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1 ABSTRACT

Many characteristics of Smart cities rely on aisight quantity and quality of urban data. Locallstry
and developers can use this data for applicatierldpment that improves life of all citizens. There, the
handling and usability of this data is a big chadle for smart cities. In this paper we investigagsv
approaches to urban data management using emedegingologies and give an insight on further regearc
conducted within the EC-funded smarticipate project

Geospatial data cannot be handled well in classatational database environments. Either theyusteput

in as binary large objects or have to be brokenrmdowo elementary types which can be handled by the
database, in many cases resulting in a slow systatoe the database technology is not really tuoed
delivery on mass data as classical relational datare optimized for online transaction procgsan not
analytic processing.

Document-based databases provide a better perfoemhnt still struggle with the challenge of laleary
objects. Also the heterogeneity of data requirektaof mapping and data cleansing, in some cases
replication can’'t be avoided.

Another approach is to use Semantic Web techndotgieenhance the data and build up relations and
connections between entities. However, data formath as RDF use a different approach and are not
suitable for geospatial data leading to a lack sability.

Search engines are a good example of web applisatiith a high usability. The users must be abliénit
the right data and get information of related @sel matches. This allows information retrieval ineasy to
use fashion. The same principles should be appliegospatial data, which would improve the usgbdf
open data. Combined with data mining and big detdriologies those principles would improve the
usability of open geospatial data and even leatkt® ways to use it. By helping with the interprietatof
data in a certain context data is transformed us&ful information.

In this paper we analyse key features of open deqaartals such as linked data and machine learning
order to show ways of improving the user experieriBased on the Smarticipate projects we show
afterwards as open data and geo data online antheg@actical application. We also give an outlaok
piloting cases where we want to evaluate, howebhbriologies presented in this paper can be comibnad
usefull open data portal. In contrast to the presi&cC-funded project urbanapi, where participative
processes in smart cities where created with udadsm, we go one step further with semantic webagh
data. Thereby we achieve a more general approaopem data portals for spatial data and how to dwgpr
their usability.

The envisioned architecture of the smarticipatgeptorelies on file based storage and a no-coatesty,
which means that data is mostly kept in its origfieamat, a conversion to another format is onlyedf
necessary (e.g. the current format has limitatammslomain specific attributes or the user requesisecific
format). A strictly functional approach and architee is envisioned which allows a massively patfall
execution and therefore is predestined to be deglaya cloud environment.

The actual search interface uses a domain sp&odiabulary which can be customised for special gaep
or for users that consider their context and eigmriwhich should abstract from technology specific
peculiarities.

Also application programmers will benefit form tlaschitecture as linked data principles will bedaled
extensively. For example, the JSON and JSON-LDdstats will be used, so that web developers can use
results of the data store directly without the n&mdconversion. Also links to further informatiamill be
provided within the data, so that a drill down @sgible for more details.

The remainder of this paper is structured as faloAfter the introduction about open data and data
general we look at related work and existing opata ghortals. This leads to the main chapter alimukey
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technology aspects for an easy-to-use open datal p®ohis is followed by Chapter five, an introdioct of
the EC-funded project smatrticipate, in which thg texhnology aspects of chapter four will be ineldd

2 INTRODUCTION

Publishing data on city portals as open data isovigg trend, which is also promoted by the Europea
Commission. However, the prevalent experience vivegstigating such data is that it is just a maréess

raw dump of data that was created sometimes aspadoljuct due to technical reasons. It's hard fgnian

to interpret the data sets, yet even impossibteltaf the content is useable for anything as rnyosd meta-
information is given. Also keeping up-to-date canhard under such circumstances. Especially wHiinga
about data, that has not been issued by publicogtits also the question of trust in data risebow
collected it and when? Is there some attempt taddf? This is very important as building servicadaulty
data consequently leads to faulty results and whidermines the reputation of Open Data as a whole.
Another important aspect is in which way shouldada published? Many open data portals publish them
PDF, Excel or some image format. It's very muctle ltke traditional data, which was published astpuin
Geospatial 2D data such as zoning plans are ofiblished as ESRI-shapefiles, which need specid$ too
such as Q-GIS to work with them. There are alremltibt of tools like Geoserver or CityServer3D, whaan
work with these data sets. However, the probledm&ing into the data remains the same. The satutian

