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CAL PEER REVIEW AGENDA
Day 1, September 13, 1995
8:00 Program Status & Schedule (Tessmer)

8:15 Testing and Calibration Overview (Pagano/Young)
Testing Compliance Matrix
Algorithm Specification & TAC Usage
Stategy for Budgets, Error Analysis and Trending

8:45 Testing Implementation (Bates/Koch)
EM Testing vs PFM Testing
Ambient Performance Testing
Thermal Vacuum Performance Testing & Timeline
Consent to Deconfigure Criteria

9:15 Ground Support Equipment (Alferd/Thompson)
GSE Usage Matrix
SIS, BCS/SVS, SpMA, IAC, ScMA, PSA, SBS's, MCC, etc.

9:45 Performance Predictions for PFM

9:45 Radiometric Sensitivity (Pagano/Bauer)
EM SNR, NEATs
Measurement Accuracies
Algorithm for Reduction
SNRs & Lamp Sequences
LWIR Transmission & Noise
Dynamic Range & Backgrounds

10:15 Break

10:30  Radiometric Accuracy (Pagano/Bauer))
Accuracy Budget
Traceability to NIST
Predictions by 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

1:00

1:45

2:15

2:45

3:00

Lunch

Near Field Response (Young/Pagano)
Measurement Accuracy Budget
Thermal Backgrounds Mitigation Plan
AOA Results
PFM Predictions

Spatial (Therrien/Lommen)
Response vs Scan Angle
FOV
IFOV, MTF
Measurement Accuracy Budget
EM Results
AOA Results from PFM
Registration
Measurement Accuracy Budget
EM Resuits
Revised Plan for Static/Dynamic
Pointing
Measurement Accuracy Budget
VIS/NIR Test
SRCA Usage
Light Leaks

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

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

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 ltems
Discussions
Splinter Sessions



—

INTRODUCTION AND OVERVIEW

Lee Tessmer

—
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A HUGHES ELECTRONICS COMPANY

INTRODUCTION

e 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
¢ Protocols
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PROGRAMMATIC OVERVIEW
(TOPICS)

-l HUGHES
CENTER AIRCRAFT

A HUGHES ELECTRONICS COMPANY

 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'

e HUGHES
CENTER RIRCRAFTY

A HUGHES ELECTRONICS COMPANY

Y Systems .
h « Specifications
e Optics gggé Engil‘leel‘lng ¢ Software
* Mechanics & Analysis « Data Reduction
* Electronics
* FPAs
*0BCs J
Hardware MODIS | Ground
Development ‘ EM Support
Team Equipment
T * SIS
* Program Office : ggﬁ A
* Business Office System . -Il_nteg;latlon o SCMA
¢ Quality * Test Plans .
¢ Rellablity Integ-l!-ea ;iton & * Test Procedures . 'sl.\r%
¢ CDMO . .

e The EM experience demonstrated that we have an able team,
excellent GSE, and specialized facilities
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RESEARCH CENTER

SANTA BARBA

a subsidiary

—-—
)
e
z
0
M~
<
1
&

EM MODIS
FULL BUILD-UP
SUBSYSTEMS

OF ESSENTIAL
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/M‘ﬁ% MODIS GROUND SUPPORT
Xy

EQUIPMENT IN-PLACE

SANTA BARBARA RESEARCH CENTER

PCRAL MEASUREMENT ASSY

e

INTEGRATION AND
ALIGNMENT COLLIMATOR

BENCHTEST COOLER
SYSTEM TEST COMPUTERS



SANTA BARBARA RESEARCH CENTER
a subsidiary

95-3-79(8)

MODIS
CALIBRATION
CHAMBER
DEMONSTRATED
ON MODIS EM
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EM HIGHLY SUCCESSFUL EFFORT

Objectives: EM used for PFM:

e To prove out instrument design

* To debug development and build cycle

* To demonstrate GSE and test method effectiveness

* To identify problem performance areas

* To develop an experienced instrument team

MODIS Design Robust

* No hard instrument failures during thermal vacuum

* No need to break vacuum; instrument functioned well

Note: Several EM subsystems reused PFM

- 008
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SCHEDULE OVERVIEW
PROTOFLIGHT MODEL v HUGHES

CENTER AIRCRAFTY
A HUGHES ELECTRONICS COMPANY

1994 1995 1996 1997
TTAlslolnlol s rImMIAIMIs]J]alsloln] o T F[mlalmM[s]sTAalsTolnNfoluTFr mlalmly
\ PFM SOLAR | | PFM SDSM PFM MOTOR
DIFFUSER ENCODER
N +10d +1d +85d
\\ PFM PFM SRCA PF MODEL
\ BLACKBODY DELIVERY
N -1d +4d -7d
N \\ CONTRACT
DELIVERY
k \ P 10/31/96
Y L ] Yoo
679) 2Y\ 11/9/96
1/3/95
\\ l
START
\ | PFM DOORS THERMAL VAG
5 l +55d 8/16/96
PFM N —
LWIR OBJ
iy \ ELECTRONIC VIBRATION
MODULES 775/27";‘956
i +3d
PFM
SWIR/MWIR X O0BA COMPLETE
OBJECTIVES \Q%E&\

R

Status as of Month Ending 8/24/95 l

Note: Arrows indicate point of integration in
relation to current projected delivery date.
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PFM CHALLENGES

= HUGHES
CENTER AIRCRAFT

A HUGHES ELECTRONICS COMPANY

—

* Programmatic challenges
— Holding to delivery schedule
— Managing within available financial resources
— Holding the team together
e Major technical challenges
— Near field response

010
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TESTING AND CALIBRATION OVERVIEW

Tom Pagano
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GSFC REQUIREMENTS
LEAD TO SYSTEM SPECIFICATIONS

EOS Performance
Assurance Requirements
(PAR) for EOS QGeneral
instruments
420-05-01

SANTA BARBARA
RESEARCH
CENTER

HUGHES

AIRCRAFT

A HUGHES ELECTRONICS COMPANY

Focus on Spacecratio- General Evronmenia |
MODIS interface Veritication
NASA GSFC Control Drawings SP.;'IOIQIM for
P l'f {five ICD9) ~Payloads.,
eriformance (QEVS-8E) . lssml:
pecifications
Specification
Y ¥ ¥ _J N J 1 |
SBRC
Specifications
Optical System Tication Random- Contamination- Instrument Integration & Performance Calibration
Performance ';;".f. MODI8 Vibration Control Interiace Command & Algnment Verfication Management
Requirements \nstrument Environments Requirements Telemetry Spec & Plen Speciication and Plan Plan
1681771 151750 152450 161839 151784 5 161842 151800 CORL 018
’
¢
"”Ill'-?”"""""
[}
/ VIS-Objectve : Ah-Optics Mainframe Assembly Spectroradiometrio
/ L et s Auomb!v' 161788 Calbrator Assermoh
‘ 161774 A7l 152008 161768
4 ’ Main Electronics Module o D S
Focal-Plane 151785 ar r
Asserrblies oo ‘: N“A‘:.T:"'g”w Monitor Assembly
161780 19y 151772” Power-Supply Assembly 151704
’ 151708
’ Solar Offfuser
s Radistive-Cooler - Assombly
(199 EEeosiinid Module 161789
’ 161770 161783 ,
’ — Blackbody Assembly
- Scan-Mkror Forward Electronics 161790
o Module
’ 161768 151784
- Cooler-Located
Analog Module
7. PAGANO /95
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Spectral Coverage
Spectral Resolution
Spectral Stability

Spatial Coverage

Spatial Resolution
Spatial Registration

IFOV

Radiometric Range
Dynamic Range
Radiometric Performance
Polarization |solation
Calibration Accuracy

> INSTRUMENT REQUIREMENTS
ARE CHALLENGING

0.407 pm - 14.385 um, 36 Bands
10 nm < AL €500 nm

A & A\ stable to < 2 nm (VIS, NIR)
A & A stable to < 1% (all other bands)

1+55°, 2330 km swath length at 705 km
(contiguous scans at Nadir at the equator)

250m; 500m; 1000m at Nadir

0.2 IFOV-(0.1 IFOV goal)

0.354 mr, 0.709 mr, 1.418 mr (All £6%)
0.002% < p < 100%, 3K < T < 700K
NEAL to Lmax (requires 12 bits)

257 to 1087, < 5.0 to 0.05K

$2%, 043 um <A 2.2 um

Absolute Calibration: +1% A > 3 um; £5% A < 3 pm;
10.75 (Band 20), 10.5% (Bands 31, 32)

+2% Reflectance (A < 3 um)

11/93
93-0868-49

.- 013
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PROTOFLIGHT MODEL TEST COMPLIANCE MATRIX FOR GSFC 422-20-02

HI-BAY AMB-MCC TNMCC TNMCC TAMCC TAMCC TVMCC AMB-MCC
Section GSFC Specification 422-20-02 Pre-Env Pre-TV 1st Cold 1st Hot 2nd Cold 2nd Hot Cal Post-TV
1 Scope
2 Applicable Documents
3 Technlcal Requirements
3. Requirements Overview
3.2. Operational Requirements
33, Optical Requirements
3.3.1, Instantaneous Field of View PC-08
33.2, Fleld of View FOV/RVS
333, Spectral Bands
33.3.1 Definkions
3332 Edge Range PC07 pPC-07
3333 Out-of-Band PC-07 PC-07
3334 Ripple PC-07 PC-07
3.34, Sensitivity Requirements
33.4.1 VISNIR/SWIR RAC-01 RC-01 RC-01
3342 Themal Emittance RC-02 RC-02 RC-02
3.35. Polarization insenshivity pPC-08
34, System Performance
3.4.1. Dynamic Range RC-01,2 RC-01,2 RC-01,2
342 Modulation Transier Funciion PC05
343, Minimum Quantizing Resolution RC-01,2 RC-01,2 RC-01,2
344, Transient Response PC-04
345, Radiometric Performance
345.1. Spectral/Ampl Accy RC-01,2 RC-01,2 RC-01,2
3462 Absohite Rad Accy RC-01,2 RC-01,2 RC-01,2
3453 Relative Rad Accy
34531 RAMS Deviation RC-01,2 AC-01,2 RC-01,2
34632 Ch-to-Ch Unlformity RC-01,2 RC-01,2 RC-01,2
34533 X-Talk, Fixed Pattem MFI-10 FPN MFI-10 FPN MFE10 FPN MFI10 FPN MFI-10 FPN
3454, IFOV Uniformity PC-05
3455, System Nolse Meas. RC-01,2 RC-01,2 RC-01,2
3.48 Geometric Performance
3.4.6.1 Polnting Knowledge PC-08 PC-02 PC-02 PC-02
3462 Alignment Changes PC-08 PC-02 PC-02 PC-02
3463 Registration PC-02 PC-02 PC-02 PC-02
347 Radio. Ampl. Stability and Repeat.
3471 Short Term StabMty RC-01,2 RC-01,2 RC-01,2
3472 Long-Term Stablitty RC-01,2 RC-01,2 RC-01,2
34.73 Spectral Band-to-Band Stab. RC-01,2 RC-01,2 RC-01,2
34.74 Wavelength Stabily PC-07 PC-07
34.75 Wavelength Accy & Precision PC-07 PC-07
348 Stray Light
3481 Stray Light Rejection PC12
3482 Bright Target ... PC-09
3483 Dark Target ... PC-09
3404 Warm Target ... PC-11
349 In-Flight Calbration
34.9.1 In-Flight Radiometric MF1-09 MFI-09 PC-17
3492 In-Flight Wavelength MF-15 PC-17
3.4.9.3 In-Flight Reflectance MFi14, PC-18

014
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PROTOFLIGHT MODEL TEST COMPLIANCE MATRIX FOR GSFC 422-20-02

HI-BAY AMB-MCC TNMCC TN MCC TN MCC TNMCC TN MCC AMB-MCC
Section GSFC Specification 422-20-02 Pre-Env Pre-TV 1st Cold 1st Hot 2ndCold  2nd Hot Cal Post-TV
3494 In-Flight Lunar No Test
3495 In-Flight Electronics Ecal Ecal
3.4.10 Miscellaneous
3.4.10.1 Passive Rad Cooler... No Test
34.10.2 Ambient Conditions Limits... No Test
3.4.103 Witness Mirrors No Test
3.4.104 Solar Flux No Test
as. CCC and Telemetry
351 Command & Control MFI-07
as.2 Instrument Data Stream
3.5.2.1 Data Rates MF-10
35.2.2 Data packet MFL10
353 Instrument Health & Status
35.3.14 Command Stalus MFI07 MFI07 MFL07 MFI-07 MFLO7 MF-07 MFi-07 MF1-07
35.3.2 Houskeeping ... MF107 MF-07 MFI-07 MF1-07 MFI07 MFL07 MFI-07 MFI-07
3. interface Requirements
36.1 General
36.2 Unique
38.2.1 Powsr Consumption MF106, MFI12,MF{13 MFI-08 MFI-08
36.22 Mechanical Dimensions PC-14
3.8.23. Delated
3624, View Factors
3.68.24.1, Ground View No Test
36.24.2, Sun View No Test
3.6.24.3, Space View No Test _
4 Software Requirements See Software Management Plan
5 Verification and CAL Regmts, See Paerformance Verification Plan and Calbration Management Plan
8 Ground Support Equipment
TestID  Title Test ID Thtle Test ID Title
MF1-08 Elactronics Grounding and Power Verifications RC-04 Radiometric Cal Refleciive Bands PC-08 Polarization Insensitivity
MFI07  Commands and Telemetry RC-02 Radiometric Cal Emissive Bands PC-09 BrichtDark Target...Stray Light
MFI-09  Blackbody Operation and DC Restore PC-11 Warm Target...Stray Light
MFI-10 Data Stream Verification and Fixed Pattern Nolse PC-02 Spatial Performance: Dynamic PC-12 Stray Light Rejection
MFI-12  Power Profite PC-05 Spatial Performance: Static PC-13 S/C Mounting Template Cal
MFE13  Input Current Translents PC-04 Near Fisld Response PC-14 Mass Properties
MFl-14  SDSM Functional PC-08 Pointing Knowledge PC-18 Magnetic Mapping
MFL15  SRCA Functional PC-07 Spectral Coverage PC-18 EMIEMC
PC-17 In-Flight Calbrator Stimulation
PC-18 Solar Calibrator Functional

T. PAGANO 895



TEST ANALYSIS CONTROLLER
PROGRAM STRUCTURE AND DATA FILES

SANTA BARBARA RESEARCH CENTER
a subsidiary

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

Analysis Controller
upervises the particular analysis:

GAIN_AND_OFFSET tOP
SENSITIVITY_AND_NOISE_top

Template File Parser

btains parameters needed for analysis:
Constants, test conditions,
Selection of data to be reduced,
Selection of algorithm.

Results Output

Writes files of analysis results

emplate )
Source_Radlance )
Band_constants |

Band_lInfo

1

Analysis Performance
Applies selected algorithm to selected data.

oad_Gain

7

Detall
- {S

1

ummary

1

etc.

J EODI‘S'—data *]

Upload

|

g N - O = ‘ * L. 2 e e N
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PLANS IDENTIFIED FOR CALIBRATION
AND CHARACTERIZATION OF MODIS

ST HUGHES
RE%ENTEH AIRCRAFT

A HUGHES ELECTRONICS COMPANY

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

 Preflight Ground Support Equipment linked to NIST traceable sources

e 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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MULTIPLE SOURCES
USED TO CALIBRATE MODIS mcg*,:;g:

On-Board Natural
| Parameter Calibrator Source
Emissive
Radiometric — BCS - «——— Blackbody Moon
"""""""""""" NIST [~---o-ooonmmmmmmessenes ’""'"""é;)i;r"""“
.| SIS > <—1 Diffuser [ —| 5"
Reflective \ —y '
Radiometric »  Lamp MODIS SDSM Earth
- Scene
______________________________________________________________ Radiometric .
Spatial IAC —— - s,,,,ﬁ,RCA
Spectral SpMA —» <+——| Specral
Near Field SCcMA [—»
Polarization PSA —l | T
........................................ ; U
Correction Data Telemetry
Algorithms Stream .| Corrected
- Data

T. PAGANO W95



INTEGRATION AND TEST
"~ D.Bates/T. Koch
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SANTA BARBARA RESEARCH CENTER
a subsidiary

PFM SYSTEM INTEGRATION & TEST

RS

o System Integration and Test Process

 PFM Test Procedure Development Plans and Status
* Test Procedure Close-Out Process

* Test Procedure Close-Out Status

e Special Test Request Close-Out Status



PFM SYSTEM INTEGRATION HUGHES
& TEST PROCESS SANTA BARBARA RESEARCH CENTER

a subsidhary

Plans Based On Released PVS/PVP
¢ Customer Comments in Review
* Schedule Implications in Review
Weekly Summary Meetings with Task Leaders and Line Mgmt
e Summarize last week’s accomplishments, future plans
e 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

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

* Best effort to ensure data validity before proceding
* 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 - 021



PFM TEST PROCEDURE
DEVELOPMENT PLANS Sy
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 1 1

022



PROTOFLIGHT PROCEDURE m
DEVELOPMENT SCHEDULE SANTA BARBARA RESEARCH CENTER
a subsidiary
J Procedure Planned First
EDCC Numbe! Test ID TEST PROCEDURE NAME Author Activity # Release Need Use
Date
162751 AOI-01 Cooled Spectral-Bands Eye-Lens Alignment Chirra F0-30-03a Released 1/3/95
152752 AOI-02 Dichroic-Assembly Alignment Chirra F0-30-03b Released 2/27/95
152756 AOI-15 Cooled Spectral Bands Vignetting Check Chirra F0-30-03e Released 5/15/95
1652764 AOI-SU Aft-Optics-Integration Test-Equipment Setup Chirra (F0-30-03d,04) Released 6/1/95
152753 AOQI-03 Ini- Align of NIR-OBJ to AOP Mech-Datums Chirra F0-30-03¢ Released 6/1/95
152754 AO!-04 Ini- Align of VIS-OBJ to AOP Mech-Datums Chirra F0-30-03d Released 6/1/95
152760 AOI-SOP BAEM/IAC/BTC Operating Procedure Franco (F0-30-03d,04) Released 6/1/95
152757 AOI-07 NIR FPA Alignment Franco F0-30-04a Released 6/26/95
152758 AOI-08 VIS FPA Alignment Franco F0-30-04b Released 6/26/95
152759 AQI-09-13 |Cooled-Spectral-Bands Alignments Koch F0-30-04¢,d,e,1 Released 7/25/95
152766 MFI-02 Alignment of Reference Cube to S/C Interface Luke F0-30-05 8/2/95 9/1/95
152765 MFI-01 SMA Alignment to S/C Interface Luke F0-30-05 8/8/95 9/7/95
1562783 MF-SU Mainframe Integration Test Equipment Setup Kus (F0-30-04,...) 8/13/95 9/12/95
152768 MFi-21 Solar Diffuser Pointing Verificaiton Luke F0-30-05 8/14/95 9/13/95
152795 AOI-14 OBA Spatlal Verifications Kent F0-30-04.5 9/9/95 10/9/95
152803 AOl-Vibe | Aft Optics Assembly Random Vibration Exposure Luke F0-30-05.10 9/16/95 10/16/95
152791 ALPC08  [Determining Pointing Knowledge Franco F0-30-13 9/27/95 10/27/95
162773 MFI-09 BB Operation & DC-Restore Function Check Vanstone F0-30-08d 10/10/95 11/9/95
152767 MFI-03 OBA Alignment to Scan Mirror Kent F0-30-05 10/14/95 11/13/95
152778 MFI-14 Alignment and Functional Check of the SDSM De Loo F0-30-07 10/16/95 11/15/95
152786 AL-SU Amblent-Lab Test-Equipment Setup Kus (F0-30-10) 11/7/95 12/7/95
1562770 MFI-06 Electronics Grounding & Power Verifications Glick F0-30-08a 11/7/95 12/7195
152792 ALPC07  [Measurement of Spactral Coverage Vanstone F0-30-13 11/9/95 12/9/95
152793 ALPC08 Measurement of Polarization Insensitivity Parker F0-30-13 11/10/95 12/10/95
162761 MFI-19 Gravity Release Assessment Kent F0-30-07 11/22/95 12/22/95
152787 ALPC2/3/5 |System Spatial Performance Kent F0-30-13 12/13/95 1/12/96
152779 MFI-15 Alignment and Functional Check of the SRCA Rodil F0-30-07 12/26/95 1/25/96
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PROTOFLIGHT PROCEDURE
DEVELOPMENT SCHEDULE SANTA BARBARA RESEARCH CENTER
a subsidiary
l Procedure Planned First
EDCC Numbe! Test ID TEST PROCEDURE NAME Author Activity # Release Need Use
Date

