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Abstract. In the domain of housing market analyses decisiakers typically are

supported byGeographic Information Systen(&1S). The newWeb Processing

Service(WPS) standard of th®pen Geospatial Consortiu@GC) offers nowadays
the possibility to realize GIS analysis functiotiaf also on the Internet via a
standardized interface. In this article we preséov we applied the WPS
specification for housing market analyses. This alestrates how flexible GIS

functionalities can be used in specific scenaridslavproviding them as WPS
processes. Furthermore we used the specificatioohfaining Web Services. Hence
we demonstrate that the interface is an alternativehe usage of established
standards fokWeb Service OrchestratiqitVSO) like theBusiness Process Execution
Language(BPEL). The advantages and disadvantages of spploaches will be

discussed.
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INTRODUCTION

In the last years the German housing market hasnbeanore and more complex. Insufficient
knowledge about ongoing developments in this maskieses wrong decisions in the housing politics
and housing industry (Helsper, 2005). For providisgistance with spatial decisions in this domain,
decision makers are supported by the us@adgraphic Information Syster(GIS). GIS are used to
prepare, manage, visualize and analyze relevatinbpad statistical data. Hence, GIS functionediti
provide assistance for governmental, economic adhirastrative decision makers with their
assessment and evaluation of the regional and hmeeding market.

The objective of the project “A WeBpatial Decision Support Syst€BDSS) for the automation
of the multi criteria model development of a useedfic, regionalized housing market analyses in
RLP” is to develop components and tools for a WelsSvhich automates the multi criteria model
building for user specific, regionalized housingrked analyses in the German State of Rhineland
Palatinate (RLP). This system needs to be able toageand aggregate the necessary spatial and
statistical information which is needed to develkypply and demand indicators. The aim of the
project is the low budget development of relevantioies for a SDSS for analyzing the housing and



real estate market in RLP. This is achieved by using extending open source software packages
and the development of own tools. These tools shbel transferable to and applicable on other
projects. Furthermore, relevant components shoelcebusable and conform to tBpen GeoSpatial
Consortium(OGC) and th&Vorld Wide Web Consortiuv3C) standards.

In this article we want to demonstrate how the O@@dard of aVeb Processing Servi¢e/PS)
interface is applied for spatial analysis in theising market domain and we want to reveal how
flexible GIS functionalities can be used while pdirg them as WPS processes.

WEB-BASED GISANALYSISWITH OPEN STANDARDS

However, first of all we take a look at the presdatelopment in the area of GIS. Traditionally,
GIS are monolithic complex systems which are hah8leprofessionals. In recent years advances in
information technology have made it possible to endewardsService Oriented Architectures
(SOAs) and distributed computing for the disseniamatof geographic information (Friis-
Christensen, 2006). In a SOA environment, resownes network are made available as independent
services that can be used in diverse applicatidhss interoperability requires the definition of
worldwide service standards. The most importanaoization that defines a range of standards in the
geospatial domain is the OGC. Amongst others the Q@tified the well-known (partly draft)
standardsWeb Map Servic WMS), Web Feature ServicBNFS), Geography Markup Language
(GML), Styled Layer Descripto(SLD), Web Coverage Servig@VCS), Catalogue Service for the
Web (CSW) andWeb Coordinate Transformation Servi@&CTS). This means that visualization,
vector and raster data access, along with thetalbdisearch for spatial data is mostly covered by
these standards. For the provision of services @lawv the processing of geodata the OGC has
recently adopted a further standard: ieb Processing Servi€@/PS) interface specification (OGC,
2007a).

The idea behind a WPS is to offer any kind of Gl&ctionalities for the processing of spatial
data. It may provide simple calculations (e.g. ttaculation of a buffer) as well as complex
computations (e.g. the generation of a climate M)odéaus, in principle there are no restrictions on
what types of operations can be realized basedhenWPS interface. This openness of the
specification led to a variety of criticism and aissions in the recent past (e.g. Heier, 2005; I&jeh
2006).

A WPS is able to handle more than a single proeessthere are three mandatory operations
performed by a WPS, namelgetCapabilities DescribeProcessand Execute The response to a
GetCapabilitiesrequest is an XML-document containing metadatahef WPS and all available
processes. A detailed process description as welhput and output parameters are provided for
every process as response DescribeProceseequest, also in form of a XML-document. The actual
execution of the relevant process is carried owgrwanExecuterequest is sent to the WPS with all
necessary parameters such as the name of the praeédurther ones, most notably the data to be
processed. A central feature of the specificat®rhie possibility to pass this data either directly
(typically GML encoded) in th&xecuterequest or by a data reference. Such a referafessrto a
web accessible resource where the WPS can diresttigve the data to be processed. Thus, it is
possible to avoid the sending of huge amounts @&f da the network.

