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The SMAP mission has not been formally approved by
NASA. The decision to proceed with the mission will not
occur until the completion of the National Environmental
Policy Act (NEPA) process. Material in this document
related to SMAP is for information purposes only.




Metadata Requirements — Base Reference for NASA @
Earth Science Data Products

* Implementation guidelines for required metadata to be
included in science data products.

* Assuring the consistency of data requirements across
subsystems, and supporting the data standardization
necessary for system interoperability

* |International Organization for Standardization (I1SO)
Geographic Information — Metadata standard 19115 (and
related standards) shall be used to describe science data
products.

 “The Level 1 Satellite Mission Data Systems Requirements
for Science Data Management states the
<<mission/instrument name(s)>> science data products
metadata shall conform to ISO 19115 Geographic
Information - Metadata standards and adhere to the
current ESD-approved implementation.”
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}ﬁ- SMAP Use of ISO Metadata

* Soil Moisture Active Passive (SMAP) Mission Engineers
participated in the Metadata Evolution for NASA Earth
Science Data Missions (MENDS) study

 SMAP will be first NASA mission to implement support
of 1ISO 19115 (and related standards)

* The effort to ease the implementation and utilization
of the ISO 19115 metadata standard into Earth Science
Data Products

— Initial goal - Enable the proposed 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 ISO 19115 metadata into their
data products and data systems.




3 ISO Models and Encodings

e.g. UML e.g. e.g. XSD/XML
W ShapeChange
[ Model J @ >[Encoding}
Abstract Transition from the concepts Utilizes the encoding rules
Information Model in the conceptual model to the to provide specific details
data types in the schema of their application of an

encoding format

* Decoupling of abstract information and
specific encodings

— For example, UML models evolved separately
from encodings in XML, OWL, etc.

* Rules defining the encoding schemes




ISO Metadata Models

1ISO 19115:2003

— Geographic information — Metadata

1ISO 19115-2:2009

— Geographic information — Metadata Part 2:
Extensions for imagery and gridded data

1ISO 19115-1

— Geographic information — Part 1: Fundamentals

1ISO 19130:2010

— Geographic information — Imagery sensor models for
geopositioning

ISO 19157
— Geographic information — Data quality




jﬁ- Rules and Encodings

* Encoding rules for deriving XML schema of the ISO UML models
— 1SO 19109:2005, Geographic information — Rules for
application schema

« Transition from the concepts in the conceptual model to the data types
in the application schema

— 1SO 19118:2011, Geographic information — Encoding

» Specifies requirements for creating encoding rules based on UML
schemas, requirements for creating encoding services, and
requirements for XML-based encoding rules for neutral interchange of
data.

e XSD Schema encoding

* |SO 19139:2007, Geographic information — Metadata

 Utilizes the encoding rules defined in ISO 19118 and provides the specific
details of their application with regard to deriving XML schema for the UML
models in ISO 19115

— 1SO 19139-1 (currently in development)
* OWL encoding (preliminary stages)
— 1SO 19150, Geographic information — Ontology

— 1SO 19150-2, Geographic information — Ontology — Part 2: Rules for
developing ontologies in the Web Ontology Language (OWL)




Methodology

Abstract information model. Can be
expressed as an I1ISO 19115 UML model

E A Rule-based encodings to apply 1ISO 19115
nco mgs into another format such as XSD/XML

|mp|ementat|on } APIs for handling specific encodings.

l

Infusion

Utilize APIs within executables that
generate the Earth science data products

-




Lessons Learned &

Abstract models need to be “adapted” to
Models Earth Science domains
[ Encodmgs
| | tati Relative lack of generic and reusable API
mplementation implementations

l

. Design how metadata is generated,
Infusion

propagated through data system, and
accessed.

2011-12-07T08:45:00-08:00 AGU 2011 8



3 Organization of ISO Representation

* Dataset metadata
— Applies to each granule in a collection

— Granule metadata is “dynamic”.

