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SUMMARY

This paper relates to the adaptation of the modeftware development technology — the
MDA (Model Driven Architecture) to build the GIS @graphical Information System) at the
commune level in Poland. This technology, worked lmyithe OMG (Object Management
Group), is a standard applied to build Spatial Dafeastructures. Furthermore, this paper
presents some practical examples of GlServicebeatevel of a commune. Providing users
with integrated geographic services is one of tB® HEuropean Spatial Data Infrastructure)
tasks, and building ESDI is the general aim ofINM8PIRE directive.

Using the MDA technology, the dedicated GIS wasat@é. The system is designed for the
commune administration and the property valuerujgpsrt spatial decisions making in the
commune, especially in designing the local develapnproject and its economic effects. The
goal of the GIS is also an improvement of informatiflow among the commune
administration, its partners (e.g. property valaenl the citizens.

The built GIS was tested on the case study — themame of Ujazd. A number of spatial and
multi-criteria analyses were carried out and alsdew GlServices were designed for:
presenting, receiving and visualizing spatial data.

The performed tests of the system showed its tilita to substantially improve planning
processes and land management at the commune level.

Design and realization of the GIS project for tlhencmune administration led to a conclusion
that: ability to carry out analyses of differentesarios of spatial development and their
economic effects, 2D and 3D graphic visualizatibmmalyses' results, improve significantly
the spatial decisions making in the commune as iwglrove significantly the tasks of the
property valuer in the range of preparing the eoanoforecast of passing the local
development project. Furthermore, the used intedorm of the development project's
presentation in the Internet gives a greater oppdst for community to participate in the
processes of passing the planning documents. Mereoemmon access in the commune to
GlServices is the basis for building the Local &pddata Infrastructure.
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1. INTRODUCTION

The public administration is the largest consunfégi& solutions, in particular the commune
administration. The majority of tasks realized bg units of the public administration have
the spatial reference.

The GIS solutions accelerate considerably and ifai&l the processes of making spatial
decisions by the public administration (the posisybof working out the readable, graphic,

interactive analyses) on the one hand, on the dihed they make possible the society
participation in these processes, through the eohsind easy access to every information
connected with the terrain, e.g. GlServices, siclpeesenting, receiving or 3D visualizing of
spatial data.

Moreover, using GIS tools in communication betwaeministration and citizens, not only
improves significantly the exchange of data andnmfation between them, but also improves
the skills of the society in the range of utilizatimodern tools and IT services (so-called
.digital literacy”).

This paper is based on the author's PhD thesis théhtitle “The GIS project for the
commune administration and the property valuerfedged on the Faculty of Geodesy and
Land Management, at the University of Warmia andzig in Olsztyn, in 2008. The
research was done within the realization of theeaesh project No. N526 003 32/0687,
funded by The Ministry of Science and Higher Edigcain 2007-2008.

The subject of research was the adaptation of thdenn software development technology —
the MDA (Model Driven Architecture) to build the &(Geographical Information System) at
the commune level in Poland. Both the commune aktjand the property valuer have been
used as a case study to work out and test the &I&8apment technology.

2. CONCEPTION OF THE GIS

The system is designed for the commune administraand the property valuer to support
spatial decisions making in the commune, especiallglesigning the local development
project and its economic effects. The goal of th8 (S also an improvement of information
flow among the commune administration, its partrferg. property valuer) and the citizens.

It was assumed that the system consists of twderklmodules (figure 2.1.), which fulfil
following foundations:
— commune-valuer module ("back-office” module):
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— GIS improving "internal” administration processcassible only for the commune office
workers and the partners of the commune (e.g. prppealuer),

— GIS supporting spatial decisions making in the camen abilities to carry out analyses
of different scenarios of spatial development aheirt economic, social and nature
effects.

— commune-citizens module ("front-office” module):

— GIS improving "external” administration process,pparting the clerks in providing
customers (not only citizens of the commune, bsib ahvestors, tourists and the others
interested) with services,

— GIS enabling citizens of the commune to participatthe processes of spatial decision
making (GIS using PPGIS, Public Participation ia tise of GIS).

he office

Figure. 2.1. Conception of the GIS.

3. TECHNOLOGY

The main factor, which determined the choice of @& development technology, was
assuring:

— the quick production of the working system,

— the portability of the system when changing thelhare and software platform.

Realization of the GIS project was done with the ofsthe object-oriented technology, in this
object-oriented analysis and design. Within thefioes of the object technology, the
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following development techniques were used: MDA @4 Driven Architecture), UML
(Unified Modeling Language) and Agile Software Dieygment.

