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Tools for ISO 19115 Metadata in Earth Science Data Systems

\i Objective
« Ease the implementation and utilization of the ISO 19115
metadata standard into Earth Science Data Products

— Initial goal - Enable the proposed Soil Moisture Active Passive
(SMAP) mission to incorporate ISO metadata into data products.

— Follow-up goal — Provide infrastructure and documented experience
that enables other NASA sponsored teams to implement and
incorporate 1ISO 19115 metadata into their data products and data
systems.

The SMAP mission has not been formally approved by NASA. The decision to proceed with the mission will not BW and HH -1
occur until the completion of the National Environmental Policy Act (NEPA) Process. Material in this document

related to SMAP is for information purposes only.
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Tools for ISO 19115 Metadata in Earth Science Data Systems

Major Products

* This effort will generate:

A reusable common reader/writer API for accessing ISO 19115
metadata in ISO 19139 compliant XML file format.

A generic tool that provides direct and easy access to specific metad
ata elements of interest that conform to the ISO 19115 standard and
its ISO 19139 XML encodings.

A generic HDF5 tool to support the conversion from ISO 19139 comp
liant XML file format to and from standard HDF5 metadata represent
ation.

Technical and user oriented documentation of the ISO 19115 APIs a
nd tools.
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Tools for ISO 19115 Metadata in Earth Science Data Systems

\ Implementation Plan

* Implement reader/writer APIs that provide access to the ISO metadata in
both XML and HDF5 format.

* Generate an ISO compliant schema for proposed SMAP data products.
* Integrate the tools into the proposed SMAP Science Data System.

 Review the outcome

— Review tools with potential users within and outside the proposed SMAP
project for efficacy and ease of use.

— Review the ISO schema with the Metadata Evolution for NASA Data
Systems (MENDS)/ESDIS team to enable development of a “NASA
convention” of ISO 19115.

« lterate on the above process

« Generate the tool that enables exploration of ISO compliant metadata in
XML format during the second implementation iteration.

7/12/11 The SMAP mission has not been formally approved by NASA. The decision to proceed with the mission will not BW and HH -3
occur until the completion of the National Environmental Policy Act (NEPA) Process. Material in this document
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Tools for ISO 19115 Metadata in Earth Science Data Systems

\ Current Progress

« Began working in late May
« Reworked proposed SMAP metadata dataset schema
— Restricted work to elements in ISO 19115 and 19115-2
— Restricted work to dataset schema, series schema will follow
— Removed vestiges of North American Profile
« Used UML tool to generate an initial SMAP XSD schema
« |dentified reusable XSD Schema constructs that are commensurate with
XML binding approach

« Assessed existing XML Binding tools for handling expected variations in
XSD Schema model of metadata in ISO 19139

7/12/11 The SMAP mission has not been formally approved by NASA. The decision to proceed with the mission will not BW and HH -4
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Tools for ISO 19115 Metadata in Earth Science Data Systems

Major Challenges

« MENDS recommendations stipulate the need for a NASA

usage convention
— Anticipated metadata entries always appear in specific ISO elements

— Flexible guidelines that enable each mission, data center and clearing house
to identify and specify locally required values

Effective effort requires a convention for ISO usage

« Within any given mission or entity, the specifications of the
ISO schema will vary
— Different data products from the same mission
— Different missions serviced by the same organization

The APIl/tool must accommodate design variations with
relative ease

7/12/11 The SMAP mission has not been formally approved by NASA. The decision to proceed with the mission will not BW and HH -5
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Proposed Approach

7/12/11 The SMAP mission has not been formally approved by NASA. The decision to proceed with the mission will not BW and HH -6
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. Tools for ISO 19115 Metadata in Earth Science Data Systems
1 Metadata Handling @

Data Producer/Consumer Code

ISO 19115
Object
Representation
In Code
Read/Write Read/Write
in XML in HDF5
ISO 19139 ISO 19115
XML Representation
In Native HDF5
Access XML Content
Inside HDF5

* 1SO 19139 Schema and XML
1SO 19139 XML * Interoperable metadata interchange format
In HDF5 1. Metadata as hierarchical group/attributes
2. Metadata as embedded ISO 19139 XML stream

+  Compatible with legacy formats such as HDF4 and
NetCDF3

+  Conversion cross-walks are possible
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Tools for ISO 19115 Metadata in Earth Science Data Systems

\i XML Schema Definition (XSD)

* |SO 19139 codifies XML representation of ISO 19115
« XSD provides:
— A full description of the XML structure
— Specification of permissible values in an XML document
 Enables validation
— Can be used to validate the structure and the value of an XML
metadata instance
« Can leverage existing UML and XSD documents of ISO
19115
. The SMAP mission has not been formally approved by NASA. The decision to proceed with the mission willnot BV and HH -8
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Tools for ISO 19115 Metadata in Earth Science Data Systems

1. XML Data Binding
P |

« Represents information in an XML document as an object in memory
— No more XML parsing as in DOM or SAX

» Leverages the model in an XSD Schema to create classes and interfaces that adhere to
the information structure defined by the schema.