* Series metadata
— Applies to a collection of data granules.
— Collection metadata is “quasi-static”.
—“Open” and “closed” collections.




SMAP Dataset (Granule) Top-Level Model

class MI_Metadata_Dataset /

wvalidated - stage 1
walidated - stage 2
walidated - stage 3
walidated - stage 4

Definitions for these
attributes are available

+ o+ o+ o F o+ o+ o+

hierarchylevelMame: char

contact: CI_ResponsibleFarty

dateStamp: Date

metadataStandardMame: char= Geographicinfo...
metadataStandardVersion: char

dataSetlURl: char

transportation
utilitiesCommunication

wiodelists 3
MO_ProgressCode 0S_Series b delisty
This design is specific to the SMAFP datazet metadata. MO_TopicCategaryCode

+ completed * Thus, MI_Metadata.hierarchylLewel = "dataset". I
+  historicalarchive Metadata classes that have differing sets of attributes i ;_'T'ng
Gt obsolt.ate +oomposedOf|1.” among the datasetz within a series appearin the SMAP s bloou:dalies
+ onGaing datazset metadata. :
+ planned + climatologyhdetearologyitmosphere
+  required e ieset i elconc;!'n!‘

+ elevation
+ underDevelopment - X

¢ Pl DatoLuslity, | MD_GridSpatisl Represantation + environment
: + geosceintificlnformation
The SMAF project *dataQualitdlntoly +spatialRepresentationinfa |1 + health
recommends the +haz |1 ¢ + imageryBazebapzsEathCover
addition of the + intelligencebdilitany
fallowing seven M| Metzdata + inlanduater
attributes to Class = + lacation
MD_Progress code: fileldentifier: char + oceans
beta language: char= eng; U5A + planningCadastre
provisional characterSet: char= otf3 + =zociety
hierachylLevel: MD_ScopeCode +  structure
+
+

T

Since Referance System

«Codeliste
MO_ScopeCode

information appliesto an

at URL I + attrbute
hitp:fiscience.nasa.gow - entire series, the dataset | |, apribute Type
earth-sciencelearth- T [ T |metdata modeldoesnotf 1y oopjactionHardware
seience-dataidata- refarence + collectionSession
maturity- levels/ MD_Dataldentification Mi Bafsiencesnten . | Rl
= Specifics about awaths + zafies
+aggragationinfo (1.7 + abstract: char currently fall under the + nonGeographichataset
+ purpose: char [0..1] 150 19130 5D_Sensor + dimensionGroup
rD0_Aggregationinfor mation + eredit: char [0..1] classlglISELTe s +  feature
— — + status: MD_ProgressCode not usable. we may need| |4 foatye Type
+  associationType: DS_AssociationTypeCode + spatialRepresentation: MD_SpatialRepresentation Type to canstruct another + propertyType
- initiative Type: int + language: char= eng; USA means to provide amath S aceecion
+ characterSet: char= utfs specific information. + sofbare
+ topicCategon: MD_TopicCategoniCode [1..7] +  sernvice
+aggregatebataSetldentifier|1 + environmentbescription: char +extent + tile
+ zupplementalinformation: char [0..1] wdataTypes + model
cdataTwpen 1 EX_E:xtent
MDO_ldertifier
L . wCodelists
+ authority: CI_Citation [0..1] Citation. title «Codelists DS_AssociztionType Code
+ code: char lists the title of +eitation |1 +graphicOversiew 0.7 MO_Spatisl RepresentationType =
y the dataset. + omossReference
Citation.date wdataTvpex MO_ErowseGraphic 2 \n'e.c‘:tor + largeflfokCitation
specifies the 7 Cl_Cit=tion + grid + pantOfSeamleszzDatabase
This reference to MD_ldentifier specifies et + fileMame: char + texiTable S ol
general information about the series. Thus, the forthe data set. + fileDescription: char [D..1] + tin + starechate
code is perhaps the best location for the + fileTwpe: char + stereahiodel + isComposedOf
equivalent walue of ShotMame in the ESDM. + wideo
Cl_Citation references the Product Specification
Document




