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Abstract —This paper introduces an overview of the use of
Geography Markup Language in modern Spatial Data
Infrastructures. The goal of the paper was to indicee some of the
main consequences of the use of Geography Markup Lgnage in
the important geospatial data harmonisation processs, both
search and access, which are in current use. In oed to show a
practical example of the use of Geography Markup Laguage,
the system for Earth observation data processing ah
distribution at the Institute for Applied Remote Sensing at
EURAC, Bolzano was studied. The results of the papeget out
how Geography Markup Language is used in modern Spet
Data Infrastructures, and the degree to which the ®ography
Markup Language standard is helpful in achieving daa
harmonisation and interoperability.
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|. INTRODUCTION

essential to many aspects of geographic and emagatal

research, including general territorial knowledgéhe

prevention of natural catastrophes and the moniorof

climate change. If the data sources from diffenemviders

can be used, experts and scientists are able tiecreew
geospatial products. Typically, two kinds of gedidadata

are held — raster data and vector data. These oanbe

distributed and made available via geo-informatgystems
(GIS) which capture, store, analyse, manage andepte
geodata.

Nowadays information technology in general and geo-
informatics in particular can offer just-in-time ca&ss to the
distributed, heterogeneous spatial data with thip ld a
Spatial Data Infrastructure (SDI). From the manfirdiéons
of an SDI the following was chosen:

“An information communication system providing ser

One commonly faces the challenge of searching amdth access to shared spatial data resources ad wasl

obtaining some necessary information,
problems arise, data have to be acquired, decisrate, and
responses initiated as rapidly as technology perriten with
the help of the Internet it is sometimes difficutime-

consuming or, at worst, impossible to find the infation one
wants, especially if the information is heterogargonot-
harmonised and only available from multiple, indstent
sources. In general information can be described
‘harmonised’, when it is both clear and standaudiisdthough
when we speak about harmonisation within the cdanté&xan

information system, this term is much wider. Harisation in
the context of information systems involves theuatipent of
differences and  inconsistencies  between
measurements, methods, procedures, scheduledjctamis,

or systems in order to make all of these uniforrmuitually
compatible, and thus improve the whole system’sipctivity.

One might think that one can avoid the need fomoeanisation
by using one of the popular search engines sudBaagle.
However, search engines are of limited use in [piiogi
specific information, when the information concetris only
used by a small number of specialists in orderr&ate new
products, make decisions or solve specific problérhss, the
main requirements for information in modern infotioa

systems must be its harmonisation; interoperabilityother

because wheroviding for the dissemination and exchange viltiternet,

or some other publicly accessible global netwonk, &n
efficient and flexible way in order to enhance theisearch
and productivity”[1].

Additionally, an SDI can be formed by interconnegti
several systems that, in turn, could be seen as BBmselves
[2]. An SDI consists of sources of spatial dataadases and
metadata which can be searched, visualised andiated
using data networks and data collection, manageraadt
representation technologies, which are consisterith w
institutional arrangements, policies and standaraisd
requirements of end-users [3]. An SDI should enahile

differeliscovery and delivery of geospatial data from dada

repository, ideally via one or more web-serviceddifionally,
it is often desirable to create and update spdts: for this
purpose GIS software is required. At present, Silserally
are based on Service-Oriented Architecture (SOwhich
web-services and XML technologies each play a exlepart
[2]. An SOA provides a universally distributabldatform-
independent computing platform. Applications camsttbe
built easily from services running on heterogeneaatforms
in multiple locations. This approach is consisteith modern
international trends in information technology agteatly
enhances the possibility to work on geographicah.d&lore

words its capacity to operate across diverse systentletailed information concerning SDIs can be foundthe

organisations or data formats; and its capacitypaoshared
easily.

By and large the same issues and requirements vdaich
be seen to affect information in general, alsociffeographic
information, by which we mean all the informatiossaciated
with a location related to the Earth. This kindrdbrmation is
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article by Steiniger and Hunter [4].

As new technologies become available, so too do new
standards for encoding the geospatial data andsimérctures.
The main organisations operating in this area 8@, IW3C,
OGC (The Open Geospatial Consortium) and GSDI (The
Global Spatial Data Infrastructure Association).2007 the
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ISO adopted the Geography Markup Language (GMLaras
International Standard (ISO 19136). GML is basedtlom
XML grammar and can be used in the context of S@4 a
geospatial web-services, and therefore is relevantthe
creation of an SDI [1], [5].

