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ncMiG,,

What is it?

 An Abstract and Content Model
reconciliation schema for ES and GIS info

realms

* A Mediation Markup Language between
ncML (netCDF Markup Language) and
GML

* An extension of ncML core schema, based
on GML grammar



The Motivations Mg,

NcML (i.e. netCDF) and GML semantics are not
completely interoperable
— For example: a netCDF dataset can originate lots of geo-
information Coverages, but only some of them are "useful" or
"meaningful” or "opportune” to be visualized using GIS
To keep ncML and GML loosely coupled
— NcML must be free to change without any direct effect on GML,
and vice versa.
To enable ncML and GML interoperability using a
declarative language (i.e. a mark-up language)

To support the development of “combined" ES&GIS
applications/services, where both communities’
semantics and data models are required

— WCS could be a good example (i.e. a GALEON objective)



Objectives ncMl,,,

* To explicitly mediate from netCDF hyperspatial
data to Gl coverage data models

netCDF dataset Gl coverage
N independent dimensions (i.e. axes) 2.5, 3, 4 coverage domain dimensions
Set of scalar variables Coverage range-set of values
(t, z, y, x) variable shape (x, Y, z, t) range shape
Implicit geo-location metadata Explicit geo-location metadata
Grid geometry irregularly spaced Grid geometry regularly spaced
etc. etc.

* To explicitly encode netCDF CF conventions into GML-
based elements



NetCDF dataset content

N-Dimension Coordinate

Systems
<dimension>,
’// <coordinateSystem>
<coordinateAxis>

explicit/semi-implicit/implicit Geometry

<netcdf type>

J § <dimension>,
B | <variable>

netCDF multidimensional
dataset ’
(e.g. 4/5D hypercube)

Scalar measured quantities

<variable>
01101100111

11010101010
010101...




Geoinformation coverage content

2D Spatial Coordinate System + elev + time

<_CoordinateSystem>,
<coordinateSystem
Axis>
explicit/implicit Geometry _ _
<gridDomain>,
Domain>,

<multipointDomain>

’ - Spatial Refer?nce System (SRS)

2D+elev+time
dataset

<GeographicCRS>

Range set

<rangeSet>



NcML-GML Mediation Process

) . 2D SCS + elev + time
netCDF hyperspace 2D +elev + time : t
e Coverages |
(3/4/5D) , ’ i Implicit/explicit Geometry
5 . a Coverage A B
- "\‘ = = S = =% I\ Spatia Rgference System
. ! o3
i 2D+elev+time i
: | dataset E
' ! . | Range set
: | | ek
N-Dimension Coordinate E ' b

; ; )st E \-

explicit/semi-implicit/implicit Geometry

.

Scalar measured quantities

I 01101100111
11010101010

010101




NcML-GML.: Introduced Gl concepts
in brief

A netCDF dataset origins several different coverages

Each coverage is characterized by a domain, a range-
set and is referenced by a CS/CRS

Each coverage is optionally described by a geographic
exient
Each domain is characterized by a geometry

— Supported domains: reqular grid domain, irreqular grid domain
and multipoint domain

Each range-set lists or points set of values associated to
each domain location

— Supported range-set types: scalar range-set and parametric
range-set




Supported data encodings

« Domain

— Regular grid geometry

— lrregular grid geometry

— Multipoint geometry

* Range set
— Scalar range set =P

— Parametric range Set m———)




NcML-GML: concepts mapping in brief

NetCDF concepts Mapping Geo-Information
cardinality concepts

Dataset 1...n Coverage

Dimension n...m Grid/Multipoint
Domain, CS, CRS

Variable n...m Scalar/parametric
Rangeset,
Grid/Multipoint
Domain, CS, CRS

Attribute n...m Any




The Content Model

 The content model for ncML-GML is called
ncML-G

* ncML-G package diagram

ncML-G
M‘ netCDF-coverage] GML-based
ncML [ 1" NetCDF- | - > GML-based
coverage concepts
EX v
GML

n@Mk;j "



The Content Model:

Netcdf Coverages

e« NcML-G: UML mc The new introduced netCDFCoverages

<< ncML >>
NetcdfType

<< neCDF-coverage >>
NetcdfCoverages

<>

object extends the netCDF type by adding a set
grid or multipoint coverages associated to netC
dimensions and variables

Metadata directly derived from netCDF dataset. W

Metadata structure designed for ES users/systems.