be to reduce the format to atomic entities capableepresent the data to manage. The semantic web
initiative proposes a whole technology stack, butais not gained the momentum to innovate inforonati
systems as needed. In this context the term “5Sagien data principlé”has been coined to set out the
ultimate goal for data availability. While the lés€ or 3 are quite easy to reach, the most usayeir 5
needs a lot more involvement. In our view it ulttetg does boil down not to a question of standadlile
formats but to interoperable dynamic informatiosteyns, considering the needs of users and devsloper
first. Such a system has to deal with aspects wrbgeneity, distribution of data and systems, supfor
multiple formats and standards, whilst providing@opess for innovation.

Fig. 1: Five-star open data principle as of Tim BesAlLee.

3 RELATED WORK

3.1 The urbanAPI project

The urbanAPI projettinnovated public participation through the useéntéractive 3D-Web technology, as
shown by Dambruch and Kramer (2014). Furthermoregva way of interaction with data was proposed by
Malewski, Dambruch and Kramer (2015) using Domape<¥ic Languages. The biggest issue identified as
obstacle to wide application of such systems was there is some substantial effort required in pre

! 5stardata.info
2 www.urbanapi.eu
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processing and annotating the data to be used. bfodtese steps are not supported well by tools and
gathering input for a particular use case had s¢wteps to be done over and over again — with Kty

but important differences. The results of the pr@epssing was not useable in other use casesvas itied

to the special needs of the use case. So the wiagervation was that the basically the same stagddbe
carried out again and again, as the parametergyetaihis is the motivation for the service platfioin
smarticipate.

3.2 The semantic web

The semantic web was originally conceived by Timriges-Lee (Berners-Lee 1998) as a universal stdndar
for describing, encoding and annotating data aleitiy formal ontology and interlinking data setstwither
data. For this a lot of technologies for advanedgdrmation encoding and processing in a standatdis®y
were proposed such as XML/RBIRDFS, OWL*, SPARQL.

Based on this, ontologies and vocabularies have lbdeéned to model aspects such as a thesaurus via
SKOS or physical units, quantities and dimension as QURIso meta data in general has been described
as the Dublin Core initiatifeand many others also supported by government atigiscand standardisation
bodies. But several aspects needed by nature @imerague as the relations of things to describenat as
clear as one might suspect from a data perspedtittened out that it is hard to grasp the esseafi@ething
relevant in general, therefore it is also hardricoele it in a formal system. Certain aspects dirsgtmight

only be relevant in certain contexts or use cagbgrs might also be only of historical interesta&onomy

like SKOS therefore defines vague concepts of ilestich as closeness or exact match which are quit
hard to understand from a programmer’s point ofwyibut are needed from the ontology-engineering
perspective.

3.3 Existing open data portals

Schéfer (2016) gives an overview of existing opatagbortals and catalogue applications. A key ofasien
is that most of them are not designed well and ilisalvasn’'t taken into account appropriately. Majo
concern is that there is no overview provided arpagation not supported as references betweenitdaits
IS not given, if at all, only references betweetadats as a whole may be provided.

A necessary key feature of open data portals iela performing search function. The user usuallgsus
domain specific search terms which needs to be cdctly by the search engine. The availabilitppen
data in existing portals is another key featurghd users are able to find the data they are mgpfar the
data must be available for download immediatelgalty without registration or verification of maitdress
or other individual data.

4 KEY TECHNOLOGY ASPECTS

Open data should be provided in an open and widsigblished format. Especially accessability ort fac
level without the need for proprietary tools is nant. The web technology and especially the séman
web initiative provided mechanisms to do this (868). The typical user first needs to get an owswon
data he needs for his purpose and which data ikableat all, therefore the first step is explaratof data.
Current experiences show that the immense amoumlats# available, the heterogenity of datasets and
distribution of data as well as the lack of wellimtained catalogues makes the exploration a tedimals
time consuming process. This is especially trueofmen data as this data often is published ,aseig., a
dump of results originating from arbitrary activity

