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1 ABSTRACT

In cities of the future the efficient administratiand exchange of information will become more arte
important. This especially affects the communigatieetween the municipality and the inhabitantshef t
city. An effective and sustainable urban planns@mly possible with the participation of as mameysons
concerned as possible. For this purpose, effeatighods for communicating planning informationwal

as corresponding comments and proposals of citibewe to be developed, using the rapidly growing
medium Internet.

A basic prerequisite for the effective usage oérnnét technology in the communal area is the supgor
standards. Standardized data models and exchamgatfohave to be established for the communal pignn
data itself and for the internet based accessdal#tta. This paper deals with spatial planninchenurban
area and introduces some relevant standardizechétteervices (Web Feature Service - WMS, Web Map
Service - WFS) and data exchanges formats (CityGKRlanGML).

The actual potential to support spatial plannind pablic participation on the basis of these tetdgjies is
demonstrated by two examples. The first exampieWMS-based Internet platform of the city of Hantur
used for public participation in the approval prdaes for urban plans. The urban plans are inséntedhe
corresponding database via the XPlanGML exchangedb Furthermore, the IfcExplorer software is
presented, enabling the common evaluation and lizstian of virtual 3D-City Models (CityGML format)
Detailed Urban Plans (XPlanGML format), and geaesfeed raster images.

The principal capabilities of the Internet and WRsyvice technology are by far not used to day. &iajye
by using intelligent combinations of different dataurces via standardized exchange formats new coam
services can be established in the future.

2 INTRODUCTION

The design of urban land-use plans requires thpazation of different actors. For the success ahiping
projects traceability and acceptance are of funddéamhemportance. Hence it is necessary to inform th
stakeholder as far and extensive as possible agiyéathem an overview about planning and statusaju
proceedings. Particularly in urban planning theeedaten most different competing interests andi{ases.
In context of participation processes in urban piag these diverse interests and ideas of landvuss be
recognised, analysed and balanced to minimise ictmtind to reduce consequential costs. In gertleeal
participation of public authorities, public ageri@nd general public in preparation of a land-Uae pas
the following aims:

* to broaden consideration documents (informatiorction);

« to participate general public in planning procegstengthening democracy);
* toimprove influence in planning processes (legatgztion);

* to raise the acceptance of planning projects.

The realisation of participation processes is gsreeral rule costly, longsome and responsible foious0%
of the total cost of the urban land-use plan prooesl In many places these participation procemsestill
completely analogously dealt (round tables, wriftgputs, planning documents sent by post, etcdalbse
for a long time there was no legal regulation &malisation of e-participation processes in Germéigh the
adaptation of EU guidelines from 24.6.2004 in ther@an federal town planning law (BauGB, 84a, Niit 4)
is now possible to use e-information technologegpliblic participation in urban planning.

An important prerequisite for the efficient and teeffective implementation and operation of e-pdjpttion
platforms is the usage of standards. This condimmplanning data itself as well as the methodactess
these data. Participation platforms normally inéégrdata produced by different providers, e.g.edfit
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communal agencies or private planning companieshddfi a standardized format to collect and integrat
the data, large effort in data conversion and guabntrol has to be spent. During a participatwacess
different actors, which normally have different $§§stems, need to access and evaluate the datan,Agai
without standardized access methods this will berteally difficult and cost intensive. This paplerefore
reviews some relevant standards, specified by titernational standardization organisation “Open
Geospatial Consortium” (OGC), and demonstratessivftware applications based on OGC standards.

3 URBAN PLANNING RELATED OGC STANDARDS

3.1 Standardized data models

At the moment, there are two standards for the axgé of geographical information relevant for pabli
participation in urban planning: CityGML and XPlamiG. Both are derived from the XML-based OGC
standard GML-3 (OGC 2007A) for the exchange of gaphic data.

