reviewed paper

Towards Interactive Geodata Analysis through a Comimation of Domain-Specific Languages and 3D
Geo Applications in a Web Portal Environment

Christian Malewski, Jens Dambruch, Michel Kramer

(Christian Malewski, Fraunhofer IGD, Fraunhofers& &} 64283 Darmstadt, Germany, christian.malewskil@iaunhofer.de)
(Jens Dambruch, Fraunhofer IGD, Fraunhoferstra®d333 Darmstadt, Germany, jens.dambruch@igd.frafenlde)
(Michel Kramer, Fraunhofer IGD, Fraunhoferstra364283 Darmstadt, Germany, michel.kraemer@igd.frater.de)

1 ABSTRACT

Urban planning processes affect a wide range &kebtaders including decision makers, urban planners
business companies as well as citizens. ICT-enabl@ld supporting urban planning are consideredt&ey
successful and sustainable urban management. Basedrevious work in the areas of web-based
participation tools for urban planning, rule-basgelospatial processing as well as 3D virtual reality
applications we present a tool that supports eggesm municipalities in planning and decision nmakbut
also provides a way for the public to engage iranrplanning processes. The main contribution afwork

is in the combination of 3D visualization and istetion components with a new ontology-driven rudece
based on domain-specific languages. The 3D visat#@iz, on the one hand, enables stakeholders seiptre
and discuss urban plans. On the other hand, tleeeditor particularly targets expert users who nieed
perform spatial analyses on urban data or wantotfigure the 3D scene according to custom rules.
Compared to previous approaches we propose a foead interactive solution. Our tool is web-baaed
uses HTML5 technology making it accessible by atraudience.

2 INTRODUCTION

Involving stakeholders such as planners, architgctiticians, analysts, and citizens in urban plag is a
challenging process. Today the demand from theigubl influence major urban planning projects is
growing. Internet-based communication facilitielkelisocial media or blogs are already popular far th
discussion of urban planning projects by engagerkais. Integrating these communication channetls ai
virtual reality application can help stakeholdeosunderstand proposed actions as well as to iitestr
anticipated impacts to a broader audience.

The idea to use 3D virtual reality for participatiprocesses has been described before (Doyle £9%8,
Al-Kodmany 2002, Zhang et al. 2007). However, braegglication was not reached up to now due to the
required specialized software and hardware suctoaly 3D workstations and CAD expert software or
CAVES' for immersive virtual reality experiences, for exale. 3D design and CAD software applications
were mostly used to prepare printed posters ornplgnscreenshots for special occasions. Albeitethes
techniques provide excellent visualization soluitimy lack in portability and data interactiondtionality,

as it is common in GIS software.

With the availability of WebGf.technology it is possible to render 3D conterd ineb browser without the
need for additional plugins. Based on this, tecbgiels such as X3DOM (Behr et al. 2009) were deeglop
to bring declarative 3D content to the browser &nehanipulate it through a common JavaScript AREesE
features provide a new level of direct interactiwith 3D geodata for analysis and feedback on ptanni
proposals in a web browser.

Dambruch and Kramer (2014) report on an interactie®d-based portal for public participation. Their
solution can be customized with the mouse by draggbmponents on the screen or moving and rotating
objects in the 3D visualization. Kramer and St&i@14) describe a different approach based on ahipalp
rule editor allowing basic processing steps to m@mosed in order to automate geodata processingnand
particular to customize 3D visualization. In thisper we combine these two approaches to provide a 3
web application that can be customized throughxeu# Domain-Specific Language (DSL). A DSL is a
special textual programming language that is tedy&t specific use cases or application domaireiis at
being easy to learn, understand and use for doosars. We use a DSL in a rule editor that allovessit
perform spatial analyses and to customize the 3D wsualization through textual rules. The editsr i

! CAVE: a cave automatic virtual environment, a hygmmersive virtual reality 3D environment for gge to step in
2 https://www.khronos.org/webgl/
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ontology-driven and links concepts used in the petial data and the 3D scene to the urban planning
application domain.

Our tool is customizable on two levels:

« The components in the web portal can be configtmadrget multiple applications. They can even
be moved on the screen or hidden if they are noggsary for a specific use case.

e The rule editor enables customization and intesactrith geospatial data and the 3D visualization.

