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CAL PEER REVIEW AGENDA

Day 1, September 13, 1995

8:00

8:15

8:45

9:15

9:45

Program Status & Schedule (Tessmer)

Testing and Calibration Overview (Pagano/Young)
Testing Compliance Matrix
Algorithm Specification & TAC Usage
Stategy for Budgets, Error Analysis and Trending

Testing Implementation (Bates/Koch)
EM Testing vs PFM Testing
Ambient Performance Testing
Thermal Vacuum Performance Testing & Tlmeline
Consent to Reconfigure Criteria

Ground Suppofi Equipment (AlferWhompson)
GSE Usage Matrix
S1S, BCS/SVS, SPMA, IAC, SCMA, PSA, SBS’S, MCC, etc.

Performance Predictionsfor PFM

9:45 Radiometric Sensitivity (Pagano/Bauer)
EM SNR, NEATs
Measurement Accuracies

Algorithmfor Reduction
SNRS & Lamp Sequences

LWIR Transmission & Noise
Dynamic Range & Backgrounds

10:15 Break

10:30 Radiometric Accuracy (Pagano/Bauer))
Accuracy Budget
Traceability to NIST
Predictionsby Contributor
EM Master Curve Results
Linearity Measurement Issues
Spatial Effects on Accuracy

11:15 Radiometric Stability (Pagano/Bauer))
EM Stability Results
PFM Stability Measurement Plans

11:30 Polarization (Young/Pellicori)
Measurement Accuracy Budget
PSA Anomalous Drift



12:00 Lunch

1:00 Near Field Response (Youn@Pagano)
Measurement Accuracy Budget
Thermal Backgrounds Mitigation Plan
AOA Results
PFM Predictions

1:45 Spatial (Therrien/Lommen)
Response vs Scan Angle
FOV
IFOV, MTF

Measurement Accuracy Budget
EM Results
AOA Resultsfrom PFM

Registration
Measurement Accuracy Budget
EM Results
Revised Plan for Static/Dynamic

Pointing
Measurement Accuracy Budget
VIS/NIR Test
SRCA Usage

Light Leaks

2:15 Spectral (Young/Pellicori)
Measurement Accuracy Budget
Dry Nitrogen Purge Requirements
SpMA Anomaous Spectral Response
Out-of-Band Response

2:45 Stray Light (Young)
Measurement Accuracy Budget
Far Field Stray Light Test Plan
Aperture Based Stray Light Test Plan

3:00 In-Flight Calibration

3:00 Blackbody (Bauer/Johnson)
Performance Budget
EM Test Results
PFM Build
Verification and Calibration Plan

3:30 Solar Diffuser (Young/Johnson)
Performance Budget
PFM Build
Round Robin
Stray Light Modeling (Fest)
Verification and Calibration Plan



3:45 SDSM (Johnson)
Performance Budget
PFM Build
Verification and Calibration Plan

4:00 SRCA (Johnson)
Performance Budget
PFM Build
Verification and Calibration Plan

4:30 Adjourn

Day 2 September 14, 1995

Roll-over
Action Items
Discussions
Splinter Sessions



INTRODUCTION AND OVERVIEW
Lee Tessmer
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● This is the third Calibration Peer Review of the MODIS
instrument

“ Two days have been allocated for the review: one day for
presentations, and one day for wrap up, action items, and
splinter sessions

● Amenities

● Agenda

c Protocols
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● EM testing a success

- Extraordinary teamwork required

- An abundance of meaningful test data

- A sound basis for proceeding with the PFM

● PFM status

- Schedule overview

- Challenges
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MODIS TEAMWORK
SANTA BARBARA

RESEARCH
CENTER

A HUGHESELECTRONICSCOMPANY

“NASA’ ● Speclflcatlons
● optics GSFC ● Software
sMechanics ● DataReduction
● Electronics
● FPAs
● OBCS

Hardware
Development

Team

Ground
support

Equipment

● ProgramOffIce
sBu$lnes$office
● Quality

Q Re]jabllty

● CDMO

L
I 4

System . Integration

Integration & ● T@Plans
Test

● T@procedures
,

1 I
● The EM experience demonstrated that we have an able team,

excellent GSE, and specialized facilities

● Sls

● BCS
● SpMA
bScMA
● jAC
● STE
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SANTA BARBARA RESEARCH CENTER
a subaldlafy

95-4-75(10)

EM
FULL

MODIS
BUILD-UP

OF ESSENTIAL
SUBSYSTEMS



POLARIZED SOURCE ASSY

SPECTRAL MEASUREMENT ASSY

INTEGRATION AND
ALIGNMENT COLLIMATOR

SCATTER MEASUREMENT ASSY

sPt-IERICAL INTEGRATOR SOURCE

BENCHTEST COOLER
SYSTEM TEST COMPUTERS

. . 006



SANTA BARBARA RESEARCH CENTERasubsidiafy

95-3-79(8)

MODIS
CALIBRATION

CHAMBER
DEMONSTRATED

ON MODIS EM
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Objectives: EM used for PFM: Achieved

● To

● To

c To

● To

● To

prove out instrument design 4

debug development and build cycle d

demonstrate GSE and test method effectiveness d

identify problem performance areas d

develop an experienced instrument team d

MODIS Design Robust

c No hard instrument failures during thermal vacuum

● No need to break vacuum; instrument functioned well

Note: Several EM subsystems reused PFM

L 008
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--lPFM MOTOR
ENCODER

+85d

1PF MODEL
DELlVERY

-7d

bPFM DOORS

+55d

~

CONTRACT
DELlVERY
10/31/96

PFM
ELECTRONIC
MODULES

+3d

m
I

hSTART
THERMAL VA
8/ 16/96

-1VIBRATION
TESTING
7/31/96

@) OBA COMPLETE

n .m,

.... . ..... . .. .

kiiiiiisiii
@R,P~ti”:’::::’... . ............. ...

Note: Arrows indicate pint of integratbn in
relation to current projected delivery date.



PFMCHALLENGES

.........i. ... . E

SANTA BARBARA
RESEARCH

CENTER ,,. ,

A HUGHES ELECTRONICS COMPANY

,. .“,,- . . . .-.-e----%-. .... . ....- .- .. -is%

● Programmatic challenges

- Holding to delivery schedule

- Managing within available financial resources

- Holding the team together

● Major technical challenges

- Near field response

. 010



TESTING AND CALIBRATION OVERVIEW
Tom Pagano
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Spectral Coverage

Spectral Resolution

Spectral Stability

Spatial Coverage

Spatial Resolution

Spatial Registration

IFOV

Radiometric Range

Dynamic Range

Radiometric Performance

Polarization Isolation

Calibration Accuracy

0.407 pm - 14.385pm, 36 Bands

10nm<Ak<500nm

L&AL stabie tos 2 nm (VIS, NIR)
A & Ak stable to $ l!% (ail other bands)

+55°, 2330 km swath length at 705 km
(contiguous scans at Nadir at the equator)

250m; 500m; l’OOOmat Nadir

0.2 IFOV (0.1 IFOV goal)

0.354 mr, 0.709 mr, 1.418 mr (All *6%)

0.002% S p < 100%, 3K < T < 700K

NEAL to,Lmax(requires 12 bits)

a 57 to 1087, s 5.0 to 0.05K

s 2%, 0.43 ~m < h S 2.2 ~m

Absolute Calibration: *IYo h >3 pm; f570 A <3 pm;
*0.75 (Band 20), *0.5Y0 (Bands 31, 32)
H% Reflectance (h <3 ~m)

11193
93-086849



kotlon

T
2
3

3.1.
3.2.

3.3.
3,3.1.
3.32.
3.3.3.
3.3.3.1
3.3.32
3.3.3.3
3,3.3.4
3.3.4.

3.3.4.1
3.3,4.2
3.3.5.
3,4,

3.4.1.
3.4.2.
3.4,3.
3.4.4.
3.4.5.

3.4,5,1.
3.4.S2.
3.4.s.3.
L4.S.3.1
L4.6.34
),4.5.3:
3,4.6.4.
3,4.6.6.

3.4.6
3.4.6.1
3.4.62
3.4.6.3
3.4.7

3.4.7.1
3,4.72
3.4.7.3
3,4.7.4
3,4.7.5
3,4.8

3.4.8.1
3.4.8,2
3.4.8.3
3.4,8.4
3.4.9

3.4,9.1
3.4.9.2
3.4,9.3

GSFC Speclffcatlorr 422-2@02

scope
Applbeble Doouments
TochnfoelRequirements
Rquimmerrts (hrview
Operational Requirements

Optlod Requkemonts
hSt*MOOIB Fieldof ViOW
Ffetdof Vtew

Spedrel BendY
Deflnltlons
Edge Renge
Ctkof+tand
Ripple

SandtMty Requlwnents
Vl&NIFVSWIR
Thermal Emlttanca

Pofarbatbn Ineerrelthdty
Syetom Perfornmnoe

Oyrmrnb Range
Modulatbn Transfer FundIon
Mlnknum Quantizing Resolution
TrarreienfRespome
RedtometrbPerlorrnana

Spacfref/ArI@ Accy
Abeotufe Rad Accy
RetettveRndAcw

RMS Deviation
Chfo.Ch Unlfonnity
X-Talk, FbredPattern

IFOV UnlfOrrnity
SyefamNobe Mea$.

(3eometrbPerformance
PolrrtlngKnowfedge
AllgnmantChanges
Reglefmtbrr

Radb. Ampl. Steblflfyend Repat
ShortTerm SttMty
LorwTerm StWty
@3cfrel sand-to-send stab
WavelengthSteblfhy
WavelengthAccy& Pmdsb

Stmy Llgtrf
Stray Ll!#f Rejection
BrfghfTarget,,.
Dark Target ...
Wemr Targaf ...

in.Ffl@ Calbmtlorr
lrHWgMRedbmetrk
lwFlfgMWavelength
lwFllgt# Reffectence

PROTOFLIGHT MODEL TEST COMPLIANCE MATFUXFOR GSFC 422-2042

Ht-BAY AMBNOO TN M(X TN MOO TN MCO TN MCC TN MCC AMB-MCC
Pm-Erw PM-TV lefoQtd let Hot 2nd cold 2nd Hot cd Poet-w

PG05
FOWRVS

PG03

PG04

PG06
PGos
PG02

P012
PO-33
PO-OS
PG1l

MFk09
MFf-16

P(X7
P047
P04J7

PC06

PG06

P04)7
PC.07

PCX7
PG07
PG07

RGO1 RGO1 RC41
RC-02 R(W2 RC-02

RC41,2 RC-012 RGO1 ~

RC411,2 RC-OIZ ROO1 ,2

RC4N# RC.01~ RGo12
RC4N ,2 RC.01J2 RGO1,2

RC+1,2 RC-013 RGO1,2
RC-01,2 RGol$! RGO12

MFI-10 FPN MFI-10FPN MFI-10FPN MFI-10FPN MFf-10 FPN

RC-01,2 RC.OIJ? RGO1,2

PG02 PG02 P042
PG02 PG02 PG02
PG02 PG02 P(X2

RC4)1,2 Ro-olg RGO1$
RC41 ,2 RC-012 RGO1,2
RO-012 RC-OIJ? RGO1$

PG07
PG07

MFI-03 1%.17
PG17

MF114, PG18

. 014
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PROTOFLIGHT MODEL TEST COMPLIANCE MATRtX FOR GSFC 422-20-02

Ht-SAY AMS-MCC TN MCC TN M@ TN MOO TN MCC TN MCC AMS-MCC

Wtlon GSFC Speclflcetlon 422-20-02 Pre.Env Pro-w let wd let Hot 2nd cold 2nd i-lot cat Poet-Tv

3.4.9.4 lrrFligH LwIor No Tact
3.4.9.5 in.FltghtElectronics Ecal Ecal
3.4.10 Mlecellwmoue
).4.10.1 PaeehreRad Cooler.,. No Teet

5.4.10.2 Arrbknt CondiibneUtis..o No Teet
L4.1O.3 WitnaaeMbrore No Teat

).4.10.4 solar Flux No Teet
3.6. CCC md Telemetry
3.5!1 Command6 C%ntml MF147
3.5.2 InetrunratiData Straem

3.5.2,1 Data Ratee MFI-10

3,5.2.2 Data packat MFI-10
3.5.3 Inatnmreti Heatth& Stalus

3.5.3.1 CommandStatue MFI-07 MFI-07 MFko7 MFI-07 MFI-07 MFI-07 MF147 MFt-07

3,5.3.2 Houekea$rlng... MFW7 MFt-07 MFt-07 MFI-07 MFI.07 MFI-07 MF147 MFI.07

3.6. Interfaoe Requlrementa
3.6.1 Genamt
3,6,2 Unique

3,6.2.1 PowerConeumptlon MFI06, MF112,MF113 MFt-03 MFt-06

3.6.2.2 MeoharrbrdDhnenelons PC-14
3,6.2.3. Deleted
3.6.2.4. Wew Feotore
1.6.2.4,1, Gn)undView No Teat
1.6.2.4,2. Sun Vbw No Teat
1.S,2.4.3, Specs View No Teat

4 Soflware Requirement See SottwaraManagerrrer#Ptan
5 Verltication and CAL Reqm!s, See PerformanomVeritkirtionPlan and Celbratbn ManagementPlan
6 Ground Support Equipment

Test ID Titte Teat ID Tftte Teet ID Title

MFI-03 EbctrwrioeC3rourrdlrrgml PowerVerlkatbrrs RC4)1 Radornatrb Cal Ralbothfa Be* P(NS Polarizatbn Irweneitklty
MFI-07 CornrnancbandTelemetry RC42 RadiometricCal EmleelveBande PG09
MF14)9 BleoNmdyoperation and DC Reetore PG1l
MFI-10 Data StreamVerifkatbn and FixedPatternNolea PG02 SpatIelPerfownanw Dynamb PG12
MFI-12 Power Pmftte P(X)5 SpatialPertorrnarwe:Stetk PC-13
MFI-13 IrymtCurrantTranebnts PG04 Near field Reqmnee PG14
MFI-14 SDSM Functional PGO13 Polrdng Knowtadge PG15
MFI-15 SRCA Functbnal PG07 SpectralCovemge PG16

PG17
PG?8

BddhtlDarkTargat...StrayUght
Warm Target...StrayUght
Stmy UgM Re]actlon
SE MountingTamplate Cal
Maea Properties
Magnetk Mapping
EMllEMC
in-FltgMCalbmtor Wrnulatlon
SolarCalibratorFunctlonel

..

b. Olb



TEST ANALYSIS CONTROLLER
PROGRAM STRUCTURE AND DATA FILES

4

tac_main
Obtains selection of analysis (gao, snr, etc.)

1

Anal sis Controller
{ upervisesthe particularanaiysis:

GAIN_AND_OFFSET to
SENSITN/lTY_AND_~O&E_top

I
Tern late File Parser

8
Results Output

btains parameters needed for anaiysis: Writes fries of analysis results
Constants, test conditions,
Selection of data to be reduced,
Seiectionof algorithm.

Analysis Performance
fiemniate Appiies seiected aigorithmto seiected data.

1

‘FSkrc~_Radlance~
J I

%and_constants
%and_info

‘MODiS data
3

\ J
106 . .

RF

1
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●

●

●

●
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Extensive preflight calibration and characterization of
all key performance indicators in current test plan

Preflight Ground Support Equipment linked to I’WSTtraceable sources

MODIS Calibration Chamber on-line. Enhances model-to-model
uniformity of calibration

Preflight and On-orbit calibration linked via On-board Calibrators
Blackbody, Solar Diffuser, SDSM, SRCA

On-orbit ground truth, lunar, and solar calibration essential to
complete calibration methodology

This review will only cover pre-flight calibration/characterization
and on-board calibrators
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Emissive
Radiometric BCS > ~ Blackbody Moon
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Solar

4
Diffuser

4 Sun
[
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1 SE ●

*
Reflective

Radiometric

-J

I 1
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D
------------Radlometrlc

SRCA
Spatial

Spectral
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Spatial
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Spectral
~
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t
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Near Field I SCMA l—m
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Correction
Algorithms
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INTEGRATION AND TEST

D. Bates/T. Koch
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PFM SYSTEM INTEGRATION & TEST 1=SANTA BARBARA RESEARCH CENTER

a subsldla~

. - .s! ..——..—

● System Integration and Test Process

● PFM Test Procedure Development Plans and Status

Q Test Procedure Close-Out Process

● Test Procedure Close-Out Status

● Special Test Request Close-Out Status



PFM SYSTEM INTEGRATION
& TEST PROCESS

------ I..R
SANTA BARBARA RESEARCH CENTER

a subsidiary

....-,.—,... ,. . .... . ,.”. . . . ..... ,,.,,.....=..- .:.7. . ..-

● Plans Based On Released PVS/PVP

● Customer Comments in Review

● Schedule Implications in Review

“ Weekly Summary Meetings with Task Leaders and Line Mgmt

● Summarize last week’s accomplishments, future plans
● Ensure adequate manpower coverage

● Daily Coordination Meetings with Task Leaders

● Twice daily during 2- and 3-shift operations

● Consent-to-Proceed Meetings at key junctures

● Ensure all actions complete before changing set-up and/or
instrument configuration

s Best effort to ensure data validity before preceding

● Avoid delay and expense of repeating any set-up

● Formal documentation approach used to ensure highest quality

● Released Test Procedures, Planning, EOS, Emergency EOS

● Formal Anomaly Reporting b 021
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PFM TEST PROCEDURE
DEVELOPMENT PLANS IwSANTA BARBARA RESEARCH CENTER

a substdlaq

Protoflight Model Total Revisions New Number
Instrument Test Phase TPs from EM Procedures Released
Aft Optics Integration —13 12 1 10
Mainframe Integration 19 9 10 0
System Level 20 9 11 1



PROTOFLIGHTPROCEDURE
DEVELOPMENTSCHEDULE IwSANTA BARBARA RESEARCH CENTER

a subsldla~

Procedure
EDCC Numbs Test ID TESTPROCEDURENAME Author Actlvlty #

Planned First
Release Need , ,-_

Date
Usu

152751 AOI-01 Cooled Spectral-Bands Eye-Lens Alignment Chirra FO-30-03a Released 1/3/95
152752 AOI-02 Dichroic-Assembly Alignment Chirra FO-30-03b Released 2127195r

Released 5115195

I 152764 I AOI-SU lAft-Optics-integration Test-Equipment Setup IChirra l(FO-30-03d,04) Released 6/1195
I 152756 I AOI-15 lCooled Spectral Bands Vignetting Check IChirra IFO-30-03e I— .

