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Who are the end-users of GNSS data?

= Users (machines or human)

know that there we have SDIs

and those curate metadata
catalogues.

= Users still want to determine

whether data fits their purpose.

= Users aren’t native geodesists

but have expectations on the
quality of geodetic data and
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What's New

E= Official U.S. government information about the
Global Positioning System (GPS) and related topics

Governance

Systems

GPS Applications

ike the Internet, GPS is an essential element of the global

information infrastructure. The free, open, and dependable

nature of GPS has led to the development of hundreds of
s applications affecting every aspect of modern life. GPS
technology is now in everything from cell phones and wristwatches
to bulldozers, shipping containers, and ATM's.

GPS boosts productivity across a wide swath of the economy, to
include farming, construction, mining, surveying, package delivery,
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Examples

= Agriculture
= Aviation

= Environment
= Marine

= Public Safety &
Disaster Relief

= Rail

= Recreation

= Roads & Highways
= Space

= Surveying &
Mapping

= Timing

Results in detail: here
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https://frontiersi.com.au/wp-content/uploads/2020/11/P1003-Geodetic-Standards-Final-Report.pdf

% Curtin University

What kind of information users want to see?

= Information about:

Authentication

Agriculture Rail Road Maritime Aviation LocatlorT-Based Tlme‘& : Surveying
Services Synchronisation
Metadata | Accuracy Accuracy Accuracy Accuracy Accuracy Accuracy Accuracy Accuracy
Availability | Availability Availability Availability | Availability | Availability Authentication | Availability
Integrity Integrity Integrity Integrity Integrity Integrity
Coverage Coverage Continuity Coverage Continuity Authentication
Reliability [ Reliability Reliability Reliability
Robustness Authentication Coverage
Continuity Interoperability

Results in detail: here
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https://frontiersi.com.au/wp-content/uploads/2020/11/P1003-Geodetic-Standards-Final-Report.pdf

% Curtin Universi

Gaps in standards to support FAIR data
and services for current GNSS users

° Standard Supports elements for FAIR (= support explicit, blank =
support not explicit)
Focus on subset of ISO 19100 suite R T
1SO 6709: 2008 Standard representation of geographic point location by coordinates v v
150 6709:2008/COR 1: 2009
. 150 19111: 2019 Geographic information — Spatial referencing by geographic identifiers v v
IS0 19115-1: 2014 Geographic information — Metadata — Part 1: Fundamentals v v v v
r e | e V a n t t O G N S S d a t a a n d S e rV I C e S 150 19115-1: 2014/AMD 1:2018 Geographic information — Metadata — Part 1: Fundamentals, Amendment 1
1S0O 19115-2:2019 Geographic information — Metadata — Part 2: Extension for acquisition and processing
150 19115-3: 2016 Geographic information — Metadata — Part 3: XML schema implementation for fundamental concepts
1S0 19139-2: 2012 Geographic information — lata XML schema impl ation — Part 2: ion for imagery and
gridded data
IS0 19116: 2019 Geographic information — Positioning services v v ¥ v
1S0 19118: 2011 Geographic information — Encoding v
150 19119: 2016 Geographic information — Services v v v
150 19127: 2019 Geographic information — Geodetic register v v
1S0 19132: 2007 Geographic information — Location-based services — Reference model v v v
IS0 19133: 2005 Geographic information — Location-based services — Tracking and navigation ¥ v
IS0 19134: 2007 Geographic information — Location-based services — Multimodal routing and navigation v v
150 19145: 2013 Geographic information — Registry of representations of geographic point location v v
150 19148: 2012 Geographic information — Linear referencing v v
Standard Supports for metadata elements (- support explicit, blank — support not explicit) 1SO 19155: 2012 Geographic information — Place Identifier (P1) architecture v v v
Aocrany Falabiiy ety Coverage Relfabiy Fobustness oty Authentication 150 19155-2: 2017 Geographic information — Place Identifier (PI) architecture — Part 2: Place Identifier (PI) linking
05708 — 150 19156: 2011 Geographic information — Observations and Measurements ] ] "' *"
IS0 19157: 2013 Geographic information — Data Quality v v v v
150 15111 7 150 19157:2013/AMD 1: 2018 Geographic information — Describing data quality using coverages
150 19115 v v IS0 19157-2: 2016 Geographic infermation — Data Quality — Part 2: XML schema impl tation
10 19116 v 7 v 150 19161:2020 Geographic information — Geodetic references — Part 1: The international terrestrial reference system v v
150 15118 (ITRS) _ _
5015115 — 7 7 IS0 19162: 2019 Geographic information — Well-known text representation for coordinate reference systems _ _ "4 '/‘
ERGH] - IS0 19165-1: 2018 Geographic information — Preservation of digital data and metadata — Part 1: fundamentals v v v v
1SO 19165-2 (under development) Geographic information — Preservation of digital data and metadata — Part 2: Content
150 19122 7 specification for earth observation data and derived digital products
150 151233 7 < 4 150 19168-1 (under development) Geographic information — ial API for Features — Part 1: Core v v v
15019134 ISO/NP 24245 Space systems — GNSS device codes v
150 19145 ISO/NP 24246 Space systermns — Requirements for GNSS positioning augmentation centers v _
015138 IS0 18197: 2015 Space systems — Space based services requirements for centimetre class positioning ] ] _ -
SpatioTemporal Asset Catalogue (STAC)* v v v v
15015155 i ICSM Survey control standards v
180 15156 7 7 ICSM Metadata profile v v v v
1S0 19157 v 7 W3C DCAT 7 7 7 7
1S0 19161 4 INSPIRE(/OGC) GeoDCAT-AP v v v v
150 19162 7 7
150 19165-1
150 19168--1
1S0/NP 24245
1S0/NP 24246 7 7
150 18157 v
STAC
1CSM Survey control 4
standards
ICSM Metadata profile 4 4
W3C DCAT
INSPIRE(/OGC) GeoDCAT- 4
AP
OGC TimeSeriesML