» Altogether this enables municipalities to provideal that can be used in urban planning and public
participation processes in multiple ways:

e« The 3D visualization can be used to present urbdanspto all stakeholders including decision
makers and the public. In this case, our portall@aonfigured to hide complex components such
as the rule editor to avoid confusion. Instead @l on the interaction elements provided by the web
portal to allow users to focus on urban plans,isouss them, and to provide feedback.

e Similarly, our portal can be configured to targepert users such as urban planners who need to
perform spatial analyses and who want to prepa@tésentation of the urban plans to the public. In
this case, the rule editor can be used to augmeospgtial data with semantic metadata and to
configure the 3D visualization based on this mdi&da

The remainder of this paper is structured as faloWwe first discuss related work and then desavilre
approach as well as an example use case. Aftemikipresent technical details of our ontology-eivule
editor and domain-specific language. The paperlades with a final discussion and gives some asfect
future work.

Since an approach for a 3D web portal for publitgip@ation has been described in detail by Dambraied
Kramer (2014) we particularly focus on the aspdcthe rule editor and the DSL. We summarize their
approach in section 2on related work.

3 RELATED WORK

As described above, virtual reality applications faublic participation have been presented before.
Al-Kodmany (2002), for example, evaluates eight vigatibn tools (four traditional and four computexi

for their fit for urban planning and public parpetion. AFKodmany concludes that traditional and digital
tools are equally important, but the digital onesvile additional means, resources and informatimyle

et al. (1998) describe the possibilities of the WdNide Web (WWW) for visualization, modelling and
analysis of urban environments. Their idea is thatWWW provides a platform for a wide range ofrase
including planners, infrastructure managers, atigetis to access and discuss urban designs, liaece, @tc.

A similar approach is taken by Zhang et al. (200w)o present a Distributed Virtual Geographic
Environment which is a web-based collaborativefptat including a 2D and 3D visualization of geosglat
data.

Although the usefulness of virtual reality and wedsed visualization has been recognized, previark w
has typically required special 3D hardware andvwsok such as browser plugins or Java3D. These
requirements have prevented broad application.rdieroto eliminate these issues Dambruch and Kramer
(2014) present a web-based portal for public padton (see Figure 1). Their solution consistsad2D
map, a 3D visualization as well as other componaatessary for public participation such as a foram
feedback panel, and a questionnaire componentr Wedi portal is highly configurable and can be aedp

to different use cases. Dambruch and Kramer spatiififocus on urban planning scenarios and dematest
how their tools can be used to present construgtiams (e.g. new buildings or refurbishments) ®ghblic,

to allow stakeholders for commenting plans and ate vfor different variants. Dambruch and Kramer
describe each component of their portal in detadl put major focus on portability and interactivifyor
example, their portal includes tools to interadiiyelace new buildings in the 3D scene, to move @tdte
them, and to create textual annotations in a 3Mesce&heir solution is particularly targeted to cém
makers and stakeholders from the public. Howevdacks advanced GIS functionality required by ekpe
users such as urban planners.
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Figure 1: Screenshot of Dambruch and Kramer’s watapfor public participation
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Kramer and Stein (2014) target the issue from argtbint of view and describe a graphical ruleadibat

is embedded in a desktop 3D GIS application. Teditor provides basic geospatial functions that loan
arranged by expert users to form complex spatiatgssing workflows. Kramer and Stein make use of an
ontology-based domain analysis method to identifgessary functions. In doing so, they create ahigap
DSL that is targeted to the 3D geospatial domandnker and Stein demonstrate that they can useDitir

for the processing of spatial data (in particularcé3y models) and to customize the 3D visualizatio

In this work we build on the previous work and canebthe web portal presented by Dambruch and Kramer
with the means to annotate spatial data and custothe 3D visualization through a DSL based oridba

by Kramer and Stein. In the following section wesatée our approach for using micro-ontologies @sd

for DSLs and how this approach has been applidtimibe context of a research project.

4 OUR APPROACH

In the urbanAPI projettseveral ICT applications were developed addressibgn planning issues, in
particular a 3D scenario creator application whitlakes (3D) geodata available in a web portal
environment. urbanAPI was an international reseprofect running from October 2011 to November 2014
funded by the European Commission from the 7th Evemnk Programme. In urbanAPI the CityServet3D
technology was used to prepare, fuse and maingasets for the use in the portal. The portalfiisédased

on Liferay, an open source JavaEE portal software and X3D@Wdisplaying and interacting with 3D
data.

