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In this paper the major characteristics of spatial data, its infrastructure and main components are
discussed. Herein, spatial metadata and software and technical support for geoportals, as well as
their services are examined. In this work technologies of development of applied geoinformational
web-systems (geoportals) are discussed. Within the paper the software architecture and web
services of the geoportal of Institute of Computational Modeling of Siberian Branch of Russian
Academy of Sciences is presented.
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B cmamwe obcyscoaiomes  OCHOGHblE  XAPAKMEPUCMUKY — NPOCMPAHCMBEHHBIX — OAHHBIX, UX
ungpacmpykmypa u ee OCHOGHble KOMHOHeHmbl. Paccmampueaiomcs npocmpancmeeHnHule
MemaoanHvle U NPopamMmMHO-mexHoIo2uyeckoe obecneuenHue 2eonopmanos, ux cepgucwl. Hzyuenvl
MmexHono2uY  pa3pabomKku  NPUKIAOHLIX — 2eOUHQOPMAYUOHHBIX — 8eb-cucmem  (2eonopmanos).
Ilpeocmasnena apxumexmypa npocpammuozo obecnevenus ceonopmana UBM CO PAH.
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1. Introduction

Spatial data is digital data concerning spatial objects, including information on their location and
features, on their spatial and non-spatial attributes. Spatial data is data on geographical objects, which
represents the formalized digital models of material or abstract objects in the real or virtual world.

The full description of spatial data consists of two interrelated parts: these are positional data and
non-positional data, i.e. descriptions of spatial location and thematic content of the data, of topological
and geometric, as well as attributive data (geometry and semantics). Spatial and temporal data is used
for consideration of temporal aspects. A representation of spatial data, or a model of spatial data is a
way of a digital representation of spatial objects, or a type of a structure of spatial data. Spatial data can
be represented as regular network, as well as vector and attributive models. Within a regular network
model the whole territory that is being explored is divided into the elements of a regular network, or
cells, and is subdivided into raster models and GRID-models by value type. A vector model represents
spatial data basing on vectors. Graphic primitive, i.e. the point, linear and polygonal ones, are the major

ones among them.

2. Elements of the Spatial Data Infrastructure

Large amounts of stored, processed and used spatial data, as well as the development of modern
informational technologies and Internet has changed methods of information representation, of
search and access to this information, of its processing, analyzing and visualization methods. In
this context, metadata which is expository information on the structure and meaning of the data, as
well as applications and processes by the means of which the data is manipulated, has an important
role [1].

Metadata is data about data, i.e. catalogues, directories, registers, metadata-bases and other forms
of descriptions of digital and analogue data sets comprising information on its composition, content,
status (actuality and updatableness), on its genesis (ways and conditions of its origination), on its
location, quality (its completeness, consistency and validity), on its formats and forms of presentation,
on access, on acquisition and usage conditions, on copyright, property and related rights for this data.
Metadata databases, including those comprised in cartographic data and geoinformational systems,
can provide a medium of inventory of informational resources, be involved in existing informational
systems and databases, as well as they can be used in searching and estimating the origins of spatial
data [2].

Along with spatial data, informational technologies of mass gathering, storage, processing and
usage of such data as Earth Remote Sensing data, digital maps and plans, digital spatial and temporal
data originated by global satellite positioning systems (GPS/GLONASS), digital geodetic field survey
data and laser ground and aerial survey data, has received wide recognition. This determined the
creation of the spatial data infrastructure for the purpose of effective territory spatial data resources
organization and control, of means of accessing cartographic (traditional and digital) resources, as
well as metadata in various diagrams that have gridding and/or geographical reference to external
informational objects available on standard protocols. The spatial data infrastructure also refers to
a hierarchically regulated system (information environment) which is built using informational
technologies and based on common data and metadata standards, as well as a network of geographical

informational nodes (geoportals and metadata catalogues) [3].
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The formation of the Spatial Data Infrastructure (SDI) on different levels is being carried out with
varying success for more than 20 years by now, and it includes global, national, interstate (European,
Asia and Pacific Region countries etc.), regional, municipal, sectoral, corporate and other levels. Within
each of such projects tasks on detection, formal definition of the following major components of the
spatial data infrastructure are solved:

® Basic spatial data that can provide the base for location (positioning) of all other spatial and
non-spatial (attributive or thematic) ones;

e Spatial metadata and accessing mechanisms that include metadata databases located in the
network of servers, gateways and portals, available through the information interchange centres
and facilitating data search among the multitude of storages, funds, databases located at their
bearers, as well as they include standards and programming tools for metadata-base creation
and accessing;

o Standards on spatial data, including standards on spatial data models, geodetic provision, spatial
and temporal coordinate systems, representation formats in spatial databases, interchange
formats, metadata, data accuracy and quality, digital maps and cartographic methods, classifiers
of particular thematic data types up to standards on notion and nomenclature instrument.