here 4


https://frontiersi.com.au/wp-content/uploads/2020/11/P1003-Geodetic-Standards-Final-Report.pdf

-
What needs to be improved?

Requirements Supporting standards Gaps in standards Necessary improvement
Element Value Data Quality Metadata Data Quality Metadata
Accuracy ® 2.5-30cm; « |50 19133 # |S0 19157 | =150 19115 * none = insufficient data * none Expand 150 19157 DQ model:
& sub-metre to + |50 19148 » GeodesyML guality definition — * Add Ag DQ elements;
metre level * |50 19156 missing: » Specify measures for these new
* GeodesyML » quality elements elements; and
* 0GC » quality measures » Specify quality evaluation
— - TimeSeriesML procedures for these elements.
Availability * hlgh_ . # Report metadata at end-user
* medium high level — i.e. show Ag end-users Ag
= metadata — this requires update
= Integrity * low to the metadata catalogue
g * medium interface;
*—é * high s Specify the data delivery format
B Coverage & national (GeodesyML, IS0 19156,
< Reliability - low TimeSeriesML, or raw data) of Ag
¢ medium data;
- high » Include Ag metadata to the data
delivered.

>
D
=
D


https://frontiersi.com.au/wp-content/uploads/2020/11/P1003-Geodetic-Standards-Final-Report.pdf

-
GNSS Value chain

= Composed of various actors

_ Component m D i
Upstream Providers
P Manufacturers
Service Providers System Integrators

= All have requirements on:

= Standards

= Protocols
= FAIR

Results in detail: here 6
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GNSS Value chain — Survey

2.5.3) Accessible — Once the user finds the required data, they
need to know how they can be accessed, possibly including
authentication and authorisation.”

If you have experienced challenges accessing precise positioning information for
your industry, please share details below. Describe the main challenges, how they

impacted your positioning needs, and if relevant, how they were overcome.

2.5.4) Which of the following data policies, if implemented, would
improve the accessibility of the data you need?*

2

Description (optional)

Choose as many as you like

| a] Access to data for precise positioning is open, free, and universally
implementable e.g. through HTTP, JSON-RCP, XML-RCP protocols)

Common authentication and authorisation procedures where necessary
(e.g. NTRIP, MCTT, PAP, EAP, EAP-TLS, EAP-PEAP, SRP)

Information about the publisher and distributor of the data are made
readily available

[o] Itis clearly communicated whether data is available to the public, or if it
requires user authentication

[E No Answer / Not Applicable

Spatial & Surveying

uUpstream
Providers
[i.e. GPS, GLO,
GAL, BDS)

Component
Manufacturers
(2 resp.)

ASSETS:

= Agriculture

= Offroad

= Airborne

= Peple

= Marine

COM.TECH

= Temestrizl (cellular,
wired]}

= sallite

SOFTWARE

= Movatel suite, Leica
EN:5 Spider,
Hexagon, Sephentric
R Tools (Datalink),
EKE Cliant

PROTCCOLS

= NTRIP

STAMCARDS

= CURRENT: RTCM
w31, NMEA VD183

= MEW: MIOTT, 558,
sitcam standards,
guantum

185 Services
Service Prowiders
{3 resp., ind. 1 non-aL [

SyStem IMtegrators

3 resp., ind. 2 non-ALl

SETS

Light and heawy
on-/off-Road

= Hal

= Airborme,
bAanitime

+  Mapping&survey
purposss

LCOMTECH

= Terrestrial
[cellular, wirsd]

= EZatellte

SOFTWARE

= Leica

= \Waypoint Grafnet

PROTOCCOLS

« NTRIP

= SBAS standards

«  Cwn PRP
protocols

STAMDARDE

= CURRENT:
RTCNIWS 2, RINEX,
laG

= NP RAOTT

il

ASSETS

= Light on-Road
wehicles

= Mappngliurvey
PUrpOsEs

L0 TECH

= Terrestrizl cellular
SOFM&ARE

= Mapinfo Pro

= ATE-LIE

= MAVCAST

= NTRIF

= HTIPS
STAMOARDE

= CURRENT: RTCM

|warious wersions, incl.