The web portal is the framework to provide thedfedpplications. In addition to that, a developmetdel
allows for creation of several reusable compon#ms can be configured to fit in an intended usseca
context. In Figure 1 an example of such a compoagaingement is given: a 3D visualisation component
displays a 3D city model and provides direct intdom with the model. To the lower right a 2D magptay
provides better orientation and is synchronisedth ie position in the 3D scene. Additional compds@&an

be placed on the page as needed for example thatlow analysis on the 3D model. The direct intévact
happens through mouse clicks and dragging in teeesdor example placing annotations or moving abje

During the course of the urbanAPI project sevehalllenges were identified, especially regardingdgea
analysis for different target groups. For GIS expmsers analysis tasks on geospatial data are canama

® http://www.urbanapi.eu

* http://www.cityserver3d.de
® http://www.liferay.com

® http://www.x3dom.org

ProceedingREAL CORP 2015 Tagungshand ISBN: 978-3-9503110-8-2 (CD-ROM); ISBN: 978-3-950819-9 (Print) m
5-7 May 2015,Ghent, Belgium. http://www.corp.at Editors:M. SCHRENK, V. V. POPOVICH, P. ZEILE, P. ELISEI, BEYER



Towards Interactive Geodata Analysis through a Caatlin of Domain-Specific Languages and 3D Geo &pfibns in a Web
Portal Environment

straightforward but they need to deal with a lotssfies on the technical level. They are fluenhWwitth, the
technology driven vocabulary, which uses terms Iik@ature, TerrainGrid, Layer, etc., and the user
vocabulary, which may use terms like Street, QuaRever, etc. Decoupling the user vocabulary fribm
technical vocabulary allows for focussing on the oase rather than working on a technical leveithieu

on, analysis tasks become manageable by userdesgtGIS experience. In order to formulate textukds

a language specification is required. We definelanguage based on the concept of DSLs (Fowler)2010
DSLs have been applied successfully within the mflB project for data preparation and policy madell
(Kramer, Ludlow, Khan 2013).

Figure 2 sketches the resulting prototype thatdsuilpon the urbanAPI framework with the textuatadbn
the left and the 3D scene on the right. It intetptbe specified rule statements and executes drethe
underlying geodata. The users work with their vataty and do not have to take care about the teahni
data models. The following sections describe th@iegtion use case and detail requirements on akee ahd
the implementation.

= Textual Rule Editor (=] Bologna San Vitale District

When street light L's type is like “TYPE A"
then set L's “consumption” to 150 kW.

When street light L's type is like “TYPE B”
then set L's “consumption” to 140 kW.

When street light L's is on street S
then compute L's average consumption C
and set “average consumption” of S to C.

When street S has average consumption
more than 740 kW then display S red.

When street S has average consumption |
less than 140 kW then display S green.

validate

Figure 2: Combination of textual rule editor componwith the 3D visualization component

4.1 Application use case

As a working example consider the following useecktem the urban planning domain: in a city digtric
street lights should be analysed by their energysamption. In the city there are three differenget light
types installed. The street light type is storedhi data. Streets with a high energy consumptienage
should be highlighted. The following rules writtenour DSL describe the analysis steps:

(1) When street light L's type is like “TYPE A” theset L’s “consumption” to 150 kW.
(2) When street light L's type is like “TYPE B” theset L's “consumption” to 100 kW.

(3) When street light L's is on street S then cotafus average consumption C and “average consomipti
of Sto C.

(4) When street S has average consumption moreld@RW display S red.
(5) When street S has average consumption lessld@aRW display S green.

In the first two statements the consumption ofettteghts of a particular type are set to theirpeedive
values. Statement 3 computes the average energyroption of lights on a street and adds it as aibate
to the respective street. The last two statemeiegjorise streets by their average consumptiorcalodrize
them accordingly (Figure 3).
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= Textual Rule Editor = Bologna San Vitale District

When street light L's type is like “TYPE A"
then set L's “consumption” to 150 kW.

When street light L's type is like “TYPE B”
then set L's “consumption” to 140 kW.