Within the notion of the spatial data infrastructure which has gained ground up to this moment,
spatial data is positioned as information and telecommunication system providing access to spatial
data dispensing resources for citizens, economic entities, state and municipal authority bodies, as well
as data distribution and interchange in the global public informational network with the purpose of
increasing of its production and usage efficiency.

A geoportal is one of the systematically important elements of the spatial data infrastructure.
A geoportal is a software and technical tool for spatial data operation. Its major task is provision of
media and storage services to users, as well as spatial (geographical) data cataloguing, publicizing and
loading; filtration across the metadata and interactive web-visualization; as well as provision of the
direct access to geospatial data basing on cartographic web-services [4].

In the context of spatial data, a geoportal is a software and technological solution, the functional
capabilities of which are defined by its services:

o Searching services, allowing to search spatial data sets and geoservices basing on the

corresponding metadata, as well as to plot the metadata content;

o Visualization services providing, at least, capabilities of viewing the data, navigating through
images, scrolling through them, data scaling and graphic overlay, as well as plotting of the
appropriate information comprised in the metadata;

o Information downloading services allowing to copy spatial data sets or its fragments and
providing the direct data access, when possible;

e Data conversion services enabling to transform spatial data sets to provide its
interoperability;

o Services for signaling to other (remote) servers.

Basing on functions performed, geoportals can be divided on sectoral (The Federal
Geoinformational System of Territorial Planning, Public Cadastral Plan, Demeter System of Federal
Service for Veterinarian and Vegetarian Sanitary Supervision), corporate (Roscosmos geoportal),

scientific and educational, investment and others [5].
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3. The Geoportal of ICM SB RAS and its components

Researches and developments in the field of the spatial data infrastructure on the regional level
have been carried out at Institute of Computational Modeling of Siberian Branch of Russian Academy
of Sciences (ICM SB RAS) for somewhere 10 years now. This work resulted in the creation of software
and technological tools for applied geoinformational web-system (geoportals) construction. The
procedure of quick implementation of applied geoinformational web-systems has been developed, and
the appropriate program and technological, informational and computational software, such as storage,
processing and spatial data analyzing (including satellite images) services and media, along with
applied program and user interface repositories, access authorization media within the structure of
the geoportal and spatial data catalogue, cartographic web-visualization system, auxiliary and applied
web-services have been created [6].

Software and technological tools that are being developed represent high-level repositories of
functions and classes, application templates directed at the end user. These provide an operational
solution of the following tasks:

e Maintenance and storage of digital cartographic materials, raster images of the location enabling

the univocal addressing and positioning of objects in the regional (municipal) infrastructure;
¢ Navigation through informational cartographic resources, visualization and analysis of spatially
oriented data on unified digital maps;

o Interaction with cartographic and attributive resources (databases) of third party applied
information systems;

e Solution to various spatial tasks using resources of the spatial data storage (spatial search,
object creation etc.);

e Provision of access to the system using modern geoinformational system technologies and
interfaces.

As of today, the geoportal of Institute of Computational Modeling of Siberian Branch of Russian
Academy of Sciences (Fig.l) represents a set of software and technological tools consisting of the
following elements [7, 8]:

o Data storage subsystem within which the support of all the formats of popular geoinformational
systems (ArcGIS SHP, Maplnfo TAB, etc.) and spatial databases, such as PostgreSQL/PostGIS
and others is provided.

o Geoportal resources catalogue, which is a metadata management subsystem, a database and a
program repository set (API) for various operations with resources on the base of web-services
on SOAP protocol.

o Administration system of Data Control Geoportal. The main task of this is the registration of
informational resources in the Catalogue, entering and editing of metadata. Further functions
relate to the distinctions of access rights, metadata import from third party WMS-resources
and its applicable registration in the catalogue and others.

e “GeoExpress” style layer and map designing editor. This is a Windows-based program designed
for creating and editing of a style map design. This program forms a XML-description of the
geoportal style layer and map design and saves it in the Resource Catalogue database;

e Resource (metadata) catalogue user web-interface, which is a web-application designed for

navigation through the resources registered in the system, and search among these resources.
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Fig.1. The User Interface of the Geoportal of ICM SB RAS

It provides navigation though the Resource Catalogue with regard to the multiple resource
classification and filtration on different criteria, as well as creation of user data sets (“Shopping
Cart”) and others;

Cartographic web-visualization user web-interface (subsystem), which is a web-application for
representation of maps and particular geodata layers of the geoportal though the web-interface.
A capability to mark various background cartographic substrates such as Yandex, Google,
2GIS and others (more than 40 items) should be specially noted;

Web-publication control subsystem. While in the first version of the geoportal this subsystem
was a series of services based on 1C-Bitrix software, now it is a complex of media for the
formation of geoportal thematic sections on the base of Drupal web content management
system;

Cartographic web-services, which include address search, geocoding, routing, watercourse
constructing and others. These services are designed for work carried out as a part of third

party applied geoinformational systems.