Within this overall framework, the specific objeat our
investigation is GML, which probably represents aiethe
key steps taken by the geospatial community towtregjoal
of data interoperability and harmonisation. This rkog
language, which is later described in detail, wascHically
designed for the modelling, dissemination and gi@raf
geographic information [5]. The following sectionsill
introduce the concept of GML and the study of &g within
two major initiatives designed to establish harreediaccess
for spatial information in Europe. The final pafttbe article
is dedicated to an investigation of the use of GMiLthe
information system of the Institute for Applied Rete
Sensing at EURAC, Bolzano. Since GML is relativalgw
and there is not much experience available of &aga in
systems of this type — despite the fact that theasdof
geographical data harmonisation and interopergbitire
spreading around the globe and their implementajgmears
urgent — this work has proved valuable. Additiopalthe
attempt to propose some ideas for a new cataloguehé
geospatial data stored on the Institute’s currgstesn, where
GML technology could be used, will be useful also those
who are working on similar problems, because —oaigh
GML has many advantages and potential uses —ahgubge
is not used globally yet.

Il. A BRIEFDESCRIPTION OF THEGEOGRAPHYMARKUP
LANGUAGE

application schemas, using ‘abstract types’. Softwases
these abstract types to determine the nature ofeglts in the
data stream [5], [6]. GML data elements can havéadsa
properties, which can be optionally attached to @iglL
element types. The metadata information itself @mst its
own application schema (or several GML schema decitsn
imported into that application schema), which imikir in
structure to a GML application schema for featufds In
fact, XML schema can be thought of as metadatafoXML
document, and in order to build applicable XML solaefor
an object’'s metadata, several GML application schem
documents could be imported into the object's mestad
application schema [8].

GML can be used to create both metadata for automat
(i.e. machine-readable, in order for example toused by
web-services) and, equally, human readable metaalaieh
can be used directly by an end-user [8]. Of primpdrtance
is the fact that if the contextual and backgrourademal of the
metadata is provided, the process of discoveryfmirination
resources can be automated. As such, GML encod&tlata
is a key enabler of data and system interoperaljdit

GML is only concerned with the representation of
geographic data content and does not specify hovi @xta
should be presented. To represent the geospatiairés in the
form of maps, GML data have to be transformed thhou
XSLT (Extensible Style sheet Language Transfornmadidn
order to ‘style’ the GML geographical contents iotoe of the
common graphical formats (e.g. SVG, VML, X3D), wihic
specify how each element in the GML data should be
displayed [5], [10].

Web-services can be briefly defined as software
components, which provide functionality to a webers

GML is a markup language that is used to encoddowever, the term web-services has a wide variety o

information about real-world objects. In GML, theseal-

definitions and web-services are not necessar#yrioted to

world objects are called features, and these cave haParticular protocols (such as SOAP) or payloadshdlgh

geometrical and non-geometrical properties. Thenetds of
GML are used to describe features and also théiaeships
between them. Features and properties constitateath data,
which GML stores in something called an
document’. Apart from instance documents, a sedgpd of
GML encoding exists, which is called ‘GML schem&ML
schemas are ‘vocabularies’ that define the stractirGML
data. Since it is impossible to describe all fezguand predict
their usage and properties priori, two kinds of GML
schemas exist — ‘GML core schemas’ and ‘GML appilica
schemas’. GML core schemas contain all the basimets
for describing the geographical information andvie the
framework that can be used to construct GML apptca
schemas. GML application schemas, and their cooretipg
data instances, are always domain-specific and ldhba
created and managed by professionals. The abditgréate
GML application schemas gives the user the oppitytuo
describe and model unlimited amounts of diversesgatal
data.

Software can read GML application schemas and mater
which elements are features, and then use thignmafioon
when encountering data instances that conform tuseth
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most web-services involve the transmission of ngpssa
encoded in XML, this is not a necessary conditiérweb-
services. Web-services which process ‘request rgessésent

‘instancd0 the service) and ‘response messages’ (sent fiioen

service)that contain the geographic information aedled
Geospatial Web-Services. GML can be used to desthiese
web-services as well as to describe the geosptitd of their
messages. With GML, geospatial web-services angastipg
technologies are used to distribute GML-encodedrination
over the Geo-Web (which includes also SDIs) [5].

The OGC has proposed a number of different geadpati
web-services standard specifications, including O®ES
(Web Feature Service), WCS (Web Coverage Servwé)sS
(Web Map Service) and CSW (Catalogue Service fob)Ve
GML and other OGC standards will be used to supfioat
geospatial aspects of these web-services [11].

Web Feature Service

GML was defined by the OGC in order to represeatdata
retrieved by the WFS which provides access to ggauc
feature data and may be used to access repositdrgsatial
objects (features with geometry in OGC terminologmp) the
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web. WFS returns original geographic data semar{gcg.
GML data, and not a visualised map). Thus, WFShmansed
as client-server data retrieval,
synchronisation or as a common access interfacéoprof
heterogeneous geospatial data stores [5], [12].