162771 MFI-07 MODIS Commands and Telemetry Verifications Glick F0-30-08b 1/3/96 2/2/96
152776 MFI-12 Power Profile Measurements Glick F0-30-08g 1/3/986 2/2/96
162777 MFI-13 input Current Transient Measurements Glick F0-30-08h 1/3/96 2/2/96
162774 MFI-10 Data Stream Verification and Pattern Noise Kus F0-30-08b 1/3/98 2/2/986
152935 MF1-20 System Software Verification Auchter F0-30-08 1/24/986 2/23/98
152782 MFI-18 Scan Mirror Encoder Readout Perf. Tracking Glick F0-30-08 1/31/96" 3/1/98
162787 ALPCO04 Translent Response Measurement Kent F0-30-13 2/14/96 3/5/96
162772 MFI-08 Scene/OBC Stimuli Frame Number Determination Vanstone F0-30-08¢ 2/5/98 3/6/96
152781 MFI-28 Mechanical Function Test Luke F0-30-08 2/6/96 3/7/96
152785 ALRCO02 ...MWIR & LWIR Spectral-Bands Responsivities De Loo FQ-30-11 2/7/96 3/8/96
162784 ALRCO1 Rad-Cal of VIS, NIR, & SWIR Spectral Bands Franco F0-30-10 2/7/96 3/8/96
152755 AOI-05/08 |Ini- Align of SW/MW/LWIR-OBJs to AOP Mech-Datums Chirra F1-30-03e 2/24/96 3/25/98
152788 AOI-17 NIR FPA Alignment with 1AC2 Chirra F1-30-04a 3/5/986 4/4/96
162790 AOI-18 VIS FPA Alignment with IAC2 Chirra F1-30-04b 3/5/96 4/4/986
152794 ALPC09  |Eval of Brt&Dk Targets w/in Field, Stray Lt. De Loo F0-30-12 3/20/96 4/19/96
162796 ALPC11 Eval of Warm Target Within Field Diff. Light De Loo F0-30-12 3/21/96 4/20/96
152797 ALPC12  |Evaluation of Stray Light Rejection De Loo F0-30-12 3/22/96 4/21/96
152780 MFI-16 Transfer of MODIS Alignment to the Ref. Cube Luke F0-30-05 4/23/96 5/23/96
152808 TV-SU Thermal Vacuum Test Equipment Setup TBD (F0-30-186) 4/24/96 5/24/96
152798 ALPC13 _ |S/C Mounting Template Pointing Calibration Franco F0-30-14 5/6/96 6/5/96
162799 ALPC14 Mass Properties Measurements Rodil F0-30-15 5/18/96 6/17/96
162120 ALPC16 EMI/EMC Measurements Glick F0-30-15 5/25/96 6/24/96
1652802 ALLEQ2 Structural Loads & Random Vibration Exposures Luke F0-30-18 6/8/96 7/8/96
162804 ALLEO4 Acoustics Eposure Rodil F0-30-16 6/15/96 7/15/96
162800 ALPC15 Magnetic Mapping Rodil F0-30-16 6/16/96 7/16/96
152807 TV-TP Thermal Vacuum Test Procedure - MODIS Brown F0-30-16 6/24/96 7/24/986
152805 ALLEQO5 Mechanical Shock  (N/A. Deviation authorized to defer to S/C test.)
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PFM TEST PROCEDURE HUGHES
CLOSE-OUT FLOWCHART SANTA BARBARA RESEARC:;:‘::;::

v 025

Conductor/Operator E Eng?r‘l’:::m; E
HEA Author ) . '
Release Execute Bundl : Write Data '
PFM Test Test Dat :;‘n " :t or - Analysis '
Procedure W ; Report f
CDRL 409 * ! :
« Formal Release Operator * As Run Procedure ' Director! ;
through EDCC Enégger_nfy * Data Sheets ; Conductor !
- reql(l?zeld i * Printouts E Write E
* Summaries ' Test Report '
* Command File ; .
Printout | = “oooocoooocooccpeoed '
Data * Appropriate Log CDRL 207 and 208
Librarlan Pages
Copy [“
Data
Master + ¢
Data Library CDMO Original TP
Copy Copy Report & Data T:';‘npsc;::_‘r‘; 4
of TP Master —| 16 CDMO
Only Impounded after PSR
with PQE



Test Phase: PFM Aft Optics Integration

Data Master(1) Data Analysis Test Report Consent-to-
Procedure No. & Test Execution Run-Time EO's Bundled For Report Complete Complete Data Master Proceed

Nam‘ ESEBM‘! E‘S!ﬂl! ﬂﬂ"ﬁ {PL3095.) (gpoos-) |mggungog m
AOI-0t ELMP
| Align 2/13/95 2/13/95 Y048089/003 8/30/95

AOI-02 Dichr.
Assy Allgn 6/6/95 6/6/95 . Y04089 8/30/95

AOI-03 NIR
Objective 7/5/95 7/5/95 Y04089/001 8/30/95

ACI-04 VIS

Objective 6/23/95 6/23/95 Y04089/002 8/30/95
AQIl-15

Vignetting
 Margln 8/1/95 Y¥04089/004

AOI-07
NIR FPA Allan

AOI-08
VIS FPA Align

AOI-09-13
S/MIL FPA Allgn

AOl-14
OBA Spatial Perf

AQI-SU
AOI Set-Up

AOI-SOP Std.
Oper. Proced,

AOA-Vibe
Vibration Expos.

(1) Includes:
A-Procedure As-Run C-Hardcopy of Command Flle E-List of Relevant Event Log Start Times
B-Data Sheets & Printouts D-Appropriate Logbook Pages F-Uist of Relevant UAIDS

Test Status PF Aft Optics ~ U 2 6 D, Bates 6/30/95



PFHBay STRs

PFM Hibay STRs

Report
Complete
Number Orlginator 8 tl (] Ve 3095-) _Impounded(})
STR-044 Pagano Radiometric Test of VIS/NIR FPA
STR-046 Pagano Optical Crosstalk Evaluation 8/1/96
Aft Optics Thermal Vacuum
STR-047 Bell (Background)

D. Bates 8/30/95



TOPICS
PFM SI&T

TLK-2
8/30/95

v HUGHES
CENTER AIRCRAFT

A HUGHES ELECTRONICS COMPANY

« SYSTEM INTEGRATION & TEST OBJECTIVES
e SI&T PLAN & FORMAT

e PFM SI&T TEST FLOW PLAN

e PFM THERMAL-VACUUM TEST PLAN

e SUMMARY
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MODIS PFM SI&T
OBJECTIVES N B HUGHES

8/30/95

A HUGHES ELECTRONICS COMPANY

SI&T OBJECTIVE 1

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

SI&T OBJECTIVE 2

e COMPLETE OBJECTIVE 1 WITHIN THE COST AND SCHEDULE
BUDGETS OF THE MODIS PROGRAM.
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PFM SI&T PLAN e |

8/30/95 CENTER

A HUGHES ELECTRONICS COMPANY

e 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 - AMBIENT TESTS IN THE HI-BAY CLEAN ROOM

75 - OFFSITE ENVIRONMENTAL TESTS/RETESTS

23 - AMBIENT TESTS IN MODIS CALIBRATION CHAMBER
82 - THERMAL-VACUUM PERFORMANCE TESTS IN MCC
14 - POST-THERMAL VACUUM RETESTS

e @ 2.1-DAYS/TEST (=EM AVERAGE), REQUIRES =2.4 WORKING
YEARS (=29 MO) TO COMPLETE MODIS PFM

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

e CLEARLY UNACCEPTABLE TO BOTH SBRC & GSFC
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PP SI&T = HUGHE
TEST REPLAN P i HUGHES

A HUGHES ELECTRONICS COMPANY

* ATEST 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

* J.e., TEST WHEN NECESSARY, NOT - TEST FOR THE SAKE OF TESTING
PRESENTLY REDUCED TO 190 TESTS, INCLUDING :

« 12- AFT-OPTICS ASSEMBLY TESTS

e 62- AMBIENT TESTS IN THE HI-BAY CLEAN ROOM

e 23 -OFFSITE ENVIRONMENTAL TESTS/RETESTS

e 25- AMBIENT TESTS IN MODIS CALIBRATION CHAMBER

e 59-THERMAL-VACUUM PERFORMANCE TESTS

9 - POST-THERMAL VACUUM RETESTS

190 - TOTAL TESTS REQUIRED

e @ 2.1-DAYS/TEST = 19.3 MONTHS OR 21 APRIL 1997
e STILL UNACCEPTABLE - THUS, REPLAN IS CONTINUING
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PFM SI&T REPLAN
- CONTINUED - -

8/30/95

a1 HUGHES
CENTER AIRCRAFT

A HUGHES ELECTRONICS COMPANY

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

e 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

e 190 TESTS INCLUDE:
+ 108 - COMPREHENSIVE PERFORMANCE TESTS
+ 53 - LIMITED PERFORMANCE TESTS
+ _29 - FUNCTIONALITY TESTS
+ 190 - TOTAL TESTS
e MEANS TO FURTHER REDUCE TEST TIME

MULTIPLE SHIFT WORK, VERIFY BY ANALYSIS, AUTOMATION, REQUEST
FOR WAIVERS, etc.
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SUBASSY

MODIS PROTOFLIGHT MODEL
SI&T FLOW PLAN

TK-7
8/30/95

e HUGHES
CENTER A{RCRAFT

A HUGHES ELECTRONICS COMPANY

INTEGRATION
& TEST

 Aft-Optics Objective Assy's
* Radiative-Cooler Assy

* Afocal-Telescope Assy

* Mainframe Assy

¢ Scan Mirror Assy (SMA)

* OBC Blackbody Assy

o Solar Diffuser Assy

* Solar Diffuser Stability
Monitor (SDSM)

* SpectroRadiometric
Calibration Assy (SRCA)

* Main Electronics Module
(MEM)
* Analog Electronics Modules
* Space View (SAM)
* Forward-View (FAM)

* Cooler-Located Analog
Module (CLAM)

* Doors & Actuators

" OPTICAL BENCH
| INTEGRATION &

AFT OPTICS ASSY

* Dichroic Assy

¢ VIS Objective Assy

* VIS FPA 1&T

* NIR Objective Assy

* NIR FPA I&T

* LWIR & SW/MWIR Obj
Assy Vignetting

* LWIR & SWIR FPA 1&T

 Radiative Cooler 1&T

OPTICAL BENCH ASSY

* Aft Optics Assy

* Afocal Telescope Assy

- 033
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PFM SI&T
AMBIENT LAB s
TEST FLOW PLAN 335/32 CENTER AIRCRAFT

A HUGHES ELECTRONICS COMPANY

[ AMBIENT LAB
PERF. TESTS
w/EM

" MAINFRAME |
INTEGRATION
TESTS W/EM

TO SI&T

ELECTRONICS | ELECTRONICS | w/PFM
—_— ELECTRONICS
MAINFRAME INTEG'N TESTS AMBIENT LAB PERF TESTS
* Mainframe Integration Setup * Ambient Lab Setup
* J&A SMA to S/C VF * Initial Gains & Offsets for
¢ |J&A Ref. Cube to S/C VF VIS/NIR/SWIR FPAs
¢ |J&A OBA to SMA ¢ Initial Gains & Offsets for
* Gnd & Continuity MWIR & LWIR FPAs |
» Command & Telem'y * Response vs Scan Angle for ELECTRONICS
* Verify FPA Data Stream All FPAs SUBASSY’S
« Electronic Calibration * Transient Response _
* Integ. BB & BB DC Restore * Pointing Knowledge
¢ 1&A SD ¢ Polarization lnsensitivlty
¢ I&A SDSM * Brt & Drk Targets w/in Field
» SMA Performance Trkg * Warm Targets wi/in Field
» Align MODIS to Ref Cube * Stray Light Rejection
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SANTA BARBARA RESEARCH CENTER
a subsidiary

ScMA

PROPOSED
TEST AREA
SET-UP
FOR TESTING
MODIS PFM
UNDER AMBIENT
CONDITIONS

SIS(100)

IAC

Photo: 95-3-80 (12)

TLK-09
8/30/95
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PFM SI&T
AMBIENT LAB

TEST FLOW PLAN
- CONTINUED -

tad HUGHES
TLK-10 CENTER AIRCRAFT
8/30/95

A HUGHES ELECTRONIGS COMPANY

AMBIENT
TESTS w/ PFM
ELECTRONICS

MF 1&A TESTS
* Gnd & Continuity

* integrate Electronics Modules
 Command & Telem’y

* Scene/OBC Frame #

« Verify FPA Data Stream

» Electronic Calibration

* Power Profile

* Input Current Transients

* BB DC Restore

* Verifty SDSM Alignment

¢ |&A SRCA

* SMA Performance Trkg
 System S/W Verification

» Verify Solar Diffuser Pointing
* Mechanical Functions

AMBIENT PERF TE

¢ |nitial Gains & Offsets for
VIS/NIR/SWIR FPASs

¢ Initial Gains & Offsets for
MWIR & LWIR FPAs

* Dynamic Spatial Analysis
* Pointing Knowledge

* S/C Mounting Template

* In-Flight Calibration Tests
» Solar Calibrator Functional

GRAVITY
RELEASE

- 030

¢ Mainframe Setup

* Ambient Lab Setup

» Verify Gnd & Continuity

e Verify Command & Telem’y
» Verify FPA Data Stream

* BB DC Restore Functions
* Mechanical Functions

» Dynamic Spatial Analysis
* Pointing Knowledge

» Verify MODIS to Ref Cube
« Verify SMA Perf Tracking
» Package & Ship to SSL

[ ENVIRON-
MENTAL
TESTING




PFM SI&T OFFSITE
ENVIRONMENTAL
TEST FLOW PLAN

TLK - 11
8/30/95

awwd HUGHES
CENTER AIRCRAFT

A HUGHES ELECTRONICS COMPANY

POST-VIBE $,"E"gﬁﬂg
FUNCTIONALITY (Data §
TESTS ata Stream

POST-VIBE FUNCT'L TESTS
e Mainframe Setup

« Verify Gnd & Continuity

¢ Verify Command & Telem'y

« Verify FPA Data Stream

* BB DC Restore Functions

« Check Mechanical Functions

& BB Funct'l)

EMVEMC

TESTING

(Pre-Test
Funct'ls)

- 037

RANDOM &

MEASURE MOVE TO SINE SWEEP MOVE TO

MASS VIBRATION VIBRATION EMVEMC

PROPERTIES FACILITY TESTING FACILITY
-

RETURN
TO SBRC
MCC




MODIS PFM MCC SI&T

" MCC AMBIENT
PERFORMANCE

*Thermai-Vacuum Test Setup

» Verify Gnd & Continuity . X

* Verify Command & Telem’y JA‘,?,’,,'“" Vacuum Test
* Verify FPA Data Stream « Radiative-Covers

* Electronic Calibration « Install SBS's in MCC
* BB DC Restore Functions * Trial Pumpdown

* Verify SDSM Funct'l * Relnstall MODIS in

« Verify SRCA Funct'l MCC

¢ Mechanical Functions

* VIS/NIR/SWIR Gain & Offset

* MW/LWIR Gain & Offset
« Spatial Registration w/o CaF,
« 0OB Spectral Perf. (All FPAs)

« In-Band Spectral Perf.
(LWIR FPAs) :

AMBIENT TEST FLOW PLAN

TLK- 12
6/30/95

PRE-T-V
FUNCTIONAL

-1 HUGHES
CENTER AIRCRAFT

A HUGHES ELECTRONICS COMPANY

| TESTS

et

*Thermal-Vacuum Test Setup
» Verify Gnd & Continuity

e Verify Command & Telem'y
« Verify FPA Data Stream

» Electronic Calibration

« BB DC Restore Functions

* Verify SDSM Funct’l

« Verify SRCA Funct'l

* Mechanical Functions

* VIS/NIR/SWIR Gain & Offset
* MW/LWIR Gain & Offset

» Spatial Registration w/CaF,

- 033




MODIS PFM SI&T

THERMAL-VACUUM 8 a1 HUGHES
TEST FLOW PLAN Blao,gs A HUGHES ELECTRONICS COMPANY

PRE-
PERFORMANCE
TESTS

HOT TRNSTN
FUNCTIONAL
TEST

COLD-TEMP
PERFORMANCE

* Pumpdown to Hi-Vacuum ¢ All Commands & Telemetry Transition to Hot Temp
Acquire Telemetry « Verify FPA Data Stream (42°C)
Hot-Survival Thermal-Cycle] |+ BB DC Restore Command & Telemetry
Outgas Radiative Cooler * Verify SDSM Funct’l Verify FPA Data Stream
Cold-Survival Thermal- » Ltd SRCA Performance BB DC Restore Funct'l
Cycle  Mechanical Functions Ltd VIS/NIR/SWIR
Cooldown Radiative Cooler « VIS/NIR/SWIR Gain & Offset Radiometrics
Transition to Cold Temp « VIS/NIR/SWIR Radiometric Ltd MW/LWIR Radiometrics
(0°C) Calib. ' Stabilize 16 Hours
Stabilize 16 Hours * MW/LWIR Gain & Offset Hot Turn-On

* Cold Turn-On * MW/LWIR Radiometric Calib.

» Spatial Registration w/CaF,
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MODIS PFM SI&T
THERMAL-VACUUM K- 14
TEST FLOW PLAN e

ewd HUGHES
CENTER RIRCRAFTY

A HUGHES ELECTRONICS COMPANY

HOT
TEMP
TRANSI
| TION

(2ND COLD TEMP
PERFORMANCE
TEST

( TRANSITION
| TO COLD
| TEMP

* All Commands & ¢ Transition to Cold ¢ All Commands &
Telemetry Temp (0°C) Telemetry
e Verify FPA Data Stream e Command & ¢ Ltd FPA Data Stream
* BB DC Restore Telemetry e BB DC Restore Funct’l
* Verify SDSM Funct'l » Stabilize 16 Hours ¢ Verify SDSM Funct’l
o Ltd SRCA Performance ¢ Cold Turn-On e Ltd SRCA Performance
* Mechanical Functions ¢ Mechanical Functions
* VIS/NIR/SWIR Radiometric
Calibration
* MW/LWIR Radiometric
Calibration
» Spatial Registration w/
CaF,




MODIS PFM SI&T

THERMAL-VACUUM .| i CLIEETE)
TEST F Low P LAN 8/s0/9s A HUGHES ELECTRONICS COMPANY

2ND HOT-TEMP

END T-V,
PERFORMANCE

TRANSITION TO

* Transition to Ambient
Temp

» Stabilize 16 Hours
* Set CFPAs to 83K Set Point

* 83K FPA TEMP TESTS
¢ Ltd Commands & Telem'’y

* (Repeat Above @ 88K Set
Point Following 85K Tests)

*Transition CFPAs to 85K
Set Point

* 85K FPA PERF TESTS
* All Commands & Telem’y

* Verify FPA Data Stream » Full FPA Data Stream
Ltd Command & Telem'y « BB DC Restore « Full BB DC Restore
* Verify FPA Data Stream * Ltd VIS/NIR/SWIR » Electronic Calibration
» Verify SDSM Funct’l Radiometric Calibration * Verify SDSM Funct’l
» Verify SRCA Funct’l * Ltd MW/LWIR Radiometric « Full SRCA Performance/Calib.
Mechanical Functions Calibration

» Scan Mirror Encoder Trkg

¢ Mechanical Functions

« VIS/NIR/SWIR Radiometric Calib.
* MW/LWIR Radiometric Calib.

* Full Spatial Registration (except
LWIR)

* VIS/NIR/SWIR Spectral
« In-Flight Calibrator Stimulation

sTransition CFPAs to 88K Set
Point

-~ 041
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PROPOSED PFM MODIS
THERMAL-VACUUM TIMELINE mc.se

ar-ovd HUGHES
CENTER AIRCRAFT

A HUGHES ELECTRONICS COMPANY




PFM SI&T

POST' T'v SANTA BARBARA
TESTFLOWPLAN | 5 (ltiad

8/30/95

A HUGHES ELECTRONICS COMPANY

TO
STORAGE
OR

POST-T-V
AMBIENT
TESTS

DELIVER
TO LMAS

* All Commands & Telem'y * STORAGE TESTS

¢ Ltd FPA Data Stream  All Commands & Telem'y
¢ Electronic Calibration » Verify FPA Data Stream

* BB DC Restore Funct'l » Electronic Calibration

« Verify SDSM Funct’l * BB DC Restore Funct'l

* Verify SRCA Funct’l * Verify SDSM Funct’l

» Mechanical Functions « Verify SRCA Funct’l

* VIS/NIR/SWIR Radiometric Calib.  Scan Mirror Encoder Trkg
* Ltd MW/LWIR Radiometric Calib. e Mechanical Functions
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PFM SI&T SUMMARY

ped HUGHES
CENTER ALRCRAFT

A HUGHES ELECTRONICS COMPANY

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

e SI&T TEAM IS DEDICATED TO ACHIEVING THOSE OBJECTIVES

o 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

Polarized Source Assembly (PSA)

Scatter Measurement Assembly (SCMA)
100 cm. Spherical Integrating Source (SIS)
Blackbody Calibration Source (BCS)
Space View Source (SVS)

Integration and Alignment Collimator (IAC)
Spectral Measurement Assembly (SPMA)
MODIS Calibration Chamber (MCC)

SANTA BARBARA
RESEARCH
CENTER

HUGHES

A RUGHES ELECTRONICS COMPANY




MODIS POLARIZED SOURCE

SANTA BARBARA RESEARCH CENTER
. a subsidiary
94-12-30




POLARIZED SOURCE ASSEMBLY
REQUIREMENTS & PERFORMANCE Y HUGHES

CENTER

A HUGHES ELECTRONICS COMPANY

PARAMETERS REQUIREMENTS PERFORMANCE
e Wavelength Range 0.43um to 2.2um 0.43um to 2.2um
» Polarizance over Scan Angles
of + 45° > 99.8% > 99.8% +0.2%
e Uniformity of Polarizance
over Exit Pupil <1% <1%
* Radiance Stability 1+0.1% of steady state level] < 10.05%
 Field of view coverage 1° | 1° Circular
* Rotation range 0° to 360° in 15° steps 0° to 360° in 15° steps
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MEASUREMENT OF KEY
PSA PARAMETERS

SANTA BARBARA H H E

A HUGHES ELECTRONICS COMPANY

* Polarizance
A laboratory polarimeter with a Wollaston prism, which aliowed simuitaneous
measurement of S and P polarized energy values, was used to establish the
polarizance of the PSA. Polarimeter accuracy was established at 10.1%
from measurements of surfaces with known Fresnel reflection values.

