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‘ Problem statement

Without appropriate metadata, data may become unidentifiable and
unusable

Increasing understanding DOE needs:

o Standard metadata
o Understandable metadata

° Logical, documented schema that can survive
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Problem Solution

Approach: Evaluate metadata standards within cross-disciplinary projects of nuclear I
monitoring community, with focus on: I

* Technical use

* Interoperability

* Discoverability & Accessibility

* Preservation, Reusability, & Version control

* Solicit Subject Matter Experts (SMEs) on domain specific metadata/data standards

domains relevant to nuclear monitoring

Goal: Develop an extensible, modular, machine-readable metadata schema for
Impact: I
* Formalized metadata standards/schema utilized across DNN R&D
* Extending usability of data
* Facilitating data accessibility, discovery, reuse, sharing, and preservation

* Widespread adoption to meet increasing government research data management needs



4+ | SME domains considered

Atmospheric
Geologic
Geochemical
GIS
Geomechanics
Geophysics
Ground Truth
LIDAR
Modeling
Radionuclide
Derived Products
Documents



Data Catalog Vocabulary
(DCAT)

...the basis for DCAT-eOS-AP



s | DCAT — Introduction

* “...designed to facilitate interoperability between data catalogs published on the Web” (W3C, 2020)
* Extensive use of other standards/schemas, building off of Dublin Core

* Uses a standard model and vocabulary that facilitates consumption and aggregation of metadata from
multiple catalogs

* Makes no assumptions about data format
* Developed in the context of government data catalogs
* Active user/development community, adopted by data.gov, Europe, others

* Extensible, modular, and can be presented in many forms including RDF, embedded in HTML, or
serialized in XML, N3, Turtle, JSON, etc.




7 | DCAT classes —What’s in a name!?

Prefixes define different vocabularies

Example prefixes
* dcat Data Catalog Vocabulary

* foaf Friend of a Friend

* skos  Simple Knowledge Organization System

DCAT is extensible

*  DCAT pulls in outside vocabularies using prefixes

Why make new standards when vou can use someone else’s?

class DCAT Summary /

|

dct:publisher

=

\

dct:creator

\ E:oncepﬁcheme

.%skus: indcheme _l skos:Concept

dct:publizher ¢

dcat:themeTaxonomy

e

dcat:catalog
dcat:dataset

dcat:record

dcatizervice
dcat:themeTaxonomy
dct:hasPart
foaf:homepage
sdoat:Dataset
dcat:distribution
dcat:spatialResolutioninMeters
dcat:temporalResolution
dct:accrualPeriadicity
dct:spatial

dct:temporal
prov:wasGeneratedBy

deat:Resource
dcat:contactPoint
dcat:keyword
dcat:landingPage
dcat:gualifiedRelation
dcat:theme

dcat }Zaialuxgﬂem rd

dct:conformsTo
dct:description
dctiissued
dct:modified
dct:title
foaf:primaryTopic

7

L foaf:pri

dcatrecord

/

dct:hasPart

dcat:service

dcat:dataset

dcat:catalog




s | DCAT — Application Profiles

A DCAT application profile is a new standard that extends the core DCAT but still conforms with it

Because DCAT is extensible, many organizations have added their own classes, properties, and constraints

Examples include:

# POD Project Open Data

o DCAT-AP DCAT Application Profile for Data Portals in Europe

o StatDCAT-AP DCAT-AP for statistical data

° GeoDCAT-AP DCAT-AP for geospatial data

o CiteDCAT-AP DCAT-AP for dataset citation

o EPOS-DCAT-AP European Plate Observing System

o CKANEXT-DCAT Comprehensive Knowledge Archive Network Extension
> DCAT-eOS-AP Ecosystem for Open Science Application Profile




DCAT-eOS-AP

LEGEND: UML Diagram
DCAT-eOS-AP v0.2:
Data Catalog (Version 2)
Ecosystem for Open Science — e -— O r e a S S e S
Application Profile v0.2
W _(;I """ D """"""""""""" skos:ConceptScheme
ass Diagram:
vocab:Class 6 ‘g ] 6 ] + skos:definition
skos:Concept R —
+ vocab:property eos:Publication eos:Documentation eos:Document dcat:Resource — :
+ vocab:property - — + skos:definition 1.n
+ vocab:property + schema:author + schema:author + eos:documentType + adms:identifier .
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€os e0S-specific Vocabulary eos:Project ) + schema:citation
1.n N dct:isPartOf 1 + schema:version + schema:telephone
foaf | Friend of a Friend Vocabulary + dct:identifier + schema:version
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DCAT Ecosystem for Open Science
Application Profile (DCAT-eOS-AP)
Example