Web Coverage Service

Also, GML can work with WCS, which supports the

electronic retrieval of geographic data as discoeteerages.
Coverage is a collection of mappings from geomgdryg. grid
points) into parameter (e.g. temperature or predsualues,
which can be represented as grid data or other gem®
(curves, triangles, etc.) [13], [14].

Web Map Service

The GML data, retrieved from WFSs and WCSs can be

visualised in the form of static maps (images imfats such
as JPEG, GIF, PNG, SVG, etc.) by assigning visatdia
styles (colours, line widths, etc.), and WMS canused to
work with this kind of data. WMS server returnsthe HTTP
query pre-rendered images (layers), projections,otirer
parameters from different sources, to be layeretbprof each
other in the client application [5], [12], [24].

Catalogue Service for Web

A Catalogue Service (CSW) is an OGC web-service thﬁa0

supports the storage, retrieval and managementetddata,
including GML application schemas, which can beedoin
schema registries. The schema registry providegehamism
for managing application schemas and is the sofocall

GML application schemas that are supported by wario

geospatial web-services [5].

Thus, GML can be used to encode geospatial infoomat

and its metadata, to describe geospatial partsetfservices
and to discover, transfer and retrieve geospati@rination

server-to-serveatad

know the schema created by other users in ordachieve
real data interoperability).

Opportunities:

» Creation of GML-Native database;

¢ Geo-enabled web (the usage of
interconnected SDIs).

Threats:

» Other languages exist to model geoinformatiog.(&-
XML, SOSI - Systematic Organization of Spatial
Information).

The OGC, ISO, GSDI and other organisations arecotigr
working on the complete documentation for GML atidita
accompanying technologies in order to reduce veness
and redundancy problems. Geoinformation, whichnisoded
in GML, requires more space and is often normaliaed

the GML in

mapped into relational databases. Since these gsesereate
difficulties, experts are working to design GML-Nat
databases to solve the current problems with tbheagé of
GML-encoded geodata. As an XML-based standardGikiée
is used in web-technologies, and is supported bynthjority
of modern GIS. Although other standards exist tcoeke
feature-based geographical information, GML is pheferred
standard in the geospatial community.

The results of the analysis confirmed that GMLLUffisient
r expressing, storing and exchanging featurebageo-
information, although the fact that GML standaradktively
new, is not used globally yet, and developers db have
much experience with it, can all be considered inpents
for its wide adoption.

Ill. THE STUDY OF THEUSE OFGML FORONGOING SDI
INITIATIVES

In this part GML is examined, not as a standalone

using the web-services technology. It is an XMLezhs technology, but within the context of real exammésnodern

standard, compatible with the main geospatial weises, it
is easy to transform and transport. The use of Gatilitates

SDIs. Two main European attempts to establish haised
access for spatial information were studied: th8 PNRE and

the main requirements of modern SDIs — geospatiah d GMES-HMA. These two initiatives, which clearly engsise

sharing, harmonisation and interoperability.

To explain the feasibility of the general use of GMa
SWOT analysis was performed, which is a method/&duate
the Strengths, Weaknesses, Opportunities, and fBhdaa
particular subject [15].

The most significant outcomes of the analysis caoliserved
below.

Strengths:

* XML-based nature;

» Feature-property logic;

e Separation of GML data and schema encodings;

e GML is supported by various OGC W*S standards.

Weaknesses:

» Unsuitability for encoding raster data;

« Difficulties with the visualization;

« Problems with storage of the data;

« Verboseness and redundancy (different users nsay LE

different names to represent the same feature aged to
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the need for portal frameworks to provide simpled an
transparent access to geospatial data and metaalatato
establish an SDI throughout the EU.

A. INSPIRE and HMA

The development of the Infrastructure for Spatial
Information in the European Community (INSPIRE) was
started in May 2007 and its full implementatiormandatory
by 2019. The INSPIRE project also involved the mation
of an EU Directive(2007/2/EC) aimed at creating @Dl
throughout the EU, which must be implemented inrgve
European Union Member State; it addresses the &atation
of datasets and sources, gaps in availability, laatk
harmonisation between datasets at different gebgraeales
and duplication of information collection. INSPIR®ill
enable the sharing of environmental spatial infarmmeamong
ublic sector organisations and facilitate publiccess to
patial information across Europe [16].
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In parallel with the INSPIRE project, the GMES (&b
Monitoring for Environment and Security) programitiated

by the EC (European Commission) and the ESA (Ewope View Service — to search for data (request service