* Uniformity of Polarizance over Exit Pupil
The laboratory polarimeter with a 1-inch aperture was positioned at multiple
locations over the exit puplil of the PSA to provide a map of polarizance. At
each location, the PSA’s Ahrens polarizing prism was rotated at 15 degree
intervals from 0 to 360 degrees. |

e Radiance Stability

PSA irradiance was monitored with a SI photodiode over an 8-hour period.
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PSA FUNCTIONAL BLOCK
DIAGRAM

] HUGHES
CENTER AIRCRAFT

A RUGHES ELECTRONICS COMPANY

LAMP
POWER
P suppLy
A 4
LAMP
ATTENUATOR!
pa PUPIL AHRENS COLLIMATING
SIS SPECTRAL L g peraviens P FELD  |__plpovLarizen | b SHUTTER MIRROR
SHAPING STOP LARIZ
FILTER -
SILICON PHOTODIODE
DETECTOR
Y COLLIMATOR
SOURCE/PRISM SUBASSEMBLY MIRROR SUBASSEMBLY
FEEDBACK T T
CIRCUIT
ROTATIONAL BEARING omzpur
STAGE
BEARING BEAM
TO-MODIS
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PSA PERFORMANCE EVALUATION
& PROPOSED SYSTEM
MODIFICATIONS

e HUGHES
CENTER AIRCRAFT

A HUGHES ELECTRONICS COMPANY

e 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.

* Proposed System Modifications |

— The Macintosh PC with Labview software will be replaced by OASIS control
via the STE Stimulus Controller Workstation.

— Alignment fixturing to allow angular pointing adjustment of the entire PSA
will be developed.
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SCATTER MEASUREMENT
ASSEMB L SANTA BARBARA RESEARCH guir;ggs

95-5-162




SCATTER MEASUREMENT
ASSEMBLY REQUIREMENTS
AND PERFORMANCE G HUGHES

A HUGHES ELECTRONICS COMPANY

PARAMETERS REQUIREMENTS PERFORMANCE

» Wavelength Range 0.43um to 14.3um 0.43um to 14.3um
R G_eometric Projected Image 1 to 1.5 pixels Scan 1.5 pixels Scan

Size 10 pixels min. Track 11 pixels Track
* Collimator Mirror Surface |

Roughness < 7 Angstroms RMS 3.75 Angstroms RMS
e Collimator Beam Size > 7-inch diameter 11.25-inch diameter
» Radiance Non-uniformity < 5% | < 3%
* Radiance Stability 10.1% of steady state level] < +0.05%

over Exit Pupil
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MEASUREMENT OF KEY |
SCMA PARAMETERS atived HUGHES

CENTER AIRCRAFY
A HUGHES ELECTRONICS COMPANY

* Collimator Mirror Surface Roughness
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 Density Filters

Spectral transmittances were measured by a Cary 14 spectrometer in the visible
reglon and by a Nicolet 7000 FTIR in the infrared from 2.0um to 20.0um.

¢ Slit Reflectance

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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SCMA FUNCTIONAL BLOCK
DIAGRAM

1 HUGHES
CENTER AIRCRAFT

A HUGHES ELECTRONICS COMPANY

[FRGET
| LAMP
* SPECTRAL
SHAPING
POWER SOURCE 1 o “p'TER NEUTRAL
REIMAGING
SUPPLY MIRROR DENSITY
P FILTERS [
T ¢ SLIT N LOW SCATTER |, OuTPUT
COLLIMATING TO
APERTURE
INFRARED MIRROR MODIS
MODIS
———p CERAMIC BAND
SOURCE FILTERS
COOLANT
DRY N2 GAS
PURGE
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SCMA PERFORMANCE
EVALUATION & PROPOSED
SYSTEM MODIFICATIONS

SANTA BARBARA

HUGHES

A HUGHES ELEGTRONIGCS COMPANY

Performance Evaluation

— The Scatter Measurement Assembly performed to specifications with no

functional problems during testing.

— Realignment of the slit was required after switching between sources.

» Proposed System Modifications
A shutter system Is to be added to the source assembly for IR band collects.

Filter wheels are to be added to the system to accommodate spectral band
and neutral density fiiters.

The problem of slit realignment after source changes will be addressed.

Automatic control via the Stimulus Controller Workstation will be added for
shutter and filter selection.



100 cm SIS

- SANTA BARBARA RESEARCH CENTER

a subsidiary
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SIS(100) REQUIREMENTS

SANTA BARBARA RESEARCH CENTER

a subsidiary

TESTS
snr  STRAY  DYNAMIC RADIOMETRIC RADIOMETRIC CHANNEL TO CHANNEL
LIGHT RANGE CALIBRATION STABILITY UNIFORMITY
REQUIREMENTS
MODIS PRIME S1S(100) SIS(100)
TYPE OF REQUIREMENT ITEM DERIVED PREDICTED
REQUIREMENT| REQUIREMENT PERFORMANCE

* RADIOMETRIC ACCURACY @ Ltyp
BANDS 1-19,& 26 (<3.0pm).

« RADIOMETRIC ACCURACY
BETWEEN 0.3Ltyp & 0.9Lmax

¢ RADIOMETRIC STABILITY
(short term: < 2 weeks)

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

* RADIANCE UNIFORMITY

5%, 1 SIGMA

<6%, 1 SIGMA

<+/- 1.0%

<+/- 2.0%

< 3.4%, 1 SIGMA

< 3.9%, 1 SIGMA

<+/- 1.0%

<+/- 2.0%

< 0.3%

< 3.0%, 1 SIGMA

< 3.5%, 1 SIGMA

<+/- 1.0%

<+/- 2.0%

< 0.25%
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MEASUREMENT OF KEY SIS(100)
CALIBRATION PARAMETERS e HUGHES

CENTER

A HUGHES ELECTRONICS COMPANY

Absolute Spectral Radiance
Intercomparison via a Cary 14 Double monochromator of SIS(100) spectral radiance
with a Spectral Irradiance Standard Lamp plus Halon diffuser traceable to NIST.
Radiometric Stability
Voltage across a shunt was monitored to measure SIS(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 0. 03% over the period of calibration.

Radiance Uniformity

7-inch diameter sample areas at the SIS(100) aperture are mapped via the Cary 14
double monochromator to give better than a 0.25% uniformity.

Monochromator Spectral Calibration

Wavelength calibration employed line standard lamps of Hg and Krypton.

Monochromator System Linearity

Signal output from the Cary 14 system was plotted as a function of exit slit area.
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SIS(100) FUNCTIONAL BLOCK

DIAGRAM 4 HUGHES

A RUGHES ELECTRONICS COMPANY

CONTROL CONSOLE LAMP SELECTOR INTEGRATING SPHERE
CONSOLE
POWER LAMP
— suppLY| o—| CURRENT | _ LAMP GROUP—p>
) SHUNT ™ seLecTor ]
—»{ POWER -
CURRENT }o LAMP
|| L sHunt " sertcron ([ SROUT—
CONTROLLER B 2 INTEGRATING EXIT F
pvm || SPHERE | EXDL
s DIFFUSE
POWER SURFACE
—| SUPPLY CURRENT - LAMP GROUR—P
N SHUNT 4 SELECTOR 3
POWER LAMP
I CURRENT |4 LAMP —
SUPPLY[®7] "shuNT ™ seLector [ | GROYF

MANUAL ADJUST SUPPORT PLATFORM

- 00



- SIS(100) CALIBRATION PLAN | =z ETIERTH)

A HUGHES ELECTRONICS COMPANY

CALIBRATION PATH
BRC NIST EABLE CALIBRATI LIBRATI
OPTRONICS | WORKING Ve U OF A DETECTOR BASED RADIOMETERS
IRRADIANCE |——>{ IRRaDIANCE —=| SIS(100) [ '
STANDARD STANDARD NASA 42" DIAMETER SIS
CALIBRATION PLAN S1$(100) CALIBRATION SCHEMATIC
* CROSS-CALIBRATION ‘
<+—Ballling
WITH NASA SIS NOV'92 oIS S teme
L Rotatable R \\
-— amp Mirror \ Ss
e SEAWIFS CALIBRATION \ N
0.4 TO 0.9um MAR'03 - :::::\3;:%
\/ ; '
* CROSS- CALIBRATION 3 Choppor —\ SIS0 e
WITH U OF A DETECTOR JUN'93
: l Double Monochromalor (Cary 14)
¢ INITIAL EM CALIBRATION s c<;m}ol - Entrance Sl '
T oNnsoie
RANGE 0.4 TO 1.8um NOV'94 ProAmp
L Chopped
* FIRST CALIBRATION FULL Lons Photodetector S'vg:'ckvm
RANGE 0.4 TO 2.2um OCT'95 s Amp
Chopper Frequency Rga:out
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RADIANCE RATIO

0.9 -

0.88

SIS(100) CALIBRATION HISTORY

COMPARISON OF SEPT 93 DATA
TO OCT 92 DATA

0.38
0.424
0.46 1
0.5+
0.54 4
0.58 4
0.62
0.66 -
0.7 4
0.744
0.78 +
0.82 4
0.86 4
0.9 +
0.941

WAVELENGTH

v HUGHES
CENTER AYRCRAFT

A HUGHES ELECTRONICS COMPANY

« SEAWIFS DATA COLLECTED FROM
SIS(100) SINCE MARCH 93 HAS BEEN

STABLE TO APPROXIMATELY 1%

« COMPARISON TO NASA SIS IN
NOV 92 GAVE AGREEMENT WITHIN
APPROXIMATELY +2%

« CALIBRATION OVER FULL
WAVELENGTH RANGE TO

COMMENCE IN AUGUST 1995
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SIS(100) PERFORMANCE
EVALUATION & PROPOSED
SYSTEM MODIFICATIONS

e HUGHES
CENTER RIRCRAFT

A HUGHES ELECTRONICS COMPANY

o Performance Evaluation

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

e Proposed System Modifications

— An InSb detector will be added to the SIS(100) calibration equipment and
optimized prior to Protoflight.

- A real-time current read out will be added to the SIS(100) control system.
~ Software will be upgraded to improve data handling and analysis.
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BLACKBODY CALIBRATION
SOURCE REQUIREMENTS
AND PERFORMANCE

SANTA BARBARA
RESEARCH
CENTER

PARAMETER REQUIREMENT PERFORMANCE
Temperature Range (Vacuum) 170K - 340K 170K - 340K
Temperature Range (Ambient) 295K - 340K 295K - 340K
Temperature Accuracy(Vacuum) +0.040K +0.025K
Temperature Accuracy(198K-248K)| 10.040K +0.055K*
Temperature Accuracy(Ambient) +0.040K +0.040K
Effective Cavity Emittance >0.999 0.999845+4E-6
Temperature Uniformity <t0.1K <+0.020K
Temperature Repeatability 101K 10.1K
Temperature Transition Times < 30 min for 10K 11 to 27 minutes

Out-of-spec due to calibration methodology ; will be corrected before Protoflight.
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MEASUREMENT OF KEY
BCS PARAMETERS

v HUGHES
CENTER AIRCRAFT

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 value of £0.016K.
An overall “effective” temperature was calculated from an algorithm which

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

e Temperature Uniformity
Temperature gradients over the each of the cavity plates were measured by
in-place PRTs .

o Effective Cavity Emittance

BRDFs and Reflectances 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 calculate effective emittance.
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BCS FUNCTIONAL BLOCK
DIAGRAM

SANTA BARBARA
RESEARCH
CENTER

RIRCRAFT

A HUGHES ELECTRONICS COMPANY

IBM PC COMPUTER MONITOR/
| LABVIEW SOFTWARE | ™| DISPLAY
DATA
POWER TEMPERATURE
UNIT
EMBEDDED
_PRTS_
ELECTRIC | BLACKBODY
HEATING CAVITY CAVITY RADIANT
v ELEMENTS SURFACE p ENERGY
COATING OUTPUT
LN2 SUPPLY
LN2 SLYPPLY > LN2 COOLED
CONTROL HEAT SINK
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CH CENTER
a subsidiary

SANTA BARBARA RESEAR

95-1-49

BCS /SVS
CONTROLLER




EW SOU RCE ' . SAP-JTA BARBARA RESEARCH CENTER

a subsidiary

95-1-48




SPACE VIEW SOURCE
REQUIREMENTS & PERFORMANCE

PARAMETER

REQUIREMENT

PERFORMANCE

Temperature Range (Ambient)
Temperature Accdracy (Vacuum)
Temperature Accuracy (Ambient)
Effective Cavity Emittance

Temperature Uniformity (Ambient)

Floats at ambient
Remain below 85K
+0.040K

>0.999

<+0.1K

Floats at Ambient
82K

10.04K
0.999845+E-6
<10.04K

- 07U
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CENTER AIRCRAFT
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SVS FUNCTIONAL BLOCK

DIAGRAM

Y

IBM PC COMPUTER
LABVIEW SOFTWARE

LN2 SUPPLY

t

DATA
ACQUISITION
UNIT

!

'

LN2 SUPPLY
CONTROL

EMBEDDED PRTS
(AMBIENT)

BLACKBODY
CAVITY

| CAVITY
SURFACE
COATING

SANTA BARBARA
RESEARCH
CENTER

MONITOR/
DISPLAY

RADIANT
————p»= ENERGY

OUTPUT

LN2 COOLED

HEAT SINK

HUGHES

A HUGHES ELECTRONICS COMPANY




BCS & SVS PERFORMANCE
EVALUATION & PROPOSED

SYSTEM MODIFICATONS e HUGHES

A HUGHES ELECTRONICS COMPANY

o Performance Evaluation

« BCS & SVS performed as per specifications with no problems.
+ BCS transitions were accurate and predictable.

e Proposed System Modifications

« IBM PC Controller will be driven via an IEEE bus by the Stimulus Controller
Workstation running OASIS.
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SANTA BARBARA RESEARCH CENTER
a subsidiary

94-9-12 (11)
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INTEGRATION & ALIGNMENT

COLLIMATOR REQUIREMENTS O L UGHES
AND PERFORMANCE " CeNTER AIRCRATT
TESTS PRIME ITEM DERIVED IAC IAC
REQUIREMENTS REQUIREMENTS* PERFORMANCE
* Wavelength | 0.43um to 14.3um |[0.43um to 14.3um 0.43um to 14.3um
Range
Pointing : 1+1.2? Scan +1.7° Scan
+0.4° Track +0.5° Track
e MODIS SBR: +0.2 IFOV Blur Diameter: <90 prad 70 prad
SBR/MTF SBR Test SNR: =200 900 Minimum
Angle Uncertainty:  +10urad <+10urad

Beam Nonuniformity: <3%

« [FOV Scan IFOV: 16% FOV:0.2x16 TO 11 x 11 IFOV 0.2 x 16 IFOV
Track IFOV: +0, -6% - to 11x11 IFOV

e |[FOV IFOV Unif: £20% Pointing: +1.2° Scan at 100 inch |£5.7° Scan @ 25inch
Uniformity 10.4° Track at 100 inch|+2.0° Track @ 25inch
MTF MTF: 0.3 @ IFOV/MTF Tests SNR: > 500 503 Minimum
Along Track F Nyquist Angle Uncertainty: +10 prad <+10prad

* Ref Doc :SBRC Specification Number 151872
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MEASUREMENT OF KEY
IAC PARAMETERS ae=d HUGHES

A HUGHES ELECTRONICS COMPANY

o Pointing 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.

e Pointing Resolution

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

Pointing Repeatability

The position of a pinhole source was monitored by a 1 arc-second theodolite
coaxial with the IAC boresight axis. Multiple scans were initiated with the
track and scan mirrors driving the IAC optical axis to the extreme field
position and back to boresight. '

Wavefront Quality

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



IAC FUNCTIONAL BLOCK DIAGRAM

e HUGHES
CENTER AIRCRAFT

A HUGHES ELECTRONICS COMPANY

POWER
SUPPLIES
LINEAR STAGE [ COLLIMATED BEAM
| SCAN AXIS » OUT TO MODIS
BLACKBODY| [ g5 TUNGSTEN FOLD -
LAMP MIRR <..,l ASER
SOURCE || SOURCE SOURCE AOR INTERFEROMETER
PUPIL IMAGING ¢
LENSES — LASER
Y INTERFEROMETER
— CONTROLLER
CHOPPER
RETICLES
TRACK AXIS
* FOLD |aip LASER
NEWTONIAN . FOLD [ ! MIRROR INTERFEROMETER
COLLIMATOR | * | MIRROR
LINEAR STAGE




IAC PERFORMANCE EVALUATION
& PROPOSED SYSTEM

MODIFICATIONS ) Bt HUGHES

A HUGHES ELECTRONICS COMPANY

o Performance Evaluation

— The Integration & Alignment Collimator performed as per specifications
with no functional problems during testing.

* Proposed System Modifications

— The IBM PC and software now controlling the IAC will come under OASIS
control via the STE Stimulus Controller Workstation.
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SPECTRAL MEASUREMENT

ASSEMBLY REQUIREMENTS UG HES
AND PERFORMANCE P CEATER
A HUGHES ELECTRONICS COMPANY
PARAMETERS REQUIREMENTS PERFORMANCE
 Wavelength Coverage 0.40um to 14500um 0.38um to >14500um
e Spectral Slit Widths 1 nm to 50 nm 0.40 nm to 40 nm
*
e Wavelength Accuracy 10.33 nm, 1 sigma up to 1um, <1+0.10 nm, 1 sigma up to 1um,
then scales linearly to 14.3 pym then scales linearly to 14.3 um
 Wavelength Repeatability | +0,23 nm, 1 sigma up to 1um, +0.10 nm, 1 sigma up to 1um,
then scales linearly to 14.3 um then scales linearly to 14.3 pm
» Signal - to - Noise Ratios > 100 at all bands >130 LWIR, >190 VIS-MWIR
» Slit Image Position Control | Step size 25 urad over + 1° field Step size 10 prad over * 1° field
e Automated System Control | All functions remote controllable Automated controls,
and outputs digitized Digitized outputs

Some visible bands did not meet requirement, possibly because of grating misalignments. This
will be corrected for protoflight.
| - 079



MEASUREMENT OF KEY
SPMA PARAMETERS

w4 HUGHES
CENTER AIRCRAFY

A HUGHES ELECTRONICS COMPANY

« Wavelength Accuracy
Hg and Krypton atomic line standard lamps provided 10 calibration wavelengths
covering 0.435um to 13.1um. Repeated scans of these lines and at multiples of
the wavelengths of some lines established an accuracy rating.

- Wavelength Repeatability

Repeat scans of atomic lines at 0.435um and 0.546um over a two month period were
used to establish repeatability of better than +0.2nm.

- Wavelength Coverage
Four pairs of diffraction gratings blazed at 0.4um, 1.5um, 4.0um, and 12.0um were
used to cover a wavelength range from 0.38um to 15.0pm.
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SPECTRAL MEASUREMENTS
ASSEMBLY

ACTIVE
SUBSYSTEM
EXIT SLIT DUAL CZERNY-TURNER
MICROPOSITIONING MONOCHROMATORS E BL
AND REFERENCE SOURCES
DETECTOR ASSEMBLY BAFFLE
REIMAGING STRUCTURE
MIRROR | / -

FILTERS

CHOPPER
ENTRANCE
sLIT

IR CERAMIC
ROD SOURCE

Hg LINE
< " EMISSION SouRCE
o+ WAVELENGTH RANGE COVERED Fo&"{_ﬁ;‘a kﬁoﬁm
¢ PYROELECTRIC DETECTOR FOR IS 0.4UM TO 14.3UM
RELATIVE SPECTRAL RESPONSE
MEASUREMENTS « SPECTRAL BANDWIDTHS FROM
2NM TO 300NM
* EXITSLIT CANDE PEAS'T‘ONED » LINE SOURCES * TUNGSTEN SOURCE
ON MODIS FOCAL PLANE e AUTOMATIC SUIT WIDTH CONTROL
WITH VERNIER POSITIONING (3 SLIT MECHANISMS) '\"I&%‘QEEENGTH COVERS VIS/NIR/SWIR
- FOR MAXIMIZING THROUGHPUT CALIBRATION o CERAMIC ROD SOURCE

OVER ENTIRE RANGE COVERS MWIRAWIR

- s

SANTA BARBARA RESEARCH CENTER

a subsidiary



SPMA FUNCTIONAL BLOCK
DIAGRAM

w4 HUGHES
CENTER AIRCRAFT

A HUGHES ELECTRONICS COMPANY

STABILIZED
—| POWER , COLLIMATED
— SUPPLIES FLAT 12-INCH DIA OUTPUT
. FOLD 1 COLLIMATING [-{-#> BEAM
SOURCE CHOPPER MIRROR MIRROR TO
ASSEMBLY | - 1 MopIs
Hg GAS
i SLIT
LINE SOURCE Bf:c?z:a A
PRECISION
R FILTERS BEAM
CERAMIC i o%ﬁggfg}\rﬁﬁe POINTING
SOURCE —»-| _ oPTICS
ELLIPSOIDAL EXIT
TUNGSTEN SOURCE SLIT REIMAGIN
RIBBON REIMAGING MID —J'> M.“,";Q‘SRG
SOURCE |-pii MIRROR SLIT ‘
Kr GAS + REFERENCE
[LINE SOURCE CZERNY-TURNER | | —# PYROELECTRIC
OPTICS & GRATING petector || Y
ROTARY STAGE .
STAGE CONTROLLERS | STAGE
I POWER SUPPLIES | LINEAR
B A H MERLIN CONTROLLER —

MACINTOSH PC & LABVIEW SOFTWARE | A

- 082



SPMA PERFORMANCE
EVALUATION & PROPOSED
SYSTEM MODIFICATIONS g1 HUGHES

CENTER

A HUGHES ELECTRONICS COMPANY

e Performance Evaluation

-~ SPMA functioned well during testing and its performance equaled or exceeded
nearly all specifications.