Software and technological tools based on the geoportal of Institute of Computational Modeling
of Siberian Branch of Russian Academy of Sciences has successfully proved itself as a program and
technological base for resource-intensive informational and analytic systems on the regional level
for tasks on different subjects, such as the informational support of the sectoral management (in the
field of health care, education and transport management), ecological monitoring and estimation of
the environment conditions, regional social and economical development forecasts and centralized

informational provision of cartographic data. Bodies of executive authorities are customers of these
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systems. Developments based on these technologies may prove to be the base for the regional spatial
data infrastructure of Krasnoyarsk region [9].

4. Access to the geoportal spatial data

The geoportal of ICM SB RAS presents several types of public (user and program) interfaces:

e User web interface for a standard web browser;

o Cartographic web services based on the OGC international standards;

e Application Program Interfaces (API) for geoportal cartographic data visualization;

o Informational services for third party applied systems.

For the direct access to spatial data the protocols Open Geospatial Consortium (OGC), such as
Web Map Service (WMS), Web Map Tiling Service (WMTS) and others are used; they allow access to
the geoportal resources from applied user programs directly such as ArcGIS, Maplnfo, QGIS etc., as
the support of these protocols is integrated into most of the modern geoinformational systems. Thus,
at first the users can become acquainted with thematic maps via the interface, and then link them by a
web-service to their geoinformational system project for data analyzing: geoinformational software,
such as an application for Windows, is usually used for this purpose. OGC protocols imply not a “pic-

ture” transition via a web-service only, but also running queries on table object data of the linked map
layers (Fig. 2).
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Fig. 2. There are two ways of representing geoportal spatial data by the example of thematic layer with the ad-
ministrational and territorial division of Krasnoyarsk region, such as the web-interface for the standard Internet
Explorer web-browser (on the background) and the WMS-layer in the applied QGIS-program (on the foreground):
Here in the information “Defining result” window the WMS GetFeaturelnfo query results are represented (the
click was performed on the contour of Kuraginsky municipality of Krasnoyarsk region)
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Fine adjustment of parameters of map and particular layers representation via a web-interface
and web-services is performed in the “GeoExpress” editing program. Using it, a registered geoportal
user can form personal spatial data sets, save them in the virtual “My Documents” folder and further

represent the data in his/her applications by means of OGC protocols [10, 11].

5. Conclusions

The discussion concerning issues of the formation of the national Spatial Data Infrastructure in
Russia started somewhere about 15 years ago, and the Concept of Creation of the Russian Spatial Data
Infrastructure developed by the experts of Geoinformational System Association was authorized with
the Order of the Government of the Russian Federation in 2006. This was what finally brought the
issue of the Spatial Data Infrastructure to the state level. At the present time the work on creation of
regional Spatial Data Infrastructure elements is in progress in no less than a half of regions in Russia,
including Krasnoyarsk region. The major issues in the implementation of the projects are: insufficient
information awareness of potential users concerning capabilities of operating with spatial data and
the poor legislative and regulatory frameworks. The development of systems and services such as the
geoportal of Institute of Computational Modeling of Siberian Branch of Russian Academy of Sciences

may be of help in finding solutions to these issues.

References

[1] Axy6aiinuk O.9., Ilonos B.I. Texnomoruu st reoOMHPOPMALIMOHHBIX WHTEPHET-CUCTEM.
Boiuucaumenvnvie mexnonozuu, 2009, 14(6), 116-126 [Yakubailik O.E., Popov V.G. Technologies
for internet geographic information systems. Computational technologies, 2009, 14(6), 116-126 (in
Russian)]

[2] Marsees A.I., fkyGaiimuk O.D. Pazpaborka BeO-puiioKeHHs I 00pabOTKH u
IpeICTaBICHHS IPOCTPAHCTBEHHBIX MEeTaJaHHBIX reonopTana. Becmuux Cubl AY, 2012, 2(42), 48-54
[Matveev A.A., Yakubailik O.E. Development of web-applications for the processing and presentation
of geoportal spatial metadata. Vestnik SibGAU, 2012, 2(42), 48-54 (in Russian)]