Space Agency), is also being developed in EuropES is
based on observation data received from satebises/ell as
information from ground based stations. While tNSPIRE
project is more oriented to the data harmonisagind global
standardisation with the final goal to create adpaan SDI,
the GMES main objective is to rationalise the usenaltiple
data sources in order to provide the necessaryniaton in a
timely manner, and to provide autonomous and indepet
access to information in relation to environment @ecurity
[17], [18]. Both initiatives are complementary, amchile
INSPIRE provides the sharing of existing spatidhd&MES
is an investment in additional European contenticlwvtalso
integrates existing data and ensures the continacaitability
of observation data and services, creating new pzgiad
datasets [18].

download. This describes the main services in awgem
SDI.

capabilities on the service itself and the dataeitves) and
request for layers to be returned as a map, anglaglis
navigate, zoom, pan and overlay spatial datasetaell as to
display any relevant content of metadata; WMS canged to
view maps [17], [22], [23], [24].

Discovery Service — to search or browse spatias#ds and
services based on the metadata content and toagishé
metadata content; the CSW can be used as a stahdsigl
[25].

Download (Data Access) Service — to download or anak

available via an interface spatial datasets; thetmonvenient
way is to create a direct link for downloading; iM&S can be
used together with GML to download geographicaltufes
based objects [17], [26].

Ordering Service — to order discovered spatial st if

In September 2005 the ESA initiated the Heterogeseothey are not available directly from the Downloahfce. For

Missions Accessibility project (HMA) in order to tmaonise
ground segment services
observation (EO) data offering access to grounansegs for
many observation projects or missions [19]. The HigAan
ambitious attempt to provide a portal entry-pomtnhultiple

example, at the HMA geoportal, after an order iscpssed,

required to access theh Eattte link to download a product is received by tiseruwia e-

mail [17].
The possibility to have a Registry Service shoukb e
taken into account because

missions in the context of the GMES [17]. GMES-HMAinformation about all the spatial data and to keapk of any

operates on a partially connected net of systerdssarvices,
which allows the possibility of further extensiamt only to
additional HMA mission ground segments, but alséthird-

party” missions outside GMES [20], [21].

change in the system, and the possibility of having
Transformation Service which enables spatial dédase be
transformed and thus achieve better interopergbiltoth
Registry and Transformation Services could be maer

The prototype of the INSPIRE geoportal can be foahd services of the system, included in the work ofotbervices

http://www.inspire-geoportal.eu/index.cfm, and thdMA
geoportal, which is still in the development stagan be
accessed through http://hma.eoportal.org.

[22], [23], [27].

Both INSPIRE and GMES-HMA have an SOA, which is

based on international standards as far as possibléelps to

The architecture of both INSPIRE and HMA is based oachieve the interoperability, harmonisation andsstborder

SOA, which is the main component of a modern Sy &
which the definition of ‘Web-services’ is a requitent (it
should be noted that in SOA, web-services and Xklated
technologies are both GML-compatible).
operate using a layered architecture, which segmrdhe

presentation layer, the service (or business Idgi@r and the

data source layer.

Web-services

accessibility of geospatial datasets and servitks.following
part is dedicated to the description of these é#taand the
role of GML in their encoding.

B. The Role of GML in INSPIRE and HMA

INSPIRE and HMA services aim to work with geospatia
information:; geospatial data or metadata.

Although HMA, compared to INSPIRE, has a more In accordance with the INSPIRE directive, thrededént
complicated architecture, both projects’ main comgds can tYPes or levels of metadata are distinguished: dagta ‘for

be outlined as follows [16], [17]:
» A portal or an application — the presentation layer

discovery’, metadata ‘for evaluation’, and metadé&ta use’.
Due to its extensibility and flexibility, GML is a

«  Network services and service execution environment '€commended encoding for metadata ‘for use’ (askind of

the business logic layer;

metadata can be quite rich and different from tletachata for

. Registers and user profile repository — a data cgoyrdiscovery or evaluation which, within INSPIRE, dess rich

layer;

and more common). For other metadata encodingSB&TIS

« Database for service metadata and for dataset atatadt9139 (and information models of 1ISO 19115/191189 a

— a data source layer;
» Spatial data storage — a data source layer.

Dublin Core (ISO 15836) standards should be ugeshduld

be noted that according to the INSPIRE harmonisatio

The Network Services are the core of both INSPIRE a "€duirements the creation of the metadata schesnase of

HMA architecture. Although the names of some of INSE
and HMA web-services are different, they have thenes
purpose: to provide the possibility to search feogpatial
data, to view data and to access data online ordeita-
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the highest priorities [28].