I 152753 I AOI-03 I Inl- Alian of NIR-OBJ to AOP Mech-Datums !Chlrra IFO-30-03C I Released I 6/1/95 I

;7 I AOI-07 INIR FPA Alkmment !Franco

.-—. --

152754 Aoi-oi ““””W Align of VIS-OBJ to AOP Mech-Datums Chirra FO-30-03d Released 611195
152760 AO1430P BAEM/lAC/BTC Operating Procedure Franco (FO-30-03d,04) Released 611195
15275. 30-04a Released 6126195
152758 AOI”08 VIS FPA Alignment Franco FO-30-04b Released 6126195
152759 AOI-09-13 Cooled-Spectral-Bands Alignments Koch FO-30-04c,d,e,f Released 7125195
152766 MFI1-02 Alignment of Reference Cube to S/C Interface Luke FO-30-05.- —.- . 812195 9/1/95
152765 MFI-01 SMA Alignment to WC Interface Luke FO-30-05 818195 917/95

152783 MFi-SU Mainframe integration Test Equipment Setup Kus (FO-30-04,...) 8113195 9112195
152768 MFi-21 Solar Diffuser Pointing Verificaiton Luke FO-30-05 8/ 14195 9113195
152795 AOi-14 OBA Spatlai Verifications Kent FO-30-04.5 919195 1019195

152803 AOi-Vibe Aft Optios Assembiy Random Vibration Exposure Luke FO-30-05. 10 9116195 10/16/95

152791 ALPC06 Determining Pointing Knowledge Franco FO-30-13 9127195 10127195

152773 MFI-09 BB Operation& DC-Restore Function Check Vanstone FO-:
152767 MFi-03 OBA Aiignment to Scan Mirror Kent FO-30-05— 1

30-08d 1011;/95 1 1/9/95 1
10/14/95 11/13/95

152778 MFi-14 Aiignment and Functional Check of the SDSM De Loo FO-30-07 10/16/95 11/15/95
152788 AL-SU Ambient-Lab Test-Equipment Setup Kus (FO-3O-1O) 1117195 1217195
152770 MFI-06 Electronics Grounding & Power Verifications Giick FO-30-08a 1117195 1217/95
152792 ALPC07 Measurement of Spectral Coverage Vanstone FO-30-13 1119195 12/9/95

- 30-13 l1110t95 12I1OI95
11/22/95 12122195
12113195 lt12196

I 152779 I MFi-15 IAiignment and Functional Check of the SRCA IRodii IFO-30-07 i 12126195 1125/96

152793 ALPC08 Measurement of Polarization Insensitivity Parker FO-:
152761 MFi-19 Gravity Release Assessment Kent FO-30-07
152787 ALPC2/3/5 System Spatiai Performance Kent FO-30-13

— c
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PROTOFLIGHTPROCEDURE
DEVELOPMENTSCHEDULE IFSANTA BARBARA RESEARCH CENTER

a subsidiary

Procedure

EDCC Numbs!‘ Test ID TESTPROCEDURENAME Author Actlvlty # Release Need
Planned First

nsitm
use

w“. ”

152771 MFI-07 MODIS Commands and Telemetry Verifications Glick FO-30-08b
152776

113196 2/2196

MFI-12 Power Profile Measurements Glick FO-30-08g 113196 212196

152777 MFI-13 Input Current Transient Measurements Glick FO-30-08h 1/3/96 212196

152774 MFI-10 Data Stream Verification and Pattern Noise Kus FO-30-08b 113196 2(2196

152935 MFI-20 System Software Verification Auchter FO-30-08 1/24196 2123196

152782 MFI-18 Scan Mirror Encoder Readout Pert. Tracking Glick FO-3b-08 1131196’ 311(96

152787 ALPC04 Transient Response Measurement Kent FO-30-13 214196 315196

152772 MFI-08 Scene/OBC Stimuli Frame Number Determination Vanstone FO-30-08C 215196 316196

152761 MFI-28 Mechanical Function Test Luke FO-30-08 2/6/96 317196

152785 ALRC02 ...MWIR & LWIR Speotral-BandsResponsivities De Loo FO-30-11 217/96 318/96

152784 ALRCO1 Rad-Cal of VIS, NIR, & SWIR Spectral Bands Franco FO-3O-1O 217196 316/96

152755 AOI-05106 Ini- Align of SWIMWILWIR-OBJSto AOP Mech-Datums Chkra F1-30-03e 2124196 3125196

152788 AOI-17 NIR FPA Alignment with IAC2 Chirra F1-30-04a 315196 4t4196

152790 AOI”18 VIS FPA Alignment with IAC2 Chirra F1-30-04b 3)5196 414196

152794 ALPC09 Eval of Brt&Dk Targets w/in Field, StraV Lt- Da L

152796 ALPC1l Eval of Warm Target Within Field Dif
15279”

..- -.. -.-00 FO-30-12 3f20196 4119196

If. Light De Loo FO-30-12 3121196 4120196

1
-7 I ALPC12 [Evaluation of Stray Light Rejection De Loo FO-30-12-—. 3122196 4/

152780 MFI-16 lTransfer of MODIS Alianment to the Ref. Cube Luke FO-30-05 4123/96 51231!-1121196

96

1 .-— I(Fo-30-16) 4124196 1 5124196

m IFranco IFO-30-14 I 516196 615/96 I

\
152808 “Tvsu

I

Thermal Vacuum Test Equipment Setup ll13D

152798 ALPC13 WC Mounting Template Pointing Calibratic.. .
15279: ..—. 1
152120 I ALPCli t

9 I ALPC14 Mass Properties Measurements Rodil FO-30-15 5118196 6117196
EM1/EMCMeasurements Glick FO-30-15 5125196 6124196 I
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● SYSTEM INTEGRATION& TEST OBJECTIVES

● SI&T PLAN& FORMAT

c PFM Sl&T TEST FLOW PLAN
● PFM THERMAL-VACUUM TEST PLAN

* SUMMARY
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MODIS PFM Sl&T
OBJECTIVES

____ .1..-.

SANTA BARBARA
RESEARCH

TLK-3 CENTER ,..1
8J30195

A HUGHES ELECTRONICS COMPANY

..—. . . .. .“......=- .-— ——-. ..—. . —.-. .. —.-— .
. .

— . . -. .—

Sl&T OBJECTIVE 1 -

“ INTEGRATE, CHARACTERIZE AND CALIBRATE THE MODIS
INSTRUMENT AND ON-BOARD CALIBRATORS TO ENSURE THE
PROTOFLIGHT MODEL MEETS AND/OR EXCEEDS GSFC
REQUIREMENTS.

Sl&T OBJECTIVE 2

● COMPLETE OBJECTIVE 1 WITHIN THE COST AND SCHEDULE
BUDGETS OF THE MODIS PROGRAM.

tJ29



PFM Sl&T PLAN SANTA BARBARA

TLK-4 RESEARCH

WW95 CENTER

A HUGHES ELECTRONICS COMPANY

● INITIAL SI&T TEST PLANS INDICATED =282 TESTS WOULD BE
REQUIRED FOR COMPREHENSIVE & LIMITED PERFORMANCE
TESTING THE PFM INSTRUMENT, INCLUDING:

“ 12- AFT-OPTICS ASSEMBLY TESTS

“ 66- AMBlENT TESTS IN THE HI-BAY CLEAN ROOM

● 75- OFFSITE ENVIRONMENTAL TESTS/RETESTS

● 23- AMBlENT TESTS IN MODIS CALIBRATION CHAMBER

● 82- THERMAL-VACUUM PERFORMANCE TESTS IN MCC

● 14- POST-THERMAL VACUUM RETESTS

● @ 2.1-DAYS~EST (=EM AVERAGE), REQUIRES =2.4 WORKING
YEARS (=29 MO) TO COMPLETE MODIS PFM

● TESTS 9-13 PRESENTLY IN WORK; LEAVES 269 TESTS
INDICATING PFM DELIVERY 1 NOV 1997

“ CLEARLY UNACCEPTABLE TO BOTH SBRC& GSFC

- (.)30



PFM Sl&T
TEST REPLAN

SANTABARBARA

TLK-5 RESEARCH

W3W95 CENTER

A HUGHESELECTRONICSCOMPANY

“ A TEST REPLAN IS IN PROGRESS - THE INTENT:
● REDUCE THE NUMBER AND SCOPE OF TESTS TO THOSE

REQUIRED TO MEET PERFORMANCE SPECIFICATIONS AND
PRESERVE THE INTEGRITY OF THE TEST SYSTEM& ITS
CALIBRATION

● I.e.,TEST WHEN NECESSARY, NOT-TEST FOR THE SAKE OF TESTING

● PRESENTLY REDUCED TO 190 TESTS, INCLUDING:
● 12- AFT-OPTICS ASSEMBLY TESTS

● 62- AMBlENT TESTS IN THE HI-BAY CLEAN ROOM

“ 23- OFFSITE ENVIRONMENTAL TESTS/RETESTS

● 25- AMBlENT TESTS IN MODIS CALIBRATION CHAMBER

● 59- THERMAL-VACUUM PERFORMANCE TESTS
● 9- POST-THERMAL VACUUM RETESTS

● 190- TOTAL TESTS REQUIRED

● @ 2.1-DAYS/TEST= 19.3 MONTHS OR 21 APRIL 1997

● STILL UNACCEPTABLE - THUS, REPLAN IS CONTINUING



● TEST REPLAN EFFORT ADDRESSING MEANS TO FURTHER
REDUCE TEST COMPLEXITY:

● SPECIFICALLY CLASSIFY EACH TEST
+ COMPREHENSIVE PERFORMANCE TEST (CPT)

Required to Meet all System Performance Specifications

+ LIMITED PERFORMANCE TEST (LPT’)

Verify Performance, Subset of “CPT”

For Specific Instances When “CPT” Not Required

+ FUNCTIONAL PERFORMANCE TEST (FPT)

Verify Functionality of Subsystem in Test

● 190 TESTS INCLUDE:
+ 108- COMPREHENSIVE PERFORMANCE TESTS

+ 53- LIMITED PERFORMANCE TESTS

+ 29- FUNCTIONALITY TESTS

+ 190- TOTAL TESTS

‘ MEANS TO FURTHER REDUCE TEST TIME
MULTIPLE SHIFT WORK, VERIFY BY ANALYSIS, AUTOMATION, REQUEST

FOR WAIVERS, etc.
. U32



MODIS PROTOFLIGHT MODEL
Sl&T FLOW PLAN

SANTA BARBARA

TLK-7
RESEARCH

8/30/95
CENTER

A HUGHES ELECTRONICS COMPANY

SUBASSY
INTEGRATION

& TEST
*

I TO
MAINFRAME

INTEGRATION

INTEGRATION &
TEST

I

● Aft-Optics Objective Assy’s
● Radiative-Cooler Assy
● Afocal-Telescope Assy
● Mainframe Assy
o Scan Mirror Assy (SMA)
sOBC Blackbody Assy
. Solar Diffuser Assy
cSolar Diffuser Stability
Monitor (SDSM)

● SpectroRadiometric
Calibration Assy (SRCA)

● MainElectronicsModule
(MEM)

● Analog Electronics Modules
● Space View (SAM)
● Forward-View (FAM)
● Cooler-Located Analog
Module (CLAM)

c Doors &Actuators

An OPTICS ASSY
● Dichroic Assy
QVIS Objective Assy
● VIS FPA l&T
● NIR Objective Assy
QNIR FPA I&T
s LWIR & SW/MWIR Obj
Assy Vignetting

● LWIR & SWIR FPA l&T
● Radiative Cooler l&T
OPTICAL BENCH ASSY
sAft Optics Assy
● Afocal Telescope Assy

. (’)33



\
4 MAINFRAME AMBIENT LAB

INTEGRATION PERF. TESTS
TESTS w/EM w/EM TO Sl&T

ELECTRONICS ELECTRONICS w/PFM
ELECTRONICS

JUIAINFRAMEINTEG‘N TESTS
sMainframe integration Setup
● l&A SMA to WC llF
. l&A Ref. Cube to WC i/F
c l&A OBA to SMA
● Gnd &Continuity
● Command & Teiem’y
● Verify FPA Data Stream
s Electronic Calibration
s integ. BB & BB DC Restore
● i&A SD
● l&A SDSM
● SMA Performance Trkg
cAiign MODiS to Ref Cube

m

AMBIENT LAB PERF TESTS
● Ambient Lab Setup
● Initiai Gains & Offsets for
VIS/NIR/SWiR FPAs

● Initiai Gains & Offsets for
MWiR & LWIR FPAs

● Response vs Scan Angle for
Aii FPAs

● Transient Response
● Pointing Knowiedge
c Polarization Insensitivity
. Brt & Drk Targets wfln Field
● Warm Targets wfin Fieid
● Stray Light Rejection

PFM
ELECTRONICS

SUBASSY’S

. 034
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PFM Sl&T
AMBlENT LAB

TEST FLOW PLAN SANTA BARBARA
RESEARCH

- CONTINUED = TLL;: CENTER

A HUGHES ELECTRONICS COMPANY

%
ENVIRON-
MENTAL

TESTS W/ PFM
TESTING

ELECTRONICS 6$
GRAVITY
RELEASE

TESTS.

JJIFl&A TESTS
oGnd &Continuity
sIntegrate Electronics Modules
sCommand & Telem’y
sScene/OBC Frame #
● Verify FPA Data Stream
. Electronic Calibration
oPower Profile
. Input Current Transients
. BB DC Restore
cVerify SDSM Alignment
● I&A SRCA
● SMA Performance Trkg
● System S/W Verification
● Verify Solar DHfuser Pointing
● Mechanical Functions

-

AMBlENT LAB PERF TESTS
* Initial Gains & Offsets for
VIS/NIRISWIR FPAs

● Initial Gains & Offsets for
MWIR & LWIR FPAs

● Dynamic Spatial Analysis
● Pointing Knowledge
. S/C Mounting Template
● In-Flight Calibration Tests
● Solar Calibrator Functional

I

● Mainframe Setup ~
. Ambient Lab Setup
● Verify Gnd & Continuity
. Verify Command & Telem’y
● Verify FPA Data Stream
. BB DC Restore Functions
● Mechanical Functions
c Dynamic Spatial Analysis
. Pointing Knowledge
● Verify MODIS to Ref Cube
● Verify SMA Perf Tracking
s Package & Ship to SSL

‘ U36



4 \ / \
4 \ MEASURE MOVE TO

RANDOM & MOVE TO
sETuP MASS VIBRATION

SINE SWEEP EMi/EMC
@ SSL PROPERTiES FACILITY

VIBRATION
\ / TESTING

FACILITY

% e \ / \ 0

I

FIVIUGIWV w \ -y,

TESTING EMi/EMC MOVE
TESTING

ACOUSTICS
‘m-+a Stream

(Pre-Test
TO TRW TEST

\
Funct’ls) * v

POST-VIBE FUNCT’L TESTS
. Mainframe Setup
QVerify Gnd & Continuity
● Verify Command & Telem’y
QVerify FPA Data Stream
. BB DC Restore Functions
. Check Mechanical Functions

6EZRETURN
TO SBRC

MCC

- 037



c1FROM
TRW 07BEGIN

T-V
TEST

+

4 MCC AMBlENT + &
RECONFIGURE

PRE-T-V

+ PERFORMANCE FOR T-V
FUNCTIONAL

TESTS * * TESTS

I I
E

~Thermal-VacuumTest Setup
sVerify Gnd &Continuity
Bverify Command & Telem’y
oVerify FPA Data Stream
oElectronic Calibration
oBB DC Restore Functions
● Verify SDSM Funct’1
● Verify SRCA Funct’1
. Mechanical Functions
. VIS/NIR/SWIR Gain &Offset
. MW/LWIR Gain &Offset
● Spatial Registration w/o CaF2
. 00B Spectral Perf. (All FPAs)
. In-Band Spectral Perf.
(LWIR FPAs)

. Thermal-Vacuum Test
Setup

● Radiative-Covers
● Install SBS’S in MCC
● Trial Pumpdown
•;g~stall MODIS in

1

oThermal-Vacuum Test SetuP
● Verify Gnd & Continuity
sVerify Command & Telem’y
● Verify FPA Data Stream
. Electronic Calibration
. BB DC Restore Functions
● Verify SDSM Funct’1
● Verify SRCA Funct’1
s Mechanical Functions
● VIS/NIR/SWIR Gain & Offset
. MW/LWIR Gain &Offset
. Spatial Registration w/CaF2
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MODIS PFM SI&T
THERMAL-VACUUM I.WSANTA BARBAiiA

TLlkl;
RESEARCH

TEST FLOW PLAN
CENTER

A HUGHESELECTRONICSCOMPANY

IrlnHOT
TEMP
TESTS

4$ &
PRE-

$$
COLD-TEMP

\\
HOT TRNSTN +

PERFORMANCE I ~ PERFORMANCE ‘‘ FUNCTIONAL
TESTS TEST TEST

/(

I I I

. Pumpdown to Hi-Vacuum
● Acquire Telemetry
● Hot-Survival Thermal-Cycl
● Outgas Radiative Cooler
● Cold-Survival Thermal-
Cycle

cCooldown Radiative Coole●#csition to Cold Temp

● Stabillze 16 Hours
● Cold Turn-On

m

sAll Commands &Telemetry
. Verify FPA Data Stream
s BB DC Restore
● Verify SDSM Funct’1
s Ltd SRCA Performance
● Mechanical Functions
● Vl~l~SWIR Gain & offset
● VIS/NIR/SWIR Radiometric
Calib.

c MW/LWIR Gain & Offset
● MW/LWIR Radiometric Calib.
● Spatial Registration w/CaF2

● Command&Telemetry
● Verify FPA Data Stream
‘BB DC Restore Funct’1
● Ltd VIS/NIR/SWIR
Radiometries

● Ltd MW/LWIR Radiometrlc$
“ Stabilize 16 Hours
“ Hot Turn-On

. U39



nHOT
TEMP

TRANSI
TION

GiRiii7 &
TRANSITION+ ~

+ PERFORMANCE TO COLD PERFORMANCE
TEST TEMP TEST

I I
● All commands &

Telemetry
● Verify FPA Data Stream
. BB DC Restore
. Verify SDSM Funct’1
c Ltd SRCA Performance
● Mechanical Functions
● VIS/NliUSWiR Radiometric
Calibration

. MW/LWiR Radiometric
Calibration

● Spatiai Registration w/
CaF2

/
● Transition to cold
Temp (O°C)

cCommand &
Teiemetry

. Stabilize 16 Hours
● Coid Turn-on

I
● Ail commands &
Teiemetry

● Ltd FPA Data Stream
● BB DC Restore Funct’1
. Verify SDSM Funct’1
s Ltd SRCA Performance
● Mechanical Functions



42ND HOT-TEMP %
b *

AMBIENT TEMP
+ pERFORMANCE * PERFORMANCE

TEST TESTS
\-m

. .
•#flC~tlon to Hot Temp

●Stabilize 16 Hours
Ltd Command& Telem’y

. Verify FPA Data Stream

. Verify SDSM Funct’1
● Verify SRCA Funct’1
● Mechanical Functions
● Transition to Ambient
Temp

● Stabilize 16 Hours
● Set CFPAS to 83K Set Poln

● 83K FPA TEMP TESTS
● Ltd Commands & Telem’y
. Verify FPA Data Stream
. BB DC Restore
● Ltd VIS/NIR/SWIR
Radiometric Calibration

● Ltd MW/LWIR Radiometric
Calibration

● (Repeat Above @ 88K Set
Point Following 85K Tests]

●Transition CFPAS to 85K
Set Point

m

‘ ~s
sAll Commands & Telem’y
DFull FPA Data Stream
BFull BB DC Restore
oElectronic Calibration
DVerify SDSM Funct’1
oFull SRCA Performance/Calib.
oScan Mirror Encoder Trkg
● Mechanical Functions
● V[S/NIR/SW[R Radiometric Calib.
sMW/LWIR Radiometric Callb.
● Full Spatial Registration (except
LWIR)

● VIS/NIR/SWIR Spectral
● In-Flight Calibrator Stimulation
●Transition CFPAS to 88K Set
Point
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* TO
POST- T-V STORAGE
AMBlENT OR

TESTS DELIVER
TO LMAS

I
I

DAll Commands & Telem’y
● Ltd FPA Data Stream
cElectronic Calibration
● BB DC Restore Funct’1
. Verify SDSM Funct’1
. Verify SRCA Funct’1
● Mechanical Functions
● VIS/NIR/SWIR Radiometric Calib.
● Ltd MW/LWIR Radiometric Calib.