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

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

— Slit image position control mechanism did not operate under remote control.
Manual control was possible but awkward to implement.

e Proposed System Modifications

- Implement an improved alignment procedure for dual grating sets to assure
coincidence of grating rotation.

- The Macintosh PC and Labview software will be replaced by OASIS control on
the STE Stimulus Controller Workstation.

— Tent monochromator and path to vacuum chamber window and purge with N2
to avoid water absorption losses.

— For safety improvement, a lifting fixture will be fabricated for the
monochromator unit that is removed and replaced for grating-mirror swaps
during testing.
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MODIS CALIBRATION

a subsidiary

SANTA BARBARA RESEARCH CENTER

CHAMBER




MODIS CALIBRATION CHAMBER
(MCC) FEATURES

SANTA BARBARA H H
=] HUGHES

A HUGHES ELECTRONICS COMPANY

* Vacuum Vessel Dimensions 13.5 Ft. long by 8 Ft. ID
 Vacuum Wall Material - 304 Stainless Steel

e Vacuum Pumping System:

(1) Mechanical Pump Specs
Chamber Roughing |
Dry Pumping (Hook and Claw)
Leybold Dryvac 100B=59CFM
Ultimate Pressure 8 x 10-2 Torr

(2) Cryopump Specs - (3) Turbomolecular Pump Specs
« 2 each Leybold RPK10,000 -+ 1each Leybold 1000 MC
e Ultimate Pressure 5.5 x 108 Torr 4 Ultlmate Pressure 5.5 x 108 Torr
e Pumping Speed * Pumping Speed
e Air 9500 Ltrs./Sec. * Nitrogen 1000 Ltrs./Sec.
e Water 31000 Ltrs./Sec. * Helium 950 Ltrs/Sec.
e Argon 8000 Ltrs. /Sec.  Hydrogen 950 Ltrs./Sec.

e Helium 6000 Ltrs./Sec.
- 085




SANTA BARBARA RESEARCH CENTER
a subsidiary

95-4-80 (6)

SBS UNITS
IN MCC




MCC VACUUM PERFORMANCE
WAS EXCELLENT

- HUGHES
CENTER AIRCRAFT

A HUGHES ELECTRONICS COMPANY

PRESSURE REQUIREMENT PERFORMANCE
e 760 Torrto 1 x 102 Torr <4 Hours 1.4 Hours
e 0.5x102Torrto1x10° Torr <16 Hours 6.0 Hours
e 1x10°Torrto1x10° Torr < 28 hours 8.0 Hours
e 1.83 x 107 Torr (Ultimate) <72 Hours 60.0 Hours

EM MODIS Tests were performed at 1.0 x 10 Torr

- 087



“

PERFORMANCE PREDICTIONS
FOR PROTOFLIGHT
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PERFORMANCE PREDICTIONS
TOPICS

SANTA BARBARA
RESEARCH
GENTER

HUGHES
RIRCRAFY

A HUGHES ELECTRONICS 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 al)
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Radiometric Sensitivity

Tom Pagano



RADIOMETRIC SENSITIVITY
(SNR,NEAT) WELL UNDERSTOOD

SANTA BARBARA H H E

A HUGHES ELECTRONIGS COMPANY

e Budgets established and described in detail in CDRL 101, "RMM"

e EM SNRs/NEATs meet specs in most bands; out-of-spec bands identified
e Transmissions as predicted except LWIR which are'much lower

* Noise as predicted for most bands

* Reduced performance in VIS and NIR may be 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

FILES

* INSTRUMENT
PARAMETERS

FILEIN

|

* OPTICS
TRANSMISSIONS

> CALRADS

\

* DIFF
*BB
*SRCA
* SPACE

SCENE

m

SENSITIVITY AND ACCURACY BUDGETS
IN RADIOMETRIC MATH MODEL

FILE OUTPUT

ROUTINES

SANTA BARBARA
RESEARCH
CENTER

HUGHES

CALOUT

' RSMOUTF

RSM

RSMOUTP

RSMOUTS

RSMOUTD

SIGOUT

ACCURACY
(Spreadsheet)

SNR/NET
(Full Dump)

SNR/NET
(Plotfile)

SNR/NET &
ACCURACY
(Summary)

Detector
Budgets

Signal vs
Radiance

* SCENE RADIANCES
* REQ'D SNRs

FREQUENTLY CALLED SUBROUTINES

RDLOOP

INTEG

INTERP

RADIANCE
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SIGNAL TO NOISE

MOST VIS/NIR/SWIR BANDS MEET SPEC

SANTA BARBARA
RESEARCH H u G H ES
CENTER AIRCRAFT
A HUGHES ELECTRONICS COMPANY

SNR for MODIS Engineering Model Reflective Bands

N O < 0 © ~ o o © ~» «

—  gm =

Band Number

13

14

093

15
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+ Predicted

O EM actual




NEAT (°K)

0.8 4
0.7 +
0.6 -
0.5

0.4 -

L}

0.3 A
0.2 +

0.1 -

0 -

NEAT

NOT SENSITIVE TO CHARGE SUBTRACTION

NEAT for MODIS Engineering Model Emissive Bands

§rd

20

Band Number

094

SANTA BARBARA
RESEARCH H U G H ES
CENTER AIRCRAFT
A HUGHES ELECTRONICS COMPANY

Required
™ Predicted
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LIMITING FACTORS FOR
NON'COMPLIANT BANDS SANTA BARBARA

RESEARCH
CENTER

HUGHES

A HUGHES ELECTRONICS COMPANY

Band SNR spec  Measured Reason

SWIR
6 275 244 Bad filter
VIS
8 880 838 Marginal
NIR
13 910 537 Higher electronics noise
14 1087 898 than expected
PC
29 1066 945 Lower transmission values
33 247 195 than expected
35 220 185
36 135 62
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THROUGHPUT AS PREDICTED
FOR MOST BANDS "‘%Eﬁ'%ﬁ:

A HUGHES ELECTRONICS COMPANY

1 VIS/NIR Bands
B MSAP EM 31
-~ 300E+12 ——8— Measured
é 250E412 |
5 200E412 |
E 150412 LB
< 1.00Es12
5. 5.00E+11 | §8
3 0.00E+00 | B
SW/MVW Bands LWIR Bands
IS Theory E

400E+13 _ ——— 3.397 & 400E+14 LWIR EM Fiiter

asoEs1s L O Measured E  a350E414 Trans. Data Not Available
¢ aooEe1a | —0— ca452 2 3.00E414
§ 250E+13 | & 250Es14 _
g 200543 . e § 2.00E+14 :
& 150E413 8  150E+14 :
g 1.00E+13 3 1.00E+14 f

5.00E+12 B.00E+13 :
3 oooes00 | ML oooes00 1Kl B 11 1EIELIR]E

E 8 8 8 5 8 8 3 8 8
Band T. PAGANO /93




NOISE LEVELS WERE CLOSE
TO PREDICTIONS ON EM

a1 HUGHES
CENTER RIRCRAFT

A HUGHES ELECTRONICS COMPANY

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

VIS, NIR, SWIR MWIR, LWIR PV | LWIR PC

0.0025 T

0.002 4
W Measured EM

S 0.0015
E

A
§ 0.001
2

0.0005

* Bands 1, 2, 5, 6, 7 had
excessive ringing on EM
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SIGNAL TO NOISE
THREE WAYS TO SKIN A CAT _
SANTA BARBARA RESEARCH CENTER
8 subsidiary

@MS Averaged > Band 1
: SNR SS SNR_MS SNR_all _Radiance-SV
0/ 222.3 228.2 221.0 26.1
) 205.1 303.8 294.4 34.5
NN 4 =< 386.9 397.7 384.9 46.5
@, NN @rk\\k \ NN 379.0 397.7 373.1 53.4
479.2 485.2 473.4 63.9
SS ﬁg/// 568.3 676.1 65656.8 76.3
Z 519.7 522.7 498.9 80.9
' 631.2 638.6 621.6 91.3
7 631.2 627.0 612.6 94.8
74 620.0 592.5 6561.9 109.1
Average /] Coresponding sambles 676.9 666.7 639.8 117.3
7/ Mitiple Scars 810.9 802.3 780.6 130.7
Y ) 912.0 850.0 833.7 164.8
1121.3 1001.3 990.4 221.7
@' 1373.2 1201.2 1270.1 277.8
| |1316.3 1156.8 1128.5 336.8
1844.3 1630.8 1606.6 304.4
1896.2 1937.9 1885.7 462.3
1689.3 1728.9 1680.9 510.5
1868.0 1906.7 1864.4 567.8
1841.3 1864.2 1833.3 620.9

*Stable sources lead to consistent results

m
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SANTA BARBARA
RESEARCH
CENTER

NONCOMPLIANT SNRs IN VIS/NIR
BELIEVED TO BE SOURCE RELATED

HUGHES

A HUGHES ELECTRONICS COMPANY

e SNR calculated on SIS port inconsistent with noise levels in space port

—O—— B16

1.03 Space Viewport: No Correlation between bands
g —&— B13
o
g —0— B4
E —&— B15
[}
E
(*]
=

Scan Number

SIS Viewport: Correlation between bands

g 1007 |

§  1.005 T B3
g 4008 | — 00— B4
% 1001 1 e s
E 090

2 0997 —9o—— B16

0.995

Scan Number



DYNAMIC RANGE SIZED FOR
Lmax and Thb=320K

SANTA BARBARA H H E

A HUGHES ELECTRONICS COMPANY

VIS and NIR SWIR
1000 ¢ 3 4 1000
o o
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i i ~
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EM SUFFERED PREMATURE

SATURATION

A HUGHES ELECTRONICS COMPANY

SANTA BARBARA H H E

* Premature Detector Sat'n
o Excessive Backgrounds

EEREBEEY OHiPFM Predicted
with FPA

QHiEM Data

——é—— EM Measured

Qhl (p/cm*2-s)

2,00E+14
1.80E+14
1.60E+14
1.40E+14
1.20E+14
1.00E+14
8.00E+13
6.00E+13
4.00E+13
2,00E+13
0.00E+00

SWIR/MWIR

—— EM 295K
—0—— EM 270K
——O—— PFM 305K

Qslg
+
Qbkg

e Excessive Backgrounds

Qhl (p/cm*2-s)

Band

4.00E+16
3.50E+16
3.00E+18
2.50E+18
2.00E+16
1.50E+16
1.00E+16
5.00E+15
0.00E+00

LWIR

T

27 28 29

Band

30

e PFM redesigned background shields and lowered aft optics temp.

10
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PLANS IN PLACE TO CORRECT
FOR PREMATURE SATURATION

ai-cwd HUGHES
CENTER AIRCRAFT

A HUGHES ELECTRONICS COMPANY

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

4) Results from background test will determine background sensitivity
to instrument temperature

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

6) 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

v HUGHES
HE%ENTEH RIRCRAFT

A HUGHES ELECTRONICS COMPANY

« Solar Angle « Screen MODIS In-Flight Radiometric Errors

Uncertainty Attenuation : '&','lﬁ':.‘.’k'(mmdg'
Knowledge * Reflectance to NIST  System SNR
\ -‘ BRDF Uncertainty * A/D Converter
.--= =+ Wavelength Shift

/. Radlance to NIST s * Out-of-Band \ / \

N AL/
_— - o'm;r

/ T\ - - ---In-Flight Cheek ---*"
snek vis F\iﬁfrl
l N * Temperature Uncertainty Objeciive FPA
o »~ * Emissivity Uncertainty :
SDSM ackbody
L - - In-Flight Check --- Assembly NIR Flf::g’
1en
Objective FPA g
Soan Afocal Dichroic / m
AMumtr’| ‘ Tolescc:)po Beamsplitters g
ssembly Assembly \ SWIR/ SWMW g
¢ Polarization Xl % Omﬁlg/o F;':,‘A" 8
¢ Scan Mirror Scatter * KK -
x
pace * Cavity Reflections Objective [—1 Fite?
View Moon « Cavity Emisslons ' FPA
 Earthshine « Stray Light ‘ +

Digital Data
to MEM

* Bold ltems are Characterized Pre-Flight

3/9/93 TSP
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RADIOMETRIC ACCURACY BUDGET
ESTABLISHED

i HUGHES
CENTER AIRCRAFT

A HUGHES ELECTRONICS COMPANY

* ¢ 5% VIS, NIR, SWIR NASA
*1% IR SPEC 1.0 %*
* 0.75% Band 29 ]
* 0.50% Band 31,32 Radiometric
* Uniform Scenes at Ltyp Accuracy
Budget | o 45 o/ 0.45 % 0.49 % 0.36 %
On-Board Wavelength
Blackbody ?t(;?\%:tiﬁ\gt Shiftg Out-of-Band
Prediction | 0.45 % <0.05% <0.49 % <0.36 %
0.35 % 0.25 % 0.20 %
Crosstalk SNR - Linearity
TBD <0.19 % 0.20 %

b
O
2i




PFM EXPECTED TO MEET
RADIOMETRIC ACCY BUDGETS

w4 HUGHES
ncg:;f" AIRCRAFT

A HUGHES ELECTRONICS COMPANY

Band20 _ Bands 31,32
In-Flight In-Flight In-Flight In-Flight In-Flight
Solar Solar Infrared Infrared Infrared
Radiance Reflactance Radiance Radiance Radiance
Accuracy Budget (%) (%) Accuracy Budget (%) (%) (%)
Transfer to NIST 3.00 0.89 Transfer to NIST 0 . 0 0
Source 2.28 1.25 Source 0.45 0.45 0.16
BROF* 1.00 1.00 BB Temp 0.44 0.44 0.16
Attenuation 0.50 0.50 BB Emiss* 0.40 0.40 0.40
Angle of Inc, 0.47 0.47 Inst, Emiss* 0.38 0.34 0.36
Cavity Refl 0.13 0.13 Direct Solar 0.00 0.00 0.00
Earthshine 0.28 - 0.28 Indir Solar 0.00 0.00 0.00
WL Shift 1.68 0.00 Earthshine 0.05 0.07 0.00
00B 0.89 0.00 *Correlated
MODIS 230 1.23 MODIS 0.89 0.59 0.47
SNR 0.50 0.30 SNR 0.25 0.05 0.02
Linearity 0.50 0.50 Linearity 0.20 0.20 0.20
Crosstalk 0.35 0.35 Crosstalk 0.35 0.20 0.30
WL Shift 1.68 0.00 WL Shift 0.49 0.08 0.02
0.0 ;] 0.89 0.00 o0B 0.36 0.31 0.02
Polarization 0.00 0.00 Polarization 0.00 0.00 0.00
SM Scatter 0.25 0.25 SM Scatter 0.01 0.01 0.02
Ghost/Stray 1.00 1.00 Ghost/Stray 0.45 0.40 0.30
RSS Total 4.41 1.97 RSS Total 1.00 0.74 0.50
Requirement 5.00 2.00 Requirement 1.00 0.75 0.50
Margin 0.59 0.03 Margin 0.00 0.01 0.00
*1.5% Band 7 *Correlated

Accy.Budget;2 1 O 6



;m SCAN MIRROR TEMPERATURE
kw KNOWLEDGE REQUIREMENT: < 1K

1 HUGHES
%ENTER AIRCRAFT

A HUGHES ELECTRONICS COMPANY

* Dip in mirror reflectance at 8.55 0 9.7 um
* Radiometric error due to emission depends on temperature knowledge

Band 29 Band 30
Radlometric Error Due to Temp Uncty of Radlometric Error Due to Temp Uncty
Scan Mirror of Scan Mirror
0.7 T Temp. Uncty' 0.9 1 Temp. Uncty
= 068 + K.~ g': [ 3K -
9: "’ L) . -+ g
5 Budget 05 1 2K 3{, 0.6 +
= g == g Budget 05 +
i 04
03 +
02 + .-
01 4.
-60 -40 -20 0 20 40 60 -60 -40 -20 0 20 40 60
Scan Angle (°) Scan Angle (°)

e Scan mirror temperature contributions to all other bands are negligible
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PFM SCAN MIRROR TEMPERATURE
SENSOR DESIGN COMPLETE

SANTA BARBARA H H E

A HUGHES ELECTRONICS COMPANY

e Approach uses radiative coupling to scan mirror edge

e Thermal and structural analyses have determined that

design will meet requirements
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REFLECTIVE BANDS MEET REFLECTANCE m

ACCU RACY R EQU'R EM ENTS SANTA BARBARA RESEARCH CENTER
8 subsidiary
I Rad Accy
5.000 Reflectance Accuracy Assumes: ® Diff Accy
4.500 + ¢ No Wavelength Shift Error
: ¢ No Out-of-Band Error O 1/SNR(Source)
e 4.000 T o No Polarization Error .
; 3.500 T 1/SNR(Cal)
g 3.000 + < 1/SNR(Space)
g 2.500 T | REQUIREMENT N
: 2.000 mim } I : Lin Uncty
§ 1.500 - | “!} . E lg i g ‘ A Crosstalk
g 1000 il I ! l | ® Stray Light
2 0.500 - : Al Ta 7y ¢ A AlNIA & 131
0.000 LK X S 5L A, % O Seat. Light
- N M ¢ un © = N M ~® o @ .
) X
Band Number SMTemp

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

11/93
93-0868-140
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.............

EMISSIVE BANDS MEET
RADIOMETRIC ACCURACY
REQUIREMENTS
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PRE-FLIGHT RADIOMETRIC AND
REFLECTANCE ACCURACY BUDGETS

SANTA BARBARA RESEARCH CENTER

a subsidiary

REFLECTIVE
BANDS

Accuracy Budget

SIS (100)

Irrad/Rad Standard
Transfer to Working Std

Standard Lamp Usage
Orientation
Diffuser to Lamp
Current
Linearlty

Halon Diffuser

Monochromator
Scattered Light
WL Callbration
Nonuniformity
Geometric Error

SIS
Current Control
Nonuniformity

MODIS
SNR
Linearity
Crosstalk
WL Shitt
ooB
Polarization
SM Scatter
Stray Light

ASS Total
Requirement
Margin

Pre-Flight
1-19,26
Radiance

(%)

0.50
1.00

1.69
0.30
0.50
0.50
1.50

0.50

0.50

3.62
5.00
138

Pre-Flight
1-19,26
Reflectance

(%)

ee
o uwn
© 60

© oopoo
o 8883

Y]
o

N 000000004 900 OO0
23333288k 883 3348

o
on

0.05

Pre-Flight Pre-Flight Pre-Flight
EMISSIVE Infrared Band 20 Bands 31,32
BANDS Radiance Radlance Radlance
Accuracy Budget (%) (%) (%)
BCS
BB Temp 0.42 0.42 0.15
BB Emiss 0.10 0.10 0.10
MODIS 0.55 0.27 0.18
SNR 0.25 0.05 0.02
Linear! 0.10 0.10 0.10
Crosstalk 0.10 0.10 0.10
WL Shift 0.40 0.08 0.02
008 0.15 0.05 0.01
Polarization 0.00 0.00 0.00
SM Scatter 0.01 0.01 0.02
Stray Light 0.20 0.20 0.10
RSS Total 0.70 0.51 0.25
Requirement 1.00 0.75 0.50
Margin 0.08 <0.03 0.00
3/93
93-0218-28
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RAW RADIOMETRIC DATA
SHOWS WIDE VARIABILITY WITH TEMP “"éiﬁ?ﬁ?