S axis name is a unique}

<< GML-based >>
NetCDFCoverage

<< GML >>-aCoverageFunction:CoverageFunction[0..1]

Metadata related to Gl aspects, directly derived

from netCDF dataset semantics or get from ncML
metadata.
Metadata content is designed for GIS users/systems

(i.e. GML-based).
ﬂcMJbML




The Content Model:

Netcdf Coverage

meM .

* NcML-G: UML model for NetCDF coverage data

+associated

Coverage dimensions stem from
netcdf coordinate system axes.

netCDF .
i variables << GML-based>> | *rangeSet <<GML-based>> +domain [ __ GML-based>>
<;nc- bl» RangeSet NetCDFCoverage 1.* CoverageDomain
ariable
: >
o uses . < <<GML >>-aCoverageFunctiorCoverageFunctiof0..1] ]
1. characterizedBy characterizedBy
{OR}
+geo-spatial &
<<ncML>> << GML-based>> +CRS temporal extent << GML-based>>
CoordinateSystenx | — CoordinateReferenceSystem GeoDomainExtent
<<GML >>-geographicSystemGeographicCRS 0.1 referencedBy : << GML >>-aSpatialExteniSpatialExtent
<<GML >>-projectedSysternProjectedCR$0..1] | describedBy o {1 | <GML>>aVerticalExteniVerticalExten0..1]
+CS | 0.1 <<GML >>-temporalSystemlemporal CR$0..1] <<GML >>-aTemporalExtenfTemporalExter{D..1]
<<GML >>-verticalSystenVertical CRS0..1]

referencedBy




The Content Model: ncMig, |

Netcdf Coverage Domailn

<< GML-based >> << GML-based>>
NetCDFCoverage 1.7 + domain CoverageDomain
GML >>- aCoverageFunction0..1
= - : (0.1 characterizedBy
/\
<< GML-based>> << GML-based>> & G
NetCDFMultipointCoverage NetCDFGridCoverage SSElLE Sl e
GridDomain <|_ RectifiedGridDomain
descrbedBy —— | @ ——————————------ - -4 Implicit domain
<> <<GML >> aSRS- SRS| << GML >>- aSRS SRS geometry
<< GML-based>> << GML-based>>
IrregularGridDomain RectifiedIrregularGridDomaimn
ElEE e 2y - d--4 semi-implicit domain
geometry
+ domair| << GML >>
MultiPoint

| explicit domain geometlr?




The Content Model:

NetCDEF Coverage RangeSet

0..1

+measured

quantity

<< GML >>
FileType

HQM]W@;,/ "

<< GML-based >>
{> RangeSet
<< GML-based >> +values << GML-based >>
< ScalarRangeSet ParametricRangeSet
(OR] << GML >>-aScalarValueList:ScalarValueList[0..1] [——————<>{ -semantics:Object
<< GML >>-aFile:FileType[0..1]
H>
Uses uses
uses
0..1 +measured +measured 1> 1.* +parameter
quantity quantity axis
<< GML >> << ncML >> +parameter << ncML >>
ScalarValuelList Variable Dimension




The XML encoding schema

 netcdf-coverage.xsd

« Schema dependencies — m
netcdf-cs

ncML Vs GML

neML-GMD—

mediation schema
netcdf-
coverage
GML
GML » feature
grids |
GML
GML » temporal
coverage ||
| GML
L, coordinate
n@Mk ReferenceSyste



XML Schema diagram

netcdfCoverages

|
|
|
(element) |

netoifCoverages-[=

Define a set af geaspatial |
coverage objects, generated
Frorn a netCDF dataset,

It iz a specialization af the
netcdFType elernant: it
defines constrains to have
both 5 and 5
transformnation uoiqualye

narmed,

ncML-GML: Coverager—~~

|

|

|

— |.