An important principle is that the scope of INSPIREhe
handling of spatial data, i.e., most non-spatigleats of the
themes are outside the scope of INSPIRE data sqet@ihs.

it allows one to asperta
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INSPIRE has a broad thematic scope consisting afg@tial ~ A. Geospatial data and their management at EURAC

data themes. Spatial data can be accessible vimbbad and The archived data held at the Institute for ApplRemote
View services (where WMS and WFS technologies ael)i  Sensing is comprised of the satellite images, vecefrom the
The default encoding for geographic informatioGBIL — it poderate Resolution Imaging Spectroradiometer (M&)DI
covers encoding rules for large parts of the INSPIRcaptured by antenna, and then transferred to thep@ot
application schemas and is compatible with the reth  station (CS) at EURAC. An archive which is par@8 stores
architecture of INSPIRE. Thanks to the use of GML ig| received MODIS data. Data files are stored DRHormat,
INSPIRE, the user is able to work with the data‘lgsﬂlgltal a kind of container for |arge and Comp|ex dataqmts\"dw]g
maps and coverage representations. However, ikpeoted yery fast data access. Although these raster isatiefiages are
that further additional standards, other than GMir, the pot designed to be converted into GML, their metadan be
encoding of geospatial data will become recommendete extracted in a text format and therefore also inlGM fact,
future [23], [29]. every HDF file in the CS has a corresponding .theriged
Since HMA was introduced to provide access to th#tim fom ‘tape archive’) file, which contains the quildok
mission EO data from ground segments and to has®oninformation (JPGfile) and metadata (XML file) redetto the
ground segment services, HMA is more oriented te thyriginal data file [31], [32]. This .tar file is pcessed by a
integration of existing data and providing for thentinuous special Metadata Manager which sends the quick-look
availability of observation data and services, Wwhite more jnformation and metadata to the database of a azatal
heterogeneous than in INSPIRE. The data itselfbmastored (called the Sinbad Catalogue), where the metadétanation
in different formats, depending on the data provid&]. The s parsed from the XML file into the database tablt is
main task of HMA is to provide access to the daigrovide known that the structure of metadata informatioX L files
searching and ordering procedures and to offerathity to  complies with the “OGC 06-080 GML 3.1.1 Application
make a request for future acquisitions across plelti schema for EO products”, which is similar to the GM
missions. To achieve this task the use of metadatasential, metadata application schema used in GMES-HMA. Hanev
and HMA defines the “GML Application schema for EOthe fact that EURAC has a catalogue, which providas
products” as the main schema for product metadaidarching, evaluating and downloading functionality
description [17]. However, for the collection medtal (the (regarding the MODIS data), and that GML technoldgy
metadata for ‘Discovery’ using the INSPIRE termogy) the sed, does not make the system interoperable asyitea
ISO 19115 is used, which is GML-compatible. Sinte t jntegrate with existing SDIs. This catalogue canmm
technical architecture of HMA is service-orientdt,uses mqdified without the permission of a third partydasioes not
XML-based technology which is also GML-compliant | provide the same functionality for the geospatiatadets,
short, the use of GML for metadata encoding seovesof the \yhich are formatted differently from the MODIS diite
main objectives of HMA — data searching and datese images [33]. This inconsistency is one of the mamsons to

GML is well integrated with the current candidaterslards Suggest the creation of a new Cata|ogue for gempM.ta,
of the INSPIRE and HMA network services: WMS, WFSyyhich would provide the functionality and usabilityat is

WCS, CSW. However, to use GML in WMS, which is wide

used in INSPIRE, GML data must be transformed uXi8gT
into one of the geographic data visualisation faem#lso,
GML can be used on every level of the systems’itecture:
on the presentation layer for the encoding of mega@nd in

currently missing in the Sinbad Catalogue.

In addition, the Institute possesses not only th@INB
data, but also other geospatial data collected twer: raster
or vector, satellte based or ground based, origioa
processed, modelled and other data. To store tleefile

WMS-styled maps, on the network service layer fbe t system is used, which means that there is no degabgstem

description of web-services and their informatiarcaling,
and on the data source layer for the encoding dadata and
feature-based data. Summarising this chapter wesagrthat

for the collected data from which we can extraa theta
information. It is also necessary to make the da@rchable
and easily accessible through a detailed catalofoerefore,

GML serves the main objectives of INSPIRE and HMAit is important to understand how the data couldiescribed

INSPIRE is the first attempt to use GML globallydathis is
bound to make the standard more widely used.