I
● STORAGE TESTS
● All Commands & Telem’y
. Verify FPA Data Stream
● Electronic Calibration
● BB DC Restore Funct’1
● Verify SDSM Funct’1
● Verify SRCA Funct’1
● Scan Mirror Encoder Trkg
● Mechanical Functions
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PFM SI&T SUMMARY
TLK-lEI
8130J95

c

●

●

●

●

SANTA BARBARA
RESEARCH

CENTER

A HUGHES ELECTRONICS COMPANY

SBRC Sl&T TEAM’S OBJECTIVES: TO PRODUCE A MODIS
INSTRUMENT THAT MEETS ALL COST, SCHEDULE AND
SPECIFICATION REQUIREMENTS

Sl&T TEAM IS DEDICATED TO ACHIEVING THOSE OBJECTIVES

DEDICATED TEAM IS COMING ON-LINE FOR MULTI-SHIFT
WORK EFFORT TO REDUCE SCHEDULE

COMPREHENSIVE TEST PLAN ADDRESSES ALL SYSTEM
REQUIREMENTS

PFM TEST PLAN IS BEING REPLANNED WITH INTENT TO
MAINTAIN SYSTEM SPECIFICATION INTEGRITY AND MEET
ABOVE REQUIREMENTS
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GROUND SUPPORT EQUIPMENT
Vern Alferd
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AGENDA SANTA BARBARA
RESEARCH

CENTER

A HUGHESELECTRONICSCOMPANY

●

●

●

●

●

●

●

●

Polarized Source Assembly (PSA)

Scatter Measurement Assembly (SCMA)

100 cm. Spherical Integrating Source (S1S)

Blackbody Calibration Source (BCS)

Space View Source (SVS)

Integration and Alignment Collimator (lAC)

Spectral Measurement Assembly (SPMA)

MODIS Calibration Chamber (MCC)





POLARIZED SOURCE ASSEMBLY
REQUIREMENTS & PERFORMANCE SANTABARBARA

RESEARCH
CENTER

A HUGHESELECTRONICSCOMPANY

PARAMETERS REQUIREMENTS PERFORMANCE

● Wavelength Range 0.43pm to 2.2pm 0.43pm to 2.2pm

● Polarizance over Scan Angles
of* 450 > 99.8% > 99.8% *0.2Y0

● Uniformity of Polarizance
over Exit Pupil <lTO <1?40

● Radiance Stability +().1~. Of steady state level < MI.05Y0

● Field of view coverage 1° 1” Circular

● Rotation range 0° to 360° in 15° steps 0° to 360° in 15° steps

,.

.. u48
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A laboratory polarimeter with a Wollaston prism, which ailowed simultaneous

measurement of S and P polarized energy vaiues, was used to estabiish the

poiarizance of the PSA. Poiarimeter accuracy was established at M1.1YO

from measurements of surfaceswithknownFresnel reflection values.

s Uniformity of Polarizance over Exit Pu~il

The laboratory poiarimeter with a l-inch aperture was positioned at multiple

iocations over the exit pupil of the PSA to provide a map of polarizance. At

each iocation, the PSA’S Ahrens polarizing prism was rotated at 15 degree

intervais from Oto 360 degrees.

● Radiance Stabilitv

PSA irradiance was monitored with a Si photodiode over an 8-hour period.



PSA FUNCTIONAL BLOCK
DIAGRAM SANTA BARBARA

RESEARCH
CENTER

A HUGHESELECTRONICSCOMPANY
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I
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PSA PERFORMANCE EVALUATION
& PROPOSED SYSTEM

MODIFICATIONS SANTA BARBARA
RESEARCH

CENTER

A HUGHESELECTRONICSCOMPANY

s Performance Evaluation

- The Polarized Source Assembly performed as per specifications with one
possible problem during testing.

Possible misalignment of the PSA with respect to MODIS may have caused
an output polarization intensity fall-off as a function of rotation angle.

● Pro~osed Svstem Modifications

- The Macintosh PC with Labview software will be replaced by OASIS control
via the STE Stimuius Controiier Workstation.

- Aiignment fixturing to aiiow anguiar pointing adjustment of the entire PSA
will be developed.
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SCATTER MEASUREMENT
ASSEMBLY

SANTA BARBARA RESEARCH CENTER
a subsidiary
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SCATTER MEASUREMENT
ASSEMBLY REQUIREMENTS

AND PERFORMANCE
SANTA BARBARA

RESEARCH
CENTER

A HUGHESELECTRONICSCOMPANY

PARAMETERS

● Wavelength Range

Geometric Projected Image
“ Size

● Collimator Mirror Surface
Roughness

●

●

●

Collimator Beam Size

Radiance Non-uniformity

Radiance Stability
over Exit Pupil

REQUIREMENTS

0.43pm to 14.3pm

1 to 1.5 pixels Scan
10 pixels min. Track

<7 Angstroms RMS

> 7-inch diameter

< 5%

M1.1YO of steady state level

PERFORMANCE

0.43~mto14.3pm

1.5 pixeis Scan
11 pixels Track

3.75 Angstroms RMS

11.25-inch diameter

< 3’XO

< *().()5%

.,
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MEASUREMENT OF KEY
SCMA PARAMETERS

1-
SANTABARBARA

RESEARCH
CENTER

W A HUGHES ELECTRONICS COMPANY

●

●

☛

Collimator Mirror Surface Roucahness

Roughness measurements were made with a non-contact profilometer by the mirror

vendor Tinsley Labs. The profilometer was a state-of -the-art instrument which has

been cross-checked against other leading instruments such as the Wyko,

Zygo, Photographic Sciences MP-2000, and an atomic force microscope.

Spectral and Neutral Densitv Filters

Spectral transmittances were measured by a Cary 14 spectrometer in the visible

region and by a Nicolet 7000 ~lR In the Infrared from 2.Opmto 20.OUm.

The BRDF of the surface surrounding the slit was measured at SBRC with a

scatterometer measurement system developed by Breault Research Organization.
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SCMAPERFORMANCE
EVALUATION & PROPOSED
SYSTEM MODIFICATIONS SANTABARBARA

RESEARCH
CENTER

A HUGHES ELECTRONICS COMPANY

c Performance Evaluation

- The Scatter Measurement Assembly performed to specifications with no
functional problems during testing.

Realignment of the siit was required after switching between sources.

● Proposed Svstem Modifications

- A shutter system is to be added to the source assembiy for iR band coiiects.

Fiiter wheeis are to be added to the system to accommodate spectrai band
and neutrai density fiiters.

- The problem of siit realignment after source changes wiii be addressed.

- Automatic controi via the Stimuius Controiier Workstation wiii be added for
shutter and fiiter seiection.
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S1S(100) REQUIREMENTS IwSANTA BARBARA RESEARCH CENTER

a subsidiary

TESTS

ISNR STRAY DYNAMIC RADIOMETRIC RADIOMETRIC CHANNEL TO CHANNEL
LIGHT RANGE CALIBRATION STABILITY UNIFORMITY

t

REQUIREMENTS.. —- —-. -—---—- .-—

MOt)~EfiRIME Sls(loo) Sls(loo)
TYPE OF REQUIREMENT DERIVED PREDICTED

REQUIREMENT REQUIREMENT PERFORMANCE

● RADIOMETRIC ACCURACY @ Ltyp
BANDS l-19,& 26 (<3.0~).

5?40,1 SIGMA < 3.4?40,1 SIGMA < 3.OYO,1 SIGMA

● RADIOMETRIC ACCURACY
BETWEEN 0.3Ltyp & 0.9Lmax

<6?40,1 SIGMA < 3.9Yto,1 SIGMA <3.5$40,1 SIGMA

● RADIOMETRIC STABILITY
(short term: <2 weeks)

<+/- 1.0% <+/- 1.070 <+1-1.OO/O

● RADIOMETRIC STABILITY
(long term: 2 weeks to 5 yrs.)

<+1-2.0°A <+/- 2.OVO <+/- 2.0%

. RADIANCE UNIFORMITY < 0.30/0 < 0.250/o
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MEASUREMENT OF KEY S1S(100)
9 CALIBRATION PARAMETERS SANTA BARBARA

RESEARCH
CENTER

A HUGHESELECTRONICSCOMPANY

● Absolute Spectral Radiance
Intercomparison via a Cary 14 Double monochromator of S1S(100) spectral radiance

with a Spectral Irradiance Standard Lamp plus HaIon diffuser traceable to NIST.

● Radiometric Stability
Voltage across a shunt was monitored to measure S1S(100) source current as a

function of time and also as a function of small changes applied to the spectral

radiance amplitude. Stability was better than O.03?40over the period of calibration.

● Radiance Uniformity
7-inch diameter sample areas at the S1S(100) aperture are mapped via the Cary 14

double monochromator to give better than a 0.25?40uniformity.

● Monochromator S~ectral Calibration

Wavelength calibration employed line standard lamps of Hg and Krypton.

● Monochromator Svstem Linearitv
Signal output from the Cary 14 system was plotted as a function of exit slit area.



SANTABARBARA
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CENTER

A HUGHES ELECTRONICS COMPANY
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~ SIS(1OO)CALIBRATION PLAN

GALOBRAU’OONPATH

SANTA BARBARA
RESEARCH

CENTER

A HUGHES ELECTRONICS COMPANY
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SIS(1OO)CALIBRATION HISTORY* SANTABARBARA
RESEARCH

CENTER

A HUGHES ELECTRONICS COMPANY

COMPARISON OF SEPT 93 DATA

TO OCT 92 DATA

1.02 ~

1

0.9

WAVELENGTH

● SEAWIFS DATA COLLECTED FROM

S1S(100) SINCE MARCH 93 HAS BEEN

STABLE TO APPROXIMATELY tlf)fo

● COMPARISON TO NASA S1SIN

NOV 92 GAVE AGREEMENT WITHIN

APPROXIMATELY ~2?40

● CALIBRATION OVER FULL

WAVELENGTH RANGE TO

COMMENCE IN AUGUST 1995

.- Ubz



S1S(100) PERFORMANCE
EVALUATION & PROPOSED
SYSTEM MODIFICATIONS

w
SANTA BARBARA

RESEARCH
CENTER

A HUGHESELECTRONICSCOMPANY

● Performance Evaluation

- S1S(100) performed as per expectations for the Engineering Model with no
problems encountered.

● Pro~osed Svstem Modifications

- An lnSb detector will be added to the S1S(100) calibration equipment and
optimized prior to Protoflight.

A reai-time current read out wiil be added to the S1S(100) controi system.

- Software will be upgraded to improve data handiing and analysis.





BLACKBODY CALIBRATION
SOURCE REQUIREMENTS

AND PERFORMANCE 1-SANTA BARBARA
RESEARCH

CENTER

A HUGHESELECTRONICSCOMPANY

PARAMETER REQUIREMENT PERFORMANCE

● Temperature Range (Vacuum) 170K - 340K 170K - 340K

s Temperature Range (Ambient) 295K - 340K 295K - 340K

● Temperature Accuracy(Vacuum) ~().()4()K tO.025K

● Temperature Accuracy(l 98K-248K) AO.040K ~0.055K*

“ Temperature Accuracy(Ambient) +0.040K j4).040K

● Effective Cavity Emittance >0.999 0.999845*4E-6

“ Temperature Uniformity <MLl K <~0.020K”

● Temperature Repeatability MLl K ~().1K

● Temperature Transition Times <30 min for 10K 11 to 27 minutes

* Out-of-spec due to calibration methodology; vvilibe corrected before Protoflight.
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MEASUREMENT OF KEY
BCS PARAMETERS SANTABAROARA

RESEARCH
CENTER

A HUGHES ELECTRONICS COMPANY

● Absolute Temperature

Temperature was measured with a square grid of nine PRTs calibrated by Rosemount.

Each PRT temperature was traceable to NIST with a worst case vaiue of kO.016K.

An overail “effective” temperature was calculated from an aigorithm which

empioys a weighted contribution from the first, second, and third bounce surfaces.

● Tem~erature Uniformity

Temperature gradients over the each of the cavity piates were measured by

in-piace PRTs.

. Effective Cavitv Emittance

BRDFs and Refiectances of cavity surfaces were measured by scatterometer and

spectrometer systems at Hughes EOS. A proprietary computer program, OARDAS,

modeled the BCS cavity and used measurement data to calcuiate effective emittance.



BCS FUNCTIONAL BLOCK
DIAGRAM
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SPACE VIEW SOURCE
REQUIREMENTS & PERFORMANCE SANTA BARBARR

RESEARCH
CENTER

A HUGHESELECTRONICSCOMPANY

PARAMETER I REQUIREMENT I PERFORMANCE

“ Temperature Range (Ambient) Floats at ambient Floats at Ambient

● Temperature Accuracy (Vacuum) Remain below 85K 82K

● Temperature Accuracy (Ambient) &O.040K ~().()4K

● Effective Cavity Emittance >0.999 0.999845tE-6

c Temperature Uniformity (Ambient) &Ll K <jfl.04K
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SVS FUNCTIONAL
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BCS & SVS PERFORMANCE
, EVALUATION & PROPOSED

SYSTEM MODIFICATIONS
I A HUGHES ELECTRONICS COMPANY

Performance Evaluation

BCS & SVS performed as per specifications with no probiems.

BCS transitions were accurate and predictable.

Pro~osed SVstem Modifications

IBM PC Controiier wiii be driven via an IEEE busby the Stimuius Controiier
Workstation running OASIS.
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INTEGRATION & ALIGNMENT
COLLIMATOR REQUIREMENTS SANTA BARBARA

AND PERFORMANCE RESEARCH
CENTER

A HUGHES ELECTRONICS COMPANY

TESTS

● Wavelength
Range

● MODIS

SBR / MTF

● IFOV

● IFOV

Uniformity

MTF
Along Track

PRIME ITEM
REQUIREMENTS

0.43pm to 14.3~m

SBR: M.2 IFOV

Scan IFOV: *6Y0

Track IFOV: +0, -6%

IFOV Unif: HOYO

MTF: 0.3 @

F Nyquist

DERIVED IAC I IAC
REQUiREMENTS* PERFORMANCE

0.43~m to 14.3ym I0.43pm to14.3~m

Pointing : *1.2: Scan
A0.4° Tracl

Biur Diameter: <90 prad

SBR Test SNR: >200

Angle Uncertainty: *I Oprad

Beam Nonuniformity: S3Y0

fl .7° Scan

*0.5° Track

70 prad

900 Minimum

<H Oprad

FOV: 0.2x16T011 xII iFOV

Pointing: H .2° Scan at 100 inch
*0.4° Track at 100 inch

0.2 X 16 iFOV
to 11x11 IFOV

CM,70 Scan @ 25inch
+2.0° Track @ 25inct

iFOV/MTF Tests SNR: >500

Angie Uncertainty: HO prad

* Ref Doc :SBRC Specification Number 151872
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MEASUREMENT OF KEY
IAC PARAMETERS SANTA BARBARA

RESEARCH
CENTER

A HUGHES ELECTRONICS COMPANY

● Pointinq Accuracy

The IAC track and scan mirrors were driven from a boresight position to the
extreme field position, and that angular position was checked with a
theodolite having a 1 arc-second accuracy. Uncertainty was better than 2 arc-
seconds.

● Pointina Resolution

The IAC track and scan mirror motions are controlled by interferometers with
an angular ieast count of 1/5 arc-second.

● Pointina Repeatability

The position of a pinhoie source was monitored by a 1 arc-second theodolite
coaxiai with the IAC boresight axis. Muitiple scans were initiated with the
track and scan mirrors driving the IAC opticai axis to the extreme field
position and back to boresight. I

● Wavefront Qualitv

Interferograms taken over the IAC fuil aperture showed better than 1/4 wave
flatness at 632.8 nanometers.



IAC FUNCTIONAL BLOCK DIAGRAM 1-SANTA BARBARA
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IAC PERFORMANCE EVALUATION
& PROPOSED SYSTEM

MODIFICATIONS SANTA BARBARA
RESEARCH

CENTER

A HUGHES ELECTRONICS COMPANY

● Performance Evaluation

- The Integration & Aiignment Collimator perlormed as per specifications
with no functional probiems during testing.

● Proposed Svstem Modifications

- The IBM PC and software now controlling the iAC wiii come under OASiS
controi via the STE Stimulus Controiier Workstation.

-- 077



SANTA BARBARA RESEARCH CENTER
a subsiiafy

Q502-8T

SPECTRAL
MEASUREMENT
‘ ASSEMBLY

(.)78



MEASUREMENT ISPECTRAL
ASSEMBLY REQUIREMENTS

I

SANTA BARBARA

AND PERFORMANCE RESEARCH
CENTER

A HUGHESELECTRONICSCOMPANY

PARAMETERS

● Wavelength Coverage

G Spectral Slit Widths

~ Wavelength Accuracy

● Wavelength Repeatability

● Signal - to - Noise Ratios

● Slit Image Position Control

s Automated System Control

REQUIREMENTS

0.40pm to 14500pm

1 nm to 50 nm

*0.33 nm, 1 sigma up to Ipm,
then scales linearly to 14.3pm

*0.23 nm, 1 sigma up to Ipm,
then scales linearly to 14.3 ~m

>100 at all bands

Step size 25 ~rad over ~ 1° field

All functions remote controllable
and outputs digitized

PERFORMANCE

0.38pm to >14500~m

0.40 nm to 40 nm
*

<+0.10 nm, 1 sigma up to Ipm
then scales linearly to 14.3 pm

AO.1Onm, 1 sigma up to Ipm,
then scales linearly to 14.3pm

>130 LWIR, >190 VIS-MWIR

Step size 10 prad over f 10 field

Automated controls,
Digitized outputs

* Some visible bands did not meet requirement, possibly because of grating misalignments. This
will be corrected for Protoflight.
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● Wavelength Accuracv

Hg and Krypton atomic line standard lamps provided 10 calibration wavelengths

covering 0.435w to 13.1pm. Repeated scans of these iines and at muitipies of

the wavelengths of some iines established an accuracy rating.

