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What is NPP?

The National Polar-Orbiting Operational Environmental Satellite System (NPOESS)
Preparatory Project (NPP) is a joint mission involving the National Aeronautics and
Space Administration's (NASA) and the NPOESS Integrated Program Office (IPO).
What is NPOESS?

The National Polar-orbiting Operational Environmental Satellite System (NPOESS) is the
next generation of U.S. low earth orbiting environmental satellites. The NPOESS will
replace both the NOAA Polar-orbiting Operational Environmental Satellite (POES) series
spacecraft and the US DOD Defense Meteorological Satellite Program (DMSP)
spacecraft series.

What is the NPOESS Integrated Program Office (IPO)?

The NPOESS IPO was established to provide combined agency management of NPOESS.
The IPO organizationally resides within the US Department of Commerce, NOAA,
NESDIS and is staffed with personnel from the Department of Defense, Department of
Commerce, and the National Aeronautics and Space Administration (NASA).
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NPP Instruments / Objectives

e Visible / Infrared Imager Radiometer Suite (VIIRS)
— Replacement for AVHRR/3, OLS, and continuation of most MODIS measurements
— Carries the majority of the NPOESS Environmental Data Records (22)
e (Ozone Mapping and Profiler Suite (OPMPS)
— Collects total column and vertical profile ozone data
— continue the daily global data produced by SBUV)/2 and TOMS
e C(Cloud and Earth Radiant Energy System (CERES)
— Measures reflected shortwave and Earth emitted radiance in 3 bands
— three broadband radiometers that scan the earth from limb to limb
e Advanced Technology Microwave Sounder (ATMS)

— ATMS provides high spatial resolution microwave data to support temperature and
humidity sounding generation in cloud covered conditions

— Combines the current operational microwave sounder elements into a single sensor
e Cross-track Infrared Sounder (CrlS)

— Provides AIRS resolution and band pass top-of-the-atmosphere radiance for
temperature and water vapor profile retrievals

— Secondary products are total column ozone and pressure profile

™
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ATMS & CrlS work together to provide soundings in cloudy and clear
conditions.
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AVTP Retrieval Algorithm Overview

318 B7 12.50 10.00 8.23 I.I‘I 4 B.2‘:":Vave'ength wm IASALI.‘:.‘: 4.I‘I i 3.85 3..7_}! 3.’3"3-.‘40
e . AIRS/CrIS | T |
i ; e SIS I
s0aF nmE 1 GOFS.—FngBr Bands co ul il = 7300
%?&CI—mz I N2°4 280
Ho
240 O: 240
02 _|-
20 . . . . . . L ,HZO . . . . . . . . . . . . .
|Z) . [~{eu] . 200 1000 1200 1400 Wavenumber (Cm-l) FA00 2A00 2800 3000
First guess - MW retrieval only .
*Scene classification
MW used for cloudy solution
F IR and MW maximum likelihood
| inversion minimizing a cost function
- Tel/Q o To-1/vy
(R-R)"Sa(R-R)+(X-X,) S}(X-X,)
- J EDR:
ATMP - Atmospheric Vertical 0
Temperature Profile S T | S S
MW - weighting functions MW RT: OSS microwave routine IR TP-weighting funqions
= IR RT: OSS infrared routine  (
Dynamice 11/30/2008 6 MNP@ESS
Ity W W Poundatlem  Reytheen rasa




ATMS Instrument Status

e ATMS FM1 has completed Thermal Vacuum testing and has
been delivered to the spacecraft for integration.

e PFM Qual, Environmental and Calibration testing was
completed in October 2005
— Met NEDT requirements for all 22 channels
— Met calibration accuracy requirements for all 22 channels
— Met Beamwidth/Efficiency requirements for all channels
— Nonlinearity waiver has been accepted
— Temperature-dependent nonlinearity of channel 2
e On-orbit effect expected to be ~0.1K as cold plate regulated to within 2K

e \Watch Items

— Characterization of sidelobe contamination

— Potential need for SDR modification to handle temperature-
dependent linearity correction