SMAP Series (Collection) Top-Level Model

class Series Metadata

Thiz design describes the SMAP series
Mmtddata, Thu_s. ; | b I_quisti on Irfor rnstion | wdbstracts
MI_Metadata. hierarchylevel = "series". B Cortartof i
Elements that wvany by individual ’ +acquisitionInform ation 1 +content|nfo/"1
dataset, or are in ¢lasses that vany by
individual dataset do not appearin this
design.
4 serieshietadata rD_D=taldentification
P 1_Metadstz: MI_tetadats + citation: CI_Citatien
- = +identificationingy | T 3bstrask char
+ fileldentifier: char <>—-—-—-—._____ + purpose: char [0..1]
+ language: char= eng; USA 1|+ weredit char[0..1]
+ characterSet: char= utfd + status: MD_ProgressCode
+ hierachyLewel: MD_ScopeCode hierarchyLevelName in the + point0fContact: Cl_ResponsibleParhy
+ hierarchylewelMame: char Series Metadata is a good + spatialRepresentationType: MD_SpatialRepresentationType
+ wontact: Cl_ResponsibleParty | ___| candidate for the + language: char= eng:USA
+ dateStamp: [ate Shod e e e e Earth + characterSet: char= utfs
+ metadataStandardiame: char= Geographicinfo... Science Data Modal. + topicCategonyCode: MD_TopicCategoniCode [1.7]
+ metadataStandardWersion: char + environmenthescription: char
+ dataSetlURl: char + zupplementalinformation: char [3..1]
«Codelists «Codelists wCodelists
+contac‘t?1 MI_Metadsta:: MI_Metadsta:: MI_Metadsta:
R Cl_OnLineFunction Code MD_ScopeCode FD_Spatial RepresentationType
MI_Metadata::Cl_ResponsibleParty This instance of +distributioninfo |1 B ovonilcad + attrbute + wectar
+ individualMame: charp.1] |- -1 C/-ResponsibleParty + infarmation +  attributeType + grid
+ arganizationMame: char [0..1] references the SMAF + offlinefccess + collect!onHard.ware + t.exlTabIe
+ positionMame: char [3..1] sSDE. + arder + collectionSession + tin
+ rtole: Cl_RoleCode + =earch + dat.aset + sl.ereoModeI
+ =zeries +  wideo
+ nonGeographichataset
+distributionF orm at 1 +  dimenzionGroup
+transterdptions _— ol 2 el
0. +distributer |0.° MO_Format + featureType MI_Metzadst=::MO_TopicCategoryCode
+ properyType
MD_Digital Transfer Options= - FD_Distributor + name: char= HOFS + fieldSession + farming
= BT i + wersion: char + software + biota
* unltstDl.strlbutlon: sham————<7>.  gistributionContact: CI_ResponsibleF arty + amendmentMumber: char[0.1] + cenice + boundaries
+ transferSize: float s " PR i .
+distributorTransferOptions ' + =zpecification: char [0..1] +  tile + climatalogyhietearalogwitmosphere
' + fileDecompressionTechnique: char [0..1] + rmadel +  ECOnamy
W + formatDistributor: WD _Distributor + elevation
a T + envimnment
e . «CodeLists + geosceintificinformation
+enLine (0.7 Thizipetance ol MI_Metadata:: +  health
GloRa=pursibletary formatDistributor references the FD_ProgressCode + imagemnyBasebMapsEarthCover
ocdataType». ! references the Data Center. HDF Group. The sontents of + intalligencehdilitany
MI—ME‘tadf_:'ta::Cl—c'ta‘t'Dn:: Cl_ResponsibleP arty provides + completed + inlandwiater
Cl_0OnlineResources Q.1 T E———— users with contact information to + historicalfrchive + |ocation
+ linkage: URL the HOFS Group. : kil + aceans
+ pratosal: ehar[0..1] 1MD_Standard Order Process § ;:ﬁ:":: + planningCadastre
+ applicationFrofile: char [0..1] : +  =osiety
+ name: char [0.1] + plannedAvailableDateTime: DateTime [0..1] Adtributes "beta", "provisional®, [ +  required +  structure
+ dascription: char [0..1] + arderinglnstructions: char [0..1] "walidated-stage ‘validate d-stage 2", + underDevelopment + transpotation
+ function: Cl_OnLineFunctionCode [0..1] + turnaround: char[0.1] "walidated-stage 2" and "validated + utilitiesCommunication
stage-4" are proposed SMAPHASA
additionsz.