 Enables serialization/deserialization of XML instances to/from code.
» Supports expected variations in the ISO model

Schema-
Binding Derived
Compiler Classes &

Interfaces

XML

Document
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Tools for ISO 19115 Metadata in Earth Science Data Systems

Means of Representing ISO in XSD

 Identify XSD Schema constructs commensurate with XML
binding approach

* Use built-in types

XS:Sstring
xs:decimal
xs:integer
xs:boolean
xs:date
xs:time
xs.dateTime
xs:duration

« Define Complex Elements at the top-level

Follow the “Venetian Blind” approach to XSD layout
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Tools for ISO 19115 Metadata in Earth Science Data Systems

\i Representation of ISO in an XSD Schema

« Two potential approaches for representation of ISO code
lists in XSD

— Restriction/Facets provide improved validation

» Restrictions are used to define acceptable values for XML elements or
attributes. Restrictions on XML elements are called facets.

» Restriction of values chosen from an enumeration

— Indicators

* Order indicators

— choice: specifies that only one child element may appear

— sequence: specifies that child elements must appear in a specific order
» Occurrence indicators

— maxOccurs

— minQOccurs
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Tools for ISO 19115 Metadata in Earth Science Data Systems

\i Assessment of XML Binding tools
e CH++
— CodeSynthesis XSD
* An open-source, cross-platform W3C XML Schema to C++ data binding
compiler.

— CodeSynthesis XSD/e: XML for Light-Weight C++ Applications

* An open-source, dependency-free XML Schema to C++ compiler for
mobile, embedded, and light-weight applications

— Mel

* An open source C language XML Binding tool with limited XSD Schema
support

e Java

— Java Architecture for XML Binding (JAXB)
 http://www.oracle.com/technetwork/articles/javase/index-140168.html
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Tools for ISO 19115 Metadata in Earth Science Data Systems

\, Conclusions

b3

 Effort will meet the challenge for SMAP as the first of the
Decadal Survey Missions
— SMAP will be first NASA mission to implement ISO 19115.
— Provides the necessary tools to implement ISO.
— Decisions about standard use are still forthcoming. Need to
converge as closely as possible with developing standard.
« Effort will encourage collaboration across NASA ESDIS

— Select optimal technical approach to enable modifications to the
metadata schema and reuse by other NASA organizations

— Regularly review approach and implementation with outside
organizations to ensure applicability
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Tools for ISO 19115 Metadata in Earth Science Data Systems

Backup
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Tools for ISO 19115 Metadata in Earth Science Data Systems
\ CodeSynthesis XSD @

* An open-source, cross-platform W3C XML Schema to C++
data binding compiler.

* Free for non-commercial use
« Supports two XML Schema to C++ mappings:

— in-memory C++/Tree
— stream-oriented C++/Parser.

* http://codesynthesis.com/products/xsd/

<contact> auto_ptr<Contact> c¢ = contact ("c.xml");
<name>John Doe</name> cout << c->name () << "
<email>jédoe.com</email> << c->»email () << *
<phone>555 12345</phone> << c->phone () << endl;

</contact>
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Tools for ISO 19115 Metadata in Earth Science Data Systems

CodeSynthesis XSD/e

* An open-source, dependency-free XML Schema to C++ compiler for mobile, embedded,
and light-weight applications

«  Small footprint
« XML parsing and serialization
« XML Schema validation
« XML data binding
 Mappings
—  C++/Hybrid in-memory mapping creates a light-weight, tree-like object model of the XML data

—  C++/Parser (for XML parsing)
—  C++/Serializer (for XML serialization)