When street light L's is on street S

= E
then compute L's average consumption C &4
and set “average consumption” of S to C. " S
When street S has average consumption //‘/ . -
more than 740 kW then display S red. "~
When street S has average consumption 4
less than 740 kW then display S green. .
validate It 4

Figure 3: Result of the executed rules in the 3MecBuildings and background is simplified to foousthe colourised streets.

4.2 Implementation concept

This section details the process of data preparatia the rule editor's execution process. The edliéor
allows for analytic interaction with the 3D scerénerefore it combines a DSL with the rule language
pattern. The DSL is injected with an extendablermintology (Janowicz and Hitzler 2013) that hasrbe
specified by the domain group, responsible to vwaorla problem, beforehand.

The single rules are formatted in a when-staterttert-action pattern. Three steps are necessametue
arule:

(1) Automatic lexical interpretation and semantioatation of rule terms.
(2) Automatic syntactic rearrangement to achievend rules.
(3) Injection of geofeatures and rules into a rrgine.

The first step of lexical interpretation and sen@antnotation of rule terms is realized througheatension
of the JavaScript parser generator PEG TiSe DSL expressions are classified to six categori

* general rule expressions (when, then, less),

e user vocabulary expressions (street, type),

e individuals (L, S, C),

e colour expressions (red, green),

e action expressions (set, display),

« physical quantity expressions (combination of nunams unit, e.g. 1 m).

After annotation of the terms, an intermediate oeayy step identifies whether the user vocabulary
expressions have to be interpreted as geofeaturestributes and whether their relations have to be
interpreted as topological relations or as commnitgibate patterns.

We used the JavaScript rule engine library NOOL*dSrule interpretation and execution. Therefdhe,
rule phrases must be reformatted in the secondsteatch the NOOLS.JS rule description patterrG BB
detects triple patterns and rearranges such patterfit into the rule description language of NC®IS.
Four triple patterns are known to the system:

e possession with apostroph and s ('s):  street latyp&s

e possession with has: street has average consumpti

« topological relation: street lamp is on street

e possession with of: average consumption of stree
" http://pegjs.org/

8 http://c2fo.github.io/nools/
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Listing 1 shows the resulting NOOLS.JS rule. Lirzeand 3 filter all available geofeatures by thgjret

Lines 4 and 5 compare the attribute average consumio a physical quantity, namely 140 kilowattsne
8 calls a function that interacts with the 3D scEaemework.

1 when {

2 A : GeoFeature

3 B.type == http://www.sig3d.org/codelists/standard/.../LandUse function.zml#2010"
4 && A.compareProperty('average consumption', '>', 140,

5 http://purl.oclc.org/NET/ssnx/qu/unit¥kiloWatts");

6 1

7 then {

8 ruleExecutor.display (A, 'red');

9 1

Listing 1: rule as interpreted by the NOOLS.JSe rethgine

During the third step the specified rules are addedheir order of occurrence to the rule engine.
Consequently the available geofeatures with tharresponding attributes but without geometrical
information are injected into the rule engine attime. The interactive functions are added to thesrand
therefore executed from the rule engine when implaed.

4.3 Data preparation

Figure 4 illustrates the micro-ontology for the wsese. It defines ten concepts and connects thesugh
another ten relations. The concepts contain a fsattobutes along with a native language labelregh
vocabularies are used additionally and form thewkedge base of the system: the QUDT Quantities,
Units, Dimensions and Data Types Ontologies, tHeurdknowledge base of dbPetfiand GeoSpartfl as
reference ontology for geofeatures and topologeations.

The double lined concepts in Figure 4 are geofeatland connected with a spatial representation.
Interrelations among geofeatures that are eithepgmitions or has are interpreted as topologidations
from the region connection calculus (Renz 2002)aAsxample Street is in District is interpretedSaget
isContainedIn District.

usable space

.

ison
y
street light )—is on—

isn T has is for
< ison has a\ M2

|

green
furniture

/'
\e

Figure 4: Micro-ontology modelling core parts igity district

The geodata to be analysed is injected with semantnotations during pre-processed step. Semantic
annotations are unified resource identifiers thiak to a source on the web, where the meaning and
connection to further related resources is desdritt®r example, in CityGML the expression road is
accessible through a URIThis URI is ensured to be added to the geodatarigiens as shown in Listing

2 line 2.