Data Centershould accept the responsibility for completion of the attributes in classes
il _Digital TransferOptions, MD_StandardOrderProcess and any subclasses those aggregate.




” )«

“Profiles”, “Extensions”, “Flavors”,
“Conventions”, etc.

ISO model enables many utilization methods

MENDS Recommendation #2: “The MENDS team
recommends that NASA ESDIS create NASA-
specific conventions for use of the ISO 19115
standard.”

Additional attributes

— Product-Specific Attributes (PSA)

— For example, Algorithmic Parameters and Thresholds

e LI Lineage/LE_ProcessingStep/LE_Processing/Processinglinfo
rmation

Codelists
— For example, MD_ProgressCode

Major goal is the generation of NASA conventions
for dealing with domain-specific constructs




I\/Ietadata Delegation

ISO 19115*
Instrument
Sensors Processing Data Quality Geopositioning
Lineage
[ SensorML ] W3C Prov- DM
[ o OPM 150 19157 | 150 19130 |

ISO 19115 represents generic geographic metadata.
— For sub-areas, can delegate to other more specific metadata formats
Leverage constructs for

— Record and RecordType
* Enables typed arbitrary information embedded into the metadata

— XLink
* Hyperlinks in XML documents
— Citations
* Link to external URIs or files for artifacts such as ATBD, PDFs and documentation
Benefit: more comprehensive

Drawback: more complexity




Metadata Handling &

Data Producer/Consumer Code

ISO 19115 Object
Representation
In Code

Read/Write \ Read/Write 1. XSLT: 19139 XML to HDF’s XML
in XML in HDF5 2. 19139 XML mapping using HDF APIs

1ISO 19139 XML |-l_']:

t Access XML Content

Inside HDF5 e SO 19139 Schema and XML

e Interoperable metadata interchange format
|.g: e 1SO 19115 in HDF5

1. Metadata as hierarchical group/attributes

2. Metadata as embedded ISO 19139 XML stream

e  Compatible with legacy formats such as HDF4 and
NetCDF3

e  Conversion cross-walks are possible

2011-12-07T08:45:00-08:00 AGU 2011 14



A

—r

XML Data Binding e

* 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, with explicit
methods.

e Supports expected variations in the ISO model
Schema-
Binding Derived
Compiler I— / Classes &
Interfaces

Application

Content
Objects

XML
Document ‘ |
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XML Data Binding Tools

C++
— 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

C

— Mel

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

Java
— Java Architecture for XML Binding (JAXB)

Python
— PyXB




Code Synthesis XSD

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

Free for non-commercial use
Supports two XML Schemas to C++ mappings:

— in-memory C++/Tree

— stream-oriented C++/Parser.
http://codesynthesis.com/products/xsd/

<contact>
<name>John Doe</name>
<gmail>jldoe.com</email>
<phone>555 12345</phone>

</contact>

aute ptr<Contact> c = contact ("c.xml");
cout << g=rname () << "
<< g=-remalil () << “, "

<< g=>phone (} << endl;



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

Example ISO Metadata Representation@

XML vi f SMAP D P M
view of 5 ata Product Metadata HDF5 view of SMAP Data Product Metadata