» http://codesynthesis.com/products/xsde/

<object> object* obj = ...; // Parse XML.
<name>Red Hill</name> const char* name = obj->name ();
<position> position& pos = obj->position ();
<lat>-33.69</lat> float lat = pos.] ();
<lon>18.83</lon> float lon = pos.lon ();
</position>
</object> delete obj;
7/12/11 The SMAP mission has not been formally approved by NASA. The decision to proceed with the mission will not BW and HH -16
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Tools for ISO 19115 Metadata in Earth Science Data Systems

\i mel
* An open source C language XML Binding tool with limited
XSD Schema support
* Produces
— .h file containing C structures

— .c file that provides the functions mentioned in the .h file
— mellib.a to linked against code.

 http://xmel.sourceforge.net/
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Tools for ISO 19115 Metadata in Earth Science Data Systems

Mapping Requirement

\
i

HDF-5 Radar Level Generic
1A Product XML
and HDF

Radgr L1Q Run- -7 Reader
Configuration File

Direct Metadata Transfer

Product Configuration
Files

Input

Data

Ancillary Data Sets

Transfer

Science
-> Processing
Software

Generic
HDF
Writer

=

Output

Data
Transfer

HDF-5 Radar Levél
1C Product

 Many metadata values transfer directly from the input
product to the output product

« XPaths provide a simple means to codify automated

mapping

— XPaths can be used to drive automated mapping calls.
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Tools for ISO 19115 Metadata in Earth Science Data Systems

\i XPath

* An alternative approach to automatic data binding

 Benefits

— Data binding code only needs tree structure knowledge of XML
document

— Does not require use of an XSD Schema
— Binds specifically to needed elements

 Drawbacks

— Without an XSD Schema, application can not validate XML element
structure and types

— Does not create an automated data model
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Tools for ISO 19115 Metadata in Earth Science Data Systems

\i Existing Authoring Tools
« GCMD DIF authoring tool
— http://gcmd.nasa.gov/User/difguide/difman.html

 FGDC has authoring tools tkme and xtme
— http://www.fgdc.gov/metadata/geospatial-metadata-tools
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Tools for ISO 19115 Metadata in Earth Science Data Systems

Updated ISO Schema UML Diagram — MI_Metadata

class MI_Metadata

of the dataset.

Citation title lists the title

the -

«dataTypes MD_BrowseGraphic

CI_Citation

fileName: char

Citation.date specifi
reference date forthe
data set.

+ fileDescription: char [0..1]
+ fileType: char

«Codelists
MD_ProgressCode
«CodelLists
+ completed MD_TopicCategoryCode
+ historicalArchive
+ obsolete This design is specific to the SMAP dataset metadata. + farming
+ onGoing Thus, MI_Metadata.hierarchylLevel = "dataset". + ‘biota
+ planned Metadata classes that have differing sets of attributes + boundaries
+ required among the datasets within a series appear in the SMAP + climatologyMeteorologyAtmosphere
+ underDevelopment dataset metadata. A oonomy
+ elevation
) B + environment
The SMAP project |MD_GridSpaﬁaT Representation + geosceintificinformation
recommends the + health
addition of the +dataQualitylnfo |4 +spatialRepresentationinfo | 1 + imagernyBaseMapsEarthCover
following seven + intelligenceMilitany
attributes to Class + inlandWater
MD_Progress code: + location
beta‘ MI_Metadata + oceans
provisional e + planningCadastre
validated - stage 1 + fileldentifier: char + society
wvalidated - stage 2 + language: char= eng; USA + structure
validated - stage 3 + characterSet: char= utf3 + transportation
validated - stage 4 + hierachylLevel: MD_ScopeCode = dataset + utilitiesCommunication
+ contact: Cl_ResponsibleParty
Definitions for these + dateStamp: date
attributes are available + metadataStandardName: char= Geographicinfo...
at URL + metadataStandardVersion: char
http:#/science.nasa.gow/ + dataSetURI: char
earth-sciencefearth-
science-data/data- «CodeList»
maturity-levels! +identificationinfo |1 MD_ScopeCode
+
rarerencaSwsteminte | MD_Dstaldentification B ute
+ attribute Type
MD_ReferenceSystem B b atta ok ohar + collectionHardware
+ referenceSystemldentifier RS_ldentifier + purpose: char [0..1] rodent]  .dataTypes Bl s ctonSesion
+ credit: char [0..1] 1 EX_Extert + dataset
+ status: MD_ProgressCode + series
«CodelList» + spatialRepresentation: MD_SpatialRepresentationType + nonGeographicDataset
MD_Spatial RepresentationType + language: char= eng: USA + dimensionGroup
= T + characterSet: char= utfs + feature
S and + topicCategon: MD_TopicCategoryCode [1.7] + featureType
+ texdTable + environmentDescription: char + p_roperhr‘ljype
5 + supplementalinformation: char [0..1] + fieldSession
+ tin + software
+ stereohodel + service
+ wideo . - + tile
+oitation |1 +graphicOverview [0 S EET
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Updated ISO Schema UML Diagram — DQ_ Quality