GISFUNCTIONALITY IN THE HOUSING MARKET DOMAIN

In this chapter we want to give two typical examspler analysis in the housing market domain
which rely on GIS functionalities, and which we baudentified as relevant for our project on the one
hand but also for similar typical GIS analysis wspible different domains on the other hand. These
examples have been implemented successfully aaieggllater in section 4. They represent relevant



parts of typical analysis workflows in the domaihhmusing market and consist of a set of more
fundamental geodata processing operations andlaatms. These offer a toolbox of basic building
blocks that can be combined to more sophisticatalysis tasks as explained in the following
sections:

Site selection

We start with an example which is well-known by meme who was ever hunting a house: Site
selection. This analysis is important in the hogsmarket domain but it is also a very typical
example for many GIS projects and therefore cailydas generalized for other scenarios. In general
people are looking for a house which keeps contfticoncerning certain distances. A family may
look for house near a kindergarten, an elemen@rgd and a supermarket. A man of business may
prefer a house near the train station and notaofrém the next airport. A typical question coblet
“In which area do | have to look for a house whiglwithin the distance of 1.5 km of a kindergarten,
within a distance of 2 km of an elementary schowl within a distance of 0.5 km of a supermarket?”
This kind of question is easily answerable with1& Gased on the respective data. In a first step al
kindergartens, elementary schools and supermasdtetbuffered by the supposed distance. In the
second step all calculated buffers are interseatedng each other. These steps are illustrated in
figure 1.
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Figure 1: lllustration of the “SiteSelection” procedure.

Granted that there is already a range of potehtiales, it is now possible to check whether these
objects are situated in the areas calculated hefétw®ugh a point-in-polygon query these houses are
selected which are finally in the respective distato a kindergarten, an elementary school and a
supermarket specified before. This possible l&gt &t illustrated in figure 2.
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Figure 2: Point-In-Polygon-Query as possible step after Bige'Selection” procedure.

Regarding the site selection procedure from anqgtoért of view, namely off from the private
sector and into the economic perspective, we malirat a company has more commercial
requirements. For example the location of a newofganust be situated near a highway exit or close
to waste incinerator. Given that a low distanceroobject does not imply the fast accessibility we
have to refine the question put above: In whiclaate | have to look for a factory site which can be
reached within 15 minutes from a highway? Hereeitdimes clear that a simple buffer operation is
not sufficient enough anymore. The accessibilitpiofobject depends on the road network and not on
the simple distance. This analysis, namely theutation of accessibility of regions from a given
location, was already realized within our projeciai former stage through an Accessibility Analysis
Service (AAS) (Neis, 2007). By using the AAS insteaf a simple buffer operation for a site
selection procedure the accuracy of the resultadeased, as more realistic driving times on the
street network are used there. Therefore the AAfpjidied in the second example:

Supply areas

In our second example we want to answer anothestipne Where are demands to be satisfied?
This means that specific needs or requirementglargified with the aim to supply these needs. The
question is e.g. interesting in the field of urlidanning where decision makers analyze in which
areas specific demands are not pleased. These demzan for example be kindergarten,
supermarkets, doctors etc. and the responsiblepessithin the urban planning have to ensure an
adequate supply.

Vice versa we can also regard the question ofaefft supply from the economic perspective:
From the view of a product conductor (e.g. a supeket operator) it is interesting to analyze where
to “find” additional customers supposing areas whitre demand (of supermarkets) is not satisfied



yet. Such an analysis is a typical instrument oéd@arketing” where GIS tools are used in the
process of planning and implementation of markegiciiyities.

Precondition for the calculation of such supplyaarés the availability of population figures for a
small scale administrative level because the nurmbpersons is needed to draw further conclusions.
In the field of urban planning this data could béding block information which exists for statisi
purposes and provides a solid basis for the cdlounlaf supply areas. The whole procedure of this
calculation contains two steps: First the providefrsnterest (e.g. supermarkets) are buffered by a
designated distance. In the second step the cwdutauffers are intersected with the administrative
units (e.g. building blocks). During the interseatithe number of residents is aggregated, more
precisely the sum of residents is calculated omoarata basis. This means the ratio of the original
polygon area and the intersection polygon areacal®ilated and the value to sum is multiplied by
this ratio.