¥3.2)
= NEW: Wisual
Paositioning, IG5 55R

ASSETS

= Light and heavy on-
fofi-Road, Maritime
venicles

= MappingBsurvey
purposes

COM.TECH

= Temestrial (cellular,
radio, wired)

= Satllite

SOFTWARE

= Waypoint Grafnet

= W-Consulting

RTE-LIE

Leica Infinity

GHES Spider

ComiNav CRU

- Compass

PROTCCOLS

= NTEIPvLEv2

= TCEIP by NMEA

- MCIT

= HTIP

= CLHRRFNT RTOR
3.2, FINEX, NME&,
503, CLK

- NEW: MOTT

ASSETS

= Light and heawvy on-
[off-Road, Rail,
AIrDorre venicles

= hiapping&Suney
purposss

COM.TECE

= Terrestrizl (cellular,
radic)

= Eatallitz

SOFTWWARE

= Trimbde

= Leica

= Emlid Bzachview

= |AMC)GE

PROTOCOLS

= NTRIP

= HITP

STAMNDARDS

+ CURRENT: CMR,
RINEX %2.11 and
¥3.0, CMAx, NMEA,
RTCRM WS 2 MSM,
135 Orkits, CODE
WAGFY Nrhits

= NEW: EVX: The
ENE5 Vactor
Exchange File
Format SBAS
standards

Results in detail: here 7
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GNSS Value chain — survey

SPATIAL
METADATA Requirements

Spatial Application Accuracy Coverage Integrity TTA Robustness Availability Fix Update TTFF Power
(Honzsmtal, HEE Environmental Interference Spoofing Type Consumption
Vertical) -
conditions
Mapping & GIS H:<1m Global Yes ? Medium High N/A High Continuous >30s <2mA
V:<im
Smart Cities H: 1m-5m Local ? ? ? ? ? ? ? ? N/A
V:im-5m
Digital Twins H: 0.1m-0.7m Depends on ? ? ? ? ? ? ? ? N/A
V:0.1m=0.5m the spatial
extent of the
Digital Twin

* Missing elements and/or units:

Update rate, format type, constellations used/provided,

reference datum
Blunders

Latency, Continuity, Availability (time period),
Robustness (level), Position Fix Rate, Accuracy (cm),

Coverage(Km2)

Receiver Autonomous Integrity Monitoring (RAIM)

Downtime on GNSS CORS site, i.e. why data may not be
available in certain time periods.

* For identified application — Digital Twin or other:

= Accuracy same as in survaying

= Accuracy needs to be quantified and nct classified

= Robustness is important

= Receiver Autonomous Integrity Monitoring (RAIM) and
Ambiguity Resolution

% Curtin University

* Missing elements and/or units:
* None provided, noted that all is good as listed

* Missing elements as identified for control traffic
farming application:
* GNSS Sensitivity

* Power consumption

AGRICULTURE (1 = Controlled Traffic Farming (CTF) | 2 = Precision Livestock Tracking (PLT))

METADATA Requirements

PAg Application Accuracy Availability Integrity and Robustness Authentication TTFF
Reliability

Farm Machinery Guidance 10-30cm High High Low Low a few min
Automatic Steering 2.5cm High High Medium Low a few min
Spraying, Spreading, 10-30cm High High Low Low a few min
Harvesting, Bulk Crops (VRA*-
Low)
Seeding, Planting (VRA*-High) 2.5-10cm High High Low Low a few min
Harvest/Yield Monitoring sub-metre Medium Medium Low Low a few seconds
Biomass Monitoring sub-metre Medium Medium Low Low a few seconds
Soil Sampling m-level/sub-metre Medium Low Low Low a few min
Precision Viticulture sub-metre Medium Medium Low Low a few seconds
Precision Forestry sub-metre Medium Low Low Low a few seconds
Livestock tracking and Virtual m-level High Medium Low Low a few seconds

Fencing

Results

in detail:
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GNSS Metadata Profile

FAIR geodetic & : _
positioning User requirements from
standards (P1003) RP 1.1
= Based on:
= |SO 19100 series Of Metadata elements
standards s o o S0 19115-1:2014
. R ISO 19115-2:2019
= The FAIR principles (CsM Metadata est | incl Amendments
= Result of GNSS user & F---------4 =5 —ZEl_||[*=&
engagement GA Metadata Profile of —————1 150 19157-1:2023
EEEEEE ISO 19115-1:2014 n’y 7] v
= Built following: o ‘
V4
|CSM > Me,tadata The FAIR principles
Best Practice - A L R
. O‘
= GA Metadata Profile | 08 @3 O
of ISO 19115-1:2014 GNSS Metadata Profile