|

elements |
|

|

LI

_——— ————— —
nccoletCOFCoveragesType |
—|!m::tlimensicrn |
—L‘n{::'u'ariahle [+ |
F 3 |
-- Jf—f§§|—x|1:_|— ne:coordinate Axis [H
LR |
I 0 oo - -
[ neicoordinateAxisBoundary 1 |
E \—i Sheattribute |
VL .-—I_Jn{::{:cu:rrtlilmteﬂystenl Iglllj |
- J’J:}“:Lt
P T |
D-h; —|‘m::{:cu:rnli|1ateTransfcrrn1 =+ |
—‘lecﬁ:lrétﬁﬁﬁrifrcﬁ?ﬁmie [+ |
"
/7 Constrained to: o~
V4 GHd dornain axis narmes paint to axes \ |
/ narnes of the linked coordinate \
/ swsten, |
(ot et fully inmplerented), \ |
13 [ It rodels only cowverage which sterms !
— frorn netZDF wadables (one or | |
\1 .00 rnoke), whose shape can be fully /
\ represented as a cowverage grd |
\ darnain, /
N Only axes order can be redefined, / |
~

~ . TP - -
—L;u{:E:r.llet{:ﬂfMurth’crlmCﬁverage [

T .




XML Schema dlagram

—_————_

—_—
~
— I'IEE'D coverage[h:umalll )
-
- = Attt darrant o -
e C Ove rag e y pe - - specialized using either
- gril:gridCornain or
- - gralrnultiPointCrarnain ——
(abstract complex type) - ==—— =&
- -~ /| neco:scalarRangeSet H \
- - -1+ H )
_ - AN, necoparametricRangeSet Efl
- ~
,’ ’I__’_-_-______-:_h_--_ -— ”
- -~ - - -—-;’gml:coverﬂgeﬁmctic-n
- « | ToTSSSsTTTnnSTTTTnnnTnTT
A", — | ncco:geoDomainExtent []
Abstract Domain (NetCDFCoverageType Bl e[| 2ineensensonseneraonnes
> Dresctibe the geographicl extent of
Co s dirmensions sterm the coverage domain.
e netedf coordinate systern
PR ares, That i useful For cataloguing and
- - Coverage function order is bmw—smg_pumpsah e~
- - +yr i ” = -
R a n g e S et sequence rule is linear, N Jnecoicoordinate SystemBef )
- -
- T cagrdinate system glengant ==
- - ' dedared in the nﬁ%lﬂp datazat,
- 1
-_- -~ i The linked coordinate swstem
& i descrbes the ares of the coverage
Coord Sys | dman
: — - - _— —
S T N
——— \ NGO t:m:rrtlmateﬂeferenceﬂystﬂn‘

Reference Sys ~

CEmcrime thein s | ] v e s ==
coordinate swstern which defines the coverage
darnain,

Coverage geospatial and ternporal dornain iz
fully lacalized according to coordinate reference
systermns [CRSE)

Thiz elarnent extends the coordinateSystern
elernent by adding rmissing information about
the lacalization aspect of the coordinate
Tystar,



XML Schema diagram

e e

m.:n:-:r HetcdfGridCoverage Type

NetcdfGrldCoverageType oo e
—| gmlgridDiomain [TI}| —:’-E_I— |
(Complex type) |’ - [TEEeE _| gml:RectifiedGrid |
|
|

- ~ |

rectifiedirregularGridd

- |

Specific Domain |

(either regular or : o st
|
|

I rreg u | a r g ri d g e O m et ry) ,IH:f:-:r:l:raranletricnangeseLE"ij

| Il&tﬂlﬁﬁfillcﬁ‘!'&fﬂﬂfﬁl}l'gta—---I,n{:{:ﬂ:geo[lonminExtent
Ll
Constained to:
TEtd domain axis names point
to axes names of the linked

coordinate systern,
(not wet Aully irnplarnented),

Describe the geographicl extent of
the cowerage dornain,

That is useful For catalaguing and
buawusitfy flrpozes,

It madels only coverage
which sterns Fram netCDF
watiables [one ar rmoee]s

|

|

|

! —L‘n{:{:ﬂ:{:ﬂﬂr{linﬂt&ﬂyﬁt&mﬂ&f
vybosasshame Gan be fully i

|

|

I

|

|

kigk a coordinate systern elernens

represented a1 a cowerage grid declarad T thEhe D dataset,

darnain,
Only axes order can be

redafined, The linked coordinate system

describes the axes of the coverage
darnain,

De:-:nl:-e the geospatial and temp-:-ral
coordinate swstefTwiTth $8fines the coverage
darmain.