● Wavelength Repeatability

Repeat scans of atomic iines at 0.435pm and 0.546pm over a two month period were

used to establish repeatability of better than ~0.2nm.

● Wavelength Coveraae

Four pairs of diffraction gratings biazed at 0.4pm, 1.5pmJ4.Opm, and 12.Opm were

used to cover a wavelength range from 0.38v to 15.O~m.



SPECTRAL MEASUREMENTS
ASSEMBLY 1-SANTA BARBARA RESEARCH CENTER

a substdlary
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SPMAPERFORMANCE
EVALUATION & PROPOSED
SYSTEM MODIFICATIONS SANTA BARBARA

RESEARCH
CENTER

A HUGHESELECTRONICSCOMPANY

c Performance Evaluation
- SPMA functioned well during testing and its performance equaied or exceeded

neariy ail specifications.

- Dual gratings were not synchronized and siightly out of step during data
collects for relative spectral response.

- Low signai-to-noise ratio was experienced for LWIR Bands 27 through 29 due
to water absorption at Band 27 and iow grating efficiency for Bands 28 and 29.

- Slit image position controi mechanism did not operate under remote controi.
Manuai control was possible but awkward to impiement.

“ Pro~osed System Modifications
- Implement an improved alignment procedure for duai grating sets to assure

coincidence of grating rotation.

- The Macintosh PC and Labview software wili be replaced by OASIS control on
the STE Stimuius Controiier Workstation.

- Tent monochromator and path to vacuum chamber window and purge with N2
to avoid water absorption iosses.

- For safety improvement, a iifting fixture wiii be fabricated for the
monochromator unit that is removed and repiaced for grating-mirror swaps
during testing.
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● Vacuum Vessel Dimensions 13.5 Ft. long by 8 Ft. ID

● Vacuum Wall Material -304 Stainless Steel

● Vacuum PumDinu Svstem:

(1) Mechanical Pum~ Specs
Chamber Roughing
Dry Pumping (Hook and Claw)
Leybold Dryvac 100B=59CFM
Ultimate Pressure 8 x 10-3Torr

(2) Cryopump Specs (3) Turbomolecular Pump Specs
● 2 each Leybold RPKI 0,000 ● 1 each Leybold 1000 MC
● Ultimate Pressure 5.5 x 10-8Torr ● Ultimate Pressure 5.5x 10-8Torr
● Pumping Speed ● Pumping Speed

● Air 9500 Ltrs./Sec. ● Nitrogen 1000 Ltrs./Sec.
● Water 31000 Ltrs./Sec. ● Helium 950 Ltrs/Sec.
● Argon 8000 Ltrs. /See. ● Hydrogen 950 Ltrs./Sec.
● Helium 6000 Ltrs./Sec.
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MCCVACUUM PERFORMANCE
WAS EXCELLENT 1-SANTA BARBARA

RESEARCH
CENTER ,!. ,

A HUGHES ELECTRONICS COMPANY

PRESSURE REQUIREMENT PERFORMANCE

● 760 Torr to 1 x 102 Torr <4 Hours 1.4 Hours

● 0.5x 10-2Torr to 1 x 105 Torr <16 Hours 6.0 Hours

c 1 x 10-5Torr to 1 x 10-6Torr <28 hours 8.0 Hours

● 1.83x 10-7Torr (Ultimate) s 72 Hours 60.0 Hours

EM MODIS Tests were performed at 1.0x 10-6Torr



PERFORMANCE PREDICTIONS

FOR PROTOFLIGHT
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PERFORMANCE PREDICTIONS
TOPICS SANTA BARBARA

RESEARCH
CENTER

A HUGHESELECTRONICS COMPANY

●

●

●

●

●

●

●

●

●

Radiometric sensitivity (Pagano and Bauer)

Radiometric accuracy (Pagano and Bauer)

Radiometric stability (Pagano and Bauer)

Polarization (Young and Pellicori)

Near field response (Young and Pagano)

Spatial (Therrien and Lommen)

Spectral (Young and Pellicori)

Stray light (Young)

In-flight calibration (Johnson et d)

L U8SI



Radiometric Sensitivity

Tom Pagano



RADIOMETRIC SENSITIVITY SANTA BARBARA

(SNR,NEAT)WELL UNDERSTOOD RESEARCH
CENTER

A HUGHESELECTRONICSCOMPANY

●

●

●

●

●

●

●

●

Budgets established and described in detail in CDRL 101, “RMM”

EM SNRs/NEATs meet specs in most bands; out-of-spec bands identified

Transmissions as predicted except LWIR which are much lower

Noise as predicted for most bands

Reduced performance in VIS and NIR maybe related to source drift

Dynamic Range accommodates Lmax and OBC signal ranges

Limited EM Dynamic Range due to premature saturation on detectors
and inadequate background shielding

Predict PFM will meet requirements for all but 35,36



INPUT DATA
FILE FILE OUTPUT

● SPACE

I CALOUT I
RSMOUTF

RSMOUTP
L f

I I

RSMOUTS

I RSMOUTD
I I

[ I
I SIGOUT I

ACCURACY
(Spreadsheet)

SNFVNET
(Full Dump)

SNRINET
(Plotfile)

SNRINET &
ACCURACY
(Summary)

Detector
Budgets

Signalvs
Radiance

FREQUENTLY CALLED SUBROU77NES

FIFI FI PI
p
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SIGNAL TO NOISE
MOST VIS/NIR/SWIR BANDS MEET SPEC

SANTA BARBARA
RESEARCH

CENTER

A HUGHESELECTRONICSCOMPANY

SNR for MODIS Engineering Modei Reflective Bands

1600

1400

1200 f I
❑ Required

+ predicted

t-hi’++ ❑ EM actual



NEAT for MODIS Engineering Model Emlssive Bands

0.8

0.7

0.6

s?
~ 0.5

t- 0.4
:

0.3

0.2

0.1

0

H - Predicted

.- WM



Band

SWIR
6

Vls
8

NIR
13
14

Pc
29
33
35
36

SNR spec

275

880

910
1087

1066
247
220
135

Measured Reason

244 Bad filter

838 Marginal

537 Higher electronics noise
898 than expected

945 Lower transmission values
195 than expected
185
62

..- [)95



THROUGHPUT AS PREDICTED
FOR MOST BANDS

SAH7A BARBARA
RESEARCH

CEHTER

A HUGHESELECTRONICSCOMPANY
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NOISE LEVELS WERE CLOSE
TO PREDICTIONS ON EM

● MSAP used with component data to predict noise for EM
● Measured noise determined by analysis of spaceport data
Q Noncompliances not caused by noise levels except B33

VIS, NIR, SWIR MWIR, LWIR PV LWIR PC

T II 3-r m

I 12.5

/\

fm#Esl M3AP

~ Measured
EM

z’- 1.s

i
!#l

0,3

0

● Bands 1, 2, 5, 6, 7 had
excessive ringing on EM

0.0025

0002

~ 0.001s
g

! 0.001

2

0.0005

0

t

~ \ l—=——Mes!aM’ed

37 32 33 34 35 36

3d
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SIGNAL TO NOISE
THREE WAYS TO SKIN A CAT IwSANTA BARBARA RESEARCH CENTER

a subsldmy

❑ MS Averaged

N s
Ss

Averag

I

●table sources lead to consistent results

Band 1
, SNR SS SNR MS SNR all Radiance-SV’

222.3 228.2 221.0 26.1

296.1 303.8 294,4
386.9 397,7 384.9
379,0 397,7 373,1
479,2 486.2 473,4
568,3 676.1 666.8
619,7 622.7 498,9
631.2 638.6 621.6
631.2 627,0 612.6
620.0 592.5 661.9
676.9 656.7 639.8
810.9 802.3 780.6
912.0 850.0 833.7

1121.3 1001.3 990.4
1373,2 1291,2 1270.1
1316.3 1166.8 1126.6
1844.3 1630.8 1606.6
1896.2 1937.9 1886.7
1689.3 1728.9 1680.9
1868.0 1906.7 1864,4
1841.3 1864.2 1833.3

34.6
46.61
53.4
63.9’
75.3
80.9
91.3
94.8

109*1
117.3
130.7
164.8
221.7
277,8
336.8
394.4
462.3
610.6
567,8
620.9
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NONCOMPLIANT SNRS IN VIS/NIR SANTA BARBARA

BELIEVED TO BE SOURCE RELATED
RESEARCH

CENTER

A HUGHES ELECTRONICS COMPANY

. SNR calculated on S1Sport inconsistent with noise levels in space port

1.03

J 1.02

r

~ B13

8
~ 1.01 ——D———B14

;1 —~ B15
.N

j 0.99 ~ B16
~

tolohmv- c$kz FiR8k8F5s? %b%~$?~%$?
Scan Number

S1S Viewport: Correlation between bands,

0.995 I 1 t I 1 , , t , , 1 , , , , I , I I , 1 , t I I t 1 I I I 1 I , # I 1 , t 1 1 1 1 t , t 1
I I 1 I I 1 I I 1 I i 1 I
mlnhcn-mm~ m

-v- .&i Rwi RFi$?8$5%Gw3 %3

Scan Number
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DYNAMIC RANGE SIZED FOR
Lmax and Tbb=320K

VIS and NIR

1000

100

10

1

0.4 0.5 0.6 0.7 0.8 0.9 1

WwelWth (urn)

1000

100

10

1

0.1

SWIR

T

~ ~;-~”............+......L.......................J..!
1 1.s 2 2.s

W8volon@k (pm)

““”””””””””””””””3ilt Rx19

o MaxRada

● Typkal Riids

‘--. -- Max BB Rads

‘----- ”Min BB Rads

3.5 5.5 7s 9,5 11.5 13.5

Wwelongth(urn)
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EM SUFFERED PREMATURE
SATURATION

SANTABARBARA
RESEARCH

CENTER

● Premature Detector Sat’n
● Excessive Backgrounds

2.00E+14

1.80E+14

1.60E+14

1.40E+14

1.20E+14

1.00E+14

8.00E+13

6.00E+l 3

4.00E+13

2,00E+13

0.00E+OO

SWIR/MWIR

4

I A HUGHES ELECTRONICS COMPANY

s=-
1

m QHi PFM Predicted
with FPA

_ QHi EM Data

~ EM Meaaurad

~ EM 295K Qslg I
~ EM 270K

Q;kg

~ PFM 305K

20 21 22 23 24 25

Band

4.00E+l 6

3.50E+16

3.00E+16

2.50E+16

2.00E+16

1.50E+16

1.00E+l 6

5.00E+15

0.00E+OO

● Excessive Backgrounds

LWIR

I

27 28

Band

29 30

● PFM redesigned background shields and aft optics temp.
T. PA@!t+O U95

.’ ‘-.



1) Detectors fabricated to flight specifications without premature sat

2) Cold/warm shields redesigned and implemented to correct specifications

● 1 and 2 should be enough to meet specifications!

3)

4)

5)

6)

Background test will be performed. It will be combined with
radiative cooler unit level test. Aft optics and scene temp’s will be cycled.

Results from background test will determine background sensitivity
to instrument temperature

Main electronics radiating area increased. Reduces instrument
temperature by 8°C

Option exist to blanket aft optics if necessary, achieving an additional
significant temperature margin. Option will be exercised if needed
pending results from background test
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Radiometric Accuracy

Tom Pagano
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MANY SOURCES CONTRIBUTE
TO RADIOMETRIC ERROR 1-SANTABARBARA

RESEARCH
CENTER ,(

A HUGHESELECTRONICSCOMPANV

Unoettalnty

MODIS In-Flight Radiometric Errors
Solar Angle ● Screen

Attenuation
● Llnearlty Knowledge

Knowledge
. Crosstalk

s Reflectance to NIST

/
, ~ BRDF Uncertainty

● System SNR
. A/D Converter

●

●

/ /:
,,---- . Wavelength Shift

\/; I

/

● Radiance to NIST .“’ ● Out-of-Band

0“

.
Solar j

.’

—Sun— ~
.’

Diffuser >
,*” \/\

/’l\:
.

J
: SRCA

----- -In+llght Cheek ---’”
I

I :,
\

● Temperature Uncertslrtty
,~ ● Emlsslvlty Uncertalrtty -

Y’

i
8

SDSM
-- -ln-Ftlght Check --:

Scan
Minor

Assembly

Polarlzstlon
Scan Mirror Scatter

\

slackbody -
Aeeembty I / hid .17EL

T-**
***

L
Afocal

Telescope
Assembly

\Lw!!4mJ

Earth

** u
Moon

● CavityRefleotlons
● Cavity Emissions w
● $tray Ught

DigitalDati
to MEM

—

● Bold Items are Characterized Pre-Fllght

31’9193TSP



* ● 5% VIS, NIR, SWIR
o10/oIR
● 0.75°/0 Band 29
● 0.50’%0Band 31.32 ‘t;;m
● Uniform Scenes at Ltyp I Accuracy I

Budget
ml

On-Board
Blackbody

I

Predlctlon 0.45 ?40I

I 0.45 YoI
Stray Light
/Ghosting

L-rCrosstalk

TBD

I-mii%l nisi%-1, 1
i

1
I

I

Out-of-Band

SNR I Linearity

“--pq ‘-pimq--



n

PFM EXPECTED TO MEET
RADIOMETRIC ACCY BUDGETS

kcuracy Budget

hansfer to NIST

source
BRDF*
Attenuation
Angle of Inc.

Cavity Refl
Earthshine
WL Shift
OOB

dODIS
SNR
Linearity

Crosstalk

WL Shift

00B
Polarization

Shl Scatter
Qhoat/Stray

?SS Total

requirement
Vlarghr

‘1.5%Band 7

In-Flight
Solar

Radiance

(%)

3.00

2.28
1.00
0.50
0.47
0.13
0.28 ‘
1.68

0.89

2.30

0.50

0.50

0.35
1.68

0.89
0.00

0.25
1.00

4.41
5.00
0.59

In-Flight
Solar

Reflectance

(%)

0.89

1.25
1.00
0,50
0.47
0.13
0.28
0.00
0.00

123
0.30
0.50
0.35
0.00
0.00
0.00
0,25
1.00

1.97
2.00
0.03

9

Band20 Bande31,32

IccuracyBudget

rransferto NIST

source
BBTemp
BB Emiss*
Inst. Emiss*
DirectSolar
IndirSolar
Earthshine
●Correlated

dODIS
SNR
Linearity
Crosstalk
WL Shift
00B
Polarization
SM Scatter
GhoetlStray

3SSTotal
~equiremant
Margin

‘Correlated

in-Fllght
Infrared
Radiance

(%)

o

0.45
0.44
0.40
0.36
0.00
0,00
0.05

0.80
0.25
0.20
0.35
0.49
0.36
0.00
0.01
0.45

1.00
1.00
0.00

In-Flight
Infrared
Radiance

(%)

o

0.45
0.44
0.40
0.34
0.00
0.00
0.07

0.59
0.05
0.20
0.20
0.08
0.31
0.00
0.01
0.40

0.74
0.75
0.01

In-Flight
Infrared
Radiance

(%)

o

0.16
0.16
0.40
0.36

0.00
0.00
0.00

0.47
0.02
0,20
0.30
0.02
0.02
0.00
0.02
0.30

O*5O
0.50
0.00

Accy.Budget2 .. 106



● Dip in mirror reflectance at 8.5509.7 ~m
● Radiometric error due to emission depends on temperature knowledge

Radlometrlc Error Dueto Temp Uncty of
Scan Mirror

0.7 1-
Temp. Uncty

.

0.6 3K ,~’-
,

##’

Budget
0.5

-,-’” 2K,CAA“. #..z - //
0,3 -.,-------.

---
#.-

1 , , , , I

40 -40 -20 0 20 40 60

ScanAngle~)

RadlometrlcError Due to Temp Uncty
of Scan Mirror

0.9 ~ Temp. Uncty
0.8 -- 3K -0’
0.7 -- .’ -

g
,

0.6 -- ,’
#-

s Budget 0.5 -- ,’ 2K,-
~

.,, //n .“.7 . /

-J&z
-60 -40 -20 0 20 40 60

Scan Angler)

● Scan mirror temperature contributions to all other bands are negligible

‘ 107



.

●

●

Approach uses radiative coupling to scan mirror edge

Thermal and structural analyses have determined that
design will meet requirements



REFLECTIVE BANDS MEET REFLECTANCE
ACCURACY REQUIREMENTS 1=SANTA BARBARA RESEARCH CENTER

a wbs!dla~

S*OOO

4.500

g ::::
B-E 3.000

~ 2.500

; 2.000

= 1.500
#= 1.000
~ 0.500

Reflectance Accuracy Assumesw

t

● No Wavelength Shift Error
● No Out-of-Band Error

t ● No Polarization Error

0.000

Band Number L

❑ RadAccy

8 Diff ACqI

0 1/SNR(Source)

+ 1/SNR(Cai)

0 l/SNR(Space)

A Lin Uncty

A Crosstaik

● Stray Light

0 Scat. Light
.

x SM Temp

● SINGLE SAMpLE SHOWN TO DEMONSTRATE HIGH PERFORMANCE
● BANDS 5,7, AND 18 MEET SPEC FOR MULTIPLE SAMPLES (SNR ERROR GOES TO ZERO)

fl193

109
83-0868-140
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EMISSIVE BANDS MEET
RADIOMETRIC ACCURACY

REQUIREMENTS 1=SANTABARBARAflESEARC~CENTER
e subwdwy

1.4

1.2

0.4

0.2

0

P&ted k 1.7%
Reqdrenmt 1$1094 IIti~(fAcqf

● Blackbody

I o l/$NR($@rce) I
REO!.JIREMENT REC$JIREMEN7 I● 1/SNR(Cal)

O l/~R(~ace) I

4



REFLECTIVE
BANDS

ccuracy Budgat

w (100)
lrr&VFtadStandard
Transfer to Working Std

StandardLamp Usage
Ortentatton
Diffuser to Lamp
Current
Unearlty

HaIon Diffuser

Monochrornetor
ScatteredUght
WLCallbratlon
Nonunlformlty
GeomotrloEmor

Sls
Current Control
NonunlformNy

SNR
Llnaarlty
Croaatalk
W&hlft

Poladzetlon
SM Scatter
Stray Light

IISSTotal
Rqulr.mont
Wgln

P;AJ~ht
.,

Radiance

(%)

0.50
1.00
1.69
0.30
0,60
0.50
1.50

0.50
;.’7J6
0:30
1.00
1.00

0.71
0.60
0.50

2.28
0.60
0.60
0.50
1.00
124

;:
0.60

3.62
6.00
1.38

Pre+light
1-19,26

Reflectance

(%)

0.50
0.50

0.00
0.00
0.00
0.00
0.00

0.50

~&6

0:30
0.50
0.50

0.00
0.00
O*OO

1.22
0.30
0.50
0.50
0,00
0.00
0.00
0.s0
0.50

1.95
2.00
0.06

EMISSIVE
BANDS

Accuracy Budget

BCS
BB Temp
BB Ernlaa

SNR
Unearl

‘1Crossta k
:;:hnt

Polarlzatlon
SM Scatter
Stray Ught

RSS TOtd
Requlremont
Margin

ProroJllt

Radiance

(%)

0.42
0.10

0.55
0.25
0.10
0.10
0.40
0.15
0.00
0.01
0.20

0.70
1.00
0.08

P:nql!$t

Radiance

(%)

0.42
0.10

0.27
0.05
0.10
0.10
0.00
0.05
0.00
0.01
0.20

0.51
0.75

-0.03

Pr*Fllght
Bande31,32

Radlanca

(%)

0.15
0.10

0.18
0.02
0.10
0.10
0.02
0.01
0.00
0.02
0.10

0.25
0.50
0.00

3/93
93~218-28



RAW RADIOMETRIC DATA
SHOWS WIDE VARIABILITY WITH TEMP

SANTABARBARA
RESEARCH

CENTER

A HUGHES ELECTRONICS COMPANY

Band 22,
2’00T 305K 8 Worst Case
2000- -

~ BCSSignal

DN

1000 ~ SVSSignal

~ Bcs-svs
500- -

0
0 0.2 0.4 0.6 0.8 1 1.2 ● 305K Calibration

Radiance (W/mA24r-#m) data affected by. .