GNSS Metadata Profile is FAIR

Model revised to comply with the FAIR principles

Several elements modified from optional to mandatory

% Curtin University

FAIR princlples Entlty N amne Change from 150 19115-1

F F1 Cl_Crtation |dentifier Optional - >Mandat ory
F F1 C1_Crtation on lineRe source Optional ->Miandat ory
F F1 MD_Metadata metadataldentifier Optional - >Mandat ory
F F1 MD_Metadata metadatalinkage Optional - >Mandat ory
F F4 MD_identification desriptivekeywords Optional - >Mandat ory
A - - - -

I 13 MD_Metadata met adatasStandard Optional - >Mandat ory
I 13 MD_Metadata metadataProfile Optional - >Mandat ory
R Rl MD_Metad ata metadataConstraints Optional - >Mandat oy
R RL.1 MD_Constraints refarence Optional - >Mandat ory
R RL.1 MD LegalConstraints use Constralnts Optional - 2\andat ory
R R1.2 MD Netad ata resourcelineage Optlonal - >Mandat ory
R RL.2 Ul Uineags additionalDocumentation  |Dptlonal - AMandat ory
R RL.2 Ul Uineags sCope Optional - 2\andat ory
R RL.2 Ul Uineags statement Optional - 2\andat ory

10


https://www.go-fair.org/fair-principles/

GNSS Metadata

= Conceptual model
based on

ISO/TC211 HM
version Feb’23

= Uses GeodesyML
vO.5

Lineage information::LI_Lineage

+  statement: CharacterString
""""""""" B +  scope: MD_Scope
From 150 19157-1 ! N
rom L addini ion: CI_Gitation [1..
Data quality: H +resourcelineage V1.*
DataQuality H
taQualitylnfc
|

+  scope: MD_Scope f~_

This is a newly added link

D,

From 150 19115-1 Edition 1 (Amendment 2)

Reference system information::MD_ReferenceSystem

referenceSystemldentifier: MD_ldentifier [0..1]
ars: CRS [0..1]
coordinateEpoch: DataEpoch [0..1]
pe: MD_| peCode [0..1]

P+

requirements
Refer to 15019111:2019 when coordinate reference system information is given through as

Metadata Information::MD_Metadata

metadataldentifier: MD_ldentifier
defaultLocale: PT_Locale [0..1]
parentMetadata: Cl_Citation [0..1]
contact: CI_Responsibility [1..*]
datelnfo: CI_Date [1..*]
metadataStandard: Cl_Citation [1..*]
metadataProfile: CI_Citation [L..

+ desiption: CharacterString [0..1]|

Metadata Information::MD_MetadataScope [<=
o

+  resourceScope: MD_SwopeCode = "dataset"

+  name: CharacterString [0..1]

CI_Citation [0..*]
otherLocale: PT_Locale [0..*]
metadatalinkage: CI_OnlineResource [1..%]

e,

Constraint information::MD_Constraints
[+ useLimitation: CharacterString [0..°]
+metadataConstraints | D Seope 0.1]
< F__. + graphic: MD_BrowseGraphic [0..*]
+ reference: Cl_Citation [1..*]
+ releasability: MD_Releasability [0..1]
+ responsibleParty: CI_Responsibility [0..%]

+resourceConstraints'\ 0..*

constraints
{defaultLocale documented if not defined by the encoding)
{defaultLocale.PT_Locale.characterEncoding default value is UTF-8}

{count (MD_Metadata.parentMetadata) > 0 when there is an higher level object}
{count (MD_Metadata >0 if MD_Metadata. MD.

{count (MD_Metadata.datelnfo.Cl_Date.dateType.Cl_DateTypeCode="creation"} > 0}

not equal to "dataset”)

+applicationSchemalnfo

Api
MD_Applicationschemalnformation

on schema informati

name: CI_Citation
schemalanguage: CharacterString
constraintLanguage: CharacterString
schemaAscii: CharacterString [0..1]
graphicsFile: CI_OnlineResource [0..1]

ile: CI_On [0.1]

PP

fileFormat: I ing [0..1]

This package supports the
provision of metadata
describing the application
schema used to define
and expose the structure
of a resouce.

ForgeodesyML, vana will
editlater.