XML Schema diagram

e

NetcdfMultiPointType Pt

(complex type) -7

SpeCIfIC DOmal n/ (Het{:ﬂﬂ'u'luItiPcrintherayeTmrw
(explicit geometry)

—_— —_—

—[ gmb:multiPointDomain [S

d

~-—— ——

'_]_I nccosscalarRangeSet i+i
B E

= _neccoparametricRangeSet”4

LI

Cescribe the geographicl extent of
the coverage dornain,

That is useful fFor cataloguing and
browesing purposes,

_—L“n{:{:cr:{:cu:rnlilmteﬂystenlﬂef

Ok coordinate systemn elermept
declared in e fECOF Tataset,

The linked coordinate systarm
describes the arxes of the coverage
dornain,

1
Len ,|1{:{:4}:{:ﬂurtlllmteﬂefermu:eﬂysten

Desthibestheagenspatial apd ternporal
coordinate systern which defines the coverage
dornain,

Coverage geospatial and ternporal dormain is
Fully lacalized accarding to coordinate reference
systemns [CRSs)

This elerment extends the coordinateSysten
elernent by adding rissing inforrmation about
the localization aspect of the coordinate
syskar,



A simple Example: CDL

BADC dataset
NetCDF + CF1 conventions

CDL version

netcdf simple {

dimensions:
latitude = 3 ;
longitude = 2 ; )
time = UNLIMITED ; // (5 currently); .-~

variables:
double time(time) ;

&

4

__-timestandard name—= ime" ;

4 variables

me

.:}:dimensions: lat, lon, ti

/1 measured quantity:
" temp (time, lat, lon)

|

,~~7 time:wunits = "minutes since 1994-07-01 00:00:00" ;

| time:long_name = "time" ;  //

\

-
-
-

-

o latitude:point_spacing = "even ;
N latitude:long_name = "latitude” ;

- -

- = ~=

e longitude:point_spacing = "ewlan" ;
. longitude:long_name = "longjtude"

~ -
-~ -



- -_-—
- -
-

float temp(tlme latitude, Iongltude) [N N
~~ temp:standard_name = "surface temperature ;
K temp:long_name = "Surface temperature\‘ln degrees C'
! temp:units = "deg_C"; ;
\ temp:_FillValue = 2.e+020f ; J
‘\ temp:valid_min = -80.f ; AT
. temp:valid_max = 60.f ; 2 _
“temp:comment = "This parameter’ may be erroneous.” ;| 7>~ .
HLIETEAD FEETIETLY measured quantity:
// global attributes:==~~"" " TTTTeeal - i lon
__-~institute = "The British Atmospheric Data CentFe temp (tlme’ Ia ? ) J
,-~ :Conventions = "CF-1.0" ; \ L
I/ :source = "Model developed in conjunction with IPLSF’SC "
! :history = "10 Sep 2002 - Created by hand.\n", \L
' "18 Mar 2003 - Modified by feet.\n" ; g T N .
N title = "Model output from imaginary model (temperONETER) Global attrlbutes
“~<__ ‘comment = "Not very useful data.” ; ,/
“references = "A great report somewhere'" -
data: ,,———“’::: _______________ S
finfé = 0.5, 1.5, 25,35, 45
/,, N I 4 Values
l/ latitude = 54.2, 54.4, 54.6 ; \\

1 -

' longitude = 2.0, 2.5 ; :.

\ temp = 34.5, 31.2, 23.7, 19.6, 35.8, 29.2, 24.4, 5.6, 72/81
18.6 15.2, 13.1,4.6,3.7,8.2,9.7, 34.2, 26.7, 28.7, //
2.1, 3.4,,\5.6, 7.8,9.0,10.2,11.2,11.6, 11.7,11.8 ot

-
N -

-~ -



A simple Example
ncML: core elements

<?«ml version="1.0" encoding="UTF-8" ?=
- zncecosnetocdfCoverages xmilns="http: f fvoww ucar.edufschemas fnetcdf” xmlns: ncco="http: f fwww.ucar.edufschemas fnetcdf fcoverage”

zdimension name="latitude" length="3" /=

zdimension name="longitude" length="2" /=

zdimension name="time" length="5" isUnlimited="true" /=
<attribute name="Conventions" type="string" value="CF-1.0" /=

