.2n*(x +size18)))A2
right side: (sin (1 I size ● 0.2 n ● ( x + size ~ 8 ))) A2.2

where size = 4, 2, 1 for 250m, 500m, 1000m IFOV, respectively.
(2) This item may be partially corrected in signal processing.

J



SRCA in spatial registration mode (Error estimation (cent’d))

Requirement: 0.2 [FOV [q oal 0.1 IFOV )

Table 2. Error budget of spatial calibration in along-track direction (IFOV unit)
(Centroid-value-based calibration for MODIS bands).

Item Description of error sources Band 1-2 Band 3-7 Band 8-36
(250m) (500m) (1000m)

Phase-delay + 0.01 IFOV unit negligible

Noise 1 I SNR I J sample No. negligible

Radiance output 0.08’70 variation & 0.07% draft max. negligible

Non-uniform slit 3% reduction at both of slit ends, shift 2 1000m-
illumination IFOV in orbit 0.010 0.010 0.009

reticle image motion displacement of 0.0125 for lkm IFOV and
inclination of 0.05° in cross-track direction 0.001

displacement of 0.0125 for 1km IFOV and
inclination of 0.05° in along-track direction 0.022 0.033 0.044

Spurious crosstalk reduction by 0.01 IFOV unit’ at reticle edge 0.011 0.015 0.023

out-of-focus 0.05 mm 0.026 0.013 0.005

Summary 0.037 0.040 0.051

kote: Ihe actual error values should be rewsed according to the measurement.
The calculation is based on the assumption that the minimum phase-delay is one. The error will be

significantly increased with no phase-delay.

3.3.6.4 Risk
Signal saturation may occurs for MODIS Band 24 & 25.

??,