CityGML (OGC 2008) represents important “object$”aocity like relief, buildings, traffic infrastraiare,
water bodies, vegetation or city furnitures witbkiththree dimensional geometry, their semantic nmgpand
their relevant attributes. The attributes covessifecation, function and actual usage of an obj€efrtain
classes e.g. buildings have additional attributesthe “year of construction” or the “number obrays”.

All CityGML classes can occur in 5 different ,legedf detail” (LODO — LOD4). Each LOD correspondsato
certain degree of accuracy and complexity in thengeric representation and the semantic structuing
LODO CityGML model only contains a Digital TerraModel representing the relief. In LOD1, semantic
objects like buildings exist, but they have no th&m structuring and are roughly approximated
geometrically by an extrusion of the building fodtp. In higher levels of detail, the geometric
representation is more and more refined, and aédtienstructuring of a building is possible. A LOD2
CityGML building allows a classification of the extor shell into wall surfaces, roof surfaces, grbu
surfaces and additional building installations.an.OD3 model, these objects additionally can refer
openings like doors or windows. In the highest lefedetail, a CityGML building may also have intar
rooms, being composed of interior wall-, floor- ar&lling surfaces.

An important feature of CityGML is an inherent maanfsm called Application Domain Extension (ADE) to
extend the standard. By defining an ADE the setttofbutes and relations of each CityGML class ban
extended, and new classes being related to City@M&ses can be specified. This is especially iraport
for defining data exchange formats for special iggfibns, which need application specific objeatsl a
attributes. As first example, an ADE supportingseosimulation has been defined (Czerwinski et@0.72
Actually, extensions of the CityGML standard for eedling subsurface objects, bridges and supply
networks are being defined. In a first step the tiesmatic models will be published as ADE, befdreyt
will become part of the standard.

The standard XPlanGML (Benner, Krause 2007) reptesie planned use of a city area from a juridical
point of view. In contrast to CityGML, the XPlanGMhbbjects have a two dimensional geometrical
representation. The standard is based on the teEmdeaof the German urban planning law: Baugesetzbu
(BauGB), Baunutzungsverordnung (BauNVO) and Plategiverordnung (PlanzV). The XPlanGML
objects and their corresponding attributes reptdegal restrictions and regulations in using selé@arts

of a city for buildings or other purposes. Resimits may be formulated geometrically (e.g. speatian of
the area where buildings are allowed or forbidderg/or attributive (e.g. specification of a maxirhaight,
number of storeys or occupancy index of a buildiffgg specific regulation cannot be formalizedabget of
attributes, an integration into the XPlanGML datadal as free text is possible. Optionally, this tean be
related to specific parts of the planning area.

3.2 Standards for Internet based services

The two most frequently used services specifiedtH®y OGC for internet based access to geographical
information are the Web Map Service (WMS) and theb\Weature Service (WFS). Both have a common
structure, defining a number of XML-based requasts responses exchanged between client and sener,
use the HTTP communication protocol.
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A WMS (OGC 2006) produces maps of spatially refeeghdata dynamically from geographic information.
A map is defined to be a portrayal of geographiorimation as a digital image file suitable for d&éspon a
computer screen. WMS—produced maps are generaltiered in a pictorial format such as PNG, GIF or
JPEG, or occasionally as vector-based graphicahezies in Scalable Vector Graphics (SVG) or Web
Computer Graphics Metafile (WebCGM) formats. Thaosrmal internet browsers can be used as client
software for a WMS.

The WMS standard defines three operations: onen®tservice-level metadat&étCapabilities); another
returns a map with well-defined geographic and disienal parameter$sgtMap); and an optional third
operation GetFeaturelnfo) returns information about particular featuresveh@n the map. The parameters
of the GetMap request enable e.g. the specificatibat information is to be shown on the map, which
portion of the earth is to be mapped, the desiéstence coordinate system, and the output imad#nand
height.