class DG_DataQuality /

«CodeLists
+scope +lineage LI_Lineage DQ_DataQuality::
DQ_Scope < DE_DataGuality [Ko>——————————] DO_EwvaluationMethodTypeCode
1 1|+ statement: char[0..1]
+ directinternal
+ directExternal
+ indirect
+report|0..7 DQ_DataQuality::
it DQ_ConformanceResult
DO_Element — + valueType: RecordType [0..1]
«dataTypes | luationP d B & St eh o + walueUnit: Unitofdeasure
ke evaluationProcedure 2 + Statistic: ch 5|
CI_Citation <>+ measureldentification: MD_ldentifier [0..1] k> | DQResuit k1 " ok aR'e;:,dc[oa'1[]° )
0.1 + measureDescription: char [0..1) 1.2 d "
+ evaluationMethodType: DQ_EvaluationMethodTypeCode
+ evaluationMethodDescription: char [0..1]
+ dateTime: DateTime [0..1]
7
DQ_DataQuality:
DQ_Quantitati veResult
0Q DataGualit + explanation: char
- aQuality: B
DO_DataQuality:: = 5 : + pass: boolean
D@_NonQuantitativeAttribute Accuracy DQ_Absolute External Positional Consistency
5 DQ_DataQuality:
DQ_DataQuality:: . = g
D@_CompletenessOmission DQ_GriddedDataPositional Accuracy
DQ_DataQuality: DQ_DataQuality::
DO_AccuracyOfATimeMeasurement DO_QuartitativeAttribute Accuracy

The IS0 standard provides several more potential choices to instantiate abstract class DQ_Element. The
diagram displays the classes that are likely to appearin the metadata of SMAP data products.
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Updated ISO Schema UML Diagrams -LI|_Lineage

class LI_Lineage /

data product.

SMAP Product metadata lists the complete set of source
information and processing information that describe the most
recent processing step. SPDM, or other databases, may store the
composite set of all source information and processing
information for the entire wodkflow that generates any padicular

«Unions
LE_Nominal Resolution

LI_Lineage

IS0 enables multiple ProcessStep
entries. If possible, SMAP data

+ statement: char[0..1]

products will be restricted to one. That
one will describe the most recent

+ scanningResolution: Distance
+ groundResolution: Distance

adataTypex
MD_RepresentativeFraction

+ denominator: int

processedLevel: MD_ldentifier [0..1]
resolution: LE_NominalResolution [0..1]

process step that was used to generate
the data product.

LE_Processing describes the SPS that
generated the associated dataset. The
identifier specifies the SPS name, the
softwareReference cites documentation
about the software package. Attribute
documentation cites any additional
documentation that describes the

7

. .

- .

- .

N :

The SMAP schema should include a reference
to EX_Extent if and only if the extent of the
input source differs from the extent of the outpuf
product that the metadata set describes, and
the extent of the source data is critical to
understanding the content of the output
product.

Attribute processedLevel provides a

means to specify the equivalent of a
ShortName for the referenced input

source.

pr ing activity.

+processingInformation™®

i
.

LE_Processing

identifier: MD_ldentifier

+s0Urce 1.x f!
+processStep \ g = ‘.
LE_Source

T LE_ProcessStep
+ description: char
+ scaleDenominator: MD_RepresentativeFraction [0..1] [+output + description: char
ok ReferenceSystem: MD_ReferenceSystem [0..1) = + rationale: char[0..1] <>
+ sourceExtent: EX_Extent [0..1] 0% + dateTime: DateTime [0..1]
+ sourceCitation: CI_Citation [0..1) + processor: Cl_ResponsibleParty [0..1]
+
+

+report|0..*

+ softwareReference: CI_Citation [0.7]
+ procedureDescription: char [0..1]

+ documentation: CI_Citation [0.%]

+ mnTimeParameters: char [0..1]

0.1

+algorithm (0.