1) Space Dynamics 11/30/2008 7 NP@ESS

nnnnnnnnnnnnnnn .\‘ 0OC » DoD
Utah Btata U Ity W P datlem | maytheen MASA




CrlS Instrument Status

e CrIS FM1isin Thermal Vacuum testing and has successfully
completed most tests
— Vibration& EMI tests (workmanship shake after TV remains)
— FOV Shape / Coregistration
— ILS / Spectral Accuracy
— NEDN
— Short Term Repeatability
— Long Term Repeatability

e Radiometric uncertainty and linearity testing on going

e Expected to ship to the spacecraft for integration testing in
early December, 2008

"1 Space Dynamics 11/30/2008 g NP@ESS

nnnnnnnnnnnnnnn .\‘ 0OC » DoD
Utah Btata U Ity W P datlem | maytheen MASA




Obs-Calcof t

Obs-Calcof 1

.f;\l
*.;r

°-f.\:

= 05

0.05

O

-0.05

CrIS FM1 Spectral Calibration

1|,

NWJ\I\J}H/‘ r.ld }J”WJ i

=

Tal '\ﬁlll\n [’ ‘.I'I_.‘, \'.lfll-hﬁ' N‘uv T

"7~y Cal Region
T

\
h ;Jrll }N,\f“u;w W

i

¢

'\'\""‘f":\r“: IlJ\"r;,\ NI i

650

0.9

0.8

0.7

0.05

-0.05

700

750

Wavenumber (cm™)

1

2380

Space

A L ABDRATORY
Utah Btate U

2420
Wavenumber (cm)

Ity W

datlon

2460 2500

11/30/2008

2540

Obs - Calcof r

1 sz AR e ;U f“\gn.,\'n ul'".l f\‘ulr\ N "I.\.\... “\." AN 'F’ \,A\lﬂ P\ f" o ,u,llr ”\ o =]

\ :
= 05 : 1] .
0 B 1 1 1 L 1 1 L 1 l ]

0_05 T I L] T L} L] T L] l
0 '.‘“.';\a"-"_'\f"‘_-'\,'(‘.,'v“r.""'\r"\"f‘f\:".f"_'\-’u '-."‘."-_:"\"._n"'\" \"‘.""'.f\.'U"rlv’ Wananardma i N Anniede '.'\*'-"'J‘i"" e

_005 I 1 l L L J 1 1 1
1200 1260 1300 1340 1380

Wavenumber (cm™?)
Conclusions
CrlS frequency calibration using the Neon lamp worked

extremely well in TVAC.

~ I ppm accuracy at a single operating temperature with
only 2-3 adjustable parameters (x, y, Neon Cal).

Measured CrlS ILS widths also appear to be extremely
accurate, well within specifications.

From: Strow, Motteler and Hannon. Pre-Launch Spectral
Calibration of the CrlS Sensor on NPOESS/NPP. CALCON
2008. Logan, UT, USA, September 10, 2008.
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CriS NEDT Comparison

AIRS, CrIS, IASI (NOTE: CrIS and IASI noise is spectrally correlated)
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CrIS Calibration Processing

Calibrate Spectra
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Courtesy of ITT

CrlS Level 0 to Level 1B processing is provided by the Sensor Data Record (SDR) process

— SDR algorithm is being developed by ITT in parallel with the sensor
— Sensor performance processing during T/V is being analyzed using the SDR process software

e Current SDR process is being updated to contain non-linearity correction
Current T/V data collections are addressing non-linearity and absolute calibration
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CrIS is the 3" Hyperspectral Sounder
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Cal/Val Process

NPP Mission Phase

Pre-launch Sensor

Characterization, SDR
Algorithm Testing and
Product Development

| Launch and
Sensor Activation

NGST, ITT
UWisc, SDL, U
Maryland, MIT,
IPO/NOAA
Raytheon (RIS,
IDPS),
Aerospace

Sensor LUTs from
FM Testing
including SDR
algorithm updates
and analysis
software, ROPs

Team Components

NGST, ITT, NASA

Team Products

First Light
Spectra

Space Dynamics
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NPP CrIS SDR C/V Team

NGST/Raytheon/ITT

IPO/Govt

Function / Leads

Denise Hagan (NGST)

Gail Bingham (SDL)