I baseline drift -
3000

2500
I

275K Q 275K data OK

DN 15’” --

.[

~ WS Signal

1000- “
~ BCssvs

o 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6

Radiance (W/mA2-sr-ym)
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REFERRING BACK TO FPA OUTPUT SANTA BARBARA

REVEALS MASTER CURVE
RESEARCH

CENTER

A HUGHESELECTRONICSCOMPANY

Band 22 Band 23

Radiance(W/mA2-8r-vm)

01 I , , 1 , I

o 0.5 1 1.5 2 2.s 3

■

o

-1

g “2
$ -3

!i4.

-s

-6

-7

Etadlance (W/mA2*r-pm)

~3
o 0.5 1 1.5 2 2.s

● Method reveals master curve invariant with temperature
● Curves generally linear to saturation; small second order terms
s Method accurately predicts point of saturation
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LINEARITY
SAMPLE BANDS, ONE ACQUISITION

SANTA BARBARA
RESEARCH

CENTER

A HUGHES ELECTRONICS COMPANY

5 ‘YtO

4%

3%

2 ‘%0

z
n 1 ‘3!0

\ 070
z
Q
a

“19!0

“2Y0

-3%

-4?40

-5’?LO

Llnearlty on Sample Bands, UAID 452 (TV @ 275”K), Channel 6

Few Banda Never Flatten Out

\ 3
—8—Band 23

~ Band 29

—*— Band 31

Rolloff at Saturation

‘\ \

o 0.2 0.4 0,6 0.8 1 1.2 1.4 1.6 1.8 2

Fraction of Ltyp
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Band 32, Channel 6

2 ‘YO

1 ‘YO

x
Q o%
\
z

2 -1%

-2%

-370

—B— Ambient

~TV63 305°K

—+— TV @ 275°K

~ OBC Cooldown

Fraction of Ltyp

~ li~



MTF AND MISREGISTRATION
PRODUCE RADIOMETRIC ERROR SANTABARBARA

RESEARCH
CENTER

A HUGHES ELECTRONICS COMPANY

● SENSOR RESPONSE (MTF) RESULTS IN
RADIOMETRIC ERROR

scene
Radiance

MODIS + ,..

#

0’ Poaillon

1

0.9

0.8

0.7

0.6

E 0“5
0.4

0.3

0.2

0.1

0

I +=\ I

0.0 0,1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

SpatialFrequency(cy/km)

c MISREGISTRATION RESULTS
IN NDVI TYPE ERROR

SWICIA-

1!
i%

0.9

0.8

0,7

0.6

~ 0.5

0.4

0.3

0,2

0.1

0

\ 18
,. -“-w..,“

t
16

,’ 14
,’

# \o.2 “.
‘,# -“/ \ ‘,

/ \ .
/

/ ., ,

:1 /’ 0.1
\,

# .
.! / \
. \ ‘“.

1
0.0 0.1 0.2 0.3 0.4 0.5 0,6 0.7 0.8 0.9 1.0

Spatial Frequency(cy/km)

. MTF Registration and Radiomkric Accuracy: PL309S-NO1370

4

2

0
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Radiometric Stability

Tom Pagano
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STEPS TAKEN TO ENSURE RADIOMETRIC I
STABILITY MAINTAINED I SANTABARBARA

RESEARCH
CENTER

A HUGHES ELECTRONICS COMPANY

●

●

●

●

● Uncertainty In Transfer Curve Shape
Leads to Radiometric Error ‘v

Fl02 ‘XO*●

Source Stability: 0.05%: 151868
Measurement SNR: >1000:151868 Curve Shape
Number of Samples> 5: 151868
Nonlinearitys 5% 151771

Knowledge
Transfer Cuwe Caiibratlon: PL3095-M03082

J7 T

*0.SYOVls,

Radiometric
Error

- ILsp Radiance Lbb

NIR, SWiR

VI I

I Im mb-l
Pre-Flight Detector

Measurement Stability
I I 1

m m
Electronics

Stability II Margin

(See Next Viewgraph)

118
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DETECTOR THROUGH ELECTRONICS
STABILITY ADDRESSED 1=SANTABARBARA

RESEARCH
CENTER ,,

A HUGHES ELECTRONICS COMPANY

Q Detector Stability Through ● Electronics Stability Through
Temperature Control Calibration & Telemetry

PC TEMP SENSITIVITY DATA DETERMINES
COOLER REQUIREMENTS

Tonlp TOIW Tclllp ARIAT
so 8s 00

Wafo R(lrJM) R (hv~ R (hv/WI
,Wd, jdllld: ~,zK

r

-L P4-443-t AS I I 14.4 134.$1to,i -1.333 I -10.76% I -4,W%Pb9WiAll 36.5 4.067 -lMS% .6.s% I
OR 0.05’$’0 -. ~::::

RADIOMETRIC 17&sl*”’lw$: ‘2 ‘1
ERROR

I
MOM -3.fs6

I
4.62% -3.s6%

II
wow 1.334 3,19% Wnb I

Q COLD FPA TEMP STABILITY REQUIREMENTS:

k 3.7 mk 11.477s FOR WORST CASE DETECTOR

c ORBITAL FLUCTUATIONS
PREDICTED

iO.S3 mK 11.477s

7
Rad
Cooler

Det/ROIC I

Tt
E-Cal (

L

Gain

AID

~ Offset AEM

. E-Cal: 250 Levels
● OffsetTelemetry: 8 bits
. Gain ThroughA/D Cai: 0.05%

(UpdatedUsingTemp Teiemetry)

...................................................................................................................................

TemperatureStabiiityRequirementsfor Coid FPA: Spec 151779 & PL3095-M02173
Cai Ramp Requirements:Spec 151780& PL3095-M02262
ElectronicsGain &Offset Requirements: Spec151783, 151784, & PL3095-M03082



STABILITY OF
RADIOMETRIC RESPONSE

SANTA BARBARA
RESEARCH

CENTER

A HUGHESELECTRONICSCOMPANY

o 1.20

0.30

‘-m.mNm/\m/m-m-m-m\m/mHmN._._.wm

m

—m— Ambient

~ TV @ 305°K

—e— TV @ 275°K (Reference)

~ OBC Cooldown (BCB data)

o 5 10 15 20

Band Number

25 30 35



Polarization Insensitivity

Jim Young



● PSA functional diagram

● PSA measurement methodology- PFM
● Polarization measurements

● PSA characterization

● Polarization modeling

● EM raw data curves

● Observed polarization measurement anomalies - EM

● Linear drift anomaly

● Vignetting model

● Vignetting model output

● Experimental verification methodology

08/95
95-0392/6-2



PSA FUNCTIONAL BLOCK
DIAGRAM 1-SANTA BARBARA

RESEARCH
CENTER ,.. !

A HUGHESELECTRONICSCOMPANY

LAMP

● POWER
sUPPLY

b
1

*

LAMP

SIs

SILIOONPHOTODIODE
DETECTOR

4 FEEDBACK
CIRCUIT

ATTENUATO?U
8PEOTRAL
SHAPING

flLTER

80URCEfPRlSM SUBASSEMBLY

I A A A

b

BEARING BEARING
ROTATIONAL

STAQE
.

3 COLLIMATING
SHUTTER MIRROR

T
Collimator’i

MIRRORSUEASSEMBLY

OUTPUT
BEAM

TO MODIS
08/95

95-0392/8-3
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MODIS - PSA ALIGNMENT
CONFIGURATIONS

1=

SANTA BARBARA
RESEARCH

CENTER ,., !

A HUGHES ELECTRONICS COMPANY

PSA 3 Posltion OcXlo~

Cenler waveleo!lh

1

I

Position 1 (SSF 1 + ND) Collect Bands 11,12, 13 Acqulslon
Position 1 (SSF 2 + ND) Collactbands 4, 18,19, Group 1

Position2 (SSF 1 + ND) Collect Bands 8,14 AcquIslon
Position2 (SSF 2 + ND) Coiisct bands 1,2,3,4,5,6,7,8 Group 1

Position3 (SSF 1 + ND) CollactBands 9,10, 15 Acquislon
Position3 (SSF 2 + ND) Coilactbands 9, 16, 17,26 Group 5

Rgufe3 .3

PSA 1° field fully illuminates
all reflectance bands and
channels

00/95
95-0392/s-4



POLARIZATION 1-SANTABARBARA

CHARACTERIZATION OF THE PSA
RESEARCH

CENTER ,,. ,

A HUGHES ELECTRONICS COMPANY

●

●

●

●

●

The SBRC polarimeter = 0.35 inch diameter and a large acceptance field angle (>1°)
The polarization performance was uniform across its aperture within + 0.99
The entire PSA illumination fieid was accepted by the polarimeter

—

Polarization performance measured at: 420,500,800, 1300, and 2100 nm
Note symmetry of measurement 0° to 180° is almost identicai to 180° to 360°

0.4
I I I I I I I

0.3
\ f L /

‘flkl

+-0.2
Respk,

0.1

0
-4 -3 -2 -1 0 1 2 3 4

Anglk,
08195

954392/6+



SIMULATION OF POLARIZATION
MEASUREMENT WITH NOISE 1-SANTABARBARA

RESEARCH
CENTER

A HUGHES ELECTRONICS COMPANY

● Illustration of the simulated MODIS data sets (noisy data) and
the function using the fitted parameters: KI, Ampll, and Phi.

I 025

1.02

1.015

Re.sp i

— 1.01
Respl i

I .005

1

0995

I 1 I I I I I

I 1 I I 1 I 1

-1 0 1 2 3 4 5 6 7

Afigi, Angl

r
● Retrieved polarization factor retrieval uncertainty. AP:= 2

r
N ~ng SNR

08/95
95-0392/6-6



TYPICAL POLARIZATION
RESPONSE: RAW DATA

OVER 5 SCANS: IAVERAGED
-450

SANTA BARBARA
RESEARCH

CENTER

A HUGHES ELECTRONICS COMPANY

— Cuw-w

o ffl-AwJkc

14$4 f

A@@ (Q

08/95
95-0392/8-7
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TYPICAL POLARIZATION
RESPONSE: RAW DATA AVERAGED1=SANTA BARBARA

OVER 5 SCANS: -45° (CONT’D)
RESEARCH

CENTER

A HUGHES ELECTRONICS COMPANY

lrao

lato

law

11s0 I
1180 .

ii
tt70

11*O ,

1140
t

-d a CMnwl 1(

ass

Sso

a4s

S40

if
ass

S30

Sas

S20

Band4 ClunMI 1(

40s

404
i

08/95
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POLARIZATION MEASUREMENT
ANOMALIES 1-SANTABARBARA

RESEARCH
CENTER

A HUGHES ELECTRONICS COMPANY

● Observed phenomena
● Irregular cosine squared fit
● High noise
● Linear drift with polarization angle

● Potential sources of anomalies
● 260 Hz noise
● Frame jitter (minimal effect)
● PSA field nonuniformity
● PSA/MODIS vignetting
● PSA lamp output variation

● Potential causes of anomalies
● Electronics
● PSA field nonuniformity
● PSA/MODIS optical misalignment
● PSA optical feedback not operating properly

oG/95
95-03921G-9



SIMULATION OF PSA/MODIS
LINEAR DRIFT ANOMALY 1-SANTA BARBARA

RESEARCH
CENTER ,.. ,

A HUGHES ELECTRONICS COMPANY

First Order Aperture Vignetting Model
● Define PSA axis via field stop and aperature stop centers

● Define PSA rotational axis relative to PSA axis

● PSA rotational axis offset relative to field stop center

● Project PSA aperture via collimating mirror onto MODIS entrance
aperture

● Calculate common area of projected PSA aperture and MODIS entrance
aperture as a function of PSA rotation -180° to +180°

Results from Vignetting Model Usage
● Model usage demonstrated feasibility of obtaining a linear drift as a
function of rotational angle

● Linear drift required an angle between PSA and rotational axes

● When axes were parallel the variation was “sinusoidal”

● One set of EM polarization measurements had a linear drift
and the second set with a different optical alignment was sinusoidal

08/95
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Measurement Configuration I
●

●

●

●

●

●

u

View of PSA with alignment telescope (AT)

Align AT axis to be coincident with PSA

Rotate PSA polarizer assembly through -180°to+180°

Track center of the S1Saperture

Offset PSA field repeat polarizer assembly rotation

Input data set into Mathcad first order vignetting model

oa195
954392&l 1



EXPERIMENTALVERIFICATIONOF
VIGNETTINGMODEL (CONT’D) 1-SANTABARBARA
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Measurement Configuration II
●

●

b

●

●

●

●

●

●

●

View PSA with IAC
PSA is the radiant energy source and IAC the receiving
radiometer
Locate 1.4 mr field stop at IAC focal plane
Use SiPD or PMT behind the field stop
Ideal distance between PSA and IAC the same as PSA to MODIS
Mask IAC collimating mirror to 7.00 diameter
Align PSA and IAC apertures and IAC central obscuration
Record detector signals as a function of PSA rotational angle, -
180° to +180°
The relative alignment of apertures can be translated laterally
thru use of IAC pointing mirrors
This is a vignetting test, not a olarization measurement

xalthough the two will be folde together

Measurements from Configuration II may not be needed if
Configuration 1results are conclusive

08/95
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Near Field Response

Jim Young



NEAR FIELD RESPONSE (NFR) IwSANTABARBARA
RESEARCH

CENTER ,.. ,
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● Documentation
● Modeling methodology
● EM fit - degree
● EM NFR performance
● Parametric modeling (VIS / NIR / MWIR / LWIR)

Harvey Shack coefficients

Aft optics vs cloud edge distance

Fore optics vs cloud size and edge distance
● AOA measurement results

0/’95
95-0392/9-2



● N04855 - EM Performance characterization
Reqt review, algorithm description, data acquisition, files and reduction

● N04856 - Near Field Response (NFR) Modeling: Part 1
Overview of data analysis goals / integration methodology

● N04857 - Near Field Response (NFR) Modeling: Part 2
NFR model description

● N04858 - Near Field Response (NFR) Modeling: Part 3
Detailed comparison EM VIS / NIR data to modeled and extrapolation to P

● N04859 - Near Field Response (NFR) Modeling: Part 4
MWIR / LWIR background and gain analysis

“ N04860 - Near Field Response (NFR) Modeling: Part 5
Parametric model variable cloud size and location (in progress)

c N04894 - Near Field Res onse (NFR) Modeling: Part 6
PRecommended add’ EM MWIR / LWIR thermal vacuum test

● N04945 - Near Field Response NFR) Modeling: Part 7
kNormalization factors for VI / NIR regions

● N04998 - Near Field Response (NFR) Modeling: Part 8
STR 020 SCMA Mirror Bevel Scatter

● N05000 - Near Field Response (NFR) Modeling: Part 9
STR 034 NFR (T/V) using [AC MWIR/LWIR

8/95

95-0392/9-3
● T04825 Description of the SCMA instrumentation



NFR DATA REDUCTION AND
MODELING EQUATIONS 1-SANTABARBARA

RESEARCH
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Equation used in the normalization of the NFR signal data
k2 := 1. 150

(
DN!A + ~

)

‘DN5A +D “Tn(Jf
DDN2i, ~ := DN2 ~ + k

()
i i

i DNlq, E := DDN2
+ DDN2i , ~ + DDN2i , ~

i,%

Scattering source angles: kl along track and k along scan

(1) 02k , kl
‘=[[~l-(%+o,)r+( $k)’r”~’’’’smag’

(2)
‘lk~’=[[’l-(++”’)r+ ’’k)’ro”~l’’’magl

Two component Harvey Shack model: aft optics eqn (3), fore optics eqn (4)

(3) p,i,k:=;A,.(~\4 +M2a.(lsin(-e2kk1 ‘;;;) -sin(020)l)m.,o,~,4,8,mag2)’

(4) pli,k:=~M.(~~4+ M’a.(lsin(-e’kk’ ‘~~~)-sin(o’O)l) M’.~o,~14]8.magl~2

Combining the aft and fore optics components consistent with field baffle

(5) Pi, k :=if(($k - offse(i>$fi~). ($k - Offseti<@ fi2), Pli, k+ Pzi, k.pli, k)

,/95
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EM NFR EXPERIMENTAL TO
MODELED COMPARISON 1-SANTA BARBARA
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o.I

IDNIP8 ~ I o.01

l~NlP9,n I

l~NIP,o,~l

I;’P,, ,~ I 0.001

IDNIP Ii2, k2

lp;8,kl

Imkl 1“ lo-

lpOIO,kl

F“;,kl—.-

l@,2, kl ,.,o-
-——

1 h
/! p’,

1“ lo-
Ill CM ?2 ’78 84 92 % 102 108 114 120

‘8k2 ‘ ~la’~’”kz’~l’la’ ~lz~ .$gk,$$j,$lok,$ll k?$12k
8/95
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INTEGRATED NFR 2 KM FROM
A 10 x20 KM CLOUD

Iw

SANTA BARBARA
RESEARCH

CENTER ,.. ,

A HUGHES ELECTRONICS COMPANY

●

●

●

.-.— . —.— — .,.—= .,........ ..,—..—. ”.. ,..—,

band

?=

EM mess. 1 EM simulation [ PFM simulation

I low FD
:;:l::::””-””-”-----”--””” ‘“

high FD ~ low FD T high FD
-“----”””l--”-”-”’---”....L..... ...... . ....l . .... ...... . . .!?W.FD1!!!V!,.