Today people expect search engines to be as eassirgsgoogle, but most open data and geo portals a
miles away from this expectation. Finding data bypde keyword matching works in some cases, but to
improve results and especially to find related da&tis needs some more sophisticated approacheanfiem
relationships can already be modelled by semantic t®chnologies, e.g. RDF and ontologies, buthhss

® https://www.w3.0rg/RDF/

* https://www.w3.0rg/2001/sw/wiki/OWL

® https://www.w3.0rg/2001/sw/wiki/SPARQL
® http://www.w3.0rg/2004/02/skos/vocabs

" http://www.qudt.org

8 http://dublincore.org
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not gained much prominence although being develéprechore than 10 years. One big problem is théd da
has to be transformed in RDF, and therefore dagadhae replicated in this particular format, whinbans
maintenance of doubled data sets. Apart from geg@rding additional infrastructure mainly the ef§dfor
dedicated personnel is a clear limit for such goragch.

Another interesting question is about the searsthlt® The range of possible results is also mawlday the

form of query that can be issued. E.g. from sinfplgs such as how many people live in the city torem
complex answers such as what is the best cyclitlgtpavork or even complex 3D visualizations. A que
is the first step in this by saying “what” | waotdget and the second step is “how” | want to view i

Data sets that do not adhere to a common struatitite normed semantics are most likely using a

vocabulary of their own. This necessitates a pregssing step called harmonisation and mapping where
common terms are identified and how the terms wiip on terms defined in other data sets. The
consequence of this approach is that a normal @yyas to be defined in which all terms can be neapp

Ultimately such an approach leads to endeavouis asiche insprire directive, mandated be the Eanmope
Commission, which has the goal to define a commuatology for spatial infrastructure for all European
countries. However, such an approach has sevenddcis in terms of usability (Janowicz et al. 2048}t
tends to make projects and applications overly derpnd draws attention away from the real problems
users are facing.

Instead Janowicz et al. propose the concept ofdditiologies where the conceptualisation of datdoisely
tied to the problem to solve, the domain of it ahg application or service to be developed. The
consequence for such an approach is that the ngppwocabularies and ontologies has to be provated
case by case basis and can build on smaller WMith. this the solution of the problem can be ddfine a
more convenient way, as generalized ontologies teatkfine globally valid definitions, which is aid
task, if possible at all. So the vocabulary to usehe query considers the “what” or use case they
designed for and secondly a special vocabularyigualizing the results can be defined as defirtmy
“how”.

The interesting part comes into play when thesmitiehs can be changed: A new set of “what” andwh
for a completely new domain can view data in a detepy different context. Based on this experts and
laymen can consider observations of other peopigyeend switch perspectives.

As already said results need to be presented oneenient way to users. For geospatial data thisns¢o
visualize it in a map in 2D or 3D along with somentext. This context can be determined by the
vocabulary/ontology used in the query consideriffigiegent visual styling or highlighting importanspects.

The next important thing is to support data exgloraat a more useful layer. Most classical GISjukt
provide one layer of results and no further refieam Integrating other data sources in a mash-yip st
provides new opportunities to drill down on resutisa convenient “web surfing” style, which means t
provide related datasets for some particular feaduisearch results.

4.1 Search technology

Search engines are a crucial part of today’s webitecture. Finding the right data and getting infation

of related or close matches guide people in inféiomaretrieval in an easy to use fashion. The same
principles should be applied to geospatial datankipned with data mining or big data technologiés th
would improve the usability of open geospatial datd even lead to new ways to use it. By helpirth wie
interpretation of data in a certain context dattrassformed into useful information. As mentioredzbve
users expect a search engine similar to googletlamefore they expect search results in a comparabl
quality and time. To achieve this, state-of-thesmérch technology has to be used. Fortunateli/inea
data analytics and search engines have been intprap&dly over the past years. A combination obtta
search for the analytics engine, cabana for thealimation of data and logstash for data prepamasaised

by multinational companies (e.g. Netflix, Wikipediacebook) that face similar problems.

4.2 Linked Data, JSON LD

Linked data is in principle already available viewtechnology and especially semantic web techgolog
However, it is not as simple as this. HTML and wtgssare ubiquitous nowadays and have gained af lot
success. But the sites are not interoperable amshiode as needed for data services. This issu@sslym
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addressed via the RDF encoding standards anddeateantic web facilities. But the paradigm betlthid
seems to be not very tempting for most developedsugers.