The “technological path” applied to build the dissad GIS, using aforementioned techniques
and technologies (particularly MDA), is introdudedhe figure 3.1.

PIM

CIM conceptual model PSM
logical model
requirements for the GIS platform independent model
(ISO 19100 series
of standards)

platform specific model

<+

Implementation
physical model

working GIS
on specific platform

Figure 3.1. Technological path applied to build &i&.

The MDA technology was worked out by the OMG (Objganagement Group), and then in
progress of standardization has been adapted I&@®a9100 series of standards to build the
Spatial Data Infrastructures. In this form, the MBgkhnology is included in the INSPIRE
(Infrastructure for Spatial Information in Europdijective and is recommended to build the
ESDI (European Spatial Data Infrastructure).

The key role in the MDA technology plays modellihg system in the UML language.

Using the MDA technology, the dedicated GIS wasat@é. In the progress of project
realization, with the use of the UML language, fomore and more detailed models of the
system were designed: CIM (Computation Indepentitadel), PIM (Platform Independent

Model), PSM (Platform Specific Model) and Implemeian Model.

4. MODELS

According to MDA conception, four models of the Gdstem were designed (CIM, PIM,
PSM and Implementation). In each MDA model, thre®llUmodels were distinguished
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(architecture model, data structures model and \betna model), in which different UML
diagrams were used, among other things: classairegrdeployment diagrams and activity
diagrams (see figure 4.1.).

d MDA models ™
CIM PIM PSM Implementation
deployment diagram
architecture deployment diagram system architecture
component diagram
% dictionary
3 " ;
3 data package diagram package diagram
£ structures data structures
i class diagram class diagram
=
=2
activity diagram
behaviour use case diagram activity diagram functions, algorithms
sequence diagram
Figure 4.1. GIS models review.

Computation Independent Model is a model (or sehoflels) that presents the requirements
for the system. This model shows the system iretheronment in which it will operate, and
thus it helps in presenting exactly what the systemxpected to do. It may hide much or all
information about the use of automated data praogss/stems. CIM is sometimes called
a domain model or a business model. Typically saamodel is independent of how the
system is implemented.

In discussed GIS, CIM consists of functional regoients, where description of users of the
system, use case diagram and dictionary of terntisegbroject were distinguished.

4.2 PIM

Platform Independent Model is a model (or set otlei®) that describes the system, but does
not show details of its use of its platform. PIMaiscounterpart of conceptual model of the
system in the traditional software development.

In discussed GIS project, PIM consists of architextmodel (figure 4.2.), data structures
model (figure 4.3. and 4.4.) and behaviour moddlictv presents the dynamic aspects of the
system.
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Figure 4.2. General GIS architecture — deploymé&grdam.

Architecture of the “front-office” module, meantrfaitizens of the commune, can be
considered in the context of SOA (Service Oriemechitecture). The commune office can
make various GlServices (e.g. presenting, receivingisualizing spatial data) available to
local community (not only citizens, but also inwest tourists, partners — e.g. property
valuer).

Assumed structure for the designed GIS, especfaliythe “front-office” module, is also
included in the INSPIRE directive worked out by tBeropean Committee. This initiative
leads to build the ESDI (European Spatial Dataaktfucture), which task is among other
things providing users with integrated geograpkiwises in the range of visualizing, linking
information and carrying out spatial and temporellgses.
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GIS Data Model
PrincipalMap DevelopmentProject
«ApplicationScheman - uApplicationScheman aApplicationScheman wApplicationSchemar K—- «ApplicationScheman
Mapa::M_Dzialki&Budynki - Mapa:'M_Komunikacja Mapa :M_PodmiotGospodarczy Plan:P_MPZP Plan::P_Projekt
T | 1_ _____________________ T
B e e e
| |
.| — i [ 1]
| |
b «ApplicationScheman - «ApplicationSchemanr wApplicationScheman
Mapa:'M_UzbrojenieTerenu Mapa:M_Zagospodarowanie&Rzezba Plan:P_Stawka
Raster SpatialAnalysis
«ApplicationScheman «ApplicationSchemax «ApplicationSchemanr
Raster:R_Ortofotomapa Raster:R_Inny AnalizaPrzestrzenna::AP_Wynik
Figure 4.3. GIS Data Model with Application Schemas
Pikieta
-geometriaOpisanaPrzez : GM_Point
[warstwaCAD : CharacterString
[rzedna : Real
Drzewo .
-geometriaOpisanaPrzez : GM_Point roslina
-warstwaCAD : CharacterString
Iklasa : Integer 0.F
/—[;’ rosnie » -teren « kZnajdujeSieNa
DrzewolLisciaste Drzewolglaste 1 Kapliczka
-geometriaOpisanaPrzez : GM_Point
-warstwaCAD : CharacterString
-obiekt
4 przecina _obiekt
Ogrodzenie i :
-ogrodzenie d -brama = =
-geometriaOpisanaPrzez : GM_Curve Ropaial RowMelioracyjny
FwarstwaCAD : CharacterString [-geometriaOpisanaPrzez : GM_Surface
1 [« 3 |warstwaCAD : CharacterString