A HUGHES ELECTRONICS COMPANY

Band 22,

s 305K . . Worst Case
2000 .
1500 ——&—— BCS Signal

DN

1000 ~——O0— SV Signal

—— BCS-SVS

500

i o2 os os os X o e 305K Calibration
Radlance (W/mA2-sr-pym) data affeCted by

baseline drift

1 275K . 275K data OK

—&— BCS Signal
—C— SVS Signal

——4-— BCS-SVS

500 { o O
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
Radlance (W/mA2-sr-ym)
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REFERRING BACK TO FPA OUTPUT
REVEALS MASTER CURVE

et HUGHES
CENTER AIRCRAFT

A HUGHES ELECTRONICS COMPANY

Band 22 Band 23
Radiance (W/mA2-sr-um) Radiance (W/mA2-sr-um)
°7 ' ' 0 | t ; .
0 0.5 1 1.5 2 2.5 3 0 0.5 1 1.5 2 2.5 3
1 -1 4
~ 2 3 2
s T 30K S —=— 305K
e 3 2 4
< —0— 275K % —O— 275K
;1 4 T > -4 1
5 4 s
-6 1 6
7 7 |

e Method reveals master curve invariant with temperature
e Curves generally linear to saturation; small second order terms
» Method accurately predicts point of saturation

- 113



CENTER

LINEARITY
SAMPLE BANDS, ONE ACQUISITION o HUGHES

A HUGHES ELECTRONICS COMPANY

Linearity on Sample Bands, UAID 452 (TV @ 275°K), Channel 6

5% -+

4% + » Band 23
3% + Few Bands Never Flatten Out —{—Band 29
20, L =——¢—— Band 31

1%
0%

1%

ADN / DN

-2%
-3%

Some Bands Diverge Upward at Low Radiance
Most Bands Diverge Downward at Low Radiance

Rolloff at Saturation /

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

-4%

-5%
Fractlon of Ltyp
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LINEARITY
ONE CHANNEL, SEVERAL ACQUISITIONS

SANTA BARBARA “ H E

A HUGHES ELECTRONICS COMPANY

Band 32, Channel 6

2% -
ab
1% +
Z 0% +—— o ~ ‘ S e
O o
~ ( 1.4 1.6
=
9 1% 4
" Ambient
-2% L ad
—L0— TV @ 305°K
— TV @ 275°K
-39 1 ‘
° ——0—— OBC Cooldown

Fractlon of Ltyp
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MTF

» SENSOR RESPONSE (MTF) RESULTS IN
RADIOMETRIC ERROR

0.9
0.8
0.7
0.6
0.5
04
03
0.2
0.1
0

Radiometiic
Error (O = 180°)

N
NS
\

e N\

-~ ~
/ t

00 01 02 03 04 05 06 07 08 09 1.0

Spatial Frequency (cy/km)

100
90
80
70
60
50
40
30
20
10
0

Position

Radlometric Error (96)

MTF AND MISREGISTRATION
PRODUCE RADIOMETRIC ERROR

Band A —™

Signal

o MISREGISTRATION RESULTS
IN NDVI TYPE ERROR

~.. BandB

SANTA BARBARA H H E
£

A HUGHES ELECTRONICS COMPANY

MTF
(=]
“»n

Misreglstration

\ (Pixels)

<——-—\ ".o"'b_s_\

<
\\ L
Ly

l\
’

’

'

. \0-2 .
I s
. ”' \\\ \\\
’ pad > AN
7 g

/ NN

T

00 01 02 03 04 05 06 07 08 09 1.0

Spatial Frequency (cy/km)

* MTF Registration and Radiometric Accuracy: PL3095-NO1 3')0
- 116

-
~N

°
NDVI Error (96)

O N & O o

Position



—

Radiometric Stability
Tom Pagano

—
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STEPS TAKEN TO ENSURE RADIOMETRIC
STABILITY MAINTAINED

CENTER RIRCRAFT
A HUGHES ELECTRONICS COMPANY

e HUGHES

¢ Uncertainty in Transfer Curve Shape
Leads to Radiometric Error Radiometric
Error
DN
0.2 %*
¢ Source Stability: 0.05%: 151868
. xleas;:ren;e;t SNlR: 2 ;0010:1185;8868 Curve Shape
o er amples > 5: 15
. Ngmlnea‘:lty < 5%: 151771 Knowledge Lsp Radlance Lob
Transfer Curve Callbration: PL3095-M03082
@ *0.5% VIS, NIR, SWIR
0.18 % 0.05 % 0.05 % 0.05 %
Pre-Flight Detector Electronics
Measurement Stability Stability Margin
(See Next Viewgraph)



DETECTOR THROUGH ELECTRONICS
STABILITY ADDRESSED

SANTA BARBARA H E
g HUGHES

A HUGHES ELECTRONICS COMPANY

e Detector Stability Through e Electronics Stability Through
Temperature Control Calibration & Telemetry
PC TEMP SENSITIVITY DATA DETERMINES
COOLER REQUIREMENTS
e | e | oy ARIAT Det/ROIC Gain L
\'ano A (I(VGI:Q A (xvs:v) R (kva:N) JR/ET ’dﬁ::) $0.2K [\ A/D _E_E
P4-443-1 A5 144 10.4' -1.333 -10.76% -4,30% i V EE
N f?ﬂl—! Alt s A3 4.087 13.38% £.35%
oFOR00S% woico | me | | e | 3w | s | 2o
Rad .
ERROR foo | um | g | am | | Gopler| OB | O Ofiset AEM
I |+ COLD FPA TEMP STABILITY REQUIREMENTS:
£37mk/1.477s FOR WORST CASE DETECTOR : gff:e't .?ef:m":t‘:;!ss bits
¢ Galn Through A/D Cal: 0.05%
* ORBITAL FLUCTUATIONS (Updated Using Temp Telemetry)
PREDICTED 1
10.68 mK/1.477 s

Temperature Stability Requirements for Cold FPA: Spec 151779 & PL3095-M02173
Cal Ramp Requirements: Spec 151780 & PL3095-M02262
Electronics Gain & Offset Requirements: Spec 151783, 151784, & PL3095-M03082
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1.00
0.90
0.80
0.70
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0.30

STABILITY OF
RADIOMETRIC RESPONSE

o HUGHES
HCENTER AIRCRAFT

A HUGHES ELECTRONICS COMPANY

e R R SR S T SR S L |

1 L) -~.- — s |
s’ .\'\.\-/ \./ . .\./. N—n—ne, .
-+ o—c—o—o:{o}-{o'q:‘:?:‘io' S e § e § e § o e §  § o e g
1 . Amblent
——— TV @ 305% / N
———¢——7TV @ 275°K (Reference) 1
——0—— OBC Cooldown (BCS data)
i i i 1 1 1 i
0 5 10 15 20 25 30 35

Band Number



s

Polarization Insensitivity

Jim Young
6
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TOPICS 1 HUGHES

A HUGHES ELECTRONICS COMPANY

« 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
95-0392/8-2



PSA FUNCTIONAL BLOCK
DIAGRAM L HUGHES

A HUGHES ELECTRONICS COMPANY

LAMP
| POWER
B | suppLy
v

LAMP

ATTENUATOR/ PUPIL aurens | | COLLIMATIN

sis SPEOTRAL °
aapna. [ 7] RELaviens P EELD | —plpotanizer |y sHuTTER MIRROR
HAPING PRISM
SILICON PHOTODIODE
DETECTOR
- COLLIMATOR
SOURCE/PRISM SUBASSEMBLY MIRROR SUBASSEMBLY
FEEDBACK
CIRCUIT
ROTATIONAL . M
BEARING STAGE SEARING “aan
' BEAM
TO MODIS
08/95

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

el HUGHES
CENTER AIRCRAFT

A HUGHES ELECTRONICS COMPANY

PSA 1° field fully illuminates
all reflectance bands and
| channels
- > | -
Commen Focal Plana
Optical Ads Expanded for clarity
Position 1 (SSF 1 + ND) Collect Bands 11, 12, 13 Acquision
Position 1 (SSF 2 + ND) Collect bands 4, 18, 19, Group 1
Position 2 (SSF 1 + ND) Collect Bands 8, 14 Acquision
Position 2 (SSF 2 + ND) Collect bands 1, 2, 3, 4,5,6,7,8 | Group 1 oaos
Position 3 (SSF 1 4+ ND) Collect Bands 9, 10, 15 Acquislon 95-0392/8-4
Position 3 (SSF 2 + ND) Collect bands 9, 18, 17, 26 Group §
Figure 3.3
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0.4

0.3

Sf1p4

Respk I

0.1

POLARIZATION
CHARACTERIZATION OF THE PSA

SANTA BARBARA

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 field 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 identical to 180° to 360°

X

\ /

f

HUGHES

A HUGHES ELECTRONICS COMPANY




SIMULATION OF POLARIZATION | .
MEASUREMENT WITH NOISE e

HUGHES
ARIRCRAFT

A HUGHES ELECTRONICS COMPANY

. lllustration of the simulated MODIS data sets (noisy data) and
the function using the fitted parameters: K1, Ampi1i, and Ph1.

1015 |

-t 0 1 2 3 4 N 6 7
Angi.Angli

« Retrieved polarization factor retrieval uncertainty. ap:- E

08/95
95-0392/8-6



RESPONSE. RAW DATA AVERAGED
: ] HUGHES
OVER 5 SCANS: -45° °‘""“

MODIS Polartzation
Band 1 Channel 20

1450
1448
1446
1444 Q
1442 ¢

Curve_Fit
o DN_Ave_Meas

& 1440 § -  1SigmaHi
1438 1 = 1sipmio
1436 -

1434 1

1432 + + + + ‘
-3 - o -« < (- 3 (.4 (-] @ L3 @ »
[l ~ o - o w» ”- ™~ " [ 3 0
~ - "~ 3 ™~ - ] - o~ «) -
o« Q o (-1 L g -« [ o - " ]
P e & P © = © = ~ « &
o~ L. (] < A g « -]

Angle (1}

08/95
95-0392/8-7

- 127



AIRCRAFT

A HUGHES ELECTRONICS COMPANY

o HUGHES

-45° (CONT’D)
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i ‘u\ POLARIZATION MEASUREMENT
ty. ANOMALIES

SANTA BARBARA H H E

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

08/95
95-0392/8-9
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SANTA BARBARA

LINEAR DRIFT ANOMALY o

A HUGHES ELECTRONICS COMPANY

SIMULATION OF PSA/MODIS

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
95-0392/8-10
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. EXPERIMENTAL VERIFICATION OF
A\ VIGNETTING MODEL

Measurement Configuration |

* 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 SIS aperture

Offset PSA field repeat polarizer assembly rotation

Input data set into Mathcad first order vignetting model

SANTA BARBARA
w— HUGHES

A HUGHES ELECTRONICS COMPANY

08/95
95-0392/6-11



EXPERIMENTAL VERIFICATIONOF |
VIGNETTING MODEL (CONT’D) =] HUGHES

A HUGHES ELECTRONICS COMPANY

Measurement Configuration li

+ 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 J)olarization measurement
although the two will be folded together

Measurements from Configuration Il may not be needed if
Configuration | results are conclusive

08/95
95-0392/8-12
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Near Field Response

Jim Young
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NEAR FIELD RESPONSE (NFR) ”"“ni%:é%%c':&

A HUGHES ELECTRONICS COMPANY

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

8/95
95-0392/9-2
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SUMMARY OF
NEAR FIELD RESPONSE
DOCUMENTATION - PL3095

SANTA BARBARA H H E

A HUGHES ELECTRONICS COMPARY

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

+ NO04856 - Near Field Response (NFR) Modeling: Part 1
Overview of data analysis goals / integration methodology

+ NO04857 - Near Field Response (NFR) Modeling: Part 2
NFR model description

+ NO04858 - Near Field Response (NFR) Modeling: Part 3
Detailed comparison EM VIS / NIR data to modeled and extrapolation to P

« NO04859 - Near Field Response (NFR) Modeling: Part 4
MWIR / LWIR background and gain analysis

+ NO04860 - Near Field Response (NFR) Modeling: Part 5
Parametric model variable cloud size and location (in progress)

« NO04894 - Near Field Response (NFR) Modeling: Part 6
Recommended add'i EM MWIR / LWIR thermal vacuum test

+ NO04945 - Near Field Response (NFR) Modeling: Part 7
Normalization factors for VIS / NIR regions

+ NO04998 - Near Field Response (NFR) Modeling: Part 8
STR 020 SCMA Mirror Bevel Scatter

« NO05000 - Near Field Response (NFR) Modeling: Part 9
STR 034 NFR (T/V) using IAC MWIR/LWIR

» T04825 Description of the SCMA instrumentation 06030 z%gg



NFR DATA REDUCTION AND
MODELING EQUATIONS

SANTA BARBARA H H E

A HUGHES ELECTRONICS COMPANY

Equation used in the normalization of the NFR signal data
(DN!A_ +12 = DNS, 4 kz)-x ndf
] 1

k21=1.150  DDN2 , -=DN2(Ai+k)

Pi. " DpN2, o + DDN2, , + DDNz, g

Scattering source angles: k1 along track and k along scan
r 105

2
k1
(1) 02 i = m—( ;“‘”‘4-0.5)l + (0)2] +0.001418-mag2

[ .2 ..05
. kl max 2
) Ol g =] | KI= \—5— 1 05) | + (87| 0001418 mag]

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

. A brd
@ = ZAz-( .
k1 i

M2
) -(0.001418- mag2)?

44+ M2a ( sin(=02,  + 62 ) — sin(42 )
' 001

(4) pl I=ZA1. A brd 4+ Mla.( sin(~81y, g + ¢19) —sin(¢19)
ik & Ae 0.01

Combining the aft and fore optics components consistent with field baffle

Ml
) -(0.001418- mag1)?

(5) bi, k =if( (9 — offset;> ¢ gy ) (¢ = offset, < ¢ ﬂ)2),plj,k + pzi,k’pli,k)

8/95
95-0392/9-4



EM NFR EXPERIMENTAL TO S HUGHES

RESEARCH

MODELED COMPARISON

A HUGHES ELECTRONICS COMPANY

’e
-olo *g%¥p . % ] ] I ] i 1 L o~
P & n 7 84 0 % 102 108 14 120
FDS,, , FD9,, , FDIO,, , FDI1 , , FDI2,; .48, , 49, , 010, .11, 412,

8/95
95-0392/9-5
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INTEGRATED NFR 2 KM FROM
A 10 x 20 KM CLOUD L) HUGHES

A HUGHES ELECTRONICS COMPANY

“band EM meas. |  EM simulation PFM simulation

lowFD [ highFD | lowFD | highFD | low FD | high FD |

T8 770070 | 0.096 | 0078 | 0083 | 0011 | 0.012 04
9T T0.064 | 0,062 {0,074 1 0.086 | 0.011 1 0.012 ]
10 0056 | 0.104 | 0076 | 0.085 | 0011 | 0014 | o 1,03
11 0.103 | 0.076 | 0.009 | 0.082 | 0.014 | 0012 | —*—
pfm_mod Hi

12 0.135 0.078 0.125 0.085 0.018 0.014 e
13 0.275 0.243 1 '0.227 0.195 170.078 0.065 em_mod . 02

T T '—-.e——
14 0.265 0.316 0.211 0.224 0.071 0.076 em_mod
15 0.142 0.221 0.129 | 0.150 0.043 0.051
0.005 0.1

© 16 | 0110 | o481 | 0421 0.164 | 0.040 | 0.057

7 0.049 1 70.102" 1 0.051 | 0.086 | 0.017 0.030
T8 0064 | 0486 1 0245 10180 | 0.084 | T0.089 0
19 | 0.018 | 0.037 0.054 | 0.032 | 0018 | 0.011

i

e

Values normalized to Ltypical
» Spec - 0.005 Ltypical
+ PFM values based upon replacement of dichroic 1 only

8/95
95-0392/9-6
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PARAMETER STUDY OF
MODIS PROTOFLIGHT NFR

A HUGHES ELECTRONICS COMPANY

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 05
« Cloud size: 20 km through 120 km in steps of 20 km 8500027

- 13y



MODIFIED HARVEY SHACK
MODEL PARAMETERS USED TO
EXTRAPOLATE THE EM MODEL TO
PFM NFR PERFORMANCE

e HUGHES
CENTER AIRCRAFT

A HUGHES ELECTRONICS COMPANY

Region Fore optics Aft optics
Paramie_ter EM PFM=-1/2 Parametey EM | PFM-1| PFM-2
Al 0.8 0.8 A2 30.0 1.5 1.5
VIS M1 -2.2 -2.2 M2 -2.4 -2.0 -2.0
Mla -3.0 -3.0 M?2a -3.0 -3.0 -3.0
Al 0.8 0.8 A2 34.0 6.0 2.4
NIR M1 -2.2 -2.2 M2 -2.4 -2.0 -2.0
Mla -3.0 -3.0 M?2a -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 M?2a

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

8/95
95-0392/9-8
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AFT OPTICS NFR DEPENDENCY
UPON ZnSe ELEMENT

Prediction based upon EM NFR with dichroic #1 replaced
L1 X1

F avg
——

F
—_—
F

[ Y

F avgy N

F avey .

Prediction base

Favgkl .|
—ume

F avEy L2
——

F avgyr , 3

)

F ek L4
._o....

F avgkt , 5
—_—

avek ,

aVBki ,

0.09
<lpos

‘ey 49
d upon EM NFR with dichroic #1 and NIR AnSe element replaced
0.0S
0.045
004
0.035 e
003 LN
0.025 / \
0.02
P LT
N e e A D% Jmo
°'°°50 M N e T QS T e i

N -
A— I\ S
AN x_|[.
. A/
’//"" N b / y
. S |
S I ’/// ,-"_:‘;‘;;\_:F———-m___n_i\"{,/[
——2 AT ek, T S iy L=

400 450 500 550 600 650 700 750 800 850 900 950 1000

400 450 SO0 550 600 650 700 750 800 850
Yoy 47

+ Cloud edge distances: 3 km to 11 km in steps of 2 km

+ Configurations: west, north, east, and south averaged; channel 5.5 used
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g FORE OPTICS NFR 120 KM AND
‘Yy/ 20 KM ILLUMINATING CLOUD

1 HUGHES
CENTER AIRCRAFT

A HUGHES ELECTRONICS COMPANY

0.05

Ff 20,

. | - | /{
. 2. ///H‘\\ B 1‘

4 0,03
e
Ff
I N, /q
e

0.02 " b = > I o \V//
Ff |20i 4 ,.-—4-"""-‘;/-’:‘/'/ \g_‘-—— ————— ’% \w'
e, an |t N i
Ff 120 DO |Gr=fpm== \
1
0
400 500 600 o — - _
A
S+ 7
005
Ffmi. 1004
——
+— 003
Frmi,J
s
0.02
Ffz,i'4
—o—
Fiy, 001 |sezw==
+'

0
1000

+ llluminating 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 05.0392/010
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RELATIONSHIPS BETWEEN
NEAL, I-Cloud: and Lryp

SANTA BARBARA H
g HUGHES

A HUGHES ELECTRONICS COMPANY

0005-Lyyy

=10 Specratio; :=

L cloud 4 5

0001 T T T

. Ec:ftioi M /
I

NeaL, 4 , 0.0001 " ’, “ /
L cloud; +7 <5 d \
—f}— ! X a l ol
A z
\. lﬂ\ -
\ !
\ /
)
Yy /
h i
d
110 =5 I | ]
8 1 14 17 p. 1}
i+7 6195

95-0392/9-11



FORE OPTICS NFR
LESS THAN 0.01 Lyyp

SANTA BARBARA H H E

A HUGHES ELECTRONICS COMPANY

MWIR Band 20 (3.75 pm)

001

P fore | 10 oa0m
—— 3

P20 fore2, 12
—_

FI0 forgy 1 0.006
—i1—

FI20 forcy, 12 L.
—o— 0,004

Fe20 forcs, 4
——

Fr20 (o 6,12 0002
—— '

0

LWIR Band 27 (6.715 um)

FI2T (orey 4 0006 [
-

Fe2 g 3
4.2 o e
o o004 { - =
F2T fores 1o
—— '
002

P27 foreg, 1
1

0

+ 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 05-0392/0-12
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AFT OPTICS NFR
LESS THAN 0.01 L,

SANTA BARBARA H G H E

A HUGHES ELECTRONICS COMPANY

MWIR Band 20 (3.75 um

+ 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 8105

95-0392/9-13

- 1do



NORMALIZED NFR AS A
FUNCTION OF CLOUD SIZE
AND CLOUD EDGE DISTANCE

2.09 1.60

1.98 1.61

1.86 1.39

1.69 1.23

1.44 1.00

1.00 0.61
3 5

20 40 60 80 100

0 7
D.27 0.40

0.58 0.75

0.79 0.97

0.93 1.12

1.04 1.23

1.13 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.

149
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SANTA BARBARA
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CENTER
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A HUGHES ELECTRONICS COMPANY
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F”u PFM AOA MEASURED NFR IS
- COMPAREBIIT% MODELED

e HUGHES
CENTER AIRCRAFT

A HUGHES ELECTRONICS COMPANY

« AOA NFR measured using the IAC with SIS

* Noise floor is =~ 101-4, desirable to have 102-5

+ 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

A2 a
) |-—~m——n-—-o x

xx

X X x x  x

400 500 600 700 800 900 1000

o nl 8/95
current AOA meas. 95-0392/9-15

X PFM modeling
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COMMENTS RE AOA
MEASUREMENTS - VERSION |

1 HUGHES
CENTER ALRCRAFT

A HUGHES ELECTRONICS COMPANY

- If inverse wavelength scaling is assumed

nli=1. 16 A,

A2 ﬁtnl 633 nl A'cnl A2" M2n| A2 ﬁ‘nl

;Tc;' 1] [645] [10] [Frs] [io2

2| [sss]l [to] [F19] [136

3| [469] [10] [19| [74

Is 4| [535] [6] F19l [5q
x 51 [a2] [9] Fio] [59

xX <1 122321 71

6| Ja3| |71 [F19] [0

x 71 (8] [6] [19] [46

10 oo X 3] [531] Is| Fisl [4z
" x KX _3_‘ 551 '_T_ -19] [35
xr"nl x X 10} [667] [12] [-18] [126
x 1| [e78] [12] [1s8l {129

S| X 12| [748) {9| [1e6| [106
X 73] [8e9]| [6] 14| [32

14] [90s] [6] [14] {36

] 15 E E -16| J89
40 500 600 700 800 90 1000 16} [940] [5] [-16] [74

Ae R e

nl

* Average 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 8105

95-0392/9-16



COMMENTS RE AOA
MEASUREMENTS - VERSION II

SANTA BARBARA H H
g HUGHES

A HUGHES ELECTRONICS COMPANY

If Harvey Shack model wavelength scaling is assumed

nl :=1.16 - A2,

A2 i, '"—4_+Mz; at Moy A2, M2, A2 iy

633 1] [6a5] @ - 1.9 E

Aoy 2] [8s8] [0 Fisl [ss

| fass] [16] 9] [53]

» - o =[] Fol o]
s | [42] [9] Fre] [37

6| [aa3] [7] Fis] {331

15 X 71 [88] [6] Fi9] [35]
L x * | x 51 [ 51 Fis] [55]

. . o = [ ] (o
x ™ 0] fes7) [12f [ re] [35
il _62 1_2 ~1.8 _i

sl 2} ol [5] Fie) [i34
X x x| X, 13} 8691 [6] ["14] [137]

14] [s0s] [6] F14] [i52

400 500 600 700 800 900 1000 16 940 |5 = 1.6 129

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
Resuitant 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 0503020y
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gAY POINT SPREAD FUNCTION (PSF)
‘Y., CHARACTERIZATION OF NFR

SANTA BARBARA
| HUGHES

A HUGHES ELECTRONICS COMPANY

- 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 10 x 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
95-0392/9-18