Instrument Verification
Radiometric Cal
SST Comparisons
Radiosonde Comparisons
Cross-Platform Comparison
Model-to-Instrument
Geolocation

Denis Tremblay
Chunming Wang
Denise Hagan
Gene Kratz
Giovanni De Amici

SMEs

Dan Mooney (Lincoln Labs)

Hank Revercomb, Dave Tobin and Bob
Knuetson (UW SSEC)
George Aumann and Tom Pagano (JPL)
Larrabee Strow (UMBC)
M. Esplin, C. Fish, G. Cantwell,
V. Zavyalov, N. Pougatchev (SDL)
Chris Barnet (NESDIS/STAR)

ATMS Interface

Giovanni De Amici

Bill Blackwell (Lincoln Labs)
Edward J. Kim (GSFC)
Lynn Chidister (SDL)

Sensor Support

Joe Predina, Glenn White,
Dave.Jordan,
Lawrence Suwinski, Ron
Glumb, Steve Wells and
Nathan Funk (ITT)
Farhang Sabet-Peyman,

Mark Esplin, Greg Cantwell (SDL)

SDR Operational Algorithm
Change Support
SDR ILS Updates

Denis Tremblay and AM&S
(Degui Gu, Xia-Lin Ma)
AER (Post-launch POC TBD)

Larrabee Strow (UMBC)
Dean Ferguson, Mark Greenman (SDL)
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Post Launch Cal/Val Task Summary

Cal/Val Phase Requires
Related Sensor Benefit Ser? &Jor
Principal Category Sub-Category Task Network 1D#(s) Performance Sensor | Sensor SDR | Lona T from Air Lead / Backup
Requirement #s Activatio | Checkou . ong e.rm Campaian Ground
q n i Baseline [ Monitoring paig Campaign
CrlS Diagnostic Mode 1329, 1330, 905 X X X X No No ITT/NGC
857, 911, 913, 914,
Sensor Checkout Status | 910, 907, 1327, 1569,
and Trending New Task 1, New X X X X No No ITT/NGC
Task 2
Functional Performance 1322, 900, 901, 902,
CrlIS Activation 903, 904, 1324, 1325, X No No ITT/NGC
1326, 1328, 974
CrlS Telemetry
Parameters and RDR 1549, 1550, 870, 912, X X X X No No ITT/NGC
. 927
Status and Trending
Absolute Radiometric 1552, 870, 871, SDRP 3481, SDL /SSEC/
Uncertainty 935, 936, 1341 CSS 4589 X X X ves TBD NASA
Radiometric linearity 867, 870 CSS 835 X X X No No SSEC/ITT
. . . 1334, 1335, 1339, NGC/SSEC/
Radiometric Accuracy | Cross Comparisons 1344, 1557, 1553 X X Yes Yes STAR / NASA
864, 975, 1550, 1551
ICT Temperature s ’ ' ITT/NGC
Stability 1552, 1332, 870, 908, X X X X No No SDL / UMBC
New Task
Laser Wavelength 895, 862, 875, X X X No No ITT/UMBC
Spectral Accuracy 1333, 1342
Lo 868, 870, 924, 926, SDRP 7043, 884,
Spectral Calibration 933, 935, 1341 940, 944 X X X Yes TBD ITT/SSEC
. 925, 934, 929, SDRP 3731, 882,
Geolocation 1373, 1552 7019, CSS 1762 X X X No No NASA/SDL
Spatial Performance
CrIS FOV SDRP 3695, 3714,
Coregistration 869, 871, New Task CSS 1721, 1736, 1740 X X X X No No NGC/SDL

Space Dynamics AN
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Primary SDR Cal/Val Activities

Effort is designed to provide primary analysis and independent review
Unified government and industry team with aircraft and space FTS sensor

experience (GIFTS, MSX, NAST-I, S-HIS)

Plan includes significant use of WMO GSICS and CEOS calibration procedures

Time Difference Between Separate Overpasses of NPP and AQUA Satelltes

After a Simultaneous Qverpass Initialization
60

o
o

N
on

o
(=]
T

% < 3\days/ SN

Time Between Separate Overpasses (Minutes)
3]

Time Between Separate Overpasses (Minutes)
Ca
f=]