<attribute name="institute" type="string" value="The British Atmospheric Data Centre." /=

<attribute name="source" type="string" value="Model developed in conjunction with IPLSPSC." /=

<attribute name="history" type="string" value="10 Sep 2002 - Created by hand. 18 Mar 2003 - Modified by feet." /=
< attribute name="title" type="string" va‘-iue="MudEI output from imaginary model {(temperOMNETER)." =

<attribute name="comment" type="string" value="Mot very useful data." /=

<attribute name="references" type="string" value="A great report somewhere!" /=

- =variable name="temp" shape="time latitude longitude" type="float" coordinateSystems="time-latitude-longitude"=
< attribute name="standard_name" type="string" value="surface_temperature" /=
zattribute name="long_name" type="string" value="Surface temperature in degrees C" /==
< attribute name="units" type="string" value="deg_C" /=
< attribute name="_Fill¥alue" type="float" value="2.0E20" /=
< attribute name="valid_min" type="float" value="-80.0" /=
< attribute name="valid_max" type="float" value="60.0" /=
< attribute name="comment" type="string" value="This parameter may be erroneous." /=

=fMvariables

< /fncoconetocdfCoverages:=



A simple Example
ncML: coordSyst elements

- zcoordinatedsis name="time" shape="time" type="double" units="minutes since 1994-01-01 00:00:00" axisType="Time">
<at_Jbute name="standard_name" type="string" value="time" />
< attribute name="units" type="string" value="minutes since 1994-01-01 00:00:00" /=
< attribute name="long_name" type="string" value="time" /=
<attribute name="_cCoordinate&zisType" type="string" value="Time" /=
<values start="0.5" increment="1.0" npts="5" /=
< froordinatedsiss
- zcoordinatedsis name="latitude" shape="latitude" type="float" units="degrees_north" azisType="Lat"=
<attribute name="standard_name" type="string" value="latitude" /=
< attribute name="units" type="string" value="degrees_north" /=
< attribute name="point_spacing" type="string" value="ewen" /=
<attribute name="long_name" type="string" value="latitude" /=
<attribute name="_cCoordinate&zisType" type="string" value="Lat" /=
<values start="54.2" increment="0.2" npts="3" /=
< froordinatedsiss
- zcoordinatedsis name="longitude" shape="longitude" type="float" units="degrees_east" azisType="Lon"=
<attribute name="standard_name" type="string" value="longitude" /=
<attribute name="units" type="string" value="degrees_east" /=
< attribute name="point_spacing" type="string" value="ewen" /=
< attribute name="long_name" type="string" value="longitude" /=
<attribute name="_cCoordinate&zisType" type="string" value="Lon" /=
<values start="2.0" increment="0.5" npts="2" /=
< froordinatedsiss

- <coordinateSystem name="time-latitude-longitude"=
<coordinatessisRef ref="time" /=
<coordinatesxisRef ref="latitude" /=
<coordinatesxisRef ref="longitude" /=

< feoordinateSystem:s

< fhooonetcdfCoveragess



A simple Example
ncML-GML: coverage elements

- «hncoo netcdfGridCoverages
- =gml:gridDomainz

- «gml:RectifiedGrid dimension="3"= =
- =gml:limitss Domal n
- «<gml: GridEnvyelope=
<gmblow=0 0 O</gml:low:=
<gmlihigh=1 2 4<fgml:high=
<fgml:GridEnvelopes
<fgml:limits=
<gml:azisMame=longitude</gml: axisHMame:s
<gml:azisMarme=latitude</gml:azisMame:=
<gml:azisMame=time</gml: azisMamea:=
- =gml:originz
- <gml:Pointz
<gmlicoordinates=2.0,54.2,0.5</gm|; coordinates:s
<fgml:Point:s
<fgml:arigin=
<gmloffsetivector=0.5 0 0</gml: offsetiector=
<gmloffsettector=0 0.2 0</gml:offsetiector=
<gmhoffsetivector=0 0 1</gml:offsetvectors
<fgml:RectifiedGrid=
<fgml:gridComainz