IV. THEAPPLICATION OFGML TECHNOLOGY FOR
GEOSPATIALDATA AT EURAC

There are two main groups of geospatial data at AUR
Institute for Applied Remote Sensing: archived datad
collected data. These two groups hold many diffekerds of
geo-information, e.g. “raw data” and value-addeddpcts of
different levels of processing. In this chapter wilt analyse
how to apply GML technology to both these kindgebdata,
as well as make some suggestions about the creafian
catalogue for the Institute’s geospatial data.

64

in a catalogue, i.e. what metadata information khdwe

provided in a catalogue in order to find and chagarticular
product. Since the entire collection of data igribsted across
the file system and there is no documentation an dhta
stored at the Institute, it was decided to coltect basic and
essential information from every group leader.

The result was that it was found that the Institéte
Applied Remote Sensing deals with three groupsatéd:dAir
Quality, Snow and Geology. All three groups havenso
common metadata characteristics (which could bd us¢he
data search process), e.g. geographic locationempdral
reference, and specific characteristics, depending the
category of the data source (like satellite imagesynd based
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data, GIS vector data), e.g. the incidence anglehfe radar In the light of this analysis of EURAC's Institutior
images or the location of a particulate matterstafor ground Applied Remote Sensing data, the definition of tleeessary
based data. It turns out that GML is ideally suitedlescribe information for the creation of metadata applicatschema
all three types of metadata, because GML metadatad suggestions concerning the catalogue for tkétute’'s
application schemas can be easily extended (exgsafiellite geospatial data, it would appear that GML technplagn
information the “OGC 06-080 GML 3.1.1 Applicatioohema address all the questions raised. After a deepely stf the
for EO products” could be extended) and modifiededeling proposed catalogue software, the analysis of tioblem of
on the needs of the Institute. getting the metadata instances from the Institudats and the

Thus, the necessary GML metadata application schermpeoblem of uploading them (and the relevant GML adata
should be created, in order to populate the cat@agth new application schema) to the catalogue, it is coretuthat the
metadata instances. The following chapter provideme Institute’s catalogue system could be used astaopan SDI,
ideas about the catalogue and its services, ared giome real because the use of GML allows the necessary metadat
examples of existing catalogue software. harmonisation, and providesfor better interopeitgbibnd
sharing of the Institute’s geospatial data.

B. Suggestions Regarding a New Catalogue for EURA@&E0

Firstly, it is essential that the new cataloguevsafe should V. CONCLUSIONS
be compatible with the definition of SDI and operat the
context of SOA. Additionally, a definition of web-
services’'sstandard is necessary: the main starsiggorted
by the catalogue could be the CSW. Examples ofsdrased
opensource catalogue software are:
GeoNetworkOpensource (http://geonetwork-opensooirgg.
MDweb (http://www.mdweb-project.org) and the Deegre
framework (http://wiki.deegree.org ).

The licenses used by free and open source produets
recommended because they ensure a low acquisitisin(or
no cost) for the software, and ensure that thewsoé is
customisable and adaptable in an SDI context. Heéree and
open source software is often compatible with aewsét of
OGC standards, and at least permits the addition
components that are OGC/ISO standard compliantalligin
free and open software products are often discussesser
and developer communities, where one can get tppost
and maintenance options offered by various indiaisiuand
companies [4].

The possibility to upload new products and createv n
metadata fields would be an important characterisfi the
system. This can be done best by uploading new XML-
schemas and then executing the transformation X8T.
Usually server-based open source catalogues sufiiSO
19115 standard to describe metadata and also eratie
possibility to upload a new metadata schema for-deéned
metadata formats. In such a way, the “GML Applicati
schema for EO products”, which is used in the tatifor the
MODIS satellite images’ metainformation, can beduse a
catalogue as well.

In order to locate the necessary information itmportant
to establish how the search function works. Thetrassential
information needed to find geospatial data is geplical
position and temporal reference — these two fishisuld be
included in the metadata description of necesdity.search
for other information, the advanced search modedche
used, as it is done in the INSPIRE geoportal. $éagcby
discipline and browsing catalogues and collectisnanother
type of search for relevant information and thisn dae

implemented in the system as an alternative mode of REFERENCES
searching [1] A.V. Koshkarev, A. N. Antipov, A. R. Batuyey, V. V. Yermoshin, V.
) P. Karakin, “Geo-portals as Part of Spatial Data Infrastreesu

This work is intended to give a wide overview of thse of
GML in modern SDIs, which are currently the mairilding
blocks of Geo-Web. The paper gives a brief desonpbf
GML technology and then gives examples of how this
technology is used in current initiatives to comstran SDI.
GML technology is used in the web-services of INSPland
HMA, for the description of metadata (INSPIRE antiA)
and for feature-based data (INSPIRE). A relevaratctical
example of the use of GML is the encoding of MODIS
satellite images’ metadata for the Sinbad catalpgsevell as
the use of GML for constructing a new metadata iapfbn
schema for all geospatial information at EURAC stitute
@r Applied Remote Sensing, which has yet to balogted.

inally, some suggestions concerning the use of free and ope
source catalogue software, in which GML technology be
used, are provided.