As demonstrated in the site selection procedurevealibe results are improved by using an
Accessibility Analysis Service instead of simpldfbufunctionality. The procedure is illustrated in
figure 3.
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Figure 3: lllustration of the “SupplyAreas” procedure.

USING THE WPSINTERFACE

It became clear that the two described procedusés ‘Selection” and “Supply Areas” are partly
based on the same fundamental GIS functionalide could imagine further applications which are
also relying on these basic functions to solveed#iit more complex problems. We used the WPS
interface to provide the functionalities mentioredabve as independent processes. More detailed we
implemented the following basic processes needethéoscenarios which are presented in table 1:



Process Description

Buffer Creation of a buffer around a GML geometry.
Intersection Intersection of 2 GML datasets.
PointinPolygonJoin Join of GML data containing psimvith GML

data containing polygons based on the spatial
predicate “contains”. All attributes of the points
are kept (including the geometry) and the ugser
can choose which attributes of the polygans
shall be kept. Furthermore, the user can chaose
between four different join types: NATURAL,
LEFT, RIGHT, FULL. The missing attribut
values in cases of left, right or full join arddil
with null.

1%}

PolygonintersectsPolygonJoinAggregation  Join of RILGdatasets containing polygor
based on the spatial predicate ‘“intersegts”
followed by the aggregation of attribute values
of the first polygon dataset. Available
aggregate functions: count, sum, max and min.
In case of the aggregate function “sum” this
value is calculated on a pro-rata basis. This
means the ratio of the original polygon area and
the intersection polygon area is calculated and
the value to sum is multiplied by this ratio. It|is
possible to keep attributes of the second polygon
dataset. All polygons of the second datgset
(including the geometry) are added to the regult
data, independent from intersecting polygong of
the first dataset or not.

7]

Table 1: Implemented processes for analyses in the housamgahdomain.

These processes are not only used in our currejegbrin the domain of housing market analysis
but also in another scenario within a disaster mement project. In this so called
“BombThreatScenario” we combined some of these b&ii® processes with some services
providing routing functionality for the preparatiaf an evacuation after a bomb finding (Stollberg,
2007). This shows the generic nature of the impleet processes and the applicability within a
wide set of different domains.

However, for representing the whole “Site Selectiand “Supply Areas” procedures each as a
single application, also further services must beessed. First of all the relevant data for the
procedures must be retrieved, e.g. by accessinguatie WFS. As mentioned in chapter 2 the WPS
interface offers the possibility to pass refereneweb accessible resources providing the relevant
data for a process. One possibility for such aregfee is theGetFeaturerequest to a WFS which is
then handled by the WPS for retrieving the appadprdata. Furthermore the Accessibility Analysis
Service which defines accessible regions from ation based on calculations on street networks
(Neis, 2007), is accessed. This service is notandsirdizedOGC Web Servic€OWS) or even a
discussion paper, but its interface is modeled raicg the OGC OpenLS Implementation
Specification. It could also be encapsulated by RSWbut this is not yet the case in our current
realization.



Service Orchestration

An established standard concerning iveb Service OrchestratiolWSO) is the use of the
Business Process Execution LangudB®EL) (Juric, 2004; Chen, 2006). In a former work we
discussed already this possibility for the chainlh@®WS and encountered some technical problems
(Weiser, 2007). One obstacle is the lackib Service Description Langua4/SDL) documents
for standardized descriptions of OWS. These WSDlcudwents act as links between an
Orchestration Engin€OE) and the service interfaces that are chailmedrder to orchestrate an OWS
by using BPEL and respectively an OE these WSDL aheeus have to be created manually for each
service involved. Furthermore OWS are so far indokia HTTP POST and/or GET and not via the
Simple Object Access Protoc¢BOAP). HTTP POST and/or GET are not supportedably
Orchestration Engines tested or at least not dyrecpported. The WPS specification (OGC, 2007a)
is one of the first OGC specifications explicithgeeding these problems and describing how to use
WPS in connection with WSDL and SOAP. So it will pessible in the near future to orchestrate
WPS processes using BPEL and OEs. But in the bewgjrihiwill still be necessary to create WSDL
documents manually for each process.