® QUDT ontologies are accessible at http://www.cprdi. An alternative ontology is NASA's SWEET orugly
(Raskin & Pan, 2005)

1% http://dbpedia.org/

™ http://lwww.opengeospatial.org/standards/geosparg|

12 http://www.sig3d.org/codelists/standard/landusilzandUse _function.xml#2010
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1 <MetadataSet containerField='value' name='Feature 1382'>

2 <MetadataString containerField="'value' name="type'
value="'"http://www.sig3d.org/codelists/standard/landuse/2.0/LandUse function.xml#2010
3 LN -
</MetadataSet>

Listing 2: Semantic Annotation in X3D. The typerihtite’s value of Feature_1382 is specified throadhRI.

In order to link the user vocabulary (target vodaby with the data source (source vocabulary) gpirtay
table is created. Therefore either a concept otdhget vocabulary is linked (I) one to one witkeanantic
annotation type or (ll) triple patterns are linkede directional to a concept of the source vocapisla
semantic annotation as shown in the following.

(I) ex:Street —> cml_lu:2010
(II) ex:Track ex:isFor ex:Bicycle. —> cml_ta:3

The suffix ex: represents the ontology from Fig@rethe suffix cml_lu: represents the land use fiomct
schema of CityGML; the suffix cgm_ta: represents tifaffic area scherfiaof CityGML. We have chosen
the straightforward form of a mapping table andidterms from the Semantic Web (e.g. owl:sameAs) th
have been discussed as semantically error-pronipifHet al. 2010). We argue that an objective magpi
level among two concepts as introduced in the Ski@Slogy is not possible. The level of mapping tesw
two concepts is only possible per use case.

Given the prerequisites of semantically annotatobgta sources and a mapping table the user isahlaw
to analyse the scene with their very own fit-forqase vocabulary by scripting rules in a near ratur
language speaking mode into the editor field asctisghin Figure 3.

5 CONCLUSION

In this paper we have shown the combination the patal for public participation in the urban plamn
process with a DSL based rule editor. This commnahas two major advantages. On the one hand it
enables users to work in their language level wittibe need to have strong geodata and technologpic
knowledge. It eases the analysis process for theses that are not experienced in GIS but reqiatiad
data for solving their issues. On the other handSd rule editor in combination with a visualization
component offers a base, based on which GIS expant€ommunicate their analysis process and results
non-experts.

The urbanAPI evaluation sessions revealed a Igbadéntial for the application of declarative rules.
prominent example from the urban planning domaia igliancy indicator for placing objects in the 3D
scene. At the moment there are no constraints wismes can place objects, so trees can be put imidhdle

of the road or houses in a river. A rule which fdgbto place trees directly on streets and comnatiegcthis
fact to the user, for example through colourizeflocting objects in red would be very helpful. Tieetypes
of rules will be investigated further in the futukso the possibility to combine various rulesaithieve
different goals leads to more flexible ways of gae. Especially if several steps are involvedtaofonvork
can be saved compared to a graphic user intetfiat@tfers no scripting.

However the major prerequisite to apply the apgrogigen is semantically annotated data. Klien (2006
defines the goal of semantic annotation as makiegnteaning of data explicit. This means that the da
structures given (for example entries in GIS fdenfiats) are associated to already known concepés diy
ontologies or likewise, which enables to use the ifathe particular context. As an example thesdlgj in
the 3D scene representing streets, bicycle lanestreet lights were annotated as such along witlerot
properties such as the energy consumption, asssiedun the sections above. For the use with aiotype
and within the project this was done mostly maryaiihich is a laborious work and not reasonabletlier
intended target audience. Herein we have to elédoteow automatic mapping algorithms or schema
mapping tools, such as HALE (Reitz and Templer 2@h2 help. In the daily workflow the amounts ofwe
data are growing and it is clear that an additictep involving intense manual intervention for aetic
annotation is not appropriate. There are alreadgraéapproaches for automated annotation. LutzZ<died

13 http://www.sig3d.org/codelists/standard/transpaote2.0/ TrafficArea_function.xml#3
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(2005) show how the spatial relations in data satsbe used to create semantic annotations aut@ihati
Upcoming prototypes need to address this issue teshble on a wider scale.

In summary we think that an interaction with geadhtrough a DSL with interchangeable core vocalusar

a powerful approach to break the complexity of @ilysis down to casual users. It gives an enormous

amount of flexibility and allows for verbal intet&n tailored for both, differing target audiencasd use
cases.
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