0.*

+identificationinfo

4 @I Model
» [m geodesyMILv05
4 [0 GNSSMetadataProfile

EE GNSSMetadataProfile of SO 19115-1 - Fundamentals Dependencies

b E1 GeneralMetadata

b £1 GNSSDataTypes

» B QualityMetadata
b [2] 150 19115-1 Edition 1 (Amd 2)
b [E] 150 19103 Conceptual schema language
b [2] 150 19115-1 Edition 1
b [ 150 19108 Temporal schema
b [ 150 19111 Referencing by coordinates
4 [2] 150 19157 Data quality

3 £1 ISO 19157-1 Edition 1

3 £1 ISO/AWI 19157-3 Edition 1

1.*

«abstract»
+ citation: C|_Citation
+  abstract: CharacterString
+  purpose: purposeCode
+  credit: CharacterString [0..*]
+  status: MD_ProgressCode [0..*]
+  pointOfContact: CI_Responsibility [0.*]
+ Type: MD_: ionTypeCode [0..5]
+  spatialResolution: MD_Resolution [0..*]
+  temporalResolution: TM_Duration [0..*]
+  topicCategory: MD_TopicCategoryCode [0..%]
+ extent: EX_Extent [0..%]
+ additionalDocumentation: Cl_Citation [0..*]
+  processingLevel: MD_ldentifier [0..1]

constraints
{(MD_Metadat. MD_f ceScope) = 'dataset” implies count (extent i X i i + extent. ion) >= 1
{if 'MD_Identification.purpose = siteLog’ then 'geodesyMLv05 siteLog shall be mandatory}
{(MD_Metadat MD. = (dataset' or ‘series') implies topicCategory is mandatory}

0.*

«XSDcomplexTy...
«XSDcomplexType» DataStreams::
Sitelog::sitelog dataStream

«XSDelement»
pertyTyp: + notes: string [0..1]

«XSDelement»

pertyTyp
siteLocation: SiteLocationPropertyType
gnssReceiver: gnssReceiverPropertyType [0..%]
gnssAntenna: gnssAntennaPropertyType [0..]

dl dl ieProp ype [0..%]

p
a ater p
pertyTyp
i ype [0.%]

signalObstruction: signalObstructionPropertyType [0..*]

isodi isodi pertyType [0.%]
siteOwner: agencyPropertyType [0..1]
siteContact: agencyPropertyType [0..*]

i ustodian: ag pertyTyp
siteDataCenter: agencyPropertyType [0..]
siteDataSource: agencyPropertyType [0..1]

i i ype [0..1]

e

p
dataStream: dataStreamPropertyType [0..1]




GNSS Product Identification

aCodelists
MD_ScopeCode

Metadata Information::MD_Metadata
o * metadataldentifier: MD_Identifier
+ defaultLocale: PT_Locale [0..1]
+  parentMetadata: CI_Citation [0..1]
+ contact: Cl_Responsibility [1..%]
+ datelnfo: CI_Date [1..*]
+ metadataStandard: CI_Citation [1..%]
+ metadataProfile: Cl_Citation [1..%]
o + alternativeMetadataReference: CI_Citation [0..%]
+ otherlLocale: PT_Locale [0..*]
+ metadatalinkage: CI_OnlineResource [0..*]
constraints
[defaultLocale documented if not defined by the encoding)
. [defaultLocale. PT_Locale.characterEncoding default value is UTF-8]
[count (MD_Metadata. parentMetadata) > 0 when there is an higher level object)
{count (MD_Metadata. metadataScope) > 0 if MD_Metadata metadataScope. MD_MetadataScope.resourceScope not equal to "datasat"'}
{count (MD_Metadata.datelnfo.Cl_Date.dateType.Cl_DateTypeCode="creation") > 0}

+metadataScope | 0..*

Metadata Information:MD_MetadataScope

+ resourceScope: MD_ScopeCode = "dataset" s |

constraints
{name is mandatory if resourceScope not equal to “datasat"}

attribute
attributeType
collectionHardware
collectionSession
dataset

series
nonGeographicDataset
dimensionGroup
feature
featureType
propertyType
fieldSession
software

service

model

tile

metadata
initiative

sample
document
repository
aggregate
product
collection
coverage
application

+ name: CharacterString [0..1]  )

+ +|+ + + F E F o+ o+ A+ o+ F E o+ o+ o4+ o+ 4 = &

dataStream
sitelog

12



GNSS Product Identification

o

; «abstract»

Identification information::MD_Identification

citation: Cl_Citation

abstract: CharacterString

purpose: CharacterString [0..1]

credit: CharacterString [0..%]

status: MD_ProgressCode [0..*]
pointOfContact: Cl_Responsibility [1..*]
spatialRepresentationType: MD_SpatialRepresentationTypeCode [0..¥]
spatialResolution: MD_Resolution [0..%]
temporalResolution: TM_Duration [0..*]
topicCategory: MD_TopicCategoryCode [0..%]
extent: EX_Extent [0..%]
additionalDocumentation: Cl_Citation [0..*]
processinglevel: MD_ldentifier [0..1]