A WMS delivers access to geographic data by meaaspictorial (map) representation. If the origiiaita

are available as features and the client softwaeds to access these data, e.g. for data-transfer o
interpretation purposes, a Web Feature Service (WS to be provided. This is another internetiserv
standardized by OGC (OGC 2005), transferring ved&da in GML format like CityGML or XPlanGML.
Like the WMS, the WFS standard defines a numbeoparations in terms of XML-based requests and
responses. TheGetCapabilities requests delivers metadata of the service, in oresp of a
DescribeFeatureType request the server provides the corresponding GMapplication schema, and
GetFeature requests for GML features. The syntax of the Galiffe request allows a spatial or
semantically filtering of features using XPath (W3@)7) expressions.

4 ONLINE PLATFORM FOR PUBLIC PARTICIPATION IN URBAN P LANNING

Internet supported participation of public authiest public agencies and general public in prejmaraif a
binding land-use plan saves expenses, raisesahsptrency and the attraction of the public managem
But there is no established ,Best Practice solltimm the internet supported delivery of comments i
planning process throughout Germany. ThereforéhénFree and Hanseatic City of Hamburg a new web
(GIS) application prototype was developed in coapen with the TuTech Innovation GmhbH support the
formal participation processes in urban land-us@mihg. The online participation platform becomas pf

the geodatainfrastructure of the Free and Hansedaitig of Hamburg and hence must consider the
corresponding GIS (OpenGIS) standards and services.

The project "Bauleitplanung Online - Pilot" (BORMrban land-use planning online prototype) hassttupe

to determine a solution to design an Internet bageiking environment (online-platform) for the foain
legal public participation and the participation miblic agencies in urban land-use planning. Wit
project a prototypical participation internet pog&atform was designed and tested on the basiw@freal
urban land-use planning participation processeg diiine participation platform centrally allocatad
relevant planning documents online. The commeris fpublic authorities, public agencies and general
public to the respective planning processes coaldlddivered electronically on the participationtfdem
and processed without media conversion. For pragentof spatial data a WMS webgis map client is
integrated into the platform.
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Gliederung WA1

Festsetzung gemaf  1.1.3. Allgemeine Wohngebiste

AR

1.Im allgemeinen Wohngebiet werden Ausnanmen fur Gartenbaubetriebe und
Tankstellen nach § 4 Absatz 3 der Baunutzungsverordnung in der Fassung vom 23.
Januar 1990 (BGBI. | 5. 133), zuletzt gedndert am 22. April 1993 (BGBI. | S. 466, 479)
ausgeschlossen.

textliche Festlegung
Bebauungsplan Eimsbiitte] 35
Digtale Stadtgrundkarte

) Lutoid

2.In den mit WA1 bis WAS bezeichneten Allgemeinen Wohngebieten sind bei der
Berechnung der Geschossfiache die Flachen von Aufenthaltsraumen in
Geschossen, die keine Vollgeschosse sind, einschlieflich der zu innen
gehdrenden Treppenraume und einschlielli

textliche Festlegung

3.In den mit WA1 bis WAS bezeichneten Allgemeinen Wohngebieten sind Stellplatze
textiiche Festlegung  nurin Tiefgaragen zuldssig. Die Oberkante der Tiefgarage einschlieflich ihrer
Uberdeckung darf nicht Gber die natirliche Gelindeoberfiche herausragen

4.In den mit WA1 bis WAS bezeichneten Allgemeinen Wohngebieten darf die

textiche Fesequng  goqioacepte GRZ fir Tiefgaragen bis 2u einem Wertvon 0,7 iberschiifien werden.

15. Auf der mit (B) gekennzeichneten Flache ist Wohnen nur dann zuldssig, wenn
zuvor auf der angrenzenden mit (A) gekennzeichneten Flache ein Larmschutz
errichtet wurde, der mindestens die Hahe der auf der Flache (B) zu errichtenden
Gebaude hat.

textliche Festlegung

16. Durch geeignete Grundrissaestaltung sind die Wohn- und Schiafraume
innerhalb der mit (A} und (A1) gekennzeichneten Flachen den larmabgewandten
Gebaudeseiten zuzuordnen. KinderzZimmer sowie Wohn-/Schlafriume in
Einzimmernwohnungen sind wie Schiafru

textliche Festlegung

17.1m Allgemeinen Wohngebietist fur je 300 m2 der nichtversiegelbaren
Grundstucks-fiache mindestens ein Baum zu pflanzen.