LE_ProcessStepReport

+ name: char
+ description: char [0..1]
+ fileType: char[0..1]

The citation attribute

in LE_Algorithm

Theoretical Basis
Document.

describes the Algorithm| ™~~~ 1+

LE_Algorithm

citation: Cl_Citation
+ description: char
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| Updated ISO Schema UML Diagram — EX_Extent
i

class EX_Extent ;

The meaning of extentTypeCode is as follows:
"0" implies a3 geographic exclusion box
"1" implies a geographic inclusion box

+geographicElement

0.

EX_GeographicExtent

«abstract»

+ extentTypeCode: boolean

EX_BoundingPolygon

+ polygon: GM_Polygon

+temporalElement |1

«dataTypex
EX_Extent

+ description: char [0..1]

EX_Temporal Extent

+ extent: TM_Primitive

EX_GeographicBoundingBox

AN
The GHRSST design divides
ThM_Primitive into two attributes
named "beginPosition" and
"endPosition". Have not located
documentation in the standards
that specify this design possibility.

SMAP Level 4 data products include
some elements that are specified by soil
horizon. Use of EX_VericalExtent
enables SMAP metadata to describe soil
horizon depths.

+verticalElement

[l
'
'
L
L

EX_Vertical Extent

+ minimumValue: float
+ maximumValue: float

+verticalCRS |1

SC_CRS

scope: char[1.7]
alias: char [0.7]
remars: char [0..1]
name: RS_|dentifier

+ + + +

westBoundLongitude: Angle
eastBoundLongitude: Angle
southBoundLatitude: Angle
northBoundLatitude: Angle

+% ok

The ISO 19107 standard describes
GM_Folygon, along with GM_FPoint,
GM_Curve and GM_Surface., Ted
Haberman advises use of gml:
specifications elucidated in IS0 19139,

CRS is"Coordinate
Reference System".
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Updated ISO Schema UML Diagram — Cl_Citation

class CI_Citation

«Codeliste
Cl_RoleCode

++++++++F+

resourceProvider
custodian

owner

user

distributor
originator
pointOfContact
principalinvestigator
processor
publisher

author

The North American
Profile includes four
more entries in the
ClI_RoleCode. They
are:

collaborator

editor

mediator
rightsHolder

«dataTypexn
Cl_Citation

+date 1

«dataTypexr
Cl_Citation::Cl_Date

+ date: date

+ dateType: Cl_DateTypeCode

«CodeLists
Cl_DateTypeCode

+ creation
+ publication
+ revision

The North American
Profile includes five
more entries in the
Cl_DateTypeCode.
They are:
notAvailable
inForce

adopted
deprecated
superseded

title: char

alternateTitle: char [0..7]
edition: char

editionDate: date [0..1]
identifier: MD_ldentifier [0..1]

otherCitationDetails: char [0..1]
collective Title: char [0..1]
ISBHN: char [0..1])

ISSN: char [0..1]

LB 0 B N B R B B

presentationForm: Cl_PresentationFormCode

+phone 0.1

«dataTypesn
Cl_Citation::Cl_Telephone

+ woice: char [0..7]
+ facsimile: char [0.%]

+citedResponsibleParty |1

«dataTypex
Cl_ResponsibleParty

positionName: char [0..1]
role: CI_RoleCode

oot ¥

individualName: char [0..1]
organizationMame: char [0..1]

+contactinfo (0.1

«dataTypes
Cl_Citation::Cl_Contact

+ hoursOfService: char [0..1]

+ contactinstructions: char [0..1]

+address |, .1

«dataTypex
Cl_Citation::Cl_Address

deliveryPoint: char [0.7]

city: char [0..1]
administrativeArea: char [0..1]
postalCode: char [0..1]

country: char [0..1]
electronicMailAddress: char [0..7]

54+ 4+

Q\

+series™ 1

[N
The North American Profile includes six more entries
in CI_OnlineFunctionCode. They are:
upload
webSernvice
emailSemvice
browsing
fileAccess
webhMapSernvice

«CodeLists
Cl_Citation::
Cl_OnLineFunctionCode

download
information
offlineAccess
order

search

PR

Cl_PresentationFormCode

«CodelLists

«dataTypex
Cl_Citation::Cl_Series

+ name: char [0..1]
+ issueldentification: char [0..1]
+ page: char[0..1]

«dataTypexs
MD_ldentifier

+ authority: Cl_Citation [0..1]
+ code: char

+++++++++++ A+t

documentDigital
documentHardcopy
imageDigital
imageHardcopy
mapDigital
mapHardcopy
modelDigital
modelHardcopy
profileDigital
profileHardcopy
tableDigital
tableHardcopy
videoDigital
videoHardcopy