SPATIAL PERFORMANCE

N. Therrien

e
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[ Al AGENDA

il HUGHES
CENTER AMRCRAFT

A HUGHES ELECTRONICS COMPANY

. Spatial design parameters

* Field of view, Response vs scan angle
e |[FOV, MTF

e Registration

e Pointing, 1g release

e Spurious Signals

¢ Conclusions



IFOV AND ORBITAL
PARAMETERS DETERMINE
SCAN RATE

SANTABARBARARESEARCHCENTER
8 subsidiary

Equatorial Radius = 6378.17 m
Earth Rotation Rate = 0.4651 km/s
Orbit Altitude = 705.295

Orbit Inclination = 98.21°

Ground Velocity = 6.75457 km/s

EOS AM
SPACECRAFT

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

Dwell Time = 333.333 us, (48 MHz Master Osc.)
166.667 us, 83.3333 us

Object Space Scan Rate =
1.41785 mr/333.333 pus = 4.25354 r/s
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 m (Worst Case)

EARTH SCAN
2330 km SWATH
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FOV AND RESPONSE VS SCAN
ANGLE WILL BE WELL
CHARACTERIZED

v HUGHES
CENTER. AIRCRAFT

A HUGHES ELECTRONICS COMPANY

e EM test data shows full FOV attained

— No instrument design changes planned for PF
e MODIS PF test will include

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

— 5to 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 will be used (EM test used the IAC)
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AIRCRAFT

A HUGHES ELECTRONICS COMPANY

CENTER

e HUGHES

EM BANDS 29 AND 30 SHOW
EXPECTED RESPONSE
CHANGE WITH SCAN ANGLE

——&—— Band 17

—O— Band 19
—{—— Band 30
——&—— Band 31
——O—— Band 32

——X=—=— Refl (B29)

—X—— Rell (B30)

asuodsay pazjjewsoN aberoay
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30

-50 -40 -30 -20 -10 O

-60

10 20

FOV Angle (°)



RESPONSE VS SCAN ANGLE
TEST WILL USE SIS AND BCS

1 HUGHES
CENTER. RIRCRAFT

A HUGHES ELECTRONICS COMPANY

 Full aperture illumination
« Optimized layout minimizes table rotations, test time
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MTF SCAN
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SANTA BARBARA RESEARCH CENTER
a subsidiary

MTF BUDGETS
UPDATED
FOR PF

11/93
93-0858-116
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EM IFOV AND MTF RESULTS
ARE CORRELATED

e HUGHES
CENTER AIRCRAFT

A HUGHES ELECTRONICS COMPANY

* Nominal LSFs meet 0.5 spec
« Most MTF failures resuit from obvious anomalies in LSFs (Incomplete scans, spurious

signals)
« Uncorrelated resuits (PC bands) suggest a more detailed focus/distortion checkout at PF
subassembly level
{,2 oy ASA : e e e :..:.
. o . : ! ! . 0.8 poovcrmmem o msame et R T
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e | ooloo—poogot—BEse . 85 s z r " %.a:8° Bgoopul
: L E : : : : : : [y 0.4 ....... 1.......-........:........: ..... C. %: ............... .
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Figure 1 - Summary of IFOV Results 1 5y Figure 2 - Summary of MTF Results



PF VIS/NIR AFT OPTICS AND
FPAS MEET MTF SPEC m

SANTA BARBARA RESEARCH CENTER
3 subsidiary

« MTF computed over extreme objective field angles
— Outer and boresight bands for scan and track
— Outside and middle channels for each band

IFOV Size MTF @Nyquist

—O0— Measured

——— Spac

o Measured
Spec

Slze (mm)

- N M O NN~ o O NN
™ = e = - - - -

Band Number




REGISTRATION PREDICTIONS

SATISFY SPECIFICATIO

N
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« All Bands Meet Specs
« Most Meet 0.1 Pixel Goal
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SCAN DIRECTION
REGISTRATION BUDGET Y ChES
IDENTIFIES CONTRIBUTORS e HUGHES

A HUGHES ELECTRONICS COMPANY

SPECTRAL BAND REGISTRATION BUDGET:SCAN DIRECTION

WITHIN-FPA BETWEEN-FPAs
Scan Rate 243,11 /s LXT) AL Shm SW.Skm MR 28l VIS MR VISloMW MABMY VIS LW NAWLW MWklWw VI3 L Iw
Orblt Alttude 705295 km vis NIR Mw Lw vis swW NIR vis vis NIR vis NIR MW vis
Bands vis NIR MW w is sw NIR NIR nw MW Lw LW LW swW
Ground Resolution km 1.0 1.0 1.0 1.0 0.8 0.6 026 1.0 1.0 1.0 1.0 1.0 1.0 0.6
Maximum Displacement (x) Plxets 18 21 21 20 -6 8 7 20 21 21 20 20 20 8
Maximum Displacement (x) . 148 1.1 171 23 024 032 014 23 1.7 A NA 258 238 238 032
Maximum Time Delay ms 6000 7.000 7.000 0687 1000 1333 0583 9687 7.000 7.000 0.687 0687 0667 1333
IFOV me 1418 1418 1418 1418 0700 0700 0354 1418 1418 1418 1418 1418 1418 0709
Pixel Size pm 6400 5400 6400 4000 2700 2700 1350 6400 6400 5400 400.0 4000 4000 270.0
EF, mm 3809 3809 3800 2029 2800 38090 3609 3809 3600 38098 28294 2821 2821 3809
Type Specification | (wm) (M)  (am) (um) (@m) @Em) () um)  (@m) @m) @m) @m)  @m)  (um)
System Leve! Errors
Scan Velocity Errors Fab 0.005 rads/s}1617000.4.12] 114 133 133 136 1.9 25 1.1 184 133 13.3 13.8 136 138 25
Eanh Rotation Errors Syst | 6.58E-04 |rads/s N/A 15 1.8 18 18 0.3 03 0.1 24 1.8 18 18 18 1.8 0.3
Sample Timing Jttet Fab 0.1 pus | 18178TBD | 29 34 34 as 10 13 11 4.7 34 34 s 3.5 as 1.3
Reg Measurement Accuracy | Test 0.025 Pixel [181874R21.0| 135 135 1356 100 (Y] 8.8 34 135 13.5 13.5 10,0 160 100 8.8
Opto-Mechanical Errors
Image Rotatlons STOP| 0.075 ¢ 181711n.27 | 00 00 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Image Transtations sTOP| - 18171028 | 0.0 0.0 0.0 0.0 0.0 0.0 0.0 18.0 18.0 18.0 141 14.1 18.0 1441
Residual Optical Distortion | Fab 161773020 ] 150 150 150 150 7.0 7.0 70 212 212 212 212 212 212 0.9
EFL Tolerance STOP|0.14 perCbj| % |1517T71R210] 6.8 19 79 8.1 11 15 0.7 1058 105 112 106 114 114 1.9
Fiker TI/Vignetting Assy 13 pm 181771211 130 130 130 130 130 130 130 184 18.4 184 18.4 18.4 18.4 18.4
Radiative Cooler Errors
Cold FPA to AOP (x.y) sTOP 10 pm | 1817700.3.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 10.0 10.0 10.0 10.0 0.0 10.0
Dewar Stem XY Hysteresis | Assy 112 pm | 181779098 | 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 112 112 112 112 0.0 11.2
Dewar Stem Z Hystoresls | Assy 32 um | 1617790.3.8 0.0 0.0 19 26 0.0 04 0.0 0.0 1.9 1.9 2.8 28 3.2 0.4
Focal Plane Errors
Pixel Locatlon Fab 1617000310 70 70 130 130 70 70 70 9.0 148 148 148 148 184 09
FPA Rotational Uncertalrty | Assy | 0,025 s |wmoco| 00 00 00 00 00 00 00 00 00 00 00 00 00 00
FPA Paralioltsm Assy 20 pm | 1847800COD | 1.0 12 12 16 02 02 0.1 1.6 1.8 1.7 1.9 20 2.0 0.3
RSS Total Scan nm 285 29.7 31.7 30.7 178 18.0 16.8 433 452 454 431 43.3 43.5 319
0.2 Pixel Reqmt pm 1080 1080 1080 600 540 6540 270 1080 1080 1080 800 800 800 540
Margin to Spec % 7368 728 708 617 670 687 379 §99 589 679 462 450 4568 410
0.1 Pixel Qoal pm 640 640 540 400 270 270 135 540 540 540 400 400 400 270
Margin to Goal % 472 450 413 234 339 334 249 19.9 1862 159 1.7 82 88 -181
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DYNAMIC MODE DATA
HIGHLIGHT CO-PEGISTRATION m

SANTA BARBARA R_ESEARCH CENTER
) a subsichary
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H : Bond Chon

. Triangular ) il ]

response 2000 ;\‘1% 55} ..:
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properly ]
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Position
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REVISED PLAN FOR PF LIMITS
STATIC LSF ACQUISITIONS

SANTA BARBARA RESEARCH CENTER
3 subsidiary

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

« FPA integration time will be incrementally (minimum 2%)
phase delayed to generate LSF curve

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

4a—=1~=1=-r=:-'4?‘3+4<‘
I I
"4;8,4"_ S ,:-;L.:E-!*! =1 1 | PN

T
PO S 2 2 o
T T [

. IAC Track Reticle Concept
All dimensions in 1 km pixel IFOVs . 1 (4



PF VIS/NIR FPA OPTICS
ALIGNMENT SUCCESSFULLY m
COMPLETED SANTA BARBARA RESEARCH CENTER

a subsidiary

VIS_F (8/23/95) NIR_F (8/23/95)
Correction Factors: Correction Factors:
Scan 4.37 um Scan -7.52 um
Track 2.06 um Track 3.02pum
Theta .0148° Theta .0496°
EFL 1.00007 EFL .99983
12 11 8 9 10 19 18 13 14 15 16 17
4 3 |
Bl N [
E s E j ] ] E | RN z m | mla r—l_ r-\_ z
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REGISTRATION ERRORS WELL
WITHIN 10% GOAL (54 um)

SANTA BARBARA
RESEARCH
CENTER

HUGHES

RIRCRAFY
A HUGHES ELECTRONICS COMPANY

VIS Displacement in Scan Direction

Displacement

M 0.008.0.010
@ 0.000.0.008
1R .0.008- 0.000
B .0.010..0.008]
O .0.016--0.010

VIS Displacement In Track Directlc

4 0.000-0.00%

Q;\_xm»
é’ ‘ ‘m

ol
.‘3“ 0 ,:\LJ

Woweondsig

B 0.020.0.028
£ 0.015-0.020
& o0.010-0.018
H 0.006-0.010
0.000-0,008
M .0.008- 0.000.
M .0.010--0.008
0 .0.018.-0.010

% M -0.005-0.000
i 10 B .0.010.-0.005
e 0 .0.015-0.010
Channel
NIA Displacement in Track Directle
0.0161
{3 0.010-0.015
0.010
A 0.00s-0.010

0,008+
«0.010

Displacement
o
o
°
°

Channe!

0.000-0.005
H .c.005.0.000
R .0.010-.0.005

0O .0.015.-0.010




VIS/NIR 1000m BANDS

COMPLIANT

SCAN ERROR

{

-0.060

TRACK Location {mm)

+0.040

- o o o e e e e i e i e e i e

ASCAN (mm)

0.040

0,060

® NR
° v
--------- Prediction
----- Goal
Spec

SANTA BARBARA
RESEARCH
CENTER

HUGHES

AIRCRAFT
A HUGHES ELECTRONICS COMPANY

TRACK ERROR

0.060 -+
0.040
.............................. 6020 o
[ ]
oo : !
HI l 1 ! '
| -6 -4 -2 ¢ 2 4 8
g 'Y
2] [EOORTTORRTUUTRTORURRIE 21 -1 1 U UUON
------------------------------------------ * NR
0.040 + o vis
""""" Prediction
-0.060 B e Goal
___’
SCAN Location (mm) Spec
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VIS BANDS 3 AND 4 (500M)
COMPLIANT

w4 HUGHES
CENTER AIRCRAFT

A HUGHES ELECTRONICS COMPANY

SCAN ERROR TRACK ERROR
3 i 0.030 —
oe '
*
o «
2 e 0.020 +
o} e
(-] [ ]
° 1 S T e e E e - - -
' L T S A 0,010 T
t o @
] o o
g 4, 1 H i >o-094§ —t '
-0.030 -0.020  1-0.030 o 0.400 0.010 0.020 0.030 g 2 1.5 1 -0.5 q 0.5 1 1.6 2
-] [ H
o ie gl : Bl RSPV, e s
g i : ] 0.61b
-] o I v o0 bl o pmada 'l ] TTTTTTTTTmEesms s m s s e e
: ol e L © Band3 © Band3
.2 4
i 1 -. ® Band4 0.020 ¢ Band4
: go . : """"" Prediction { {4 e Prediction
] v
R g R . Goul w030 L | Goal
—_— Speo _—
ASCAN {mm) SCAN Location (mm) Spec
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NIR BANDS 1 AND 2 (250m)
COMPLIANT

s HUGHES
CENTER AIRCRAFT

A HUGHES ELECTRONICS COMPANY

* Residual, IAC-induced offset, observed for each of the three
scans acquired

SCAN ERROR TRACK ERROR
3 T . 0.016
o !
K
2 1 i%e
2 4 oo H .o 0.010
o L O
-] ®
°° .. —————————————————————————————————————————
-] . °
I . ° o 0.008 +
°° ‘0
'E ] d
(-] [ )
-~ o L] -’
i +— o it ~ I 4 16:000 —
g -0.018  -0.010 1.0.006 0.00 90,0061 %0.010 ]0.015 x| -2 1.6 -0.5 §) 0.5 1 1.5 2
s o o [ )
°01 :r
O 3 S -0.005 +
o S i
oo .. I e Band2z || | F TTTTTTTTTTTTTTTTOTTT oo
o . H Band 2 | o e e ¢ Band2
]
o - [
° °2 ... ! ©  Band1 0.010 0  Band §
Py o .. ......... Predictton} { 1 1 eeriian Prediction
T N R Goal 0016~  |aeea- Gosl
— —_
ASCAN (mm) Spec SCAN Location (mm) Spec




POINTING ACCURACY AND ‘
KNOWLEDGE IN SPECS et HUGHES

RESEARCH
CENTER RIRCRAFT

A HUGHES ELECTRONICS COMPANY

Pointing Accuracy (arcsec) Pointing Knowledge (arcsec)

100 < Reqmt: 108 arcsec 1100 1
P = " Regmt: 90 arcsec
(&) Q 0.0
@ 8
(7] 80.0
(& -
‘6 8, 700
:g E]Dymmlc "E 600 1 DDynamlc
Q W statie g 500 M statie
E @
[ Q400
o (5]
« - 300
S, o.
0 W 200
Q Q 100 {

0.0 -
Aol/Scan PhehvTrack Yaw Rol/Scan PlichvTrack Yaw
Axes Axes

. All MODIS Systems Meeting Flowdown at this Time
. Includes 20 arc-sec Random Disturbance from Spacecraft
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POINTING ACCURACY AND
KNOWLEDGE DEFINED IN
THREE AXES

SANTA BARBARA

RESEARCH
CENTER

+ All Subsystems Predict Meeting Pointing Budgets At This Time

MODIS POINTING BUDGETS: ACCURACY

MODIS POINTING BUDGETS: KNOWLEDGE

HUGHES

AIRCRAFTY

A HUGHES ELECTRONICS COMPANY

Object Space Angles
Theta X Theta ¥ Theta 2
Component | Spacilication] RolV/Scan Pltch/Track Yaw
POINTING ACCURACY Specificaion | Paragraph {arceec) (arceec) (arcsec)
(3 Sigma) (3 Sigma) (3 Sigma)
STATIC
Mirror Wedge Half Angle 15.0 arceec | 1561766/3.64.2 0.0 212 21.2
Alignment Wedge Blsoctor-Axis 10,0 arcsec | 1617683.2.1.2 0.0 14.1 14.1
Thermal/Structural Effacts SMA 10.0 arcsec | 181764/3.23.1 10.0 10.0 10.0
Timing Induced Scan Underlap 76.7m 151764/3.4.1.1 0.0 221 0.0
Reglstration Error 0.100 Pixels | 151750/3.4.6.3 29.2 20.2 202
FPA to Optical Axis 10.0 um 161771/3.2.0 5.4 5.4 5.4
SMA 1o OBA Alignment 10.0 arcsec 1518001bd 10.0 100 10.0
SMA o OBA Measurement 5.0 arcsec 1518001bd 5.0 5.0 50
Scan Axls 1o Mounting Feet Alignment| 10.0 arcsec 1518001bd 10.0 10,0 10.0
Instrument 19 Residual 20.0 arcaec STOP 200 20.0 20.0
Instrument Thermal 20,0 arcaec STOP 20.0 200 20.0
{MF Kinemalic Mounts 5.0 arcsec T8D 5.0 6.0 6.0
OBA Hygroscoplc 15.0 arcsec sTOP 15.0 15,0 16.0
OBA Kinematic Mounts 6.0 arcsoo T8D 8.0 5.0 5.0
Cuba Installation Error 9.0 arcsec 1518001bd 9.0 9.0 9.0
Cube Angle Measurment Etror 6.0 arcsac 1518001bd 5.0 5.0 6.0
Instr/Spacectaft Mate Error 15.0 arcsec TBDICD 156.0 16.0 16.0
Other Static Errors 10.0 10.0 10.0
Static (RSS Total) 52.1 62.1 58.0
DYNAMIC
Boaringe 9.8 arcsoc | 161768/3.4.1.3 0.0 9.8 19.6
Mirror Control System 00.0 pr 161768/3.4.1.2 KIA 0.0 0.0
Scan Angle Measurement 11.1 arcsoc | 151768/3.4.14 1.1 0.0 0.0
Instrument Thermal Dynamic 5.0 arcsac 8TOP 5.0 6.0 5.0
Spacecraft Induced Disturbances 20.0 arcsec T8D UIID 20.0 200 20.0
Other Dynamio Errors 10.0 10.0 10.0
Dynamia  (RSS Total) 450 249 30.2
Dynamic Error Requirament X1.477s Scan | UIDDA 12791 26.% 1279.1
Total (Statlc + Dynamlo) 974 870 8.2
Polinting Accuracy Requirement 15175v3.4.0.1]  108.0 108.0 108.0

*Thermal/Structural Errors Include 1g sag, thermal distortion & hygroecopic effects: (STOP Budget)

“*Dyn

7 ormal ' -l Erro- -~ In-orbl® -l varletta~e

Object Space Anglos
Theta X Theta Y Theta 2
Component | Specification | RolVScan { Plich/Track Yaw
|POINTING KNOWLEDGE Specitication | Paragraph (arcaec) (arcsac) (arcsec)
(3 Sigma) {3 Slgma) (3 Slgma)
STATIC
Mircor Wedge Halt Angle 161766/3.64.2 0.0 0.0 0.0
Alignment Wedge Bisector-Axis 151766/3.2.1.2 0.0 0.0 0.0
Shaft to Motor 161766/3.23,1 0.0 0.0 0.0
Timing induced Scan Undarlap 151768/3.4.1.1 0.0 0.0 0.0
Registration Error 0.025 Pixels | 1617503.4.6.3 7.3 7.3 73
FPA fo Optical Axis 0.0 um 1617713.2.9 0.0 0.0 0.0
SMA o OBA Alignment 0.0 arcseo 1618001bd 0.0 0.0 0.0
#SMA to OBA Measurement 5.0 arcsec 1518001bd 5.0 5.0 6.0
Scan Axis 1o Mounting Feet Afignment| 10.0 ascsec { 151800tbd 10.0 10.0 10.0
Instrument 1g Resldual 20,0 arcsec sTOP 20.0 20.0 20.0
Instrument Thermal 20.0 arcaec sTOP 200 20.0 20,0
MF Kinematic Mounts 5.0 arcsoc TBD 5.0 6.0 5.0
(OBA Hygroscople 16.0 arcsac 8TOP 16.0 16.0 16.0
OBA Kinematic Mounts 6.0 arcsec TBD 6.0 6.0 5.0
Cube Installation Error 0.0 arcsec 1518001bd 0.0 0.0 0.0
LCubo Angle Measurment Error 5.0 arcsec 1518001thd 5.0 5.0 6.0
Instr/Spacecraft Mate Error 16.0 arcaoc 8D ICD 16.0 15,0 15.0
Other Static Errors 10.0 10.0 10.0
Isuﬂc (RSS Total) 400 400 40.0
DYNAMIC
9.8 arcsoc | 161766/34.1.0 0.0 2.8 19.6
Mirror Control System 90.0 pr 151766/3.4.1.2 a7.1 0.0 0.0
Scan Angle Measurement 11.1 arcenc | 151768/34.14 1.4 0.0 0.0
Insttument Thermat Dynamic 6.0 arcesc sTOP 5.0 6.0 50
Spacecraft Induced Disturbances 20.0 arceec T8D UID 20.0 20.0 20.0
Other Dynamic Errors 10.0 10.0 10.0
Dynamic  (RSS Total) 4.0 249 30,2
Oynamic Efror Requirement X1.477s Scan uliova A 12790.1 28.1 1279.1
Total (Statle + Dynamic) 85.1 85.0 70.2
Pointing Knowledge Requirement 161759/3.4.8.1 90.0 90.0 90.0

*“ThermaV/Structural Errors Include 19 sag, thermal distortion & hygroscoplc etfects: (STOP Budgat)
**Dunamts Thermal/Structural Errors «om In-crbil *armal vertations



POINTING VERIFICATION
COMBINES MECHANICAL AND m
OPTICAL DATA SANTA BARBARA RESEARCH CENTER

a subsidiary

« 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

o OPTICAL

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

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



FPA MEASURED POINTING

WILL BE TRANSFERRED TO
ALIGNMENT CUBE

A HUGHES ELECTRONICS COMPANY

FPA BORESIGHT SCAN (AY) and TRACK (AX) FPA BORESIGHT CLOCKING (22)
TRANSFERRED TO CUBE @X AND @Y TRANSFERRED TO CUBE @Z

+Y
'
|
l +X\
\ | \
N |
\‘ l
\ MODIS oDIS
\ |
* T J 1Ac dlre =
\ SMA
O —
Theodollte T cuBE
ZP F
(%Y Plane Face) (X,Z Plane Face)

O

Theodolite




SRCA USED TO VERIFY
POINTING CHANGES DURING m
1G RELEASE

SANTA BARBARA RESEARCH CENTER
3 subsidiary

« MODIS is rotated about @Z 180° (from +X up to -X up)

e Measurements of alignment cube facets are re-taken

e SRCA fiducials are re-measured

« Registration data re-acquired from SRCA

« Data reduced, compared to baseline to quantify Change



EM RESULTS SHOW SPURIOUS

SIGNALS BETWEEN
BANDS 1 AND 2

SANTA BARBARA RESEA

RCH CENTER
3 subsidiary
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PF AOA RESULTS SHOW
SUCCESSFUL CORRECTIVE m
ACTION SANTA BARBARA RESEARCH CENTER

a subsidiary

« Inversion of NIR filter mask (optical crosstalk)

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

vnir_focus_f_bl12.row Bond Chan
T T T T v

5000 300 [T T T T T Y TR B s o o e A e e Bong Chon
- 1 20 Y(DR)__
o 2 20 v 20

[ v 2 20
4000 |~ . ' -

o . -

[ . .