B T T TG S

constraints
(extent. geographictlement . EX_Geographi BoundingBox + extent.geographi

a metadataScana MDD _Maotadata
I {if 'MD_ldentification.purpose = 'siteLog' then 'geodesy
{{MD_Metadata.metadataScope.MD_Scope.resourceScope) = (‘dataset’ or 'series’) implies IOM is mandatory}

nt.EX_Geographi Desaiption) >= 1}

if 'MD _Identification.purpose = 'siteLog' then 'geodesyMLvO05.siteLog' shall be mandatory

% Curtin University

From geodesyMLv05

AbstractSitelog

«XSDcomplexTypes»
Sitelog::sitelog

«XSDelement»
forminformation: ForminformationPropertyType
siteldentification: SiteldentificationPropertyType
siteLocation: SitelLocationPropertyType
gnssReceiver: gnssReceiverPropertyType [0..%]
gnssAntenna: gnssAntennaPropertyType [0..%]
surveyedlocalTie: surveyedlocalTiePropertyType [0..*]
frequencyStandard: frequencyStandardPropertyType [0..¥]
collocationInformation: collocationinformationPropertyType [0..%]
humiditySensor: humiditySensorPropertyType [0..*]
pressureSensor: pressureSensorPropertyType [0..%]
temperatureSensor: temperatureSensorPropertyType [0..%]
waterVaporSensor: waterVaporSensorPropertyType [0..%]
otherlnstrumentation: otherlnstrumentationPropertyType [0..%]
radiolnterference: radiolnterferencePropertyType [0..%]
multipathSource: multipathSourcePropertyType [0..%]
signalObstruction: signalObstructionPropertyType [0..*]
localEpisodicEffect: localEpisodicEffectPropertyType [0..¥]
siteOwner: agencyPropertyType [0..1]
siteContact: agencyPropertyType [0..%]
siteMetadataCustodian: agencyPropertyType
siteDataCenter: agencyPropertyType [0..%]
siteDataSource: agencyPropertyType [0..1]
morelnformation: MorelnformationPropertyType [0..1]
dataStream: dataStreamPropertyType [0..1]

+ o+ + A+ A+ o+ o+ o+ o+ o+ o+

0.*| «XSDcomplexTy...
DataStreams::

dataStream

«XSDelement»
+ notes: string [0..1]




GNSS Extent adapted to community

Extent Information:
Extended to comply with

GNSS community semantics — ===

+geographi ent

/ «Abstract»

bt

Extent inf ion::EX_Geogr

Extent information::
EX_BoundingPolygon

+

polygon: GM_Object [1..%]

Extent information::
EX_GeographicBoundingBox

+spatialExtent

1.*

«DataType»
Extent information::EX_Extent

+ description: CharacterString

_____________________ obligation changed to

constraints
{count(description + geographicElement + temporalElement +
verticalElement) >0}
{description in {"Global", "Local" , "Regional"}}

+verticalElement

% Curtin University

This element expresses
GNSS Coverage

Mandatory (7 Dec 2023)

0.*

Extent informatio

:EX_VerticalExtent

+temporalElement

* -
0.. + minimumValue: Real

maximumValue: Real

Extent information::
EX_TemporalExtent

+  extent: TM_Primitive

{count(verticalCRS + vertical CRSId) >0)}

constraints

:EX_SpatialTemporalExtent

Extent informatio!

+ verticalExtent: EX_VerticalExtent [0..1]

+verticalCRSId

westBoundLongitude: Decimal
eastBoundLongitude: Decimal
southBoundLatitude: Decimal
northBoundLatitude: Decimal

+ o+ o+ o+

Reference system information::MD_ReferenceSystem

+verticalCRS 0.1

Extent information::EX_GeographicDescription

+ geographicldentifier: MD_lIdentifier

«typen
Coordinate Reference Systems::SC_VerticalCRS




GNSS user-sector reqs added

Service metadata:

Extended to add:

FixUpdateType
Power Consumption
Robustness

Safety Integrity Level _—

«abstract»
it D.

f )

FixUpdateType

+

state: StateCode

PowerConsumption

+ consumptionAmount: float

> |

Robustness

+

Service infor

serviceType: GenericName
serviceTypeVersion: CharacterString [0..*]
accessProperties: MD_StandardOrderProcess [0..1]
couplingType: SV_CouplingType [0..1]
coupledResource: SV_CoupledResource [0..*]
operatedDataset: Cl_Citation [0..*]

profile: CI_Citation [0..%]

serviceStandard: CI_Citation [0..*]

o+ o+

+operatesOn 0.* +resource!