Manu Sporny points out a lot of concerns in higgblbout the origin of the JSON LD standard, esplydial
non elementary things are to be modelled. A vegcifie domain may use terms and concept in suchy w
that it does not make sense to even discuss itnargelevel. Also Janowicz and Hitzler concludettha
standardized meaning is a misconception in mangscadostly it is to be considered in a certain eghbr
you also may say use case. Our conclusion regarthisgis that such a technology needs to involve
experienced ontology engineers on a local levebfme with the inherent complexity. Otherwise thebbem

of losing focus on practical application and praoblsolving and overloading of users with irrelevdatails
dismantles the reputation of such a system in geénapart from this the RDF and OWL specificaticare
not easy to understand and use, as they applyigarswhot very familiar with web development. JSON L
on the other hand just extends the web programmiodel in a simple and pragmatic way, without bregki
the minds of users or technology.

The semantic web has yet played a minor role far iggormation and GIS but also geo information
standards play a minor role in other communiti¢gsTs because of nature of standardisation baulieb as
the Open Geospatial Consortium (OGC) as there e Gl experts designing for their own community
(Hart and Dolbear, 2013, p. 40). Also the standatibn itself is mostly perceived as a barrier twdern
development approaches as a top-down definitiogosernmental driven use cases such as the INSPIRE
directive tend to be long-lasting and tedious afidsocope in many cases. Especially the goal to set
normative semantics is totally against the ideathefsemantic web and the needs and goals of asdrs
creators of geo information.

On the other hand, publishing data should be mady, ewithout the need for a lot of cleansing and
preparation. If the data published has no specigdgse than just publishing it, it is hard to sayatvpeople
can make out of it. So the best approach for #srs to keep it as simple as possible and choagengtic
approaches. For example, JSON LD as web affinedéngstandard, which could be used right away with
any modern browser.

4.3 Machine Learning

Data pre-processing and especially semantic anootég a time consuming and tedious task. Espgciall
maintaining meta data is a crucial point in manggpatial applications to make data usable. Thezgfaurch
tasks should be automated as much as possibley Aekbnology which could help in this comes frora th
Artificial Intelligence domain and deals with magahilearning. With this a computer can be trained to
recognise patterns in data and extract informafimm datasets by applying sophisticated statistical
methods. Thus, annotating data sets and findirggioek can benefit from this to some extent. Thia da
analysis can range from text mining and naturablage processing to advanced image recognition of
features in aerial images. Common patterns anceledions can be analysed and contribute to building
assumptions or assumptions can be checked onatsalltis yet not clear to what extend the analgan be
automated, thus also aided operation or crowd sayuoan be used to verify results of such analysis.

4.4 Database Systems

Since open data is often published on distributedesns it is necessary to create an index refetdrte
available data. Since geospatial data is usualhsidered big data there are different advantages an
disadvantages for the different types of databases.

SQL Databases

Even though new database concepts and systemsderee®ped recently most data is still stored in SQL
databases. This fact is not astonishing since falge to assume SQL database lack the abilitycédes
Facebook for example release Presto, a SQL Databassinteracts with petabytes of dat&ince a system
providing big geospatial data is a very heterogaaatatabase environment it is important how querées

® http://manu.sporny.org/2014/json-ld-origins-2/

19 EyY Parliament Directive 2007/2/EC

1 https://www.facebook.com/notes/facebook-enginegpiresto-interacting-with-petabytes-of-data-at-famek/10151
786197628920
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perform across different database systems. Usaiegumight need information from different datalsase
which requires a well performing read-operation.

No-SQL Databases

Currently there are many different No-SQL Databagdss is explained by Brewer's Theorem (CAP-
theorem). According to this theorem a distributgstesm can only provide two out of three charadiess
consistency, availability and partition toleranBgfferent No-SQL Databases focus on different tratfe
and the provider of data has to choose the beabds¢ solution for his data. Since No-SQL Datablages

a better performance on average they are usualfitst choice if there are no critical transactibor
consistency requirements. However there are hidfgretfices between the different systéfns.