[3] Sxy6aiiimk O.9. IIpobmemsl QopmupoBanHus HHGOPMANUOHHO-BEIYUCINUTEIHEHOTO
obecreueHnss CHUCTEM OKOJIOTHYECKOro MOHUTOpuHTa. Becmuux CublAY, 2012, 3(43), 96-102
[Yakubailik O.E. Problems of formation of information-computer support of environmental monitoring
systems. Vestnik SibGAU, 2012, 3(43), 96-102 (in Russian)]

[4] Axy6aitnuk O.3. I'eonHpopManMOHHEI MHTEPHET-TIOPTAl. Boiuuciumenvrvle mexHoai02uu,
2007, 12(3), 116-125 [Yakubailik O. E. Geoinformation Internet portal. Computational technologies,
2007, 12(3), 116-125 (in Russian)]

[5] KamounukoB A.A., ITlomoB B.I., TokapeB A.B., Sky6aitiiuk O.5. dopmupoBanue
reonH(pOPMAIIIOHHOTO HHTEPHET-IIOPTaJIa IS 3a]jad MOHUTOPHUHTA COCTOSIHUS TPUPOAHOM Cpesl U
pecypcoB. Kypuan COY. Texnuxa u mexnonoeuu, 2008, 1(4), 377-386 [Kadochnikov A.A., Popov V.G.,
Tokarev A.V., Yakubailik O.E. Implementation of internet GIS portal for environment and natural
resources monitoring tasks. J. Sib. Fed. Univ. Eng. technol., 2008, 1(4), 377-386 (in Russian)]

[6] Yakubailik O., Kadochnikov A., Tokarev A. Applied software tools and services for rapid
Web GIS development. [15th International Multidisciplinary Scientific GeoConference SGEM 2015
Conference Proceedings, 2015, 2(1), 487-494.

— 985 —



Oleg E. Yakubailik. The Formation of Regional Spatial Data Infrastructure

[7] Axy6aitnuk O.3., TocteBa A.A., EpynoBa M.I., KagounukoB A.A., MarseeB A.l., [IsaTaeB
A.C., Tokapes A.B. Pa3paboTka cpencTB HHPOPMAITMOHHOM HOAIEPKKH HAOTIONCHHH 32 COCTOSTHHEM
OKpy>Katoleil npupoaHoii cpensl. Becmuux Keml'V, 2012, 4/2(52), 136-142 [ Yakubailik O.E., Gosteva
A.A., Erunova M.G., Kadochnikov A.A., Matveev A.G., Pyataev A.S., Tokarev A.V. Developing
information support tools for observations of the environment state. Bulletin of Kemerovo State
University, 2012, 4/2(52), 136-142 (in Russian)]

[8] Axy6aiinmuk O.D., MarBees A.I. IlpoexktupoBanue u pa3paboTKa NPOrpPaMMHO-
TEXHOJIOTHYECKOT0 00ECIIeUeHHU s ISl TeONPOCTPAHCTBEHHBIX BeO-IPHIOKSHUN. DyHOaMeHmanbHble
uccnedosanus, 2013, 10-15, 3358-3362 [Yakubailik O.E., Matveev A.A. Designing and developing
software and technological support for spatial Web applications. Fundamental Research, 2013, 10-15,
3358-3362 (in Russian)]

[9] Yakubailik O.E. Web mapping applications and geo-portals as the basis of modern software
and technological support for environmental monitoring tasks. ENVIRONMIS-2014: International
Conference on Measurement, Modelling and Information Systems for Environmental Studies,
Publishing House of Tomsk CSTI, 2014, 173-176.

[10] Kharuk V.I., Kasischke E.S., Yakubailik O.E. The spatial and temporal distribution of fires
on Sakhalin island, Russia. International Journal of Wildland Fire, 2007, 16(5), 556-562.

[11] Sxy6aitnuk O.D. TI'eomH(opManMOHHAs HMHTEPHET-CHCTEMa MOHHMTOPHHIA COCTOSHUS
OKpY Kalolleil IPUPOAHON Cpeibl B 30HE JCUCTBUS NMPEAIPUITUH HeTera3oBoil oTpaciu. Becmuux
Cubl'AY, 2010, 1(27), 40-45 [Yakubailik O.E. Geoinformation Internet system for environmental
monitoring in the productive activity area of oil and gas industry enterprises. Vestnik SibGAU, 2010,
1(27), 40-45 (in Russian)]