- 2501

L . 3 ~1
3000 (— . . -

Y{DN)
-
Y(DN)

- » 3
2ooo<[— * . v
- . .
p
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: E
: L ]
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CONCLUSIONS/SUMMARY mﬂm

CENTER

A HUGHES ELECTRONICS COMPANY

* 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
* Spurious signal between NIR bands 1 and 2 eliminated
— Small (<.2%) residual error shown in band 2

* Predicted from modelling corrective action (inverting
mask)

* Conceptual pointing verification plan established
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Spectral Performance

Jim Young

178



SPECTRAL o
CHARACTERIZATION e HUGHES

A HUGHES ELECTRONICS COMPANY

« SPMA Anomalous Behavior

« Modeling of Anomaly

« Atmospheric Transmission Effects
SIS (100) calibration
Relative spectral response

* PFM Measurement Methodology
Monochromator usage
Out-of band measurements purging

08/95
95-0392/11-2

17y



EM ANOMALOUS RSR
CAUSED BY SPMA

A HUGHES ELECTRONICS COMPANY

1 ﬁ T T 1 T 1
[
v | { ‘
+ Measured RSR vs Predicted RSR ™ i, |l ‘ A
based on Component Data * | A
. VIS/NIR Bands - 9 through 13 | {
- Dashed curves based upon — o | |-
component measurements o l
. Solid curves measured RSR in T B :
TV using SPMA o ot | | | B
|
b L
™ws? | ' -
= ps il
0 lJ U.. L | |/
400 450 500 650 700
“kl “kl'“kZ‘ “ktt “k4'“k5'“k5
08/95
96-0392/11-3
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[WAA? SPMA ANOMALOUS SPECTRAL smﬂ,.:g'é.":&‘.-

CENTER

A HUGHES ELECTRONICS COMPANY

0.025

NI

BTG
fJV )/ U

400 450 500 550 600 650 700 750 800 850 900 950 1000
2,0 li i
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
95-0392/11-4
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ANOMALOUS DOUBLE
MONOCHROMATOR FUNcTion | = ClLTad

A HUGHES ELECTRONICS COMPANY

14

12

|
nj

038 -

06

| o;

0.4
400 500 600 700 800 %00 1000 500 520 540 X 560 580 600

- 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
95-0392/11-5
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HYPOTHESIS FOR THE
ANOMALOUS RSR
MEASUREMENT

e HUGHES
CENTER AIRCRAFT

A HUGHES ELECTRONICS COMPANY

- Constant spectral misalignment between sections 1 and 2, ~ 0.35 nm
- One monochromator section has a cyclic misalignment - 1° period
Grating is mounted on a 360 tooth gear platform |
Grating platform gear is driven by a worm
- Spectral effects dependent upon band location and spectral slit width

AL A

RELATIVE RESPONSE

" WAVELENGTH

Figure 7 lllustration of how the throughput of a double mono-
chromator is influenced by a combination of constant and variable 08/95
misalignment factors between the two monochromator sections 95-0392/11-6

f
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SPMA ANOMALOUS SPECTRAL
RESPONSE FUNCTION

SANTA BARBARA H E
e HUGHED

A HUGHES ELECTRONICS COMPANY

il=l i2=3 324 i4=5 i5=8

band ;) =9 Metr,, = 443 BW, = 10 ssw; = 0935

E&10

band,, = 10 A ctryy = 488 BW,, = 10 sswy, = 0.672

A g =405
band; = 11 A ctryy = 531 BW;; = 10 ssw;y = 0.555

AL 2035
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A =035
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/
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Anomalous spectral response function attributable to SPMA maifunction 05.030201 1.5



PREDICTED RSR BASED UPON
ANOMALOUS SPMA MODEL

SANTA BARBARA H H E

A HUGHES ELECTRONICS COMPANY

« The SPMA model qualitatively demonstrates the anomalous behavior

- Spectral bands 9 through 13
- Assumed misalignment - 0.35 nm constant and 0.35 nm variable

"7 } ' M (;/ ' ' f\ }
Il ‘
:

i e

H ) VO I VP Y

450 500 550 600 650
1

08/95

Al N | R
5 ,i5 75,05 95-0392/11-8

ki ML Mg i Mg i Mis L i Mg s Mg e Mg e A
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MODIS BANDS THAT ARE

AFFECTED BY ATMOSPHERIC o HUGHES
TRANSMISSION "

« LOWTRAN 7 used in modeling
- Parameters - five meter path with 30% relative humidity

- Additional details documented in PL3095-N05082 "Atmospheric Transmittance
Effects on Calibration" dated 28 June 1995

Band Center wavelength, pm Atmospheric absorption, %
18 0.936 2.7
19 0.940 16

20, 21 3.750 0.7
24 4.465 4.4
25 4515 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
347 13.635_ 3.8
35" 13.935 5.8
36" 14.235 18.5

08/95
95-0392/11-9
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ATMOSPHERIC EFFECTS ON
SIS(100) OUTPUT FOR BAND 26 | " ClISI)

A HUGHES ELECTRONICS COMPANY

+ Radiometric calibration of SIS(100) dependent upon relative humidity level
« Model accounts for variable path length within SIS

« LOWTRAN 7 output fit to an analytical expression
 Relative humidity levels: 0.3, 0.01, 0.001, and 0.0001

| e r————— Y —d e S -
—— ———— — - e M

S,

. -
- -

i,37
E \/
06
136 1.365 137 1375 138 ._ 1385 139
A%, RH1, -=
j- 0.564 03
" Ao [ Ay [u26 avg;’ (pathlj-RHlk) ]
El = pr—|p—1 -e 0.01
Wk A A
j T T 0.001 08/95
0.0001 95-0392/11-10
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ATMOSPHERIC EFFECTS ON
RSR FOR BAND 27

e HUGHES
CENTER AIRCRAFT

A HUGHES ELECTRONICS COMPANY

. 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

e TR

0 ra = -
65 66 67 68 69 085 £ ]
A7 65 655 66 6.65 67 6.75 68 6.85 69
AZ7

08/95
95-0392/11-11



ATMOSPHERIC EFFECTSON | .
RSR FOR BAND 33 through 36 e] HUGHES |

A HUGHES ELECTRONICS COMPANY

+ 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

i:=0.15 pathl:=7 k:=0.3 rC°2k =

10 . Talw avgj’ pathl .t co2k) o
0.1 T l“’i K =e
0.0t '
0.0001
] T N e T
--------- e
\ S
N

13 132 13.4 136 138 14 142 144 146 08/95
Atw 95-0392/11-12
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OOB MEASUREMENT

METHODOLOGY
USES TWO MODES

e HUGHES
CENTER AIRCRAFT

A HUGHES ELECTRONICS COMPANY

. 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)

Block < 0.1 %

ID Substrate Thickness (mm) Transmission >50% edges
om) b ) .
1 BG-40 2 Schott color glass >750 o
2 RG-610 v 2 Schott color glass 400 - 550
3 Silicon I <2 1500 - 5100 LWP 900 - 1200 .
4 Ge 2 2300 -5100 LWP 900 - 2100
5 Glass as reqd as reqd <1000 - 3200 SWP 3500 - 5100
6 Silicon as reqd 1000 - 5000 SWP 5100-5300 |
7 Silicon: , 2 1000 - 2200 SWP 2500 -5200 o
N Ge .. 2 2000 - 14500 uncoated =100
9 Ge as reqd 8200 - 14500 LWP ~ '<8000-5000
0 MgF2 as reqd 2000 - 10000 SWP 1000
1 CaF2 as reqd 2000 - 12000 SWP > 13000 _
12 Ge 2 72800 -5100 LWP ~900-2700 B
13 Ge 2 4600 - 5200 LWP - 2700 - 4500
14 Ge <2 6400 - 10100 SWP "<5000-6200, 10500- 12000
A5 .. Ge 52 10500 - 14600 LWP ..<6000 - 10000
a6 .....BGNo | as reqd Schott color glass <700
A7 RG 665 as reqd Schott color glass <650
18 _RG 780 . asreqad Schott color glass _ <750

- 180
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DIFFERENCE IN PFM AND
EM SPECTRAL
CHARACTERIZATION

« Optical path purging philosphy is different
No purging used in EM tests
No planned optical purging in high bay clean room - PFM
SIS(100) radiometric calibration in optics lab will be purged
Purge SIS(100) - MCC optical path
Purge SPMA - MCC
- Elimination of SPMA modulation
First monochromator section has larger spectral slit width, 3x
Second monochromator section has spectral slit width used in EM, 1x.

- RSR 1st
monochromator

RSR 2nd
monochromator

Relative response

Wavelength
* Out-of-band RSR measurements

EM used broadband optical filters to assess integrated OOB response
PFM will use SPMA dispersive mode in addition to broadband optical filter set

- 101
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Stray Light

JIM YOUNG
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BRIGHT / DARK TARGET | ...
WITHIN FIELD e HUGHES

A HUGHES ELECTRONICS COMPANY

« 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 SIS(100) shall be used
llluminating solid angles at points on nadir aperture plane - 0.5 to 1.5 sr
This data will be merged with NFR that covers =+ 6.6°
Data reduction approach
« Pixel centered in a 21 km x 21 km region, the surround is changed from
Ltyp to Lcloud
- Difference in signal shall not be greater than 0.004 Lcloud 0805

VWG95-0392/12-2
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STRAY LIGHT
TEST CONFIGURATION |

SANTA BARBARA H G H E

A HUGHES ELECTRONICS COMPANY

Position 1

B f SIS
% A ,\ | \
N ~
:3033 ' Point A - nght
® ol / Point B Trap
I — PointC |
- Vs PointD
Point E
/

08/95
VWG95-0392/12-3



STRAY LIGHT
TEST CONFIGURATION i

A HUGHES ELECTRONICS COMPANY

Position 2

iy
~
\
Position 3 N
_ Light
Point A Trap
Point B
Point C
Point D
Point E

08/95
VWG95-0392/12-4
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SNR LEVELS AVAILABLE
WITH PROPOSED INTEGRATED

- - UGHES
STRAY LIGHT METHOD

CENTER AIRCRAFT
A HUGHES ELECTRONICS COMPANY

SNR assuming MODIS just meets stray light and
SIS(100) simulates earth solid angle illumination.
(SNR can be enhanced by signal averaging- multiple

scans)
1000.0
I.\\.\ /-\
100.0 . / N [ JR—
o .,/'/\ / \-I
: T
{ ]
10.0 422N\
1.0
400 500 600 700 800 900 1000

Wavelength - nm

08/95
VWGY5-0392/12-5
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WARM TARGET WITHIN *
FIELD DIFFRACTED LIGHT g HUGHES,

A HUGHES ELECTRONICS COMPANY

Test will be done only in ambient

This test evaluates diffracted light - MWIR & LWIR

Two reticles patterns used with the IAC blackbody source
« 5 x5 IFOV central target of Ltypical

« 20 x 20 IFOV surround target of 0.1 Ltypical
« 20 x 20 IFOV surround target of Ltypical

« Signal change by less than 1 % Ltypical

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

08/35
VWG05-0392/12-6
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IN-FLIGHT CALIBRATION



IN-FLIGHT CALIBRATION
TOPICS

SANTA BARBARA
RESEARCH
CENTER

HUGHES

A HUGHES ELECTRONICS COMPANY

e Blackbody (Johnson and Bauer)
— Performance requirements
— Performance tests
— Build status
— Characterization/calibration
e Solar Diffuser (Johnson and Young)
— Performance requirements
— Build status
— Round robin
— Stray light modeling
— Verification/calibration



IN-FLIGHT CALIBRATION
TOPICS (cont)

e HUGHES
CENTER ATRCRAFT

A HUGHES ELECTRONICS COMPANY

o Solar Diffuser Stability Monitor (Johhson)
— Performance requirements

— Build status
— Verification/calibration
» Spectroradiometric Calibrator Assembly (Johnson)
— Performance requirements
— Build status
— Verification/calibration

£0U



BLACKBODY
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MODIS EM
BLACKBODY ASSEMBLY

v HUGHES

CENTER AIRCRAFT

A HUGHES ELECTRONICS COMPANY

94-12-147




BLACKBODY DESIGN
CONSISTENT WITH

e HUGHES
CENTER AIRCRAFT

A HUGHES ELECTRONICS COMPANY

REQUIREMENTS
TOP SYSTEM REQUIREMENTS

e ABSOLUTE 1% (1 Sigma) RADIOMETRIC CALIBRATION OF MWIR AND
LWIR BANDS (0.75% Band 20; 0.5% Bands 31,32)

e DC RESTORATION VIEW FOR ALL BANDS

BLACKBODY CONSTRAINTS / DERIVED REQUIREMENTS (SPEC 151790)
o FULL APERTURE ILLUMINATION FILLING 46 IFOVS ALONG-SCAN

o LIMITED PACKAGING VOLUME PRECLUDES TRADITIONAL CAVITY DESIGN

e EFFECTIVE EMITTANCE > 0.992 AND KNOWN TO WITHIN 0.004 FOR
INSTRUMENT VIEW ANGLES OVER 3.5 - 14.4 um

e EFFECTIVE TEMPERATURE KNOWLEDGE < 0.1K OVER 280K TO 320K
o TEMPERATURE SENSORS' CALIBRATION TRACEABLE TO NIST
o AMBIENT AND 315K TEMPERATURE CONTROL MODES

8/95
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V-GROOVE BLACKBODY
ACHIEVES HIGH EMISSIVITY

SANTA BARBARA

RESEARCH
CENTER

HUGHES

A HUGHES ELECTRONICS COMPANY

o BB SURFACE HIGHLY SPECULAR W/LOW REFLECTANCE (p) OVER3.5-144m
BEFLECTANCE & BRDF FOR ANODIZED ALUMINUM W/ THIN LAYER CTL15 PAINT

TYPE I 0 20°
————— TYPE M © 60* e
--------- TYPEH @ 20° DTN -

- TYPEI @ 60 a

WAVELENGTH (MICRONS)

1.00€+04 7
1.00E403 T
1.00€+02 {

1.00E+01 L

BRDF (1/sr)}

1.008-02 T

1.006-03 T

1.00£-04

OARDAS MODEL PREDICTS EMISSIVITY OF SINGLE CAVITY

PREDICTIONS FOR MODIS VIEW ANGLES (4 reflections min)

S AND P POLARIZATIONS TREATED SEPARATELY
REFLECTANCE DOMINATES SCATTER AS CONTRIBUTOR
WORST CASE REFLECTANCE VALUES USED

PERFECT CAVITY GEOMETRY ASSUMED

DIFFRACTION EFFECTS NOT INCLUDED

1.00E+00 T

..
o
11
m
=4

AOI
WLN

: 30 ¢
: 3.39 ym

+

== TYPE W/ CTL1S PANT

—O— TYPEN W/ CTL1S PAINT

-55.00 4

PREDICTED Ecavity

(WLN

TYPEI

j

TYPE Il

4um

.9991

.9991

\14 um

9971

9957 y

204d

2441 4
33.63
50.00 +

+
S -] [t b4 (.3 [
%] " A a a
«~§ o ~ ~
- -

V-GROOVE CAVITY
8/ 95




(

L

REFLECTANCE 2-15pum

PROCESS ENG MODEL PF MODEL
SUBSTRATE 1100 AL ALLOY 1100 AL ALLOY
MATERIAL
SUBSTRATE WIRE EDM WIRE EDM
FORMING
FINISH HAND POLISHED T0 4 HAND POLISHED T0 600
uINCH RMS GRIT LEVEL

ANODIZE TYPE 11 (0015 " THICK) W/| TYPE Il (.0023 " THICK) W/
HOT WATER SEAL HOT WATER SEAL

POST-ANODIZE | HAND POLISHED TO N/A (TO HARD TO POLISH)
REMOVE SMUDGES

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

POST-PAINT HAND POLISHED TO HAND POLISHED TO
REMOVE 'ORANGE PEEL' | REMOVE 'ORANGE PEEL'
AND DUST AND DUST

ENVIRONMENTAL| VACUUM BAKE AT VACUUM BAKE AT

EXPOSURE 60° C FOR >48 HRS 60° C FOR >48 HRS

EVALUATION OF | VISUAL @ 50X TO 200X | VISUAL @ 50X TO 200X

SAMPLE PIECES | BRDF @ 3.39 um BRDF @ 3.39 um

REFLECTANCE 2-15um

SANTA BARBARA RESEARCH CENTER
a subsidiary

BLACKBODY
SURFACE
FINISH:

EM VERSUS
PFM

8/ 95



A HUGHES ELECTRONICS COMPANY

BB TEMPERATURE PROFILE
DEMONSTRATES HEATER CONTROL I '*fz::::::

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

—0— TP_BB_03 —O— TP_BB_04 ~—O—— TP_MF_CB_SR —#— |R_BBA_CUR

0 5/4 22:25 BB Htr ON;  5/5 01:33 Temporary MODIS OFF; 5/6 04:36 BB Hir OFF

.0
N A B B 2
Inadvertant BB Htr ON after OASIS crash
315 0 —~ 1.8
ﬂ( Other actlvity:
310 ] * CFPA @ 88K 1.6
f §; « BCS AT collects
305 é, 14} 1.4

g

e
b
N

3
=]

Temperature, K
3
(¢ ]
i
—
—8
ey
>
BB Heater Current, A

Pl
o
(-]

285 >0.6
/ N o
280 Lm X 04

ORI mrmmmm(m([ ]
275% s et 0.2
270ﬁ -L IHL 'Li—_—‘-'h—r-l-——-l-l-! 0.0
8 8882888888888 ¢8¢28 8888888888 8
ﬁ886883388882:$‘-‘.‘1’.‘5£2.’:;‘9?’-8&%&38
S I R R EEEEEEEE R

MODIS EM TV@: 5.04-05/85 bb t profile.a Chart 1



PFM BLACKBODY
BUILD STATUS

= HUGHES
CENTER RIRCRAFT

. A HUGHES ELECTRONICS COMPANY

¢ 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 1l (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
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THERMAL MEASURE SPECULAR
CONDUCTIVITY OF REFLECTANCE OF SURFACE s{,‘:,?fé’:&é:ﬁﬁg o m
SURFACE COATING OVER 3.5 um to 14.4 3.99 um
COATING um SPECTRUM SANTA BARBARA RESEARCH CENTER
a subsidiary
TEMP SENSORS ‘ l
CALIBRATION y
TRACEABLE TO PREDICT EMITTANCE OF THE
NIST V-GROOVE CAVITY UsING | COMEORENT
ANALYSIS / GEOMETRY, REFLECT, & SUESETISE[EM
BRDF IN OARDAS MODEL
MEASUREMENT OF
ERROR MEASURE V-GROOVE
| [wmemevawoe | ICHARACTERIZATION
TEMP SENSOR USING GOLD COATED
MEASUREMENT INTEGRATING SPHERE I CA LI B RATI O N
ACCURACY
PREDICTION NIST
MEASUREMENT USING
' ABSOLUTE
OBC BB THERMAL RADIOMETER
DEVELOPMENT AND
MODEL FOR MODIS
INFLIGHT | VERIFICATION OF SUBSYSTEM LEVEL
CONFIGURATIONS OBC BB SYSTEM LEVEL
AMBIENT AND 315 K RADIOMETRIC MODEL

OBC BB CALIBRATED AGAINST VARIABLE TEMPERATURE BCS AND
SVS USING MODIS AS TRANSFER RADIOMETER FOR ALL MWIR AND
LWIR SPECTRAL BANDS - AMBIENT AND THERMAL VACUUM

o 8/ 95
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CONVERSION OF RESISTANCE

TO DIGITAL NUMBER

et HUGHES
CENTER AIRCRAFT

A HUGHES ELECTRONICS COMPANY

DN Deviation from Average

2.5 —r

2.0

1.5

1.0 +

0.5 4

0.0 4

0.5 WY

1.0
1.5 +

2.0 4

-2.5 -
5-May

Long Term Stability of Conversion from Ohms to DN

v}"t‘:’;f

l‘\.‘,
!f{r

6-May

a U

Vr?\!’“ﬂ fiiy dn}; 1'

!