NewSQL Databases

NewSQL Databases are a new type of database syEkmw.support relational data model and use SQL but
they target systems that need a large number mdacdions. Especially when providing open data whils

be the case. Not only a large number of transaxtian the transactions will target only a smallssitof the
available data which is a strength of NewSQL Dagaba

Besides the type of database system, the provatetdievaluate what system will be the most beiaéfior
the requirements of his system. The most impontegtirements are the ability to search quickly and
multiple, distributed databases at the same tindeadfiast reading mechanism.

4.5 Cloud technology

Geospatial data and open data are often used irtahtext of big data. Therefor the usage of cloud
technology is almost mandatory. To evaluate theomamce of cloud technology we use the definitibthe
National Institute of Standards and Technolbtgkccording to this definition there are five chaeatstics of

a cloud computing system.

On-demand self-service

The computing abilities have to be scalable in tigad to match the requirements of the environmé&his
is very important for a provider of open data sisoee events (e.g. Olympic Games) can trigger @ rap
increase of open data usage.

Broad network access

The data has to be available for different cliefdtfprms (e.g. mobile phones, tablets, laptops and
workstations). This is critical as well because magplications based on open data demand a notewort
part of the available open data. Especially moajplications depend on a fast transfer of the redquilata
since they usually don't provide the necessary nigrnmstore this data.

Resource pooling

The available resources of a cloud will be sharetray the different users. This can be a critical
characteristic since the user of a cloud has nornmdtion where the data is stored or where the data
processed. In case of the appropriation of opema dtais aspect accentuates the importance of cloud
technology. Resource pooling is one of the maisaravhy cloud resources are low priced.

Rapid elasticity

Even an unexpected increase of user queries cdratdied by the cloud computing system. Ideally the
scaling of the used resources will be fully autaman this case the provider of open data doeshagt to
be available at all times to scale the resourcaséif.

Measured service

Especially with an automatic system that handlesxpeacted increase of user queries it is importahtave
some kind of cost control. Typically this is done @ pay-per-use or charge-per-use basis. Even hhibigy

12 https://www.google.de/url?sa=t&rct=j&q=&esrc=s&soa=web&cd=2&ved=0ahUKEwjwi__nkinLAhUHVBQK
HY6UDfAQFgg7MAE&url=http%3A%2F%2Fwww.datastax.com¥®p-content%2Fuploads%2F2013%2F02%
2FWP-Benchmarking-Top-NoSQL-Databases.pdf&usg=ARHEECXHWXW78i5J5CL4Frzk1VdykBwé&sig2=bP
33uyudgh-CSp72cl2_Hw&cad=rja

13 http://dx.doi.org/10.6028/NIST.SP.800-146
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is the least important characteristics of a cloohjguting system for providing open data it is maogato
avoid cost spikes.

4.6 Methods of interaction: Domain Specific Languages

Users that analyse geospatial data sets are ctadrovith a lot of GIS technology driven terminologgd
also computing terminology, which is mostly refettin the language they could use for this (e.ghdty

for ArcGIS). On the other hand, they naturally havealifferent vocabulary driven by the need of their
working domain. Even each city or department caretdifferent definitions of seemingly common terms.
These deviations in definitions stem from the fhett as each organisation only needs to cover esesy
deal with and ignore others which are not relewantheir work. In many cases every department in an
administration has different definitions for thereaentity: Customer Relationship Management sysfems
example define addresses as immutable entitiegidgreblocation. Billing systems often see addressea
person and a location where a bill can be serghamt, such definitions depend on the context treyused

in and this is not a drawback since the focus toputhe aspects necessary. This is a common plénici IT
systems, which can be paraphrased as: Do onlyhomg + but do it right. At second glance there some
implications when users need to understand angiéeon’s vocabulary and they encounter conflicts of
definitions of terms. So a mapping between bothalomis vital to get a common understanding.