As a final remark, we would like to summarise thaim
characteristics of GML when used in a modern SDhjctv
were identified during this work:

GML can be used for encoding geospatial data,&f th
data are feature-based. An example of this usatieis
INSPIREproject.

e GML can be used to encode geospatial data for
transfer, exchange or storage.

GML is not suitable for encoding satellite images,
aerial photos and other raster images, althouglarit
still be used to describe them.

e GML can be used for metadata encoding, as it is
currently used at the Institute, in the INSPIRE and
HMA projects.

e« GML plays a significant role in the work of geospht
web-services and their information encoding.

Since the GML standard is new, it is not used dlghget,

but with time and the gaining of some experiencevamking

with GML, it should become an important and widatjopted

standard to be used in modern SDIs, where the iphisc of
data sharing, harmonisation and interoperabilityessential.
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Viktors Skoks, Kristi ans Steurers. Brskats par GML izmantoSanu miisdienu telpisko datu infrastruktiir as

Geogifiska leaimeSanas Valoda (GML) ir baisa uz XML gramatiku, un to var pielietot servissenfetas arhitekiras ungeotelpisko imekia pakalpojumu
ietvaros. Raksts sniedzsu aprakstu par GML tehn@igu un s izmantoSanu #sdienu geotelpisko datu infrastruitas (SDI — Spatial Data
Infrastructure). Darba #nkis — noteikt dazas GML izmantoSanas pamatpriek8ascsvagakajos nisdienu SDI —geotelpisko datu pidkves, meldSanas un
harmonizcijas procesos. Bez tam, raksts sniedz piem par GML izmantoSanu divos k&bjos ngginajumos izveidot harmonéto pieluvi telpiskajai
informacijai — INSPIRE (the European Infrastructure forata Information in the European Community) un HM@eterogeneous Missions
Accessibility). INSPIRE rerkis ir izveidot SDI visai Eiropas Savigrai, savukrt HMA mérkis ir nodroSiat portla izveidoSanu vaikiem projektiem vai
misijam GMES (Global Monitoring for Environment and Segrprogrammas ietvaros. lemjama raksta da ir velfta GML izmantoSanas iegpi Zemes
nowerosanas datu apattes un izplagariis informicijas sistmas izigtei. § sisema pieder Lieti§as Attalas Uzades instiitam EURAC, Bolano. So sistmu ir
nepiecieSams uzlabot, izveidojot jaunu imséigeotelpisko datu katalogu, ko ilgtenmivargtu izmantot & SDI sastvdalu.

Misu fEtijuma tiek atamets, ka GML izmanto INSPIRE un HMAmeKa pakalpojumos, kas veicina ##o sadartbu starp SDI un citn sistmam. Bez tam,
GML izmanto metadatu (INSPIRE un HMA) un telpiskbjektu datu aprak&anai (INSPIRE). EURAC GML tiek izmantota, lai ktd sateitattelu
metadatus.ahtame, ka institita katalogs izmanto lieti GML metadatu stmu, kas iridzga tai, kuru izmanto HMA. GML tehnalga var tikt izmantota, lai
izveidotu jaunu lieti§o metadatu simu visiem geotelpiskajiem datiem, kuri ir uzii institita. S lieti%a skema var tikt padota katalogam, lai veiktu
informacijas mekéSanu un nodroSitu instiita geotelpiskis informacijas piekuvi.

Nobeiguna, GML izmantoSana katalogos veicinadkb geotelpisko datu me&danu un piekivi. GML izmantoSangeodatu vai to metadatu k&khnai veicina
labaku geoinfornicijas mijiedarfbu. Savukrt, ka vienotais un savstagjp sadetgais ar citiem standarts, GML veicigaoggfiskas informicijas integiciju un
harmonizciju.