8.
.– .–.-.-.:.. :;.:. “::_:::::-:::-_I:.::::--. . ...—. .._______

9

:$?Ai:li:$:i”EtE

10
—-... —-

. ....-—— .—— .. . ..-..~%.T.5_~...om~_o~4_o~4-
12 ~0.135 ~0.078

1
..—___________.,_-...................

13 0.275
..-.—~ . .. . .. .J....-. . . .. . ---_ ..._..,,

0.243 ~ 0.227
L

0.195

‘ ----’f

0.078 0.065
...-.. .....—— -—. -... ----....”_... ...—. i.... . . .. . ... . . ..—.-—-. —-.—.—

14 0.265 0.316 \ 0.211 ~ 0.224

1

-.—.
0.071 0,076

15 ~ 0.142

I
“’---”-’”’--”-‘–”-–””-’-’” ‘“--tiY22-i”- “-’””–---”-’”’“““-”‘“-lii~o–-”l–-o14343j 0.129

.---—-
0.051

“-”--””1

..——.
16 0.110 ‘-’ofi”81”’’””l““0-121--”/---0-164 ”--1---0040-- –o~57-----

. . ----. -.._.,.-, .... .. ..”1....... ........ . . . .. ..;.. ...- ..]_-:. . ..........i._._... .,.-......_o+io ......
17 ] 0.049 0.102 ! 0,051 0.086 I 0.017

i...... .
ie” ““

._.l. . .. . . . j . .. . . . ... -.._;05g .....
~ o,064 0.186 !“ 0:245 ! 0.180 \ 0.064 .

19 ‘“~ 0.018 - I o.037 ; 0.054 ]- 0.032
.+ ~.oi8..-... -----

1’
0.011

..,.-,,-.,”. . ...)...........,..,....”_..z.r._r ,,... . i“..f....x,... ,_,..+,#=.._,, .,...,..__..,.__.,-..= “.-. .-,

Values normalized to Ltypicai

Spec -0.005 Ltypicai
PFM vaiues based upon replacement of dichroic 1 oniy

0.4

pfIII_IIIOd Hi

+-

efUffd Li 02

+

em_MOd Hi

-o-
0.005 0.1

0

::=“(; ‘-~‘-——-—---—-—c . _____ __.. _____ ———. —

—.-.—.. )’/ ~
+,%//+”” -,

/ b —-... –._ . J
-+- ‘-- ------ ------------------------ -+ --------

*.E $ @ I

~
/#x %_ l_+

0 \’
x

400 500 m 700 Soo 900 IOCQ
A (-

I

0/95
95-0392/9-0



PARAMETER STUDY
MODIS PROTOFLIGHT

OF
NFR

SANTA BARBARA
RESEARCH
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Two Harvey Shack models based upon fitting EM data and extrapolating to PFM

All VIS and NIR 1 km bands used in study.
Aft optics configurations:

● Bands 8 through 19
● Three channels used:1,5.5 and 10
● Five cloud edge distances: 3,5,7,9, and 11 km
. Four illumination configurations: cloud source west, north, east,
and south of the receiving pixel

● Cloud size fills field baffle consistent with edge distance and location
● NIR element # 2 cases: ZnSe used and replaced

Cases with ZnSe element covered in PL3095-N04860:
● Total individual cases is 1440.

Fore optics configurations:
. Bands 8 through 19
● Three channels used: 1,5.5 and 10
● Five cloud edge distances: 3,5,7,9, and 11 km
● Cloud size: 20 km through 120 km in steps of 20 km

133

8/95
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MODIFIED HARVEY SHACK
MODEL PARAMETERS USED TO

EXTRAPOLATE THE EM MODEL TO 1-SANTA BARBARA
RESEARCH

PFM NFR PERFORMANCE
CENTER

A HUGHES ELECTRONICS COMPANY

Region Fore optics Aft optics

Parameter EM PFM-1/2 Parameter EM PFM- 1 PFM-2
Al 0.8 0.8 A2 30.0 1.5 1●5

Ws Ml -2.2 -2.2 M2 -2.4 -2.0 -2.0
Mla -3.0 -3.0 M2a -3.0 -3.0 -3.0
Al 0.8 0.8 A2 34.0 6.0 2.4

NIR Ml -2.2 -2.2 M2 -2.4 -2.0 -2.0
Mla -3.0 -3.0 M2a -3.0 -3.0 -3.0

MWIR Al 2.0 2.0 A2 10 10
LWIR Ml -2.2 -2.2 M2 -2.4 -2.4

Mla M2a

Harvey Shack parameters for contamination:
Level 300: A = 0.2; M = -2.24
Level 450: A = 1.0; M = -1.87

8i95
9$0392/94
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AFT OPTICS NFR DEPENDENCY
UPON ZnSe ELEMENT

Iw

SANTA BARBARA
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Prediction based upon EM NFR with dichroic #1 replaced
0. t

0.09

Favgkl, ID,)R

007FUvgk,, J

-+- O.cm

~ avg kl ,30.05
-- u-

0.04
‘av~k] ,4

-+ 0,03

F avgkl , ~o.~
~ 0.01

0

I

—.

— .—

Prediction based UK

4o04sosm5s3m&wJ 7(07513 s@31J311931j %$0 1(J33

0.05 ‘

0.M5

F 0,035
avgk, , ~

~ 0.03

F avgkl , 3 o.~
.—+l—

0.LT2
F avgk] ,40015
–6- .

hcu ~,

on EM NFR with dichroic #1 and NIR AnSe element
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.. -—— ———

—— .-—._ ____ —-—
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-. _- --—
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4004505~5506LW 650 7m7mgoo8~~ 930 loco

“kl +7

● Cloudedge distances:3 kmto 11 km in stepsof 2 km
● Configurations: west, north,east, and southaveraged;channel5.5 used 8/95

95-0392/9-9
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● Illuminating cloud: 120 km x 120 km and 20 km x 20 km
● Cloud edge distances: 3 km to 11 km in steps of 2 km 8/95
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RELATIONSHIPS BETWEEN
‘EALJ ‘Cloudr and LTYP 1-SANTA BARBARA
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FORE OPTICS NFR
LESS THAN 0.01 L~yp

I A HUGHES ELECTRONICS COMPANY

MWIR Band 20 (3.75 p,m)

I
Frm h,, ~

–e- am t----- 3GSJ
—-–---+-—-— I

F120 (WC6, ~ O,CUl
+–

I “---m
;-------

01
I I

3 5 7 9 II

edgcdislu

LWIR Band 27 (6.715 ~m)

01
, I

3 s 1 9 II

cdccdtuu

● Edge distance: 3 km to 11 km in steps of 2 km
● Lmax scene size: 120 km to 20 km in steps of 20 km
● EM NFR data used to generate Harvey Shack parameters

8/95
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AFT OPTICS NFR
LESS THAN 0.01 L~yp

I A HUGHES ELECTRONICS COMPANY
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● Edge distance: 3 km to 11 km
● Four positions of Lmax illumination - west, north, east, south
● EM NFR data used to generate Harvey Shack parameters 8/95
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NORMALIZED NFR AS A
FUNCTION OF CLOUD SIZE

1-

SANTABARBARA

AND CLOUD EDGE DISTANCE
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1.98 1.51

i .86 1.39

1.69 1.23

1.44 1.00

1.00 0.61

3 5

20 40

9 7
0.27 0.40

2.58 0.75

3.79 0.97

60

r.93 1.12

BO

1.04 1.23

1.13

100

1.32

Normalization uses 20 km by 20 km cloud with a cloud edge
distance of 3 km. Cloud size varies 20 km square to 120 km
square. Cloud edge distance varies between 3 km and 9 km.
This NFR is associated with fore optics scatter.

120
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PFM AOA MEASURED NFR IS
COMPARED TO MODELED 1-SANTABARBARA

RESEARCH

DATA CENTER

AHUGHESELECTRONICSCOMPANY

● AOA NFR measured using the IAC with S1S
● Noise floor is = 10~4, desirable to have 10~5
● Increased SNR is attainable with use of ribbon filament source
● IAC is a significant, but unknown, portion of measured NFR
● Measured data fit to Harvey Shack model is good (most bands)
● Each band was fitted individually
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COMMENTS RE AOA
MEASUREMENTS - VERSION I 1=SANTABARBARA
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● If inverse wavelength scaling is assumed

nl :=l. 16 A2n1
.-

‘2 m“, ‘-

n

633

I-
Cnl

10

~ Iitnl
x

5

n
400 500 al 700 800 900 loco

kc
d

nl * Cnl A2nl M2n1 ‘2 m“,

U

I 645 10 -1.9 10.2

2 858 10 -1.9 13.6

3 469 10 - I .9 7.4

4 535 6 -1.9 5,1

5 412 9 -1.9 5.9

6 443 7 -1.9 4.9

‘1 488 6 -1.9 4.6

8 531 5 -1.9 4,2

9 551 4 -1.9 3,5

10 667 12 -1.8 12,6

II 678 12 -1.8 12.9

12 748 9 -1.6 10.6

13 869 6 -1.4 8.2

14 905 6 -1.4 8,6

15 936 6 -1.6 8.9

16 940 5 -1.6 7.4

cAverage values of A2 are 5.1 and 10.3 for VIS and NIR, respectively.
● If AOA VIS is equivalent to EM then IAC, A = 3.6 and TIS = 0.0028

● Resultant AOA (without IAC ) has A2 = 1.5 and 6.7 for VIS and NIR

● This is a close match to PFM modeling

● EM data fit inverse wavelength scaling 8/85
95-0392/9-16



COMMENTS RE AOA
MEASUREMENTS - VERSION II

1-
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“ If Harvey Shack model wavelength scaling is assumed
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10.4
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3.3

3,5

3.5

3

13.5

14

13,4

13.7

1.5,2

15.3

12.9

● Average values of A2 are 3.8 and 14.1 for VIS and NIR, respectively.
“ If AOA VIS is equivalent to EM then IAC, A = 2.3 and TIS = 0.0018
c Resultant AOA (without IAC ) has A2 = 1.5 and 11.8 for VIS and NIR
● This is higher than PFM NIR modeling by a factor of two.

● AOA data appears to fit (4+M) scaling better than inverse linear 8/95
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POINT SPREAD FUNCTION PSF)d SAMTABARBARA

CHARACTERIZATION OF FR RESEARCH
CENTER
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●

●

●

●

●

●

●

Q

●

This characterization is conceptually feasible
What are the requirements: two dimensional region, SNR, band,
channel
Required resources very dependent upon what is needed
Expect volume of data will be a major problem
Source 1 pixel square vs 1 x 10 pixel results in a 3 to 10x reduction
of SNR depending upon angular distance from sensing IFOV
EM used 1 x 10 slit with 100 scan lines to obtain data across 100 data
frames
If comparable SNR is needed then number of scan lines needs to be
increased
Number of along track traces increases data volume linearly.
Need the data volume obtained in the EM VIS/NIR test.

8/95
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SPATIAL PERFORMANCE

N. Therrien



● Spatial design parameters

● Field of view, Response vs scan angle

● IFOV, MTF

● Registration

s Pointing, 1g release

● Spurious Signals

● Conclusions



Equatorial Radius = 6378.17 m
Earth Rotation Rate = 0.4651 km/s
Orbit Altitude = 705.295
Orbit Inclination = 98.210
Ground Velocity = 6.75457 km/s

IFOV = 1 km/705.295 km = 1.41785 mr
IFOV = 0.5 km/705.295 km = 0.708923 mr
IFOV = 0.25 km/705.295 km = 0.354462 mr

Dwell Time = 333.333 ps, (48 MHz Master Osc.)
166.667 ~S, 83.3333 ~S

Object Space Scan Rate = “
1.41785 mr/333.333 ps = 4.25354 r/s

I

object Space Scan Period = 1.47717 s

Swath Width = 10 km
Distance Along-Track Per Scan = 9.92426 km
Sampling Gap Along Track = 0.0757 WI(wowt case)
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FOV AND RESPONSE VS SCAN
ANGLE WILL BE WELL

CHARACTERIZED 1-SANTAEAfiBARA
RESEARCH

CENT~. !,0,

9 AHUGHESELECTRONICSCOMPANY

● EM test data shows full FOV attained

- No instrument design changes planned for PF

. MODIS PF test will include

- All MODIS band/channels sampled at 1 to 2 radiance
levels per band

-5 to 10 angles of incidence

- Scan mirror rotating during data collection at each angle

. Both sides of scan mirror characterized

- MODIS electronics using DC restore

- BCS/SIS wili be used (EM test used the IAC)



EM BANDS 29 AND 30 SHOW
EXPECTED RESPONSE 1-SANTABARBARA

CHANGE WITH SCAN ANGLE
RESEARCH
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RESPONSE VS SCAN ANGLE
TEST WILL USE S1S AND BCS IEIESANTABARBARA
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● Full aperture illumination

● Optimized layout minimizes table rotations, test time
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MTF SCAN
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EM IFOV AND MTF RESULTS
ARE CORRELATED SANTABARBARA

RESEARCH
CENTER

AHUGHESELECTRONICSCOMPANY
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0

● Nominal LSFS meet 0.5 spec

. Most MTF failures result from obvious anomalies in LSFS (Incomplete scans, spurious
signals)

● Uncorrelated results (PC bands)
subassembly level

suggest a more detailed focus/distortion checkout at PF
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PF VIS/NIR AFT OPTICS AND
FPAS MEET MTF SPEC 1-SANTA BARBARA RESEARCH CENTER

a subsidiary

● MTF computed over extreme objective field angles

- Outer and boresight bands for scan and track

- Outside and middle channels for each band
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SCAN DIRECTION
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● Triangular
response
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REVISED PLAN FOR PF LIMITS
STATIC LSF ACQUISITIONS IwSANTA BARBARA RESEARCH CENTER

a subsidiary

Q Emphasis will be on dynamic (scan mirror rotating) data
acquisitions to assess registration

“ FPA integration time will be incrementally (minimum 2!XO)

phase delayed to generate LSF curve

“ New integration and alignment collimator (lAC) reticle slit will
be manufactured for track direction LSF measurement

I 12 I

iAC Track Reticle Concept
All dimensionsin 1 km pixel IFOVS . 164



PF VIS/NIR FPA OPTICS
ALIGNMENT SUCCESSFULLY

COMPLETED 1-SANTA BARBARA RESEARCH CENTER
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VIS BANDS 3 AND 4 (500M)
COMPLIANT SANTABARBARA
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NIR BANDS 1 AND 2 (250m)
COMPLIANT

I AHUGHESELECTRONICSCOMPANY
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POINTING ACCURACY AND
KNOWLEDGE DEFINED IN

THREE AXES

● All Subsystems Predict Meeting Pointing Budgets At This Time
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c MECHANICAL

- Spacecraft coordinates are imposed on the mainframe and
MODIS top level assembly

- Alignment cube is mounted and related to the mainframe
spacecraft mounting datums

- Scan mirror assembly orientation is related to alignment
cube normals -

● OPTICAL

- Relative spectral band registration data is acquired and
reduced (Both IAC and SRCA)

● Pointing knowledge from registration tests are transferred
alignment cube and SRCA fiducials

to





● MODIS is rotated about OZ 180° (from +X up to -X up)

● Measurements of alignment cube facets are re-taken

● SRCA fiducials are re-rneasured

● Registration data re-acquired from SRCA

● Data reduced, compared to baseline to quantify change



EM RESULTS SHOW SPURIOUS
SIGNALS BE171VEEN

BANDS 1 AND 2
Iw

SANTA BARBARA RESEARCH CENTER
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● Inversion of NIR filter mask (optical crosstalk)

● Separation of band 1 and 2 electrical outputs within FPA
(electrical crosstalk)

vnir-focus-I-b 12. fOw
5000~ i

J

4000 -
7
.,

● .

● .

.’
●

●

3000 –
.

.
.

.,
~

● .
z

.“
●

.
200 o.– ,

. b. :

., ::
::

. .
:.

● * .
0

.“ :
● ::

.>
100 o— ;

,,
. .

OL I

-2 0 2

X(somp/mm)
08/24/1 995 1016

OOndChon
**

● 2 20

vnirJocus_f_bl 2.r Ow
300 I I b I I I

.“
o

l~o~
-2 -1 0 1 2

X(samp/mm)
OR/24/1995 !0: !6

00Ad ChO”

*+D~

.220

. 176



CONCLUSIONS/SUMMARY
SANTA BARBARA

RESEARCH
CENTER

AHUGHESELECTRONICSCOMPANY

● No significant changes in spatial budgets since the CDR

“ All PF spatial performance parameters currently within
budgets and spec

- VIS/NIR meets requirements for IFOV, MTF, and SBR

c Spurious signal between NIR bands 1 and 2 eliminated

– Small (<.2Yo) residual error shown in band 2

● Predicted from modelling corrective action (inverting
mask)

● Conceptual pointing verification plan established



Spectral Performance

Jim Young
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SPECTRAL
CHARACTERIZATION 1-SANTA BARBARA

RESEARCH
CENTER ,.. ,

A HUGHESELECTRONICSCOMPANY

●

●

●

●

SPMA Anomalous Behavior

Modeling of Anomaly

Atmospheric Transmission Effects
S1S(100) calibration
Relative spectral response

PFM Measurement Methodology
Monochromator usage
Out-of band measurements purging

08/95
95-0392/1 1-2



EM ANOMALOUS RSR
CAUSED BY SPMA 1=SANTA BARBARA

RESEARCH
CENTER ,.. ,

AHUGHESELECTRONICSCOMPANY

●

●

●

Measured RSR vs Predicted RSR
based on Component Data

VIS / NIR Bands -9 through 13

Dashed curves based upon
component measurements

Solid curves measured RSR in
TV using SPMA

i 1Ii

I

I

I

I

I

I

!