Figure 4.4. Class diagram M_Zagospodarowanie&RzezBegplication Schema.

4.3 PSM

Platform Specific Model is a model (or set of m&jledf the same system specified by the
PIM. It also specifies how that system makes ugb@thosen platform. It may provide more
or less detail, depending on its purpose. PSMdsumterpart of logical model of the system
in the traditional software development.
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In discussed GIS project, PSM was designed fofdb@wing platform:
— hardware: PC,

— operating system: Windows,

— GIS software: ESRI ArcGIS.

Similarly as in the case of the PIM, PSM consigtarohitecture model, data structures model
and behaviour model.

4.4 Implementation Model

Implementation is a counterpart of physical modethe system in the traditional software
development. It is physically working product.

Implementation of the discussed GIS proceeded instages: suitable hardware and software
configuration and implementation of the geodatalfas&IS.

5. TESTING GIS

The built (designed and implemented) GIS was testedhe case study — the data for the

commune of Ujazd. A number of spatial and multiesta analyses were carried out and also

a few GIServices were designed for:

— presenting spatial data — WMS (Web Map Service figgire 5.1.,

— receiving spatial data in the GML (Geography Markuamguage) format — WFS (Web
Feature Service), see figure 5.2.,

— carrying out simple spatial analyses (e.g. queryimdfering) — WebGIS (interactive GIS
application accessible via Internet, operating e \wrowser), see figure 5.3.,

— 3D visualization of spatial data — interactive pbie 3D visualizations and animations, see
figure 5.4.

Above-mentioned services should be offered to aterested, e.g. local community,
businesses or organizations. At the level of tharoane the office of the commune can be
and should be a provider of such services.
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Figure 5.1. Example of Web Map Service.

<?xml version="1.0" encoding="UTF-8" 7>
- <wisiFeatureCollection xmins:esri="http://www.esri.com/esri" xmins:grl="http:/ /www.opengis.net/gml" zmins: wfs="http:/ /www.opengis.net /wfs"
zmins: oge="http:/ /www.opengis.net/ogc" smins:xsi="http:/ /www.w3.0rg/2001/XMLSchema-instance" xsi:schemalocation="http:/ fwww.esri.com/esri
http:/ /ngis:80/wfsconnector/com.esri.wfs .Esrimap/Plan65_FSaxl?request =describefeaturetype&service=WFS&version=1.0.0
http:/ /www.opengis.net/wfs http://ngis:80/wfsconnector/schema/wfs/1.0.0/WFS-basic.xsd">
- <gmlboundedBy >
- <gmliBor srshame="EPSG:4326">
=gml:coordinates=4557105.85281482,5577620.42965324 4558352.65415903,5578933.43830007 </gml: coordinates:»
</gml:Boxz
</gml:boundedBy:
- «gml: featureMember:
- <esrii Teren-2 fid="Teren-2.1">
- <gmb multiPaly gonProperty>
- <gml: MultiPolygon srshame="EPS$G:4326">
— egml:polygontembers
- =gml:Palygon>
- «gml:outerBoundaryls:>
- <gml;LingarRing>
=gml coordinates>4557488.27123147,5578933.43930007 4557554.08278355,5578929.18940344
4557615.53703861,5578925.09359191 4557677.62858877,5578021.06678007
4557687.85771406,5578918.8602909 4557720.44814252,5578015.45057073
4507760.87584291,5578912.94240062 4557800.98727453,0078910.13600787
4557815.10499449,5578908.53261413 4557894.90629745,6578902.82552326
4557944.0243407,5578899.38599331 4557956.9194933,5578898.24240688 4557982.64864359,5578896.02749992
4557980.56645189,5578883.30037475 4557979.75147972,5578878.31903463
4557978.77039054,5578872.32932213 4557977.15674167,5578862.4527438 4557974.9820344,5578850.61283867
4557974.20663666,5578845.60349143 4557887.22217154,5578853.7916707 4557885.14159032,5578840.5109488
4557885.06602005,5578840.51766176 4557603.14078126,5578865.56080117
4507483.47778385,0078874.96970289 4557474.16431949,0078875.27081999
4357476.09446777,5578883.59157468 4557488.27123147,5578933.43830007</gml; coordinates>
</gml:LinearRing>
</gml: outerBoundarylss
</gml: Polygonz
</gml: polygonMembers
«</gml: MultiPolygonz
=/gml: multiPolygonProperty>
<gsrirwarstwa_carLinie rozgran MN PU NO</esri:warstwa_cax
«<esri:przeznacze=MN</esri: przeznaczes
=esri:opissteren zabudowy mieszkaniowej jednorodzinnej</esri:opiss
«<esr:id_obszarp»1</esritid_obszarp>
=esrirshape_leng»>1120.21784309</esri:shape_lengs>
<esri:shape_area>»29394.2037248</esri:shape_areax
«fesri; Teren-2x
</gml: featureMembers