DCAT-eOS-AP
" 1 Example

Each submission
must start with a

Project:

* NA-22 Project
Name

* NA-22 Project
Number




DCAT-eOS-AP
2 1 Example

Then we add a
Dataset:

* NetCDF file with
24 hours of 3D
atmospheric fields
from a physical
model

+ dct:identifier

+ dct:title




DCAT-eOS-AP
3 1 Example

We add a second
Dataset:

dcat:Dataset

o AS CII fﬂe With a + dcat:spatialResolutioninMeter
Slngle atmO spheric + dcat:terr.lporaIResqution
. + dct:spatial
SOI.lI'ldlIlg + dct:itemporal

+ eos:datalLevel

+ eos:depth

+ eos:depthUnits
+ eos:lithology

+ eos:timing

+ eos:yield

+ schema:version

:: deat:Resource

eos:Project

+ dct:identifier

+ dct:title




DCAT-eOS-AP

4 1 Example

We also have a
Publication:

> PDF of SAND

report

eos:Document

+ eos:documentType

+ eos:instrumentCalibration
+ eos:instruments

+ eos:methodsDescription
+ schema:numberOfPages

+ schema:publisher

:: dcat:Resource

dcat:Dataset

dcat:Dataset

+ dcat:spatialResolutioninMeter

+ dcat:temporalResolution
+ dct:spatial

+ dct:itemporal

+ eos:datalevel

+ eos:depth

+ eos:depthUnits

+ eos:lithology

+ eos:timing

+ eos:yield

+ schema:version

+ dcat:spatialResolutioninMeter

+ dcat:temporalResolution
+ dct:spatial

+ dct:itemporal

+ eos:datalevel

+ eos:depth

+ eos:depthUnits

+ eos:lithology

+ eos:timing

+ eos:yield

+ schema:version

eos:Project

:: deat:Resource

:: dcat:Resource

+ dct:identifier

+ dct:title




DCAT-eOS-AP

5 1 Example

Datasets/ Publications
are contained
within a Catalog

via hasPart

The Catalog 1s
linked to the Project
via publisher

dct:hasPart

eos:Publication

+ schema:author
+ schema:datePublished

+ schema:volumeNumber

:: eos:Document

|

)

dcat:Dataset

dcat:Dataset

+ dcat:spatialResolutioninMeter
+ dcat:temporalResolution

+ dct:spatial

+ dct:itemporal

+ eos:datalevel

+ eos:depth

+ eos:depthUnits

+ eos:lithology

+ eos:timing

+ eos:yield

+ schema:version

+ dcat:spatialResolutioninMeter
+ dcat:temporalResolution

+ dct:spatial

+ dct:itemporal

+ eos:datalevel

+ eos:depth

+ eos:depthUnits

+ eos:lithology

+ eos:timing

+ eos:yield

+ schema:version

:: deat:Resource

:: dcat:Resource

eos:Project

+ dct:identifier

+ dct:title




DCAT-eOS-AP

6 I Example

:: eos:Document relation
Inheritance is establishes
relationships

represented by an P

- between Resources
Op cn arrow Jon_ ) l 1

= dcat:Catalog ‘TE dcat:Dataset dcat:Dataset

jzc."’; + adms:identifier E + deat:spatialResolutioninMeter + dcat:spatialResolutionInMeter feplaces us ed to

g + dcat:catalog + dcat:temporalResolution + dcat:temporalResolution b

enote which
+ dcat:themeTaxonomy + dct:spatial + dct:spatial d w

Common metadata

are inherited from
Resource

v

eos:Publication

+ schema:author
+ schema:datePublished

+ schema:volumeNumber

|

+ dct:hasPart
+ dct:identifier
+ dct:modified

+ dct:publisher

+ dct:temporal
+ eos:datalevel
+ eos:depth

+ eos:depthUnits

+ dct:temporal
+ eos:datalevel
+ eos:depth

+ eos:depthUnits

isPartOf links a

Resource to one or

more Catalogs

Resource is replaced
ot deprecated by

this Resource

+ dcttitle + eos:lithology + eos:lithology
+ foaf:homepage + eos:timing + eos:timing .