(S XS) X| HDFView
File Window Tools Help
Y =
<gmd:composedOf> E
<gmd:DS DataSet> . .
- Eecent Files [fhomefhookhjtempfpvisohdffhin/.. ftestfsmap. hdfs w | Clear Text
<gmd:has>
<gmi:MI_ Metadata> {5 smap.hdfs el
<gmd:fileIdentifier> ¢ @iso
<gco:CharacterString>SMAP_L2 SM AP _01767_D 20030502T122741 001.h5</gco:Chara ¢ @ Ds_Series =
cterString> -
g 9 @ composedof
</gmd:fileldentifier> L
¢ @ D5_DataSet
<gmd:language> @
has
<gco:CharacterString>eng</gco:CharacterString> ¥
</gmd:language> ¥ @ MI_Metadata
<gmd:characterSet> ¢ @ characterset
<gmd:MD_CharacterSetCode @ MD_CharactersetCode
codeList="http://www.isotc21ll.0rg/2005/resources/Codelist/gmxCodelists.xml#M @ contact
D CharacterSetCode" codeListValue="UTF8">UTF8</gmd:MD CharacterSetCode> @ dataualityinfo
</gmd:characterSet> @ datasetURI
<gmd:hierarchyLevel> ¢ & datestamp
<gmd:MD_ScopeCode BT
codeList="http://www.isotc21ll.0org/2005/resources/Codelist/gmxCodelists.xml#M i
D ScopeCode" codelListValue="dataset">dataset</gmd:MD_ ScopeCode> 7 @ fileldentifier
</gmd:hierarchyLevel> @l Characterstring
<gmd:contact xlink:href="#seriesMetadataContact"/> ¢ @ hierarchytevel
<gmd:dateStamp> @ MD_Scopecode
<gco:DateTime>2014-09-25T03:00:00%</gco:DateTime> ¢ @ identificationinfa
</gmd:dateStamp> ¢ @ MD_Dataldentification
<gmd:metadataStandardName> @ abstract
<gco:CharacterString>ISO 19115-2 Geographic ¢ @ characterset
information — Metadata — Part 2: Extensions for imagery and gridded @] MD_CharacterSetCode
data</gco:CharacterString> o 4@ citation
</gmd:metadataStandardName> o & CI_Citation
<gmd:metadataStandardVersion> —
¢ @ date -
<gco:CharacterString>ISO 19115-2:2009-02- .
15</gco:CharacterString> DateTime (&832)
</gmd:metadataStandardversion> Group size = O
MNumber of attributes = 1
_WALUE = 2003-05-02T12:27:41Z
[ Log Info | Metadata r
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3 Metadata Mapping Pass-Through

N
HDF-5Radar Level |  Generic Generic
1A Product XML Direct Metadata Transfer HDF HDF-5 Radar Level
< and HDF Writer 1C Product
7
Radar L1C Run Reader
Configuration File

Product Configuration

Files
- Input Science Output
Ancillary Data Sets > Data - Processi ng = Data
Transfer Transfer
Software

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

* XPaths provide a simple means to implicitly codify

automated mapping
— XPaths can be used to drive automated mapping calls.




1

Challenges

&

i

* Generation of a SMAP ISO Model
— How that might fit with a NASA specific flavor of ISO

— Coordination of the effort with other NASA entities
and other missions

* Few existing ISO support tools and libraries

* Ongoing updates and changes to ISO models
— Prefer approach that minimizes costs of changes

* Generation of tools that
— Automate generation of ISO metadata
— Automate capability to read ISO metadata
— Enable users to seek and interpret available metadata




Conclusions

e 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.

e 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




BACKUP SLIDES



3 XML Schema Definition (XSD)

* |SO 19139 provides a set of XSD encodings representing the 19115 model
 XSD provides:

— A full description of the XML structure

— Specification of permissible values in an XML document

e 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
— gco: Geographic Common extensible markup language
— gmd: Geographic MetaData extensible markup language
— gmx: Geographic Metadata XML Schema
— gss: Geographic Spatial Schema extensible markup language
— gsr: Geographic Spatial Referencing extensible markup language

— gts: Geographic Temporal Schema extensible markup language
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