/1,
I
I

I
II ,

I ,
L / II

400 450 500
al k,, Alk, ,alu, ltu

550 650 650
,AIn, Al L3, alk4Sllk4, Al H,al K
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SPMA ANOMALOUS SPECTRAL
BACKGROUND USING SIPD

1=

SANTA BARBARA
RESEARCH

CENTER

AHUGHESELECTRONICSCOMPANY

0.025

0.02

0,015

rsr,
1

0.01

O.(DS

o
L-J-v’ I
400 450 500 550 600 650 700 750 800 850 900 950 1003

?., )lil
1

● Double monochromator spectral output as measured with a SiPD

● Alignment of double monochromator was “similar” to that used in T/V tests

● Note cyclic phenomena with a period= 25 nm.
08/95
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ANOMALOUS DOUBLE
MONOCHROMATOR FUNCTION IwSANTA BARBARA

RESEARCH
CENTER ,,, ,

AHUGHESELECTRONICSCOMPANY

1.4

1.2

1M n.1

0.8

0.6

0.4

●

●

●

●

1.4

12

—1

Yi

0.8

0.6
I II I I I 1 I . ..

500 520 540 560 580 600
m 500 600 700 800 9C0 10W A

A i
i

Original SiPD function averaged with a 25 nm window

The result averaged function used to normalize SiPD background function

The resultant function is considered anomalous double monochromator function

Cyclic phenomena fitted to a rectified sinusoidal function on a pedestal
08/95

95-0392/1 1-5



HYPOTHESIS FOR THE
ANOMALOUS RSR

1-

BANTA BARBARA
RESEARCH

MEASUREMENT CENTER ,.. ,

AHUGHESELECTRONICSCOMPANY

●

●

●

Constant spectral misalignment between sections 1 and 2, = 0.35 nm

One monochromator section has a cyclic misalignment -10 period

Grating is mounted on a 360 tooth gear piatform

Grating piatform gear is driven by a worm

Spectrai effects dependent upon band iocation and spectrai siit width

WAVELENGTH

Figure 7 Illustration of how the throughput of a double mono-
chromator is influenced by a combination of constant and variable
misalignment factors between the two monochromator sections 0s/95

954392/1 1-6



SPMA ANOMALOUS SPECTRAL
RESPONSE FUNCTION

1-

SANTA BARBAIIA
RESEARCH

CENTER ,$, ,

AHUGHESELECTRONICSCOMPANY

1
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Anomalous spectral response function attributable to SPMA malfunction
08/95
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PREDICTED RSR BASED UPON
ANOMALOUS SPMA MODEL 1-SANTA BARBARA

RESEARCH
CENTER !.. ,

A HUGHESELECTRONICSCOMPANY

● The SPMA model qualitatively demonstrates the anomalous behavior

● Spectral bands 9 through 13

● Assumed misalignment- 0.35 nm constant and 0.35 nm variable

I
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MODIS BANDS THAT ARE
AFFECTED BY ATMOSPHERIC 1-SANTA BARBARA

RESEARCH

TRANSMISSION CENTER ,., ,

AHUGHESELECTRONICSCOMPANY

● LOWTRAN 7 used in modeling

● Parameters - five meter path with 30% relative humidity

● Additional detaiis documented in PL3095-N05082 “Atmospheric
Effects on Calibration” dated 28 June 1995

Transmittance

Band Center wavelength, pm Atmospheric absorption, ?40

18 0.936 2.7
19 0.940 1.6

20,21 3.750 0.7
24 4.465 4.4
25 4.515 2.1

\ 26* 1.375 20.7
27* 6.715 62.7
28* 7.325 18.4
29 8.550 1.2
33* 13.335 2.6
34* 13.635 3.8
;5. 13.935 5.8
36* 14.235 18.5

08/95
95-0392/1 1-9
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ATMOSPHERIC EFFECTS ON
SIS(1OO)OUTPUT FOR BAND 26 1-SANTA BARBARA

RESEARCH
CENTER

A HUGHESELECTRONICSCOMPANY

● Radiometric calibration of SIS(1OO)dependent upon relative humidity level
● Modei accounts for variable path iength within S1S
● LOWTRAN 7 output fit to an analytical expression
Q Reiative humidity ieveis: 0.3,0.01,0.001, and 0.0001

I

El ~i ~
-

E 0.9

El ~i ,
-

E
0,8

El ~i ~
-

E
——

‘1 ~i, 3.7

E
—.—

0.6

—.—

}

—

1.36 1.365 1.37 1.375 1.38
H6 i RHlk :=

El
0.3
0.01

0.001
0.0001

1.385 1,39
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ATMOSPHERIC EFFECTS ON
RSR FOR BAND 27

1-

SANTA BARBARA
RESEARCH

CENTER ,., !

A HUGHESELECTRONICSCOMPANY

● RSR characterization of band 27 dependent upon relative humidity level

● Model assumes 5 meter path length

● LOWTRAN 7 output fit to an analytical expression

● Relative humidity levels: 0.3,0.01,0.001, and 0.0001
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ATMOSPHERIC EFFECTS ON
RSR FOR BAND 33 through 36

1-

SANTA BARBARA
RESEARCH

CENTER ,.. ,

AHUGHESELECTRONICSCOMPANY

s RSR characterization of band 33-36 are affected by carbon dioxide

● Model assumes 5 meter path length

● LOWTRAN 7 output fit to an analytical expression

● Relative carbon dioxide levels: 1.0,0.1,0.01,0.0001
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OOBMEASUREMENT
METHODOLOGY

USES TWO MODES ImzlilSANTA BARBARA
RESEARCH

CENTER ,., .

n AHUGHESELECTRONICSCOMPANY

● Set of broadband filters used to obtain integrated OOB response - SPMA without
gratings used

● Spectral measurement using SPMA in dispersive mode (limited by available SNR)
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DIFFERENCE IN PFM AND
EM SPECTRAL

1-
SANTA BARBARA

CHARACTERIZATION
RESEARCH

CENTER ,.0,

AHUGHESELECTRONICSCOMPANY

● Optical path purging philosphy is different

No purging used In EM tests

No planned optical purging in high bay ciean room - PFM

SiS(100) radiometric calibration in optics iab wiii be purged

Purge SiS(100) - MCC opticai path

Purge SPMA - MCC
● Elimination of SPMA modulation

First monochromator section has iarger spectrai siit width, 3x

Second monochromator section has spectrai siit width used in EM, 1x.

a
E
o _ RSR Ist
a.(n monochromator
~

: RSR 2nd
.=
(u

monochromator

3
cc

Wavelength
● Out-of-band RSR measurements

EM used broadband opticai fiiters to assess integrated OOB response

PFM wiii use SPMA dispersive mode in addition to broadband opticai fiiter set ,W,,,fl!fi



Stray Light
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BRIGHT / DARK TARGET
WITHIN FIELD l“-SAHTA BARBARA

RESEARCH
CENTER ,..1

AHUGHESELECTRONICSCOMPANV

●

●

●

●

●

●

●

●

●

●

Test will only be done in ambient environment
,

MODIS will be operating with the scan mirror running

Simulate stray light originating from sunlight that is reflected from the earth

Earth subtends an effective solid angle of approximately 2.5 sr as seen by

MODIS nadir aperture door

Simulate the earth as a “far field stray light source”

S1S(100) shall be positioned between MODIS and a light trap

Three positions of the S1S(100) shall be used

Illuminating soiid angies at points on nadir aperture piane -0.5 to 1.5 sr

This data wiii be merged with NFR that covers+ 6.6°

Data reduction approach

● Pixei centered in a 21 km x 21 km region, the surround is changed from

Ltyp to Lcioud

● Difference in signai shali not be greater than 0.004 Lcloud 08/95
VWG95-0392/12-2
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STRAY LIGHT
TEST CONFIGURATION I

1-

SANTA BARBARA
RESEARCH

CENTER ,(,I

AHUGHESELECTRONICSCOMPANY

h“/ Position 1

III DA
.—

Lm IL\\ t t —-----

Point A

Point B
Point C

Point D

Point E

Lig$
Trap

08/95
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STRAY LIGHT
TEST CONFIGURATION II 1-SANTA BARBARA

RESEARCH
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4/// \’

Point A

Lightx
Trap

Point B
Point C
Point D
Point E
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SNR LEVELS AVAILABLE
WITH PROPOSED INTEGRATED

1=

SANTA BARBARA
RESEARCH

STRAY LIGHT METHOD
CENTER ,., !

AHUGHESELECTRONICSCOMPANY

1000.0

100.0
a
z
u)

10.0

1.0

SNR assuming MODIS just meets stray light and

SiS(100) simuiates earth soiid angie illumination.
(SNR can be enhanced by signai averaging- multiple

scans)

400 500 600 700 800 900 1000

Wavelength - nm

08/95
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WARM TARGET WITHIN
FIELD DIFFRACTED LIGHT

1-

SAHTABARBARA
RESEARCH

CENTEfl ,,, !

AHUGHESELECTRONICSCOMPANY

● Test will be done only in ambient

● This test evaluates diffracted light - MWIR& LWIR

● Two retitles patterns used with the IAC blackbody source

● 5 x 5 IFOV central target of Ltypical

● 20x 20 IFOV surround target of 0.1 Ltypical

● 20x 20 IFOV surround target of Ltypical

● Signal change by less than 1 !!40 Ltypical

● Equivalent radiance differences will be used since low
radiance in ambient conditions results in water
condensation problems

00/95
VWG95-0392/12-6



IN-FLIGHT CALIBRATION



IN-FLIGHT CALIBRATION
TOPICS 1-SANTA BARBARA

RESEARCH
CENTER ,., !

AHUGHESELECTRONICSCOMPANY

-. . =Ebw-..- .“ ,,. . ,~.,. . ,.. ” ,... ..—.*. e

● Blackbody (Johnson and Bauer)

- Performance requirements

- Performance tests

- Build status

– Characterization/calibration

● Solar Diffuser (Johnson and Young)

- Performance requirements

- Build status

- Round robin

- Stray light modeling

- Verification/calibration



● Solar Diffuser Stability Monitor (Johnson)

- Performance requirements

- Build status

- Verification/calibration

● Spectroradiometric Calibrator Assembly (Johnson)

- Performance requirements

- Build status

- Verification/calibration

.. 2(NJ
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TOP SYSTEM REQUIREMENTS
● ABSOLUTE 19f0(1 Sigma) RADIOMETRIC CALIBRATION OF MWIR AND

LWIR BANDS (0.75% Band 20; 0.5?X0Bands 31,32)

● DC RESTORATION VIEW FOR ALL BANDS

●

●

●

●

FULL APERTURE ILLUMINATION FILLING 46 IFOVS ALONG-SCAN

LIMITED PACKAGING VOLUME PRECLUDES TRADITIONAL CAVITY DESIGN

EFFECTIVE EMITTANCE 20.992 AND KNOWN TO WITHIN 0.004 FOR
INSTRUMENT VIEW ANGLES OVER 3.5- 14.4 pm

EFFECTIVE TEMPERATURE KNOWLEDGE <0.1 K OVER 280K TO 320K

TEMPERATURE SENSORS’ CALIBRATION TRACEABLE TO NIST

AMBlENT AND 315K TEMPERATURE CONTROL MODES

8/95



V-GROOVE BLACKBODY SANTA BARBARA
RESEARCH

ACHIEVES HIGH EMISSIVITY
CENTER

AHUGHESELECTRONICSCOMPANY

. BB SURFACE HIGHLY SPECULAR W/LOW REFLECTANCE (p) OVER 3.5 -14.4 p m

ALMUM WITHIN1AYERCTL15PAINt

18

16

14

- 12
t

!
10

I

8

8

4

2

0

t

‘TWEl!i020’ I

‘---- TYPEIUO@Y
I

.--
.,

:::.-::::1 /,,, ,,.;(--”-”’’.,,,~’-,
..... ,-.,,Z ~. / ..

L:::::::::::::::::::::::l
qqolnonloy Ou)olnoqom. Oqolnoqe. 111 Olno
NN19m**ln Ill IOwbbs)m mmo o-o W“ri. .’li..,- :. .-. ---

WAVELEN4WH(IOCRON2)

ISSIVITY OF SINGLE CAVITY

PREDICTIONS FOR MODIS VIEW ANGLES (4 reflections rein)

1.00E+04 ~

1WE43 w
1.00E+02

/

= I.00E+OI
<

= 1.00E+W

~
m 1.00E.01 t

/\ w

1.00E-02

1.00E-03
1

1.00E-04

THETA- AOI (degrees)

PREDICTED ‘cavitv
S AND P POLARIZATIONS TREATED SEPARATELY

REFLECTANCE DOMINATES SCA1l’ER AS CONTRIBUTOR ~
WORST CASE REFLECTANCE VALUES USED I 4pml .9991 I .9991 I
PERFECT CAVITY GEOMETRY ASSUMED i

I I
I

DIFFRACTION EFFECTS NOT INCLUDED I
.9957 / V-GROOVE CAVITY

204
8/95



\

PROCESS ENGMODEL PFMODEL

SUBSTRATE 1100AL ALLOY 1100 AL ALLOY SANTA BARBARA RESEARCH CENTER

MATERIAL a subsldla~

SUBSTRATE WIRE EDM WIREEDM
FORMING

FINISH HANDPOLlSHEDTO4 HANDPOLlSHEDTO600
@NCH RMS GRITLEVEL

ANODIZE TYPE II (.0015 “ THICK) WI TYPE Ill (.0023 “ THICK)WI
HOTWATERSEAL HOTWATERSEAL

I POST-ANODIZE
I

HAND POLlSHED TO
I

WA (TO HARD TO POLISH)
REMOVE SMUDGES

PAINT SINGLE LAYER (<.001“) SINGLE LAYER (<.001 “)
CTL15 GLOSS BLACK CTL15 GLOSS BLACK
EPOXY EPOXY

POST-PAINT HAND POLlSHED TO HAND POLlSHED TO
REMOVE ‘ORANGE PEEL’ REMOVE ‘ORANGE PEEL’
AND DUST AND DUST

I [ENVIRONMENTAL VACUUM BAKE AT I VACUUM BAKE AT
EXPOSURE 60° C FOR >48 HRS 60° C FOR >48 HRS

IEVALUATION OF VISUAL@50X TO 200X VISUAL @ 50X TO 200X
SAMPLE PIECES BRDF @ 3.39 vm BRDF @ 3.39pm

REFLECTANCE 2-15 pm REFLECTANCE 2-15 pm

BLACKBODY
SURFACE

FINISH:

EM VERSUS
PFM

8195



.-.

320

315

310

305

265

200

275

270

BB TEMPERATURE PROFILE
SANTA BARBARA

DEMONSTRATES HEATER CONTROL
RESEARCH

CENTER

AHUGHESELECTRONICSCOMPANY

5/4-5/95 BB Warmup/Cooldown Temperature Profile

~ Tp-BB-03 ~ Tp.BBJ14 ~ TP.MF-CB-SR ~ IR.BBA.CUR I
5/4 2225 BB Hlr ON; 5/501:33 Temporary MODIS OFn 5/6 0436 BB Htr OFF

I I I I I
InadvartantBB Hlr ON atter OASIS crash

3
1 I 1 I I I I I

1 I [

c3- 41 Other activity
● CFPA @ 88K

dl ? Al . BCS ATcollacte l--+

1 17- 1 1 I 11 1 111{ 1 I 1 1 1 I I K1 I 1 1 I k 1 1 1 I I 1 1 I 1 1

I

I I I I I I

2!0

1.B

1.6

1.4

a

0.6

0.4

0.2

0,0

MODIS EM TV@. S.04-W95 bb t prdlte.a Chart i



PFMBLACKBODY
BUILD STATUS

SANTA BARBARA
RESEARCH

CENTER

i AHUGHESELECTRONICSCOMPANY

● ALL HARDWARE COMPONENTS IN-HOUSE OR ON-ORDER

● PARTS NOT YET RECEIVED: HEATER, THERMISTORS AND FLEX CABLE

● HEATER PROCUREMENT DRIVES SCHEDULE. WORK AROUND IS TO UP-SCREEN
SPARE EM HEATER TO FLIGHT LEVEL

● HAND POLISHING OF PFM ALUMINUM V-GROOVE SUBSTRATE COMPLETE

● PFM BB TO BE NEARLY IDENTICAL TO EM WITH EXCEPTION OF SURFACE FINISH

● PFM SURFACE FINISH METHOD HAS BEEN DEVELOPED FROM EXPERIENCE WITH EM BB

● USING TYPE Ill (HARD) ANODIZE DUE TO ITS RESISTANCE TO SURFACE CRAZING

● FINISH VERIFIED BY MEASURING BRDF AND SPECTRAL REFLECTANCE OF TEST
SAMPLES AFTER ENVIRONMENTAL EXPOSURE AND EVALUATING EMISSIVITY W/ MODEL.

8/95

,-
~o.i



THERMAL
CONDUCTIVITY 01

SURFACE
COATING

MEASURE SPECULAR
REFLECTANCE OF SURFACE
COATING OVER 3.5 pm to 14.4

pm SPECTRUM
I L a

n

TEMP SENSORS
CALIBRATION .

TRACEABLE TO PREDICTEMlllANCE OF THE
w V-GROOVECAVITY USING

COMPONENT
LEVEL

——— ——- –1– – -G;oM;T;y;EF:Ec; -

L r
SiiB;YS~EM—

BRDFINOAliDAS MOD’EL LEVEL

TEMPSENSOR
MEASUREMENT

ACCURACY
PREDICTION

I

r OBCBBTHERMAL I
MODELFORMODIS

INFLIGHT *
—— -- — ——

CONFIGURATIONS
AMBIENTAND315 K

MEASUREV-GROOVE
CAVITY REFLECTIVITY
USINGGOLDCOATED
INTEGRATING SPHERE

I NIST I

i-

MEASUREMENTUSING !

w

DEVELOPMENT AND
VERIFICATION OF

-——— ———-
OBC BB

RADIOMETRIC MODEL
A

I.J!EEJ
SUBSYSTEMLEVEL

.—— ——- —-
SYSTEMLEVEL

OBCBBCALIBRATED AGAINSTVARIABLE TEMPERATUREBCS AND
SVSUSINGMODIS ASTRANSFER RADIOMETER FORALLMWIRAND

LWIRSPECTRALBANDS -AMBIENTANDTHERMAL VACUUM

SANTA BARBARA RESEARCH CENTER

a subsidiary

OBC BLACKBODY
CHARACTERIZATION

/ CALIBRATION

8195



CONVERSION OF RESISTANCE
TO DIGITAL NUMBER SANTA BARBARA

RESEARCH
CENTER,,

AHUGHESELECTRONICSCOMPANY

2,5

2.0

g 0.5
*

~ 0.0
.-
5
“g .0.5
Q

-1.0

E
.1.5

-2.0

Long Term Stability of Conversion from Ohms to DN

T. E=iiiTl

.2,5 1.

5. May 6-May 7. May 8.May 9. May

Short Term Stability of Conversion from Ohms to DN

3.5

T
EiEl

0 -1 t
I

# 1 *
I

5-May 6-May 7. May 8. May 9-May

Data



OBCTEMPERATURE
CALIBRATION

,,

SANTA BARBARA
RESEARCH

CENTER

AHUGHESELECTRONICSCOMPANY

320.00

310.00

300.00

x
0

290.00

280.00

270.00

Profile of Adjusted Temperatures

1
5. May 6. May 7-May

Date

I

g .0.30
,-
;
“g -0.40

a

-0.60 -

6. May

i

Long Term Temperature Consistency

#lo

#B

/ \

8-May 7. May

Dal.

—81

-----#2

I ----” --- 93

------84

-------#6

... . . . .. . . . . . . . . . a 6

—47

‘----#8

-------- 80

------nlo

-“”----#1 1

—#12



DETERMINING
FROM BCS

OBC EMISSIVITY
RADIOMETRY SANTA BARBARA

RESEARCH
CENTERt!

AHUGHESELECTRONICSCOMPANY

.-..