| | | wasDerivedFrom
+ schema:version + eosuyield + eosyield

+ schema:version

+ schema:version

provides a link to

:: dcat:Resource :: dcat:Resource

eos:Project ZE

another Resource

= dct:publisher:
2 R

this Resource may
be derived from

detiisPartofr~

+ dct:identifier

+ dct:title




DCAT-eOS-AP

7 1 Example

Each Dataset or
Publication must have
a contactPoint

Person relates to
Resource via
contactPoint

A Person is associated
with multiple

Resources using
creditedTo

A Person also
relates additional
collaboratots to
Resource via
creator

v

eos:Publication

+ schema:author
+ schema:datePublished

+ schema:volumeNumber

:: eos:Document

dct:hasPart

dct:publisher:

\;O..n

9

|

)

dcat:Catalog

dcat:Dataset

dcat:Dataset

+ adms:identifier

+ dcat:catalog

+ dcat:themeTaxonomy
+ dct:hasPart

+ dct:identifier

+ dct:modified

+ dct:publisher

+ dctititle

+ foaf:homepage

+ schema:version

eos:Project

+ dct:identifier

+ dct:title

deat:catalo

+ dcat:spatialResolutioninMeter
+ dcat:temporalResolution

+ dct:spatial

+ dct:itemporal

+ eos:datalevel

+ eos:depth

+ eos:depthUnits

+ eos:lithology

+ eos:timing

+ eos:yield

+ schema:version

+ dcat:spatialResolutioninMeter
+ dcat:temporalResolution

+ dct:spatial

+ dct:itemporal

+ eos:datalevel

+ eos:depth

+ eos:depthUnits

+ eos:lithology

+ eos:timing

+ eos:yield

+ schema:version

:: deat:Resource

:: dcat:Resource

ZE detisPartof~’

W

dcat:Resource

—

+ adms:identifier

+ dcat:byteSize

+ dcat:contactPoint
+ dcat:distribution
+ dcat:keyword

+ dcat:landingPage
+ dcat:theme

+ dct:abstract

+ dct:accessRights
+ dct:creator

+ dct:description

+ dct:identifier

+ dct:isPartOf

+ dct:issued

+ dect:modified

+ dct:publisher

+ dct:relation

+ dct:replaces

+ dct:rights

+ dct:title

+ premis:file

+ prov:wasDerivedFrom
+ prov:wasGeneratedBy
+ schema:citation
+ schema:version

+ skos:scopeNote

- @@ . f
dcat:contactPoint

J 't1..n

dct:creator

schema:creditedTo




DCAT-eOS-AP

8 I Example

Distribution
contains metadata
about how the
Resource 1s
packaged and

accessed

v

eos:Publication

+ schema:author
+ schema:datePublished

+ schema:volumeNumber

:: eos:Document

~

dct:hasPart

dct:publisher:

\;0..n

9

|

|

dcat:Catalog

dcat:Dataset

dcat:Dataset

+ adms:identifier

+ dcat:catalog

+ dcat:themeTaxonomy
+ dct:hasPart

+ dct:identifier

+ dct:modified

+ dct:publisher

+ dctititle

+ foaf:homepage

+ schema:version

eos:Project

+ dct:identifier

+ dct:title

deat:catalo

+ dcat:spatialResolutioninMeter
+ dcat:temporalResolution

+ dct:spatial

+ dct:itemporal

+ eos:datalevel

+ eos:depth

+ eos:depthUnits

+ eos:lithology

+ eos:timing

+ eos:yield

+ schema:version

:: deat:Resource

+ dcat:spatialResolutioninMeter
+ dcat:temporalResolution

+ dct:spatial

+ dct:itemporal

+ eos:datalevel

+ eos:depth

+ eos:depthUnits

+ eos:lithology

+ eos:timing

+ eos:yield

+ schema:version

:: dcat:Resource

ZE detisPartof~’

W

dcat:Resource

—

+ adms:identifier

+ dcat:byteSize

+ dcat:contactPoint
+ dcat:distribution
+ dcat:keyword

+ dcat:landingPage
+ dcat:theme

+ dct:abstract

+ dct:accessRights

dcat:contactPoint

+ dct:creator

+ dct:description

+ dct:identifier

+ dct:isPartOf

+ dct:issued

+ dect:modified

+ dct:publisher

+ dct:relation

+ dct:replaces

+ dct:rights

+ dct:title

+ premis:file

+ prov:wasDerivedFrom
+ prov:wasGeneratedBy
+ schema:citation

+ schema:version

+ skos:scopeNote

J ’t1..n

deat:distributionﬁ

dct:creator

/ Vi.n

\

dcat:Distribution
+ dcat:accessURL
+ dcat:byteSize
+ dcat:compressFormat
+ dcat:downloadURL
+ dcat:packageFormat
+ dct:description
+ dct:format
+ dct:identifier
+ dct:issued
+ det:modified