Figure 5.2. Example of Web Feature Service.

Agnieszka Chojka 9/12
The design of the GIS application for the commudheiaistration in Poland

International Workshop on Spatial Information fars&inable Management of Urban Areas
FIG Commission 3 Workshop 2009
Mainz, Germany, 2 — 4 February 2009



3} uzbrojenie Terenu - Ujazd - Microsoft Internet Explorer

values:

2

St = AB]R]
i e 4« S0

3

.

it |
E R ity = 1)
i =l e
EIE ute lear
& I¥ Shiow All Attributes  Display Fleld: [Enabled =
== i
i) Enabled | Warstwa C [ Opis_odeinks|  Tyn | Shape Len.
E = 1 KS ‘ks 1 3.278446E0 |-
== 1 K ks 1 5.089968E1 ‘—‘
1 KS ks 1 5.760165E1 |
1 KS ks 1 2.453348E0
1 KS ‘ks 1 5.143556E1
1 K ks 1 2.27755E0 :
1 KS ks 1 5 B59061E1 :I

'.duar'f Results: 85 selected
Highlight Pan |

¥ 4,557, 348.854
' 6,678,028,102

0

1

=] _Przajdé tacea | & ~

¥/ Karmatura
 Rodzaj
mr KkratkaSciskowa
& Ketudzienka
[ Kiazkw
o KiWlazOk
¥ KodcinekPrzewody
Topy
~ KdOdeinekPrzewodu
— KsOdeinekPrzewaduy
¥/ Tarmatura

¥ TodcingkPrzewodu
¥| TLiniaNapowietrzna

-

| ¥ wisrmatura

Raza)

© Whtudnia

o Vlaziiw

O Wilazok
¥| wodcinekPrzewodu

“Selectby Rectangle

5]

W3 Lokalny inkranst 7

Figure 5.3. Example of WebGIS.

ElrMpze vy
E&B Layers.

e B

Giam ot BE Al F%Fm\ Fwchpwo®oneals

BREE

|5 om0 2149z HiEzead |

A

Figure 5.4. Example of 3D visualization of spatiata (SiteBuilder 3D — sharable and portable 3De&se

Agnieszka Chojka

The design of the GIS application for the commudheiaistration in Poland

10/12

International Workshop on Spatial Information fars&inable Management of Urban Areas

FIG Commission 3 Workshop 2009
Mainz, Germany, 2 — 4 February 2009



6. CONCLUSIONS

The performed tests of the system showed its tility to substantially improve planning
processes and land management at the commune level.

Design and realization of the GIS project for tlmenenune administration and the property

valuer, led to a conclusion that:

— ability to carry out analyses of different scenariof spatial development and their
economic, social and nature effects,

— 2D and 3D graphic visualization of analyses' rasult

improve significantly the spatial decisions making the commune as well improve

significantly the tasks of the property valuer lre range of preparing the economic forecast

of passing the local development project.

Furthermore, the used of interactive form of theeali@ment project's presentation in the
Internet gives a greater opportunity for commundyparticipate in the processes of passing
the planning documents. Moreover, common acceshdncommune to GlServices is the
basis for building the Local Spatial Data Infrasttue.

The presented technology can be implemented bycamymune in Poland to build a system
according to own requirements.
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