For GIS expert users’ analysis tasks on geosp@dial are common and easy but they also need taviteal

a lot of technology issues, which they need tolvesm order to get the results demanded. Theyflaeat
with both the technology driven vocabulary (whicdes terms like Feature, TerrainGrid, Layer, etad) the
domain vocabulary (which may use terms like Str€aiarter, River, etc.) What would happen if we
decouple the user vocabulary from the technologsakalary by using semantic annotation and mapping?
As a consequence of the mapping the domain vocabubn be flexible and highly adapted to special
circumstances. How we approach this is detailethe following chapter. For useful interaction just
vocabulary is not sufficient — syntax for exampdealso required. Such a language is constructestibas
the concept of Domain Specific Languages - DSL (Eow010). Such DSLs have already been applied
successfully within the urbanAPI project for datagaration and policy modelling (Kr&mer, Ludlow, dth
2013). Most of this was done with classical deskBdf software (Kramer and Stein 2014). In Urbaniel

did show how we extended the DSL concept to a vasteth analysis tool which enables users to work in
their language level without the need to have gtiggodata and technology domain knowledge.

Our prototype is inspired by the paper of Janowied Hitzler (2013) and elaborates an alternatiyeageh
to using Semantic Web technologies and relatedrigeortologies, which is driven by the idea of slean-
the-point models and not a normative semantic woddel.

5 THE SMARTICIPATE PROJECT

The driver of the smatrticipate project is the neepgublish open data which is clearly understarelad®@rves

a defined purpose and is trustable and authomativhis data should enable people and business
organisations to build up new public informatiomvéges to participate and understand what is goimgn

their city.

The envisioned software is a data-rich citizen afjak system, transforming public data into useful
information. Tools will be developed and implemehte make data trustworthy, by using state-of-ttie-a
web and GIS technology.

New services provided with smarticipate can putpte@nd non- governmental organisations in chafge o
several tasks selected by and under the supervisionunicipalities, thus transforming the admirasion
processes and turning the administration into &nparWithin the municipal departments smarticipatk
facilitate collaboration, as city administrationdlwwork on the same data basis, which as well lsarshared
with business and citizens on the smarticipatdglat Data security and trust in data is respotigilaf the
city government and therefore is considered asimhegie.

5.1 Concept

smarticipate fosters a bottom-up approach of |lgmalernance. All citizens like entrepreneurs, stislen
workers, members of NGO’s, estate owners and iov®s$tave the chance thanks to open government and
access to open data to propose technically quidlifieeas/initiatives on an expert/professional level
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Increased connectivity leads to new coalitions lketwdifferent citizens and produces new, unexpeamted
innovative ideas for new public services. Initiativan be taken by the inhabitants of the city, aglity

officials, entrepreneurs and regular citizens wheehissues and ideas of how to solve them. Thiatiois

create their own applications available for evegyosing their interface. To achieve the conceptritesd

above, smarticipate has the following principlesle¥elopment:

« Interdisciplinary — participatory stakeholder inv@ment, focussing on innovation processes

- iterative development — the observation that arptanprocess is evolutionary is to be taken into
account when discussing with citizens and stakesnsld

« development for openness — existing frameworks tewhnologies will be reused, standards
examined and applied where suitable and useful

- extensive piloting — the platform is developed mapen environment with direct feedback options
for stakeholders

See also Frohlich and Vogt (2016) for further dstah engaging people.

5.2 Tech approach

In order to enable wide distribution and technatagireadiness, existing software frameworks willused

as a basis for all developments. To facilitate #pproach, the Service Platform is the central Hataand
data processing component providing methods todbsgirvices using several proven technologies. The
services will provide information in a suitable wawhich will be used in the user interface and afpsthe
other hand, the services can be used to gathebdekdrom users, file issues or report like in dikhor
propose completely new things. The core of this isomponent that enables semantic integration and
enrichment of various datasets as shown in Figubel@w. Based on the experiences with past research
projects such as urbanAPI and Plan4Business wdifiddnthe need for more interoperability, excharmde
data between stakeholders and the municipalityespécially a holistic view on data to consider @ffects

and impact on others.