<fncocornetcdfGrndCoverages=
< /hcoco:netedfCoveragess



A simple Example
ncML-GML: coverage elements

- <ncco:scalarRangesets
<ncoosnetcdfyariableRef referenceMame="temp" /=
<gml:QuantityList uom="http: f f my.unidata.ucar.edu fcontentfsoftware fudunits fudunits.txt#deg_C">34.5 31.2 23.7 19.6 35.8 29.2

24.4567.28.118.615.213.14.63.78.29.734.226.728.72.13.4567.89.010.2 11.2 11.6 11.7 11.8=/gml:QuantityList=
<fhcoo:scalarRangesSet=

<ncecocoordinateSystemRef referenceMarme="time-latitude-longitude" /=
- <ncococoordinateReferenceSystems
- <ncoospatialCRS =
- <gml:GeographicCRS> Range Set
- <gmlicrsiDs
<gmlicode=4326</gml:codes &
<gmlicodeSpace=EPSG<fgml codeSpace=
<gmlversion=6.F</faml:version:= -
<gmliname>=WGas 84</gml:name= COO rdlnate Reference System
<gml:remarks=CRS kind: geographic 2D<=/aml:remarksz
<fgml:crslDz
+ <gmliusesCSe
+ <gmliuseshatum:=
<fgml:GeographicCRSs
< fhcoospatialCRS =
- <gml:TemporalCRS=
- =gmlicrsiDs
<gml:name=minutes since 1994-01-01 00:00:00</gml:namez
<faml:crsiDz
+ <gmliusesCSs %
- =gmlusesDatumz=
+ <gml:TemporalDatum=
<fgmluseshatum:=
<fgml: TemporalCRS=
< fhcoco:coordinateReferenceSystem =
< fhcoonetcdfGridCoverages
< fhcoco:netcdfCoveragess



The Experimentation

« Java API for ncML-GML ver. 0.5 are under
development

 NcML-GML 0.5 will be experimented in the
framework of GALEON |E

— Use WCS for netCDF community

n@M]ng,; "



NcML-GML 0.5 API

 API Functionalities

— Convert from binary netCDF file (netCDF-CF
1.0 compliant) to ncML-GML document

— Validate ncML-GML document

« With respect to inter-element constraint (not
enforced by XML Schema Language)

— Convert from ncML-GML document to binary
netCDF file (netCDF-CF 1.0 compliant)



NcML-GML 0.5 API

* Technological aspects

— Declarative programming (e.g. XSLT) falls
short for complex transformation (context-
dependent, parametric, etc.)

— The API features an hybrid approach:
declarative & procedural (Java based)



GALEON IE

« OGC Interoperability experiment: Geo-interface
for Air, Land, Earth, Oceans NetCDF

« Main objectives

— Evaluate netCDF/OPeNDAP as WCS data transport
vehicle

— Evaluate effectiveness of ncML-GML in WCS data
encoding

— Investigate protocol adequacy for serving and
interacting with (5D) datasets involving multiple
parameters (e.g., temperature, pressure, wind speed
and direction)

* three spatial dimensions
 two temporal dimensions (i.e. actual time, forecast time)

..... suggest extensions to WCS spec.s



GALEON: Use Case #3

Objective: To access a netCDF 5D dataset through WCS-THREDDS

gateway getting a ncML-GML

« Return a WCS getCapabilities response based on THREDDS inventory
list catalogs

 Return a WCS describeCoverage response based on ncML-GML data

model

« Serve the dataset as a ncML-GML file

«  Experiment a WCS client able to access and analyze 5D datasets in
ncML-GML form

WCS Client

test client
for ncML-G

—(O HTTP service
—O SOAP service

Gateway &

4
% ncML-GML

describeCoverage
getCoverage

netCDF
2
ncML-G

NetCDF

THREDDS Data Server

NetCDF

Collections of humerical
forecast model output




Conclusions

NcML-GML addresses the netCDF Vs. Gl coverage data
model harmonization and mediation issue

It implements ncML and GML interoperability, keeping
them loosely coupled and in a declarative way
— It is an example of Mediation Markup Language

It is particularly suitable to support “combined” ES&GIS
applications/services

NcML-GML 0.5 supports grid (regular and irregular) and
multi-point domains

API for ncML-GML 0.5 are under development, and will
be experimented in the framework of the OGC IE
GALEON

NcML-GML will be experimented to generate WCS
describeCoverage and getCoverage response