Service metadata information::SV_CoupledResource

+ scopedName: ScopedName [0..1]
+ resourceReference: Cl_Citation [0..*]

level: LevelCode [0..1]
details: RBNDetails [0..1]

SafetylntegritylLevel

+  level:int

constraints
{count (containsChain + containsOperations) > 0}
{If coupledResource exists then count (coupledResource) > 0}
{If coupledResource exists then count (couplingType) > 0}
{If operatedDataset used then count (operatesOn) = 0}
{If operatesOn used count (operatedDataset) = 0}

constraints
{count (resourceReference + resource) > 0}
{If resource used then count (resourceReference) = 0}
{If resourceReference used then count (resource) = 0}

«enumeration»

+containsOperations\|/ o_*

Service metadata informatio
SV_ParameterDirection

in
out
infout

+operation

Service

V_O

+dependsOn 0.*

operationName: CharacterString

+ o4+

distributedComputingPlatform: DCPList [1..%]
operationDescription: CharacterString [0..1]
invocationName: CharacterString [0..1]
connectPoint: Cl_OnlineResource [1..*]

Dependencies

> |

+operation 1.*
{ordered}
Chaining
Metadatal
+containsChain

Service metadata information::
SV_OperationChainMetadata

+ name: CharacterString
+ description: CharacterString [0..1]

+parameter 0.*

Service metadata information::SV_Parameter

+ o4+ o+

name: MemberName

direction: SV_ParameterDirection
description: CharacterString [0..1]
optionality: Boolean
repeatability: Boolean

«codelist»
Service metadata
information::
SV_CouplingType

+ o4+

loose
mixed
tight

«CodelList»
Service metadata
information::DCPList

XML

CORBA
JAVA

Ccom

sqL

SOAP

73950

HTTP

FTP
webServices

P A T S




GNSS quahty metadata added

aaaaaaaaa _ I e ———— From /SO 19157-1

j |
;
New; GNSS qua//ty metada la e/ements

..........

Availability Integrity GNSSSensitivity TimeToAlert DownTime Data quality::
PositionalAccuracy

?

olutePositional Accuracy

Al
HorizontalAccuracy VerticalAccuracy
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GNSS Metadata Profile —
implementation @Geoscience Australia

Ivana vanova

o English -
USER ADMINISTRATOR

g My GeoNetwork catalogue Q Search @ Map 4 Contribute - # Admin console

[Search .. ‘ Q

Search 9 data sets, senices and maps

= Prototype implementation
' into a GeoNetwork
OpenSource;

= Metadata template

Browse by

developed with ANZLIC
Metadata Toolkit

Type of resources

Sl e
: 1ISO 19157-1 XML

Martins test of template GNS5 Site Log template created at 202 Martins test of GNSS Data Stream Template created at 2023-12- Copy of template Emergency Management Service Template cr Martins 2nd test XML Emergency Management Dataset Templat
3-12-06T03:21:45.001Z[Etc/UTC] 06T03:05:27.179Z[Etc/UTC] eated at 2023-12.05T23:57:38.31 Z[Etc/UTC] e created at 2023-12-05T23:38:57.389Z[Etc/UTC]

o
o
3
=
E
@B
1]
n
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https://geonetwork-opensource.org/
https://geonetwork-opensource.org/
https://www.anzlic.gov.au/resources/anzlic-metadata-toolkit
https://www.anzlic.gov.au/resources/anzlic-metadata-toolkit

GNSS Metadata
implementation

& MyGeoNetworkcataloge  Q Search @ Map 4 Contribute -

Browse by

INSPIRE themes (RIS

Type of resources

S Dataset DataStream

[EPRPSM  Viost popular  Comments.

®
¢

Martins test of template GNSS Site Log template created at 202
342.06T03:21:45.001Z[ELc/UTC]

& Admin console -

Search 9 data sets, senices and maps.

SiteLog

Martins test of GNSS Data Stream Template created at 2023.12-
06T03:05:27.179Z[ELc/UTC]

% Curtin University

Profile —

a

—<mdb:MD_Metadata xsi:schemal.ocation="http://standards 1s0_org/is0/19115/-3/mdb/2 0 https://schemas 1sotc2 11 org/19115/-3/'mdb/2 0/mdb xsd"=
—<mdb:metadataldentifier>
—<mcc:MD_Identifier>
—<mcc:code>
<gco:CharacterString>c785896c-4aTf-42fc-0059-05¢570b02abd</gco:CharacterString>
</mee:code>
—<mcc:codeSpace>
<gco:CharacterString=urm-unid</gco:CharacterString=
</mcc:codeSpace>
</mec:MD_Identifier=
</mdb:metadataldentifier>
+<mdb:defauliLocale><'mdhb:defaultLocale>
—<mdb:metadataScope>
—<mdb:MD_MetadataScope>
—<mdb:resourceScopes
<mece:MD_ScopeCode codeList="http://standards is0.org/iso/1911 5/ resources/Codelists/cat/codelists xml#MD_ScopeCode” codeListValue="siteL.og" />
</mdb:resourceScope> $
—<mdb:name gco:nilReason="missing">
<gco:CharacterString/>
</mdb:name>
s D RetadataScope>