2740

2720

Example Emissivity Calculations
(Band 28, Channel 3)

#-

.~u‘“— ES D&
. .

‘------- BCSFtl
,.

. . OBCJ)ala
. .

Sam Raspcfse
●.

. . 4 OBC Avmg.
o

-.

‘ ‘1

:. . ECS 10 MaldI.

OBC Radlame with “raal’ e

OBC Radiancawith a = 1.0
1

2710~
0.98 10,00 10,02 10.04 t 0.0s 10,08

Radianeo

UAID 397 oorrected -0.30 OK

1.004

1,002

h
.=
w

!-

a

“: 1.000
UI

w
o

~
0.99s

;

:

0.996

0.994

6 B 10 12 14

Wavelength (pm)
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Solar Diffuser Pre-Flight
Characterization

Jim Young



SOLAR DIFFUSER
CALIBRATION/ 1=SANTA BARBARA

RESEARCH

CHARACTERIZATION CENTER ,,, !

AHUGHESELECTRONICSCOMPANY

BRDF @1, 0s, A.)MessuemerM

of Spectnlon Solsr Diffusa I DeWxmsmtof BRDF

0 I- CWerSolsrfnckientAngles
0s - UuerMCDB View A@es
A- 0.4to 2.3~m

t--

aMessure
Trmmk3sion

of 8.5%
A(temelon

Screen

L

J

1
1
ER
TRIC
L

——— ——— 1—

H

VALIDATION m
-L

Diffuse
Refleofsnce

H
C(WKINENT CHARACTERIZATION——— ——— ——— .—— ——— —

SUBSYSTEM/ SYSTEM LEVEL CHARACTERIZATKN

.
2.W Tmns Shdteneous U of A

Meaxnenmnts

It

08/95
95-0392/14-2
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CHARACTERIZATION NEEDED
FOR STANDARDIZATION 1-SANTA BARBARA

RESEARCH

BETWEEN SENSORS CENTER

A HUGHESELECTRONICSCOMPANY

●

●

●

●

●

●

●

●

●

Round robin EOS BRDF/ BRF measurement comparison
Important due to wide discrepancies in previous comparison exercises
NASA GSFC is responsible for overseeing this
Candidate participants: NIST, NASA/ GSFC, NASA/ JPL, RIT,
SBRC / HAC, U of Az 10SC
Candidate materials: pressed halon, sintered halon, SpectraIon,
ground aluminum
Wavelength region: 8 spectral points in 443 nm to 2130 nm
Incident angles: 0°, 15°, 30°,45°, and 60°
Viewing angles: -60° to 60° in 10° steps
MODIS is a subset of this

Viewing angles: 13.50 *20
Incident angles: 53° to 63°

08/95
95-0392/14-3

. 214



TWO OPTIONS FOR
CHARACTERIZATION

I A HUGHESELECTRONICSCOMPANY

● Option 1:use solar illumination
. Preferred approach, technically
● MODIS looks out of B32 in a westerly direction
. Contamination barriers needed
● Heliostat (provided by NASA) would redirect sunlight toward MODIS
● Univ of Az OSC would provide the necessary ancillary atmospheric and solar

measurements
● Complex set-up required
● Implementation would require time and resources not in the plan.

● Option 11:Use NIST irradiance standard
● Quartz halogen lamp illuminates solar diffuser via refractive collimator
● Refractive collimator operates at f/3 to f/5
● Collimated source is calibrated via NIST irradiance standard/ halon diffuser
● Solar diffuser illumination AOl= 58°
● Logistics of option II not as formidable as Option 1but still not trivial

● System level testis required to validate calibration

08/95
95-03921144



SOLAR STIMULATION SETUP 1-SANTA BARBARA
RESEARCH

CENTER $,

AHUGHESELECTRONICSCOMPANY

Elevation Section / South Viewing

B32 RECEIVINGROOM

14’-WlDEDOOR

‘0LLED”p8FEmlII I I

~ I ‘EST‘Aa ‘F ’32‘Iwms
SOIAR VIEWUNTILAITER MID-DAY

!I

‘m
ml

HELlOSTAT :7,,

DRIVE&
suPPom-

WEST -

08/95
95-0392/14-5

216



OPTION II AVAILABLE SNR AND
RADIANCE LEVELS

1=

SANTA BARBARA
RESEARCH

CENTER ,,. ,

AHUGHESELECTRONICSCOMPANY

QSNR are adequate for good radiometric calibration

Band
8
9
3
10
11
12
4
1

13
14
15
2

16
17
18
19
5

26
6
7

J!lfm?L
412
443
469
488
531
551
555
645
667
678
748
858
869
905
936
940
1240
1375
1640
2130

SNR
191
301
140
615
948

1433
323
334

6408
8618
4581
716

7352
1483
1398
1476
966
1495
1573
2303

Lcal / Lmax
0.06
0.11
0.03
0.24
0.43
0.63
0.08
0.09
2.09
2.23
3.07
0.31
5.52
0.48
0.35
0.47
0.64
0.67
0.60
0.95

08195
95-0392/14-6
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SOLAR DIFFUSER STABILITY MONITOR “
(SDSM)



SDSM TRACKS CHANGES IN SANTA OAllBARA

SOLAR DIFFUSER
RESEARCH

CENTER

AHUGHESELECTRONICSCOMPANY

REQUIREMENTS MET BY ......

TRACK CHANGES IN SOLAR DIFFUSER
REFLECTANCE TO 0.5% ACCURACY OVER
VIS/NIR SPECTRAL BANDS

STABLE DESIGN

● Sun shall provide reference

. Solar andDiffuserradiantenergy shall be
measured similarly

● Solar reference signal shall be Insensltlve to
varlatlon in solar angle of incidence and/or
be correctable.

DESIGN CRITERIA

● 9 narrow bandpass filtered Silcon detectors located in
integrating sphere

● Three position fold mirror to view:
Sun; Diffuse~ DC Restore

. Lens at entrance port spreads solar and diffuser
Illumlnatlon similarly over sphere cavity wall

. 2~0 transmitting screen to attenuate direct Solar Irrad

. Square entrance aperture results In a predictable near-
coslne variation in effective screen transmittance with
varlatlon In Solar AOL Aperture dimensions are an
interger multiple of screen’s hole spacing.

PERFORMANCE CRITERIA

● Detector SNRS 2400 for both Solar and Diffuser views

● Bandpass filters distributed across 0.4 to 1.0 pm

● Measurement error due to Out of Band contribution shall
bes 0.2% over range of allowed Diffuser degradation



SDSM SNR
IN WORST CASE SIMULATION

5,000

Predicted SDSM SNRS (Single Sample)

T

o 4,000
z
z

,g 3,000
~
s 2,000
;c
6

0! 1 , I , , 1 ,
1 1 1 I

413 469 534 558 644

Wavelength

749 861 905 939

(rim)

[~ SNR,SUN ~ SNR,DIFFUSER(high albedo)

SANTA BARBARA
RESEARCH

CENTER

AHUGHESELECTRONICSCOMPANY

Selected Model Parameters

Solar AOI: 63°
Screen Transmtttancwl.33%
Filter Transmittance 7Ck92%
Mirror Reflectance: 88%
Lens Transmittance: 92%
SpectraIon Reflect.: 97.7-98.3%

w
469
534
558
644
749
861
905
939

19
12
20
49
10
37
30
47

2X)



2“ SPECTRALON S1S

\

APERTURE MASK

APERTURE MASK
TO SOLAR DIFFUSER7 DETECTORS1 L ~MOUNTING

l! r .1\
●

● ✘

❉

✎ ✞

11.284”
● 0~0

~ AT
~PORT TO SUN

●

4.902”
PREAMPLIFIER

‘PREAMPLIFIER ELECTRONICS CARDS
HOUSING

Ill

DR
SUPRASIL

J SQUARE

LENS
STOP

L’ J

POINTING
MIRROR

PERSPECTIVE
VIEW

DETAILEDCROSS

., 221

SECTION



SDSM BUILD STATUS

I AHUGHESELECTRONICSCOMPANY

s Material status

- More than 85!X0of components needed are in house

● Including long lead items such as integrating spheres,
fold motor, and photodiodes

● Remaining components due by 15 Sep

● Subassembly status

Detector Assembly (P/N 405530) Built to shortages
- (photodiode just received)

- Fold Motor Assembly (P/N 405534) Fold motor in check-
out; motor controller testing paces completion (due 10
Sep)

- Lens/Stop Assembly (P/N 405532) In assembly (Suprasil
lens paces the build)



SDSM BUILD STATUS
(cent) SANTA BARBARA

RESEARCH
CENTER

AHUGHESELECTRONICSCOMPANY

“ Subassembly status (cent)

- Amplifier Assembly (P/N 405525) Planning released

● Dry run of SpectraIonTMcleaning procedure and UV exposure
test week of 28 August



SPECTRAL TRANSMllTANCE AND
REFLECTANCE MEASUREMENTS

● BANDPASSAND BLOCKINQFILTERS

● SUpRASILLENS

● pOINTINQ MIRROR

● SPECTRALONTHR

COMPONENT MEASUREMENTS

)

Transfer Variable
NIST

MODIS
output

IRRADIANCE
~ STANDARD * Sls (loo)

RADIOMETRICPERFORMANCE (AMBIENTONLY)
● SETGAIN UOFFSETOFDETECTOR CHANNELS
● SNRMEASUREMENTS
● CHARACTERIZE RADIOMETRIC PERFORMANCE

SDSM SUBSYSTEM CALIBRATION

I
SD=

RADIOMETRY

I
MODEL

I ~1SOLAR
IRRADIANCE

I
VALUES

.— . . .— —— — —— .

SYSTEM LEVEL SOLAR CALIBRATION (under consideration)

2.0% Trans Simultaneous U of A
Screen i Moasuromonts

II

Diffuser W & WIO 8.5%
Trans Scroenl

— Earth’s
Atmosphere

Sample
t

CHARACTERIZE SDSM PERFORMANCE AND RADIOMETRIC RESPONSE

SANTA BARBARA RESEARCH CENTER
a subsidia~

SDSM
PERFORMANCE
VALIDATION &

CHARACTERIZATION

8/95



SPECTRORADIOMETRIC CALIBRATION ASSEMBLY
(SRCA)



SRCA ISA MULTIMODE
CALIBRATOR

SANTA BARBARA
RESEARCH

CENTER

AHUGHESELECTRONICSCOMPANY

COLL
Ass

● RADIOMETRIC
● SpECTRAL
● SpATIAL

.IMATOR
EMBLY -

SOURCEI .
RELAY 1

ASSEMBLY P%

MONCHROMATOFV
P RELAY ASSEMBLY

8195



SRCA ADDRESSES IN-FLIGHT
REQUIREMENTS 1-SANTA BARBARA

RESEARCH
CENTER ,,

AHUGHESELECTRONICSCOMPANY

CALIBRATION

RADIOMETRIC

SPATIAL

SPECTRAL
(shift of
band center
wavelengths
below 1.0 pm

. .............................................

BNDS

Vlsl
NW
Swm

4LL
3NDS

ml
NIR/
SWIR

..................

TOP
REQUIREMENT

5%(10)
ABSOLUTE

(SRCA is one
component
of multiple
methods )

0.2 IFOV
(Goal:
0.1 IFOV)

!&wtwY(Islg):
1.0 nm ● (win/412)

13QQf@(lslg):
L5 nm. (win/412)

MET BY. . . .
PERFORMANCE CRITERl~

● PROVIDE SUITABLE MODIS SIGNAL LEVELS, STABLE TO
$1% OVER ORBITAL PERIOD (100 rein)

@ALiBRAT!- BANDS I SNR ~

I
RADIOMETRIC VIS/NIR/SWIR

SPECTRAL VIS/NIR/SWIR
SPATIAL ALL I

● ALONG SCAN RETICLE
KEs w/ Phase Delay of Detector Sampling to Measure Centroids

c ALONG TRACK RETiCLE
8 Phased KEs (8 Different Detectors Sampled per Band)

● REPEATABILITY OF SPECTRAL BANDPASS CENTROiD
MEASUREMENTS TO SPECIFIED PRECISION

Seif Calibration of Spectrai Output

SYSTEM LEVEL CALiBRATiO~
● CORRELATION W/ FULL APERTURE MODiS GROUND CAL FOR

ABSOLUTE REFERENCE (RAD, SPATiAL & SPECTRAL CAL)

● PERiODiC RADIOMETRIC CAUBRATION UPDATES
Correlation with SD/SDSM and Ground Truth Calibration of MODK



SRCA RADIOMETRIC
CALIBRATION LEVELS 1-SANTA BARBARA

RESEARCH
CENTER

AHUGHESELECTRONICSCOMPANY
9

3.

3.

!

2.

i 2“
g 1,

1.

0.

LAMPS USED IN RADIOMETRIC
CALIBRATION SNR PREDICTION

.

Ill

AVG LAMP POWER: 12.0 W

● = 25V0 ND FILTER USED

E

■ 1 Wan, 2150 K

❑ 10 Watt, 2670 K

.. *** ,.*

Is

3000
T

SNR RADIOMETRIC CAUBRATION

PREDICTED SNRS ARE
SINGLE SAMPLE VALUES

~ W’+@’@
SPECIFICATION 151788: SNR>500

____________________________________________________

-t I

BANDCENTERWAVELENGTH(nmj BAND CENTER WAVELENGTH (n@

8/95



LAMPS USED IN SPATIAL CALIBRATION

[

AVG LAMP POWER: 16.2 W

Ill

● lwst421soi(

❑ IO Watt.2STOK

WAVELENGTH (rim)

SPATIAL CALIBRATION SNR

4000,00
SNRVALUESARESINGLESAMPLEVALUESCALCULATEDFOR

I

TRANSMISSIVEPORTIONOF RETICLE FILLINGDETECTORSFOV.

3500.00 ETCHED NICKEL PLATED, BERYLLIUM COPPER SUSSTRATE
usED FOR 30TH ALONQ. SCANANDTFIACK flHICLES fl

3000.00
t

VISINIRLSWIRSW LAMPS

Q MWIWLWIR 390 K THERMALIR SOURCE

:,500,0
8:200(3.00”

1-

$1500.00

“’ 1000.00

500.00

0.00

1 MEASUREDDICHROICTRANS/REFLECT’VALUESUSED l\

l-T-...P

BANDCENTERWAVELENQTH (n@

●SRCAPERFORMS IN-FLIGHTSPATIAL
REGISTRATION OF FOCAL PLANES ONLY.
NOT ALL BANDS WITHIN A SINGLE FOCAL
PLANE REQUIRED FOR REGISTRATION.



SPECTRAL CALIBRATION
PERFORMANCE HAS MARGIN

SPECTRAL CALIBRATION SNRLAMPS USED IN SPECTRAL CALIBRATION

fln AVG LAMPPOWER 17.0 Wstts 10000 T3. w
g I PREDICIED SNRS ARE
g SINGLS SAAIPLE VALUES

1000E■ 1 Wst&21S0K

I
O10Wt@2S70K

k Iln REQUIREMENTWILLBEMET USINO
MULTIPLED~ECIOR SAMPLES

40.
0
m

N

WAVELENGTH (rim)

SPECTRAL RESOLUTION
COMPARED TO MODIS FWHM

PREDICTED PRECISION OF
CENTER WAVELENGTH DETERMINATION

NO SPEC FOR
I WAVELENCWNS>lum ~

SPECIFICAllON 15178& SSW<30%MODISFWNM
30.OT ‘----------------------------------”

ISSW= SPECTRAL
SLJT

WQl?l

-c- 1.s t ,

0.0

WAVELENGTHWAVELENGTH

..



SLIT RETICLE MONOCHROMATOR IR SOURCE COLLIMATOR
ASSY HOUSING ASSY ASSY

P/N 405380 P/N 405446 PIN 405485 Pm 405455
COMPLETE COMPLETE 10/ 1/95

MONOCHROMATOR
MIRROR’ASSY

y SRCA PFM

Pm 405444 MONOCHROMATOR ASSY
+ ASSY y P/N 405400

COMPLETE P/N 405393
- MONOISOURCE 12/12/95

GRATING/MIRROR/ ,
IN-PROGRESS lwll/95 ASSY

MOTOR ASSY PIN 405445 v

Yml Q540L SOURCE/RELAY
m

A QUAL &
E~g Mod comple~d MIRROR ASSY PERFORM .
- used as placeholder P/N 405435 VERIFICATION

IN-PROGRESS 912619S 9121195 1/17/95

KEY:

H

VIS/SWIR SOURCE
ASSY FILTER WHEEL ELECTRONICS

m_4Q5k95_ _ _ ASSY Motor Cntrlr PWB

~re~dboard completed PIN 405475 Detector Amp PWB
STATUS DUEDATE IN-PROGRESS 10/10/95 9/21195 9115195

8/95



SRCA SLIT/RETICLE
MOTOR ASSEMBLY

95-E102

SANTABARBARA
RESEARCH

CENTER

A HUGHESEI.ECTRONICSCOMPANY

PIN 405380 MOUNTED IN ALIGNMENT FIXTURE

.- 232



SRCA MONOCHROMATOR SANTABARBARA
RESEARCH

MIRROR ASSEMBLY CENTER

A HUGHES ELECTRONICS COMPANY

95-8-101 —

MIRROR ASSEMBLY
PIN 405444

MIRROR ASSEMBLY WITH
ALIGNMENT FIXTURE

233



m

PIN 405393 IN-PROGRESS ASSEMBLY WITH
ALIGNMENT RETICLE

234



VIS/SWIR SOURCE
93-11-25

‘ --!. :&w-* ,,..”,,—.,— ,,.#.,

SANTA BARBARA
RESEARCH

CENTER

9 A HUGHES ELECTRONICS COMPANY

+,,. ..*—.

HALOGEN LAMP
AND HEATSINK

235



VALIDATION OF SRCA
PERFORMANCE

SANTA BARBARA
RESEARCH

CENTER

AHUGHESELECTRONICSCOMPANY

r–+–3–-––––––_l
I SRCA SELF CALIBRATION , I

I
Mono-

Chromator
Didymium Filter I

Reference Detectors
,
––-t––––-––– –-’

IRepresentative
MODIS
Fiiters I

1 I

+
REFERENCE
DETECTOR w

SPFCTRAL PERFORM~=Y & A@llE!lENTONLY
● CORRELATE SELF-CAL WITH SPECTRAL OUTPUT
● VERiFYREPEATABiLiTY OF CENTROiDMSRMENT
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SRCA WILL BE CALIBRATED AT
MODIS INSTRUMENT LEVEL SANTA BARBARA
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● CALIBRATION (AMBlENT & VAC ): SRCA CALIBRATED AGAINST GSE STANDARDS USING MODIS AS TRANSFER

● PERFORMANCE VALIDATION (AMBlENT & VACX SIGNAL LEVELS, RADIOMETRIC STABILITY (SHORT TERM),
REPEATABILITY OF SPATIAL AND SPECTRAL CENTROIDS
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