—
L

o
(=]
T

ey
o
T

[
o
T

—
o
T

Time Difference Between Separate Overpasses of NPP and METOP Satellites
After a Simultaneous Overpass Initialization

>80 days/S

VA

Time After Initial Simultaneous Overpass (Days)

AIRS to NPP SNO time delta

L L L I | L | L I | |
20 40 60 80 100 120 140 160 180
Time After Initial Simultaneous Overpass (Days)

CrlS to IASA SNO time delta

(Exact matches (1 Km, 1 Sec)

I._."..T.i n!y 11/30/2008

Ity W W dation




SDR Cal/Val Software Strategy

e The IDPS processing system is designed for operational data
delivery and is carefully configuration controlled.

e |t has no capability for the kind of look and see and try this
options required for Cal/Val data analysis.

e Earlyinthe program it was decided to develop two separate,
but limited capability systems to handle Cal/Val activities.

e These systems are known as NSIPS and GRAVITE and are
physically located in the NOAA NSOF for easy data access.
— NSIPS is an NGST/Raytheon-managed, off-line copy of the operational
process with intermediate product storage access
e Processes running in the operational environment

— GRAVITE (Government Resource for Algorithm Verification,
Independent Test, and Evaluation — Pronounced “Gravity”)

e |[PO-Data Products Division Linux based copy of the IDPS code
e Linux code available to Cal/Val partners for their “local” processing

"1 Space Dynamics 11/30/2008 17 NP@ESS

nnnnnnnnnnnnnnn .\‘ 0OC » DoD
Utah Btata U Ity W P datlem | maytheen MASA




CrIS SDR Development System Flow

SDR Preparation Process

ITT/Bomem
Windows™ based
Science code

—l ADA / NSIPS

GRAVITE
> Linux™ based

ATMS SDR
CrISSDR

SDR Calibration and Validation Process

GRAVITE

Linux™ based
ATMS SDR

Cal/Vval
Data CrlS SDR
Sets ¢

— ADA / NSIPS

e |TT-developed Science Code is the basis for IDPS development — provides
preflight SDR coefficients and instrument performance analysis

e Qur effort will validate the science and IDPS codes, before launch, using
AIRS/AMSU and IASI/AMSU proxy data

i NS
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Cal/Val Data Processing

Support
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GRAVITE Linux SDR Validation Tool

Input Data Sets Format Change S“Igg;'s"e GRAVITE-PRO xDR Tools EDRs
Synthetic
o ?77? Instrument Selection HTML User Interface
proxy ATMS ATMS
e Radiosonde APID Re-mapping > >
e ARS — SDR Remap
e AMSU
o |ASI Granule Construction _ cris n A — cg'gxs >
Eng & Bench SDR
Test Time-Stamp Insertion A CrIMMS
e ATMS L EDRs
¢ CrilSEDU3
i RDRs -

e CrlIS FM1 Lp»| | Packet Type selection Under GUI andlor scrpt
° ] control, the RDRs are

Synthetic Data processed to SDR and
Calibration & Augmentation EDR level products L
Config
e ATMS - ) .
. cCrls Time-Range Selection SDRs
e Geo Location

Packet-Length ~_

Mission Data Compensation

Support &

Standins Byte Order Correction

e Embedded SC
Diary

e Synthetic SC Perform documented set
Diary of actions using set of

° Synthetic format change tools to
Calibration convert Input Data into a

) Mission Data RDR set for

e Synthetic use with GRAVITE-PRO
Housekeeping tools

Flight SDRs

e ATMS

e CrlS

System input can be from
selected from Synthetic,
Proxy, Engineering Test,

11/30/2008
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Parameter Extraction Tools

ATMS RDR Channel
Extractor

HDF5 SDR Converter

HDF5 EDR Converter

ATMS SDR Channel
Extractor

CrlS RDR Ifg Extractor

CrlS Cal Param
Extractor

ATMS RDR Cal Param
Extractor

CrlS SDR Ifg Extractor

CrIMMS Param
Extractor

ATMS RDR HK Param
Extractor

CrlS RDR HK Param
Extractor

ATMS SDR Cal Param
Extractor

CrlS SDR HK Param
Extractor

Parameter Extraction tools provide for extraction for fine-grain selection of desired
Interferogram, Radiance, Housekeeping, Calibration , and Environmental profile
arameters for external visualization and analysis.
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Cal/Val Communications/Coordination