Service Platform

Query Service | f_'{%'f_g_%l_e_ i _>$ Results Service E DownloadWebServer

C +facts or _q&DmaIry
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Database g HALE

Fig. 2: Smarticipate Data Service Platform compdsen

The Service Platform is made up of the followingtgaTlechnical interfaces for users and application

« Application Interface — An interface to data fopapproviding linked data as facts or geometry .data
This is the main interface for the aforementionsérunteraction

- Administration Interface — An interface for userigh maintain contents on the platform or also for
integration of new data

- Personalisation Interface — Stores user relatesbpatized data, can also contribute to analysis
On a functional level the platform will be madelmpthe following parts to be developed

« Query Service — the core to semantically enrichedhegrated, holistic data, served in standardised
formats like JSON-LD. Different data sets use ddfe vocabularies for describing objects and
circumstances. If these should be integrated, anemmscheme needs to be developed and
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described. Technologies based on the Semantic kit&dive will be explored and a fit gap analysis
will be carried out matching to requirements ofl resers.

« Results Service — Can analyse data, can draw caokiand can check violations of conditions. A
rule based query technology enables users to phrheéstic question to the system. Also users can
interact with such rules to work or change dataidWhule based systems are suitable is a question
to be answered in the analysis and design phase. @dn enrich the result data set with a context,
e.g. provide a complete 3D scenario with buildirgated.

« Administration Service — Used to maintain data @ets, import of new data and aids in
semantically annotating data

« Personalized Data Service — Captures personal@m®eéxt of users, preferences and settings. Every
person has a different set of experiences and ftrere different approach to problems. An
integrated semantically enriched system allowsotmect different views on the same problems and
provides methods to bridge the gap between differerderstandings or, at least opens up
appreciation for the different view of people.

- HALE - Humboldt Alignment Editor is a tool for dafig and evaluating conceptual schema
mappings. With HALE domain experts will create kajly and semantically consistent mappings
and consequently harmonize geodata in the smaatecgatform.

- Databases, WMS, WFS, webservers for file downl@autkother spatial information databases — The
actual data sources for the platform. Containgdledata, which is processed by the results service

5.3 Piloting Cities

Three major European cities are committed to tlogept during the whole runtime: London - the borowd
Kensington and Chelsea; Rome and Hamburg. At tiggnbimg several workshops take place in each city
gathering the requirements and use cases of egchnd thus defining the scope of the developméfiten

the first usable software is available, an extengint piloting phase is started together witlzeibs, urban
planners, stakeholders and the smarticipate teawotk with the software under realistic conditiofifie
experiences made will directly feedback to develephand assure the relevance of the software.aVe a
broad perspective of application each city hadfarént focus on the piloting use cases. However dases

of the three cities fulfil common criteria such as:

« The selected used cases support citizens in takiag services from government, or in developing
entirely new public services

« smarticipate users will receive direct, instantitdigfeedback that is customized to his or her own
proposal. Used cases will provide the possibilitiythis kind of interactive relationship.

« smarticipate will provide continuous support anedigack to citizen initiatives; The used cases will
not be single or periodic events, but ongoing &

Through the pilots and their transfer potentialother European cities, smarticipate will stimulshe
creation, delivery and use of new services on &taof devices, utilizing new web technologiesupied
with open public data.

6 CONCLUSION

Open data portals for spatial data are usuallywf disability which is caused by the lack of senanteb
technologies. Semantic web technologies could teeimprove the usability but also improve the vabie
open data itself.

But the classical top-down approach imposed by mstaypdardisation organisations and governmental
agencies to normative semantics in geoinformataa barrier for technologies such as the semarsic ty

be applied in its original sense. Apart from tlhis technology is very complex and not easy to Bettom-

up initiatives need freedom of choice what is apgede in their use case and heterogeneity is whaple
have to deal with. Easy to use approaches andeiaguless to data using existing technologies amckepts

as search engines, folksonomies, tagging and attdnannotation via machine learning should be agdpli
in research projects to cater the needs of theaqpubtherwise geodata solutions development wilitowe

to be driven by data or commercial technology, Whic a barrier for wide application, thus foiliniget
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intention of any open data initiative on an Euraopéavel. The goal of the smarticipate project idfital

adequate software solutions to publish open dat#terthe data more visible and searchable and irephaey
user experience to some extent. In the scope dfrtfeeticipate project the key technology aspectsbei
included and evaluated with piloting cities in rii@ scenarios given by citizens and cities.
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