Buxrop Cxok, Kpucrnan lltoiipep. O630p no ncnoas3oBanuio GML B coBpeMeHHBIX HH(PPACTPYKTYPaX NPOCTPAHCTBEHHBIX AAHHBIX
I'eorpadmueckmii s3pik pasmerku (GML) ocroBan Ha XML-rpamMmaTike W MOXKET OBITh MCIOJB30BaH B paMKaX CEPBHC-OPHEHTHPOBAHHOH apXUTEKTYpPbI H
TeONPOCTPAHCTBEHHBIX BeO-cepBUCOB. B crathe maercst kpaTkoe ommcanue TexHomormn GML u e€ mcmonb3oBaHHS B COBPEMEHHBIX HH(PACTPYKTypax
reonpoctpancTBeHHbIX AaHHbIX (SDI — SpatialDatalnfrastructurdlens pa6otst — 0003Ha4NTh HEKOTOPBIE OCHOBHBIC IPpEHMyIIecTBa Hcroib3oBanns GML B
HanboJiee BaXHBIX TIporieccax B coBpeMeHHbIX SDI —mporieccax obecredeHust 0CTyna, MOMCKa ¥ TapMOHH3aLIN T€0NPOCTPAaHCTBEHHBIX JaHHBIX. Kpome Toro,B
CTaThe MPUBOASATCS MPUMEPHI 1O HCMONb30BaHMI0 GML B AByX OCHOBHBIX IMONBITKAX YCTAQHOBJICHHS TapMOHM3MPOBAHHOIO NOCTYHa K MPOCTPAHCTBEHHOM
napopmammn — B INSPIRE (the European Infrastructure for Spatiafodimation in the European Community) HMA (Heterogeneous Missions
Accessibility). INSPIREnanpasiena Ha cosganue SDI mis Becero Espomeiickoro Corosa, B To Bpems kak HMA HampasiieHa Ha co3jaHue mopraia is
MHOTOYHCIICHHBIX MIPOEKTOB WM Muccuii B KoHTekcte mnporpammel GMES (GlobalMonitoringforEnvironmentandSecurityjuauntenssas 9acts craThil
MOCBSIIICHA MCCIeN0BaHMI0 ncnonb3oBanusi GML B uubopmanmonHo# cucteme st 00pabOTKH M PacIpOCTPAHEHUS! JAHHBIX AUCTAHI[MOHHOTO 30HUPOBAHMS
3emnn, npuHagnexanieit Uacruryry [puknagnoro Juctanimonnoro 3ouauposanns B EURAC, Bonbuano. [lanHyio cucteMy HEOOXOAUMO YIY4IIUTh, CO3aB
JUISL Hee HOBBIH KaTaJIor TeONPOCTPAHCTBEHHBIX JaHHBIX VIHCTUTYTa, KOTOPBIH B MIEPCIIEKTHBE MOXKET OBITH MCIOIB30BaH Kak 4acts SDI.

B namem uccnenoBanuu 3asisiercs, 4o GML ucnonesyercs ais Be6-cepBucoBkak B INSPIRE,tak 1 8 HMA, 4to cnocoOcTByeT jtydliemMy B3aUMOJCHCTBUIO
mexay atumu SDI u npyrumu cucremamu. Kpome toro, GML ucnonb3yercs st onucanust meraganibix (B INSPIREn HMA) u raHHBIX IPOCTpPaHCTBEHHBIX
obsexktoB (B INSPIRE).B EURAC GML wucnonssyercss 1 KOAMPOBAaHHS MCTaIaHHBIX CIIyTHHKOBBIX H300pakeHnmit. Clieayer OTMETHTb, YTO Karajor
WncTtutyra ucnoms3yer mpuxiaagaylo GML cxemy MeTagaHHBIX, aHQIOTMYHYIO TOH, koropas wucmombiyercs B HMA. Texnomorus GMLmoxer ObITH
UCHOJIb30BaHA JUI TIOCTPOCHHS HOBOH NMPHKIAJHON CXEMbl METAJaHHBIX U BCEX I'EOaHHBIX, cOOpaHHBIX B MHcTHTyTe. JlaHHAsNpUKIaAHAsS CXeMa MOXKET
OBITH TIepeiaHa KaTAIOTYB LEJSIX OCYIIECTBICHHAIIONCKA HH(OPMAIUK U 00€CIIeUeHHs OCTYIa K TeONPOCTPAHCTBEHHBIM JaHHBIM HCTHTYTA.

B 3akioueHue, ucnonb3oBanne GML B katanorax croco0GCTByeT JIydIemMy MOMCKY F€0aHHBIX M MPEAOCTAaBICHHIO JOCTyna K HuM. Mcnonp3oBanne GML s
KOJMPOBAHHUS I'€OJAHHBIX WIIM UX METAJIaHHBIX CIOCOOCTBYET JIy4dIleMy B3aUMOJCHCTBHIO reonHpopMali. boiee Toro, kak eIMHbIN ¥ B3aHMHO COBMECTHMBIi
¢ npyrumu ctaagapt, GML ciocoOcTByeT HHTerpauy ¥ rapMOHU3AIMH reorpadudeckoi nHdopmanum.
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