RS_Identifier

+ codeSpace: char[0..1])
+ wersion: char [0..1]

+onLineResoulce\ 0.1

adataTypexn
Cl_Citation::Cl_OnLineResources

++ 4+ttt

linkage: URL

protocol: char [0..1]

applicationProfile: char [0..1]

name: char [0..1]

description: char [0..1]

function: Cl_OnLineFunctionCode [0..1])

The North American
Profile includes six
more entries in the
Cl_PresentationFormC
ode. They are:
audioDigital
audioHardcopy
multimediaDigital
multimediaHardcopy
diagramDigital
diagramHardcopy
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1. Automatically Generated XSD

<?xml version="1.0" encoding="1S0-8859-1"7>
<xs:schema xmlns:xs="http://www.w3.0rg/2001/XMLSchema">
<xs:include/>
<xs:complexType name="MI_Metadata">
<Xs:sequence>
<xs:element

e="fileIldentifier" type="xs:string" minOccurs="1" maxOccurs="1"/>

<xs:element name="language" type="xs:string" minOccurs="1" 1%/
<xs:element name="characterSet" type="xs:string" minOccurs="1" maxOccurs="1"/>
<xs:element "hierachylLevel" type="xs:string" minOccurs="1" maxOccurs="1"/>

<xs:element nar
<xs:element nam
<xs:element
<xs:element
<xs:element
<xs:element
<xs:element n
<xs:element name=
maxOccurs="1"/>
<xs:element name="contact" type="CI_ResponsibleParty" minOccurs="1" maxOccurs="1"/>
<xs:element name="referenceSystemInfo" type="MD_ReferenceSystem" minOccurs="1" maxOccurs="1"/>
</xs:sequence>
</xs:complexType>
<xs:complexType name="MD_ScopeCode">
<Xs:sequence>

<xs:element na
<xs:element
<Xs:element na
<xs:element na
<xs:element nc
<xs:element
<xs:element
<xs:element nc
<xs:element
<xs:element nc
<xs:element
<xs:element

"contact" type="CI_ResponsibleParty" minOccurs="1" maxOccurs="1"/>

"dateStamp" type="date" minOccurs="1" maxOccurs="1"/>

"metadataStandardName" type="xs:string" minOccurs="1" maxOccurs="1"/>
"metadataStandardVersion" type="xs:string" minOccurs="1" maxOccurs="1"/>
"dataSetURI" type="xs:string" minOccurs="1" iIrs="1"/>»
-"1dent1f1cat1onInf0" type="MD_Dataldentification" minOccurs="1" maxOccurs="1"/>
"dataQualityInfo" type="DQ_DataQuality" minOccurs="1" maxOccurs="1"/>
"spatialRepresentationInfo" type="MD_GridSpatialRepresentation" minOccurs="1"

CCL

s="1"/>

"attrbute" type="xs:string" minOccurs="1"
"attributeType" type="xs:string" minOccurs= urs="1"/>
"collectionHardware" type="xs:string" m axOccurs="1"/>
"collectionSession" type="xs:string" minOccurs="1" maxOccurs="1"/>
"dataset" type="xs:string" minOccurs="1" maxOccurs="1"/>

"series" type="xs:string" minOccurs="1" maxOccurs="1"/>
"nonGeographicDataset" type="xs:string" mi "1" maxOccurs="1"/>
"dimensionGroup" type="xs:string" minOccur maxOccurs="1"/>
"feature" type="xs:string" minOccurs="1" maxOccurs="1"/>
"featureType" type="xs:string" minOccurs="1" maxOccurs="1"/>
e="propertyType" t mi rs="1" Occurs="1"/>
"fieldSession" ty mir maxOccurs="1"/>
Occurs="1"/>

<xs:element e="software" type="xs:string" minOccur
<xs:element ="xs:string" *i‘UCflPS*"l" maxOccurs="1"/>
<xs:element "xs string" minOccurs="1" maxOccurs="1"/>

<xs:element 1 "xs:string" n rCc:L\f—"l" maxOccurs="1"/>
</xs:sequence>
</xs:complexType>
7/12/11 The SMAP mission has not been formally approved by NASA. The decision to proceed with the mission will not BW and HH -26

occur until the completion of the National Environmental Policy Act (NEPA) Process. Material in this document
related to SMAP is for information purposes only.



