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Verification & Validation

* Verification & Validation is critical to successful science research
and applications development

— Users of remote sensing products making policy, economic, or scientific
decisions that require confidence in and an understanding of the
product’s characteristics to make informed decisions about its use.

— NASA science and application activities that use “all source data”
require the same level of data product characterization — whether it be
commercial or government

« NASA data products are validated by NASA science teams
— Coarse to moderate spatial resolution

e NASA SSC serves as the science validation team lead for
commercial data products

— Moderate to high spatial resolution
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SSC Verification & Validation Legacy

 Initiated during the Commercial Remote Sensing Program
— Scientific Data Purchase Project data product verification
— Facilitated the development of commercial products

« National Asset for characterization of high spatial resolution imagery
— Intrinsic data characterization (radiometric, spatial, geopositional)

— Focus on high to moderate spatial resolution commercial imagery
products

— Characterized site for complete system characterization

« SSC V&YV characterizes commercial/non-NASA remote sensing data
products used for both NASA Earth science research and
applications studies
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SSC Verification & Validation:

INSTRUMENTATION
VALIDATION LAB

Validate Critical Sensors
* Define sensor performance
in controlled environment

» Calibrate ground truth
equipment under expected
operating conditions

* Provide NIST traceability

ree-Pronged Approach

APPLICATIONS RESEARCH TOOLBOX

Simulate Sensors and Targets
* Design targets
* Define application product requirements
+ Compare and cross-calibrate sensors
* Test application algorithms

IN-FLIGHT V&V
Validate Installed Sensor

Data Products
+ Validate ground measured
truth set against imagery
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Radiometric Tarps
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JACIE Characterization Team:

/" Joint Agency Commercial Imagery
Evaluation

JACIE TEAM

ZUSGS

science for a changing world

Multiple-agency team formed to

« Characterize commercial imagery to
meet individual agency requirements

» Leverage each agency’s expertise

« Foster improved relationship between
industry and government

« Support science, civilian, and DoD

ATH[U\F-EI:S."I’!’L‘:—' applications

RIZONA. : :

o Anmcs * Support Commercial Remote Sensing
Space Policy

Benefits:

« Cost efficiencies by both Government and industry — reduced duplication of
effort

* Improved product characterizations
* Improved commercial products

Current Funded Applied Science Program
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Verification & Validation Pyramid

NASA V&V Commercial V&V Opportunities

« Support to National Research

g " .  Virtual ground-truthing tool
AP Appl'cat'on » Support to National Applications

» Support to scientific e . .
:tu[:;i)es (data fusion) V&V « Support to scientific studies (data fusion)
apply to specific problem
Level 3 Commercial Science-quality Products
: Develop and validate science products using
Algonthm V&V commercial data (e.g., apply atmospheric
classifiers, NDVI, etc. correction to produce surface reflectance)
L | 2 Data requirements validation
?Ve Create simulated data and products to
Algonthm V&V validate data specifications, to validate
reflectance, temperature, emissivity retrieval | "®0tion requirements, and to perform
sensitivity analysis
Level 1

Intrinsic Data Characterization
spatial, spectral, geometric, radiometric

<raditiona| V&V role

SSC performs these V&V characterizations for commercial products.
NASA Science Validation teams perform these
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Radiometric Accuracy Comparisons:

4~ All Source Data Example
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Understanding imaging system performance is critical to use of data products
from different systems.
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Crop Security (All Source Example)

Healthy cotton crop
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products for wide area crop security surveillance ot N Dying crop
(Near daily time series analysis at 250 m scale) " Crempres
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—B— MOD13 NDVI

« Develop and validate commercial equivalent
products for high spatial resolution zooms for L S
virtual ground truthing (Targeted acquisitions R 2 ™

based on anomaly detection =
y ) Nedr-daily (single field) MODIS vegetation index time

.,s'éries (blue curve) and Science validation team
7 16-day product (black curve)
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Wide area 250 m GSD Application Y&V data: ,

MODIS derived vegetation | Crop shapefile and L e T e

index (crop health) map growing season data by

(Science validation team fisid . | High spatial resolution (4 m) commercial system

derived product) derived vegetation index using NASA satellite derived
atmospheric data and JACIE radiometric
characterization

NASA products used to create interoperable science-grade commercial products
May 18, 2005 8



Form Approved
REPORT DOCUMENTATION PAGE OMB No. br04.0188

The public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing
data sources, gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or
any other aspect of this collection of information, including suggestions for reducing this burden, to Department of Defense, Washington Headquarters Services, Directorate
for Information Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302. Respondents should be aware that
notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently
valid OMB control number.

PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1. REPORT DATE (DD-MM-YYYY)  [2. REPORT TYPE 3. DATES COVERED (From - To)
18-05-2005 Final - Presentation 1998 - 2005

4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER

Remote Sensing Product Verification and Validation at the NASA Stennis

Space Center 5b. GRANT NUMBER

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER

Stanley, Thomas, M SWR C15C-JC15-00
5e. TASK NUMBER

5f. WORK UNIT NUMBER

MAOQO
7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
Applied Sciences Directorate, National Aeronautics and Space Administration, Code REPORT NUMBER
MAOQO, Bldg. 1100, John C. Stennis Space Center, MS 39529
9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING/MONITOR'S ACRONYM(S)

Applied Sciences Directorate, National Aeronautics and Space Administration, Code

MAO00, Bldg. 1100, John C. Stennis Space Center, MS 39529 NASA ASD

11. SPONSORING/MONITORING
REPORT NUMBER

SSTI-2220-0045 (Original)

12. DISTRIBUTION/AVAILABILITY STATEMENT
Publicly available ST1 per NASA Form 1676

13. SUPPLEMENTARY NOTES
Third International Workshop on the Analysis of Multitemporal Remote Sensing Images, Biloxi, MS, May18, 2005; presentation
given during tours of Stennis Space Center, MS

14. ABSTRACT
Remote sensing data product verification and validation (V&V) is critical to successful science research and applications
development. People who use remote sensing products to make policy, economic, or scientific decisions require confidence in and an
understanding of the products' characteristics to make informed decisions about the products' use. NASA data products of coarse to
moderate spatial resolution are validated by NASA science teams. NASA's Stennis Space Center (SSC) serves as the science
validation team lead for validating commercial data products of moderate to high spatial resolution. At SSC, the Applications
Research Toolbox simulates sensors and targets, and the Instrument Validation Laboratory validates critical sensors. The SSC V&V
Site consists of radiometric tarps, a network of ground control points, a water surface temperature sensor, an atmospheric
measurement system, painted concrete radial target and edge targets, and other instrumentation. NASA's Applied Sciences
Directorate participates in the Joint Agency Commercial Imagery Evaluation (JACIE) team formed by NASA, the U.S. Geological
Survey, and the National Geospatial-Intelligence Agency to characterize commercial systems and imagery.

15. SUBJECT TERMS
Remote sensing, verification and validation, characterization, spatial resulution, Applications Research Toolbox, Joint Agency
Commercial Imagery Evaluation team, JACIE

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF | 18. NUMBER | 19b. NAME OF RESPONSIBLE PERSON
ABSTRACT OF T M. Stan
a. REPORT | b. ABSTRACT | c. THIS PAGE PAGES omas M. Stanley
19b. TELEPHONE NUMBER (Include area code)
U U U uu 9 (228) 688-7779

Standard Form 298 (Rev. 8-98)
. . . ibed b d. -
RELEASED - Printed documents may be obsolete; validate prior to use. Prescribed by ANSI Std. 235-18




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [720.000 540.000]
>> setpagedevice