Several research groups now work on research issuelving these concepts and try to extend
them e.g. through more semantic descriptions (Lensm2006; Friis-Christensen, 2006; Diaz, 2008;
OGC, 2007b). In (Stollberg, 2007) we presented kerrative to the usage of BPEL for the
orchestration of OWS by using the WPS interfacelfitSThis approach of a “Composite-WPS* we
use here again for the combination of all includedvices (WPS, WFS, AAS) in the “SiteSelection”
and “SupplyAreas” procedures. The WPS was origyradlt intended for using it as an application for
chaining OWS. But the standard was very open fiteenbeginning and did not exclude any uses of
the interface. In the newest version 1.0.0 of tHeSAgpecification it is even explicitly foreseerute
the WPS for the chaining of web services. A WP$ aet as a service chaining engine by designing
a process that calls a sequence of web servickgding other WPS processes (OGC, 2007a). We
have taken advantage of this in our approach blgesteating all steps within an independent WPS
process. These steps are illustrated for the “Biee8on” Process in figure 4 and for the
“SupplyAreas” process in figure 5.
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Figure 4: Sequence diagram of the “SiteSelection” process.
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Figure 5: Sequence diagram of the “SupplyAreas” process.

I mplementation

For the implementation we used the existing WPSnéwork of the deegree2 project
(www.deegree.org) (Fitzke, 2004). This and impletagons within other projects such as the



52°North project (http://52north.org) and thégriculture and Agri-Food Canadaproject
(www.agr.gc.ca) are in accordance with the ver§idn0 of the WPS specification (OGC, 2005).

Thedeegreedramework offers the possibility to implement dgplication logic of new processes
within a separate class derived from tirg.deegree.ogcwebservices.wps.execute.Processlmsa
In addition an XML configuration document has todveated for the process and integrated into the
framework along with the process class. After thtese steps the new process is then accessible via
the WPS interface.

We started with the implementation of the identdiffendamental GIS functionalities which are
required for our specific “Site Selection” and “$lyp Areas” procedures. Afterwards we chained
these processes along with requests to WFS andwitkéh our “Composite-WPS”. The advantage
of this approach is that we do not need a BPEL &sthtion Engine and respectively WSDL
documents describing the services involved. Bothntiied domain specific scenarios are
implemented using solely OGC specifications. Thevbeck of this approach is that a lot of work has
to be done manually while products liketiveBPELor Oracle BPELoffer a whole toolbox for
creating, deploying and managing BPEL business psaseincluding a graphical user interface for
the visual chaining of processes.

CONCLUSIONSAND FUTURE WORK

The aim of our project is the development of refeévanodules for a SDSS for analyzing the
housing and real estate market in RLP by using atehding open source software packages and the
development of own tools. For this reason we idiedtia range of GIS basic functionalities which are
needed in different procedures of housing marketyaes but which are also used within scenarios in
different domains. Our modular approach makes $sitide to combine single functionalities for the
configuration of a flexible Spatial Decision Supp8ystem. For this purpose we used the new OGC
specification of a Web Processing Service whictersffnowadays the possibility for representing
complex scenarios completely in accordance with sBdards. The specification is a big step
towards “real” Web-GIS which also includes the attprocessing (which means “alteration”) of
spatial data in contrast to only manage, searchvandlize it. Unfortunately the standard is in the
current version a bit too open which has lead toglaints in the community. This means that at the
moment it is possible to “hide” literally any kirod functionality behind a WPS facade, regardless of
being “geo”processing or not. This problem is tadkWith the upcoming development of so called
“WPS Profiles” which have to be identified for adic GIS functionalities and b) domain specific
scenarios. The definition of such profiles shallphto ensure that users and providers of WPS
processes agree upon specific operations andid@rocess “Buffer” of Organization A provides the
same functionality and takes the same input angubuparameters as the process “Buffer” of
Organization B, thus leading to interoperabilitye\Mentified two domain specific operations in of
housing market analyzes which could be proposedafduture possible profile for this specific
domain. We could demonstrate that the WPS interfaday can be applied successfully in this
domain and realized a range of relevant procesSeseral further basic processes are under
development at the moment that can be used imthither domains.

The new OGC WPS standard makes it now possibleagde geoprocessing via a standardized
interface, e.g. we are currently working on vistpibnalysis and the processing and analysis of 3D
data which will be offered as WPS processes. Thétde in general a quite variety of processes for
the WPS user in the near future because the nuaib&PS processes will increase. For this reason
the vision of a Web-GIS is approaching. These dagsalready possible to find a lot of geographica
data from distributed sources via the Web, mostlshe form of maps. In the future we will also find
GIS functionality for processing this data accogdia our requirements. Until now we are obliged to
fall back to use our traditional Desktop-GIS foesk analyzes. But for using the whole potential of
geoprocessing functionalities and the flexible coration of granular modules it is still a long wiay
go because the interoperability is still missingpwéver, the development of WPS Profiles and



respectively standardized geoprocessing operaiiotige near future will bring us a step furthemwint
the direction of interoperable Geo Web Services.
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