NPP SDR & EDR

CY Teams NASA
[Local ST & 5DS

Processing] [MiniIDPS ) \

F Y Processing]
—
-
SDR/EDR Team
Leads
= ——

GRAVIT
DPS (Linux) Pr

DR
Tracker

|
NGST GV Team i ! Centrals
[NSIPS ' [IDPS

Processing] Processing]

P
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Cal/Val Preflight Exercises

e The data and software interfaces required for Cal/Val effort are
complex and cross many boundaries.

e Critical prelaunch steps to implement this plan include:

— Completion of tool development and validation

— Definition and EXERCISE of data interfaces and products

— Specific Cal/Val tasks linked to specific SDR coefficients

— EXERCISE the Cal/Val data to coefficient update procedure

e Pre-launch Cal/Val exercise plan is under consideration that
would use proxy data collection to allow end-to-end verification
of SDR performance and the EDR interface.

— Use real time AIRS & IASI data collection as proxy data source

— Utilize an aircraft campaign to provide benchmark calibration of existing (heritage) assets.
— Aircraft requirement may have changed with AIRS/IASI existence and GSICS efforts

— Verify tools and ancillary data collection, access — utilization

N
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NPP Cal/Val Plan Implementation

Careful, in-depth coordination of CrIS SDR and CrIMSS EDR
planning and development teams is critical to smooth function.

CrIS/ATMS plans are being carefully coordinated to assure
comparable results and timing.

CrIS/ATMS plans are also being coordinated with the rest of the
NPP SDR and EDR plans to provide a single, unified, resourced
plan.

Team leads are shown on the following chart.

International coordination and cooperation are welcomed.
— Initial contacts should be via the team leads.
— Final arrangements made agency to agency.

"\ Space Dynamics 11/30/2008 23 NP ESS
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All-Sky Double Difference (DD) AIRS and IASI
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|ASI-AIRS DD SST Comparisons
Accuracy depends on Atmos. Correction
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NPP Cal/Val Discipline Leads

e NPP IPO Cal/Val Product Area Discipline Leads and their NGST
counterparts

— SDR
e VIIRS — Frank DelLuccia (Aerospace) & Lushalan Liao (NGST)
e CrlS - Gail Bingham (USU/SDL) & Denise Hagan (NGST)
e OMPS — Scott Janz (NASA/GSFC) & James Done (NGST)
e ATMS — Ed Kim (NASA/GSFC), Bill Blackwell (MIT/LL) & Giovanni
DiAmici (NGST)
— EDR
e VIIRS Atmosphere: David Starr (NASA/GSFC) & Mike Plonski (NGST)
e VIIRS Land: Jeff Privette (NOAA/NESDIS/NCDC) & Alain Sei (NGST)
e VIIRS Ocean: Bob Arnone (NRL) & Patty Pratt (NGST)

e VIIRS Imagery/Cloud Mask: Tom Kopp (Aerospace at AFWA) & Mike
Plonski (NGST)

e CrIS/ATMS Sounding: Chris Barnet (NOAA/NESDIS/STAR) & Denise
Hagan (NGST)

e OMPS Ozone: Larry Flynn (NOAA/NESDIS/STAR) & James Done (NGST)
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Plan Implementation

Summary
e CrlIS SDR Cal/Val effort has 4 branches:

— Thermal Vacuum performance assessment and SDR validation
e Team wide, biweekly data analysis telecom and result progress reviews
e Exercise science SDR code with independent TV results
— Detailed “Task Network” item update and optimization
e Coefficient identification and CV task link assignment
e Effort error and resource analysis
— CV system exercise plan development, budgeting and schedule
e Coordination and buy-in across agencies and sensors
e Resource availability verification and schedule development
— CV personnel interfaces and network development / validation
e Completion of IDPS to Linux code conversion for GRAVITE
e GRAVITE operations plan development and user team review

e Careful, in depth coordination of CrIS SDR and CrIMSS EDR
planning and development teams is critical to smooth function.
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