+ dct:title

(schema:version

4

schema:creditedTo

_

1..n 1.n

schema:Person

—

+ schema:additionalName
+ schema:affiliation

+ schema:alternateName
+ schema:address

+ schema:contactType

+ schema:creditedTo

+ schema:email

+ schema:familyName

+ schema:givenName

+ schema:identifier

+ schema:legalName

+ schema:telephone




DCAT-eOS-AP

9 1 Example

Concept

*Category or theme
describing a Resource
(e.g., waveform
timeseries)

ConceptScheme

*A collection of related
Concepts (e.g.,
seismology)

v

eos:Publication

+ schema:author
+ schema:datePublished

+ schema:volumeNumber

:: eos:Document

:hasPart

dct

dct:publisher:

\;0..n

9

|

|

dcat:Catalog

dcat:Dataset

dcat:Dataset

+ adms:identifier

+ dcat:catalog

+ dcat:themeTaxonomy
+ dct:hasPart

+ dct:identifier

+ dct:modified

+ dct:publisher

+ dctititle

+ foaf:homepage

+ schema:version

eos:Project

+ dct:identifier

+ dct:title

deat:catalo

+ dcat:spatialResolutioninMeter
+ dcat:temporalResolution

+ dct:spatial

+ dct:itemporal

+ eos:datalevel

+ eos:depth

+ eos:depthUnits

+ eos:lithology

+ eos:timing

+ eos:yield

+ schema:version

:: deat:Resource

+ dcat:spatialResolutioninMeter
+ dcat:temporalResolution

+ dct:spatial

+ dct:itemporal

+ eos:datalevel

+ eos:depth

+ eos:depthUnits

+ eos:lithology

+ eos:timing

+ eos:yield

+ schema:version

:: dcat:Resource

ZE detisPartof~’

W

dcat:Resource

—

+ adms:identifier

+ dcat:byteSize

+ dcat:contactPoint
+ dcat:distribution
+ dcat:keyword

+ dcat:landingPage
+ dcat:theme

+ dct:abstract

+ dct:accessRights

p

skos:Concept

+ skos:definition
+ skos:inScheme

+ skos:title

—skos:inScheme

N_—

skos:ConceptScheme

+ skos:definition

+ skos:title

JM,.n

——T——dcat:theme~’

dcat:contactPoint

+ dct:creator

+ dct:description

+ dct:identifier

+ dct:isPartOf

+ dct:issued

+ dect:modified

+ dct:publisher

+ dct:relation

+ dct:replaces

+ dct:rights

+ dct:title

+ premis:file

+ prov:wasDerivedFrom
+ prov:wasGeneratedBy
+ schema:citation

+ schema:version

+ skos:scopeNote

J ’t1..n

deat:distribution
e

dcat:Distribution

+ dcat:accessURL

+ dcat:byteSize

+ dcat:compressFormat
+ dcat:downloadURL
+ dcat:packageFormat
+ dct:description

+ dct:format

+ dct:identifier

+ dctiissued

+ dct:modified

+ dctititle

+ schema:version

schema:creditedTo

dct:creator

1..n 1.n

schema:Person

—

+ schema:additionalName
+ schema:affiliation

+ schema:alternateName
+ schema:address

+ schema:contactType

+ schema:creditedTo

+ schema:email

+ schema:familyName

+ schema:givenName

+ schema:identifier

+ schema:legalName

+ schema:telephone

_
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Blue boxes are demonstrative only
(pending future development)

DCAT-eOS-AP (Core)