Copy of template Emergency Management Service Template cr
eated at 2023-12.05T23:57:38 31Z[Etc/UTC]

Martins 2nd test XML Emer
e created at 2023-12-05T23;

</mdb:metadataScope>
+<mdb:contact—-'mdb:contact=
+<mdb:dateInfo></mdb:dateInfo>
+<mdb:dateInfo></mdb:dateInfo>
+=mdb:dateInfo></mdb:dateInfo>
+=mdb:dateInfo></mdb:dateInfo>
—<mdb:metadataStandard>
—=cit:CI_Citation>
—<cit:title>
<gco:CharacterString=I50 19115-1:2018-GNS5</gco: CharacterString=>
</cit:title=
—<cit:edition>
<gco:CharacterString=2023</geco:CharacterString>
</cit:edition>
</cit:CI_Citation>
</mdb:metadataStandard=>
—<mdb:metadataProfile=
—<cit:CI_Citation>
—<cit:title=
<gco:CharacterString=GNSSMetadataProfile v3<W'gco:CharacterString>
</cit:title>
—<cit:edition>
<geo: CharacterString=Version 3.0, July 2023</gco:CharacterSiring>
</cit:edition>
—<cit:identifier>
—<mee:MD_Identifier>
—<mecc:code>
<gco:CharacterString=https://pid geoscience gov.an/dataset/za’122551</geo: CharacterString=

18



GNSS Metadata Profile in action

@Positioning Australia

ﬂ |D1 32 httne//data nngs na onv ay

w

M//thout GNSS M@tadata P['Oﬁ/ ISO/AWI 19157-3 (8 1S019157-3 - Docume... 4% GNSS Network Portal @ NewTab "' GNSS station metadat...
(=]

F e

S Australian Government

GNSS Data Repository vi.10

e ;','_
TS Geoscience Australia

Search for RINEX Files

methods (such as SFTP), see GNSS Data Repo Docs.

GNSS Sites * DONA x % RINEX Version *

[0 Meteorological
File Type * Navigation File Period *

Qbservation

Start Date (UTC) *  2022-08-10 00:00:00 = End Date (UTC) *

[s

All RINEX data is stored in gzip format; all observation data is also Hatanaka compressed. For APl documentation and other access

02 ®3

Daily 30-second data @
[0 Hourly 30-second data @
O High-rate data @

2022-08-11 02:57:05

% Curtin University



’: Australian Government

T
b3

Positioning
Geoscience Australia Australia

Search for RINEX Files

GNSS Data Repository 130

All RINEX data is stored in gzip format; all observation data is also Hatanaka compressed. For API documentation and other access

With GNSS Metadata Profile™

GNSS Sites *

File Type *

Start Date (UTC) *

Sector
Accuracy (Min)

Accuracy (Max)

ALBY =

[0 Metecrological
[J Navigation

Observation

2023-12-04 00:00:00

Agriculture

10

30

i

Availability

Integrity &
Reliability

RINEX Version* 2 @ 3

Daily 30-second data €@

File Period * Hourly 30-second data @

[J High-rate data @

£ End Date (UTC) * [ 2023-12-08 01:22:45 i ‘
Application | Farm Machinery Guidance j
Medium - Robustness High j
High ad Authentication High j



https://data.gnss.ga.gov.au/docs/home/index.html

GNSS Metadata Profile in action
@Positioning Australia

X

User Interface

Request list of appropriate applications per selected sector()

GNSS Data Service Centey

Return list of applications()

<_ ______________________________________________

Request list of relevant elements per selected application()

|

Return list of metadata elements and their values

0

Values updated in the form()

Extract requirements()

User
! T
1
. i
: Enter basic filter elements() :
1
Select user sector() ’_L
T T
: Select application used() :
<= ---
N
Enter value/range values of elements() ._L
Hit Search button() 1
Review metadata()
R e e e ittt
LA
1
Download product() ’L
Save file()
e i ittt e

construct CSW request to GA catalogue with user

adjusted values as parameters()

Request metadata records()

GA Produd Catal oguef

Return metadata recordsf()

<_ _____________________________________________

Request product()

Return product()

<_ _____________________________________________

% Curtin University



o
Next steps

= Continue testing the current version —enhancement expected

= Mapping to other schemas — e.g. DataCite (e.g. used by UNAVCO,
GGOS), (Geo)DCAT (e.g. used by INSPIRE, ROB)

= Related activity:

= Recommendations to improve GeodesyML
= Explored |oT protocols including MQTT for GNSS data delivery to mass market

22



% Curtin University

FRONTIER

“V~ POSITIONING

“/A" AUSTRALIA

POSITIONING Australian Government

INSIGHTS

Geoscience Australia

THANK YOU!

ivana.ivanova@curtin.edu.au
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