7-May
Date

8-May 9-May

Standard Deviation of 30 samples

3.5 -1-

2.5 +

1.5 -

0.5 1+

Short Term Stability of Conversion from Ohms to DN

46828 O

5-May

] ¥
7-May 9-May

Date

¥
6-May 8-May




OBC TEMPERATURE
CAL'BRAT'ON U HUGHES

RESEARCH
CENTER AIRCRAFT

A HUGHES ELECTRONICS COMPANY

Profile of Adjusted Temperatures Long Term Temperature Consistency

320.00 " 5 0.50
[}
3 ou #
e ke s N == #2

310.00 + ° 0.30
O | 400 | i1 I AN N I #3
3
:'-. 0.20 —————— 4
2

300.00 + E 0.10
A

x e 0.00

g »7

290.00 4 i 010 SRR 1 M L. peeypertrer P el T ] e "8
Eo2o K] @ NN b e o
2
- —————- 10

280.00 <+ £ .0.30
2 —-e—-e- "
-]
3 -0.40 "2
a

270.00 } | -0.50

5-May 6-May 7-May 5-May 8-May 7-May
Date Date




DETERMINING OBC EMISSIVITY
FROM BCS RADIOMETRY

eivd HUGHES
o CENTER AIRCRAFT

A HUGHES ELECTRONICS COMPANY

Response

2740

N
~
g
(=]

2720

2710

Example Emissivity Calculations
(Band 28, Channel 3)

-------- B8cs Fit
OBC Data
° OBC Average
BCS to Match
OBC Radlance with "real* e
OBC Radiance withe = 1.0
LS L) L
0.08 10.00 10.02 10.04 10.08 10.08

Radlance

Calculated Emissivity

1.004

1.002

1.000

UAID 397 corrected -0.30 °K

0.988 -

0.998

0.994

L
Ll

B 10 12 14

Wavelength (um)
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Solar Diffuser Pre-Flight
Characterization

Jim Young
"
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sogmarmen |
e HUGHES
CHARACTERIZATION

BRDF (01, Os, ) Measurement < — BROF
of Spectralon Solar Difkiser evelopmento :
0 1- OverSolar Incident Angles Mea:‘udr?‘t;:; g;'p abllity
0s - OverMODIS View Angles }4 ™ o9y
A-0.4t02.3um 1
VALIDATION Round Robin
Measure Exercilses wRhNBT,
Trangmission RIT, NASA GSFC,
of 8.5% SOLAR Total inte MISR (JPL)andSBRC
grated A
Attsect:gon DIFFUSER Scatier Measurement '
RADIOMETRIC TISO LA
L »| _moDEL Diffuse
Reflectance
Samples
______ | — _ COMPONENT CHARACTERIZATION _ _ _ __ _
SUBSYSTEM/ SYSTEM LEVEL CHARACTERIZATION
2.0 Trans
Sinufta U of
Irrgilgrrwe Transer | sis — |5OM | e— Screen "l;leasnuelg::nt(s) A
Standard (1) !
‘ Sola
Diffuser| W &WO 85%
or Trans Screen
SOLAR f Earth's
DIFFUSER MODIS Samme [—— Atmosphere
!
08/95

95-0392/14-2
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vy, CHARACTERIZATION NEEDED
MgDIS FOR STANDARDIZATION
N\ 7 BETWEEN SENSORS

pevd HUGHES
CENTER AIRCRAFT

A HUGHES ELECTRONICS COMPANY

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/ OSC
« Candidate materials: pressed halon, sintered halon, Spectralon,
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: 13.5° + 2°

Incident angles: 53° to 63°

08/95
95-0392/14-3
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TWO OPTIONS FOR
CHARACTERIZATION | HUGHES

A HUGHES ELECTRONICS COMPANY

» Option I: 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 lI: Use NIST irradiance standard
« Quartz halogen lamp illuminates solar diffuser via refractive collimator
« Refractive collimator operates at /3 to /5
« Collimated source is calibrated via NIST irradiance standard / halon diffuser
« Solar diffuser illumination AOIl= 58°
- Logistics of option Il not as formidable as Option | but still not trivial
« System level test is required to validate calibration

08/95
95-0392/14-4
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AIRCRAFT
08/95
95-0392/14-5

A HUGHES ELECTRONICS COMPANY

CENTER

v HUGHES
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I

o
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. -
30" BASE HT.

Elevation Section / South V

B32 RECEIVING ROOM

14'-WIDE DOOR
ROLLED UP 8 FEET
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RADIANCE LEVELS

A HUGHES ELECTRONICS COMPANY

OPTION Il AVAILABLE SNR AND

» SNR are adequate for good radiometric calibration

Band | Ac (nm) SNR | Lcal/ Lmax
8 412 191 0.06
9 443 301 0.11
3 469 140 0.03
10 488 615 0.24
11 531 948 0.43
12 551 1433 0.63
4 555 323 0.08
1 645 334 0.09
13 667 6408 2.09
14 678 8618 2.23
15 748 4581 3.07
2 858 716 0.31
16 869 7352 5.52
17 905 1483 0.48
18 936 1398 0.35
19 940 1476 0.47
5 1240 966 0.64
26 1375 1495 0.67
6 1640 1573 0.60 05030028
7 2130 2303 0.95
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SOLAR DIFFUSER STABILITY MONITOR *
(SDSM)

{5
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SDSM TRACKS CHANGES IN l o HUGHES|

CENTER
A HUGHES ELECTRONICS COMPANY

REQUIREMENTS

SOLAR DIFFUSER

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

STABLE DESIGN

e Sun shall provide reference

e Solar and Diffuser radiant energy shall be
measured similarly

e Solar reference signal shall be insensitive to
variation In solar angle of incidence and/ or
be correctable.

DESIGN CRITERIA

¢ 9 narrow bandpass filtered Silcon detectors located in
integrating sphere

e Three position fold mirror to view:
Sun; Diffuser; DC Restore

o Lens at entrance port spreads solar and diffuser
illumination similarly over sphere cavity wall

e 2% transmitting screen to attenuate direct Solar irrad

e Square entrance aperture resuits In a predictable near-
cosine varlation in effective screen transmittance with
varlation In Solar AOl. Aperture dimensions are an
interger multiple of screen's hole spacing.

PERFORMANCE CRITERIA
o Detector SNRs > 400 for both Solar and Diffuser views
e Bandpass filters distributed across 0.4 to 1.0 ym

e Measurement error due to Out of Band contribution shall
be < 0.2% over range of allowed Diffuser degradation

8/95
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SDSM SNR
IN WORST CASE SIMULATION

e HUGHES
CENTER AIRCRAFT

A HUGHES ELECTRONICS COMPANY

Selected Model Parameters
Predicted SDSM SNRS (Single Sample) Solar AOI: 63°

Screen Transmittance:1.33%
Filter Transmittance: 70-92%
5,000 T Mirror Reflectance: 88%

Lens Transmittance: 92%
Spectralon Reflect.: 97.7-98.3%
o 4,000
g
§ 3,000 Band (nm)
z Center | BW
+ 2,000 - 413 15
] 469 | 19
o
, |
S SNR Requirement > 400 644 | 49
0 - " ; r : —+ : = | 749 10
413 469 534 558 644 749 861 905 939 861 37
Wavelength (nm) 905 30
939 47
—=— SNR, SUN —©— SNR, DIFFUSER (high albedo)
8/95



SDSM FEATURES

A SIMPLE DESIGN wd HUGHES
CENTER AIRCRAFY
2" SPECTRALON SIS APERTURE MASK
APERTURE MASK K
TO SOLAR DIFFUSER DETECTORS MOUNTING
STEPPER FLANGE
MOTOR STEPPER
3 MOTOR
: 86—
@
® |. °
i
LPORT TO SUN ¢ o
G
| PREAMPLIFIER—_ SQUARE '-POINTING
PREAMPLIFIER ELECTRONICS ~ CARDS  SUFRASIL™  “sTop ™ mIRROR
| HOUSING
PERSPECTIVE DETAILED CROSS SECTION




SDSM BUILD STATUS

1 HUGHES
CENTER ATRCRAFT

A HUGHES ELECTRONICS COMPANY

e Material status

— More than 85% of components needed are in house

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

e Remaining components due by 15 Sep

e 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)

22¢



SDSM BUILD STATUS

(cont)

1 HUGHES
CENTER AIRCRAFT

A HUGHES ELECTRONICS COMPANY

* Subassembly status (cont)

— Amplifier Assembly (P/N 405525) Planning released

* Dry run of Spectralon™ cleaning procedure and UV exposure
test week of 28 August

nNe
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SPECTRAL TRANSMITTANCE AND
REFLECTANCE MEASUREMENTS

o BANDPASS AND BLOCKING FILTERS Transmission
Detector of 2% SANTA BARBARA RESEARCH CENTER
e SUPRASIL LENS Responsivity A“;;::"""" a subsidiary

o POINTING MIRROR

® SPECTRALON THR

COMPONENT MEASUREMENTS

SDSM

NIST Transfer ‘8‘;’,;'3,',’ SDSM PER FORMAN CE
PSS Ty i RADIOMETRIC VALIDATION &

MODEL

CHARACTERIZATION

RADIOMETRIC PERFORMANCE (AMBIENT ONLY)
e SET GAIN & OFFSET OF DETECTOR CHANNELS
¢ SNR MEASUREMENTS
e CHARACTERIZE RADIOMETRIC PERFORMANCE

SOLAR
IRRADIANCE
VALUES

SDSM SUBSYSTEM CALIBRATION
SYSTEM LEVEL SOLAR CALIBRATION (under consideration)

2.0% Trans Simultaneous U of A
Screen | Measurements
SDSM |- :
t Solar ;
Diffuser | W & W/O 8.5%
' Earth's

Dltxser ';rrans Screeni Atmosphere <_@
Sample '

CHARACTERIZE SDSM PERFORMANCE AND RADIOMETRIC RESPONSE

8/95
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SPECTRORADIOMETRIC CALIBRATION ASSEMBLY
(SRCA)
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SRCA IS A MULTIMODE Wt HUGHES

RESEARCH

CAL'BRATOR CENTER AIRCRAFT

A HUGHES ELECTRONICS COMPANY

CALIBRATION MODES
¢ RADIOMETRIC

® SPECTRAL
¢ SPATIAL

COLLIMATOR
ASSEMBLY

SggEACYEI MONCHROMATOR/
ASSEMBLY RELAY ASSEMBLY

8/ 95
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SRCA ADDRESSES IN-FLIGHT

l

REQUIREMENTS w4 HUGHES
CENTER AIRCRAFT
A HUGHES ELECTRONICS COMPANY
4 TOP I
CALIBRATION |BNDS| REQUIREMENT MET BY....
5% (10-) F A TERI
ABSOLUTE * PROVIDE SUITABLE MODIS SIGNAL LEVELS, STABLE TO
RADIOMETRIC! VIS/ (SRCA i <1% OVER ORBITAL PERIOD (100 min)
s one
NIR/ | 2 mponent ( CALIBRATION | BANDS | SNR )
SWIR of multiple RADIOMETRIC | VIS/NIR/SWIR | >500
o etho d‘; ) SPECTRAL | VIS/NIR/SWIR| >100
SPATIAL ALL >150
o ALONG SCAN RETICLE
SPATIAL ALL 0.2 IFOV KEs w/ Phase Delay of Detector Sampling to Measure Centroids
BNDS| (Goal: e ALONG TRACK RETICLE
0.1 IFOV) 8 Phased KEs (8 Different Detectors Sampled per Band)
¢ REPEATABILITY OF SPECTRAL BANDPASS CENTROID
MEASUREMENTS TO SPECIFIED PRECISION
SPECTRAL |vis/ |Accuracy (1slg): Self Calibration of Spectral Output
(shift of NIR/ |1.0nm e (win/412)| SYSTEM LEVEL CALIBRATION
band center |SWIR | Bereat (1sig): e CORRELATION W/ FULL APERTURE MODIS GROUND CAL FOR
wavelengths 0.5 nm ¢ (win/412) ABSOLUTE REFERENCE (RAD, SPATIAL & SPECTRAL CAL)
below 1.0 um) ¢ PERIODIC RADIOMETRIC CALIBRATION UPDATES
\_ Correlation with SD/SDSM and Ground Truth Calibration of MOD§

: 8/95
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SRCA RADIOMETRIC
CALIBRATION LEVELS

LAMPS USED IN RADIOMETRIC

CALIBRATION SNR PREDICTION

.

AVG LAMP POWER: 12.0 W
* = 25% ND FILTER USED

B 1 wan, 2150 K

3 10 wan, 2670 K

0 14 ~ [ © -] o
n 4 © ~ < w0 o
("] © © w ~ © L]

.« e .
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e HUGHES

CENTER AIRCRAFT

A HUGHES ELECTRONICS COMPANY

SNR RADIOMETRIC CALIBRATION

PREDICTED SNRs ARE
SINGLE SAMPLE VALUES
4
SPECIFICATION 151788: SNR>500
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SPATIAL CALIBRATION
SIGNAL LEVELS 1 HUGHES

CENTER AIRCRAFT

A HUGHES ELECTRONICS COMPANY

NUMBER OF LAMPS

SPATIAL CALIBRATION SNR

SNR VALUES ARE SINGLE SAMPLE VALUES CALCULATED FOR

LAMPS USED IN SPATIAL CALIBRATION 4000.00 T TRANSMISSIVE PORTION OF RETICLE FILLING DETECTORS FOV.
3500.00 |  ETCHED NICKEL PLATED, BERYLLIUM COPPER SUBSTRATE
- : USED FOR BOTH ALONG - SCAN AND TRACK RETICLES
3000.00 1  VISNISWIR: SIS LAMPS
AVG LAMP POWER: 162 W 2 . MWIRLWIR: 360 K THERMAL IR SOURCE
3 1l MEASURED DICHROIC TRANS/REFLECT VALUES USED
- oA B 1 watt, 2150 K g 2500.00
[J 10 watt, 2670 K Z 2000.00 +
o
-
g 1500.00 +
(7]
H 1000.00 -
m'oa m‘-;-'—:m m:hmwmmmwoomoo 500.00
* W O M W W T O N % WO O MY €N €O 151788 SPECIFICATION: »150 SNR
* W ¢ W oW W W W W ~S O D OO0 0N MY
T T e 0.00 +—F——+—+—+—+—t———+—+—+—+—+———+—+—+—+—+F ]
WAVELENGTH(ﬂm) NODODOD =D DOAINOOOWOOONDHIOWWIIWOO O I W I W
-vwconnnlnvwl\vmwomvvr\vnmmmmwwrwmmnt\nmnnm
vvvvmmmwmwnmwmomwnw-—hmmovmv\nmhoomwmw
T rrNOOOTETTONDDETNMOM
BAND CENTERWAVELENGTH (nm)

« SRCA PERFORMS IN-FLIGHT SPATIAL
REGISTRATION OF FOCAL PLANES ONLY.
NOT ALL BANDS WITHIN A SINGLE FOCAL
PLANE REQUIRED FOR REGISTRATION.
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SPECTRAL CALIBRATION
PERFORMANCE HAS MARGIN

vl HUGHES
CENTER AIRCRAFT

A HUGHES ELECTRONICS COMPANY

LAMPS USED IN SPECTRAL CALIBRATION SPECTRAL CALIBRATION SNR
1 . AVGLAMP POWER: 17.0 Watts 100
. ’ 7] PREDICTED SNRs ARE
o B 1 Watt, 2150 K Q |, | SNGLESANPLE VALUES
§ 2~J N0 1 [ {010 wat, 2670 o
% 3 B 100 b A
s E SPECIFICATION 181768: PEAK SNR> 100
w ]
@ 1.1 7]
= H H ” ” ” F’ ﬂ H ” ” “ ] 10 REQUIREMENT WILL BE MET USING
z g MULTIPLE DETECTOR SAMPLES
0. . I 1 ]
. SIssgEEISONEILIEIRLLYl
WAVELENGTH (nm) : i WAVELENGTH (nm)
SPECTRAL RESOLUTION PREDICTED PRECISION OF
COMPARED TO MODIS FWHM CENTER WAVELENGTH DETERMINATION
30.0 1 — — SPECIFICATION 151788: SSW <30% MODISFWHM_ _ _ __. 2 NO SPEC FOR
e SSW = SPECTRAL F 1.8 WAVELENGTHS > tum
§ s 2.0 :;';'" £ 1e B PREDICTED (- 3 sigma)
2 1.4
§§ 20.0 E "2 (] SPECIFICATION (1 sigma)
TS 150 5 1
g; 10.0 5 0.8
. 0.6
8.:3 5.0 ] & 0.4
n> c 0.2
0.0 [}
3385583502 8888 88§88
- e = N - - -~
WAVELENGTH (nm) WAVELENGTH (nm)
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IN-PROGRESS 10/ 10/ 95

SRCA PROTOFLIGHT MODEL

9/ 21/ 95

N
W
s

‘ IS ASSEMBLY WELL UNDERWAY -1 HUGHES
e —
SLIT RETICLE MONOCHROMATOR IR SOURCE COLLIMATOR
ASSY HOUSING ASSY ASSY
P/N 405380 P/N 405446 P/N 405485 P/N 405455
COMPLETE COMPLETE l 10/1/ 95 IN-PROGRESS | 1/17/95
OO ONATOR .
P/N 405444 MONOCHROMATOR ASSY
L ASSY Y P/N 405400
P/N 4 —
/N 405393 MONO/SOURCE 12/ 12/ 95
IN-PROGRESS 10/ 11/ 95 ASSY
GRATING/MIRROR/
MOTOR ASSY , _ P/N 405445 T
. P/N 405401 _ _| SOURCE/RELAY A 10/ 31/ 95
Eng Mod completed  MIRROR ASSY PERFORM
- used as placeholder P/N 405435 VERIFICATION
IN-PROGRESS 9/ 26/ 95 9/21/95 1/17/ 95
KEY:
Vst SWA'§§$ URCE FILTER WHEEL ELECTRONICS
TASK/ASSY P/N 405495 ASSY Motor Cntrir PWB
é'rezdﬁo;rd_co_mﬁle_t'ef P/N 405475 Detector Amp PWB
STATUS DUE DATE

9/ 15/ 95
8/95



SRCA SLIT/RETICLE S HUGHES
MOTOR ASSEMBLY

95-8-102

P/N 405380 MOUNTED IN ALIGNMENT FIXTURE

- 232



RESEARCH

MIRROR ASSEMBLY

A HUGHES ELECTRONICS COMPANY
95-8-101

SRCA MONOCHROMATOR W] HUGHES

MIRROR ASSEMBLY MIRROR ASSEMBLY WITH
P/N 405444 ALIGNMENT FIXTURE



SRCA MONOCHROMATOR
ASSEMBLY

SANTA BARBARA
RESEARCH H U G H ES
CENTER AIRCRAFT
A HUGHES ELECTRONICS COMPANY

95-8-103

P/N 405393 IN-PROGRESS ASSEMBLY WITH
ALIGNMENT RETICLE



SANTA BARBARA
RESEARCH
CENTER

HUGHES

AIRCRAFT

A HUGHES ELECTRONICS COMPANY

INTEGRATING HALOGEN LAMP
SPHERE ASSEMBLY AND HEATSINK .




PERFORMANCE

A HUGHES ELECTRONICS COMPANY

VALIDATION OF SRCA |

VIS/ SWIR PERTURBATIONS Spectral Tomp SRCA MWIRLWIR Tomp
SIS _ (Temp, .':.niﬁ:;’ Mirror Trans/Reflectance Sensors - Source Bl | Controller
Measurements
r—y 3w~~~ ~——~—— m (Mirrors & Filters) MWIR/LWIR TEMP CONTROL MEASUREMENTS
' (SUBASSY & ASSY; AMBIENT & VACUUM)
I'| smca SELF_CALIBRATION| !
| | . Mono- 1" pidymium Filter | |
| Chromator| Reference Detectors
—_———t - — = = = - -— - . Standard Halon | g NIST Irradiance
Y * Detector l’ Diffuser Standard
DOUBLE resent Measure
MONO- R"",:(’,‘,‘,“,s’ tive Transmittance SRCA Lamp
CHROMATOR Filters of Didymium Mono- |g—| vis/SWIR |« Controller
Glass Filter t chromator SIS Constant |
Constant L
| —p»i REFERENCE | o |
DETECTOR ViS/SWIR SOURCE RADIANCE & STABILITY
e RADIANCE & STABILITY (SUBASSY & AMBIENT ONLY)
SPECTRAL PERFORMANCE (ASSY & AMBIENT ONLY) e STABILITY W/ SRCA DETECTORS (SUBASSY & ASSY;
¢ CORRELATE SELF-CAL WITH SPECTRAL OUTPUT AMBIENT & VAC)
e VERIFY REPEATABILITY OF CENTROID MSRMENT
e CHARACTERIZE OUTPUT (BW, STRAY LIGHT)

SRCA
SPATIAL

SRCA
RADIOMETRIC
MODEL

REGISTRATION
MODEL

Characterize
Responsivity of
Self-Cal Detectors

8/95



SRCA WILL BE CALIBRATED AT
MODIS INSTRUMENT LEVEL

SANTA BARBARA H H S

A HUGHES ELECTRONICS COMPANY

® CALIBRATION (AMBIENT & VAC ): SRCA CALIBRATED AGAINST GSE STANDARDS USING MODIS AS TRANSFER

® PERFORMANCE VALIDATION (AMBIENT & VAC): SIGNAL LEVELS, RADIOMETRIC STABILITY (SHORT TERM),
REPEATABILITY OF SPATIAL AND SPECTRAL CENTROIDS

SRCA |—» MO]PS SACA |———»-| MODIS
NIST | Transfer SIS Reglsiratlon GSE
'gtaa(:“g:f: ] (100) Reticles | Calibrator
RADIOMETRIC CALIBRATION SPATIAL CALIBRATION
SRCA |——»-| MODIS

GSE
Transfer
Emission Double Mono-
Lines | > chromator
SPECTRAL CALIBRATION
8/95
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