skos:Concept

format:CSV

format:miniSEED

format:SEGY

premis:File

-
5

—dcat:theme—>|

dcat:Resource

dcat:itheme

+ dcat:theme
+ dct:created
+ dct:creator
+ dct:modified

+ eos:data

premis:fixity— + premis-fixity

1.n

premis:Fixity
+ rdf:value

b

crypHashFunc:CRC32

:: premis:Fixity

+ premis:format

+ premis:identifier

+ premis:originalName
+ premis:restriction

+ premis:rightsStatus
+ premis:size

+ premis:storedAt

+ premis:version

DCAT-eOS-AP Core + Granular Classes

as:envConditions—\

(
[ [

[

[

eos:equipment
l *

eos:AtmosphericTimeSeriesData

eos:SeismicTimeSeriesData

eos:SeismicLineData

<

:: eos:TimeSeriesData

:: eos:TimeSeriesData

:: eos:Data

eos:Equipment

eos:TimeSeriesData

+ eos:mean
+ eos:maxSampleRate
+ eos:minSampleRate

+ eos:sampleRate

:: eos:SeriesData

+ dct:description

+ dct:identifier

+ dct:title

+ eos:dynamicRange
+ eos:elevation

+ eos:equipmentType
+ eosfilter

+ eos:orientation

+ eos:samplePeriod

+ schema:serialNumber

C

eos:SeriesData

5
£
2 —
@ )
£
<
Q.
qE eos:data
) eos:Restrictions

+ rdf:value

premis:restrictio

—premis:rightsStatusﬂ
1

—premis:storedAt

1.n

premisfile

eos:Unclassified

+ eos:classificationLevel

+ eos:ouoExemption

eos:Classification

I 1
-eos:classification—@

+ eos:classification

1

premis:StoragelLocation

+ rdf:value

eos:Classified

+ eos:category

+ eos:caveats

+ eos:classifiedDate

+ eos:classificationLevel
+ eos:classifiedBy

+ eos:declassifyDate

+ eos:derivedFrom

+ eos:sigmas

+ eos:end

+ eos:maxSampleSpacing
+ eos:uniformlySampled
+ eos:minSampleSpacing
+ eos:numSamples

+ eos:unitsDependent

+ eos:unitsindependent

+ eos:sampleSpacing

+ eos:start

:: eos:Data

eos:EnvConditions le/

+ eos:cloudCover

+ eos:elevation

+ eos:elevationUnits
+ eos:humidity

+ eos:temp

+ eos:tempUnits

eos:TabularData

+ eos:columnNames

:: eos:Data

eos:Data *

+ rdf:value

z e0S Data Classes

List of the data classes in
DCAT-eOS-AP.

Not all data classes are
represented in this diagram.

AsciiData

Atmospheric TimeSeriesData
AudioData

BinaryData
GriddedData
ImageData
SeismicLineData
SeismicTimeSeriesData
SeriesData

TabularData
TimeSeriesData
VideoData




DCAT-e0S-AP

1
-m..—)

dcattheme

~premis:File-
file1

+ deattheme = eos:SeismicWaveform
+ det.created = 2020-01-01 00:00:00.000
+ det:creator = byoung

+ detmodified = 2020-07-01 23:59:59.999
1 + eos:data = [flle1_datatb, file1_data2b]
+ premis fixty = file1_hash

file1_format1
+ premisidentlfier = €08126
+ premis:originaiName = "200704.IUANMO seed”

+ schema:contactType = "Principle Investigator”
+ schema creditedTo = "file1"

+ schema:email = "byoung @sandia. gov*

+ schemafamiyName = *Young"

+ schema:givenName = "Brian"
+schemaidentifier = "orcid: abc123"

+ schematelephone = "867-5309"

+ rdtvalue = "cbi43926"

. schema:version = 1.0

1
file1_location
-eos:Restrictions-
+ rdf:value = "some_uri/20200704.1UANMO seed” file1_reistrictions
rdfs:iteral = “embargo untl 2021~Jun-04'

+ eos:sampleSpacing = 0.05 sec

+ eos:mean = 0.0

+ eos:samploRate = 20.0 Hz

+ @os:start = 2020-07-04 12:31:14.143
+ eos:uniformlySampled = True

+ eos:unitsDependent = “digital counts”
+ eos:unitsindependent = datetime

+ cdtvalue = {[1 x 7612 matrix]]

-e0s:Data-
file1_data2

+ rdfvalue

+ 0os fatitude = 3291724
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s | Metadata Standards Investigated

Dublin Core Metadata Initiative
* Originated in 1995 in Dublin, OH as an effort to describe digital resources, but also includes physical resources

* Many standards have roots in and/or are mapped to Dublin Core

Schema.org

* Joint effort focused on improving structured data markup schema on the web to make it easier to provide richer
search results for users

* Metadata support for datasets added in 2018

Metadata Object Description Schema
* Maintained by Library of Congress, focus on bibliographic element sets

Project Open Data
* White House 1nitiative to “unlock the potential of government data” by sharing open data (OMB & OSTP, 2020)

* Online public repository, collaborative open source project including collection of tools, code, case studies, etc.

* Schema based on DCAT, DCAT-US Schema v1.1

Data Catalog Vocabulary (DCAT)

* Hierarchical vocabulary (e.g., Resource Description Framework (RDF)) specific to datasets facilitating federated
dataset search across catalogs

...And others