Setenanfang +

textliche Festlegung

Figure 1a: WMS Map Client Figure 1b: GetFeaturehafgponse from a regulation contained
within the binding land-use plan

The practical test has confirmed that a visualisatf a binding land-use plan as a WMS achieves an
obvious added value, as soon as additional infeoméas questionable like textual regulations cameali
within the binding land-use plan.

Comments can be handed on textual planning docsmantwell as on geometric features representing
regulations contained within the binding land-ukmpln addition annotations can be marked as iat paie

or surface on the map in the webgis client. Thes®ttions together with the corresponding statérasn
stored in a spatial database with the help of afC@@nsactional Web Feature Service (WFS-T). These
statements again can be visualized in the maptabiethe participation platform with help of OGC WV
geoservices and checked upon theirs relevanceténnexk professional GIS systems of public authesitr
public agencies.

For the first time the semantic data model XPlanGldke chapter 3.2) describing the geometrical and
logical content of spatial German urban, regionadl d&andscape plans independent from its graphical
representation was considered. With introductiothefXPlanGML standard in the Free and Hanseati¢ Ci
of Hamburg binding land-use plans will be storedttom central geodataserver in a uniform object isehe
With the help of a standardized data format fordlig land-use plans, in future it will be not anymo
necessary to convert and process binding landases,pstored in different data formats, for a pnésgon

in a WMS client of a participation platform indiwidlly.

5 INTEGRATION OF PLANNING DATA VIA STANDARDIZED INTER FACES AND WEB
SERVICES

5.1 The IfcExplorer Software

The IfcExplorer is prototypic software for integoat, analysis, three dimensional visualization and
conversion of spatially referenced data. Originaiisigned for exploring the semantic building madé&t
(Eastman 1999), the software now supports diffe@Mt-based GIS data formats (CityGML with different
ADEs, XPlanGML, rudimentary GeoSciML) and DXF. FGML based information, different sources
belonging to different GML application schemata t@merged in one internal data model. ActuallyDCA
data are stored in a separate internal data mdddker certain conditions, a transformation fromADOdata
model into the GIS model is possible. By means géametrical generalization, IFC models can be redpp
on LOD1 CityGML models (Nagel 2007). The transfotima of DXF data into CityGML LODBuilding,
WallSurfaceandRoofSurfacebjects is possible, provided the DXF file hapeactied layer structure.
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The IfcExplorer can access file-based informatiod &or GIS-data) internet based information viabNe
Feature Services. Furthermore, three dimensionefovaldata can be overlaid with georeferenced raster
information provided by Web Map Services.

The visualization component of the IfcExplorer sontg a broad spectrum of possibilities for an istérve
exploration of the 3D scene. Viewing position aridwing angle of the scene camera can be chosen
arbitrarily. The amount of objects visible in theese can be selected on the level of classes (“shyv
buildings”, “hide the relief’) or on the level ohdividual objects. In a similar way, the graphistile of
visible objects (colour, transparency, texture) nhey determined by the object class or the valua of
selected object attribute. For configuring thesesentation parameters, the 3D scene is supportesl by
textual representation of a scene tree (figure 8hawing the hierarchy of all loaded objects. Ag# object

can be selected in the scene tree, and the aitebunformation associated with this object is opally
displayed (figure 2b).

CityiaML Browser
= 30 city madel of Samplecity (#1) Element Properties | cit-GML Properties | city-GML Relations
+ Wirtschafts-_oder_Industriegeb. .. Mame Yalue i
* villa Kunterbunt (#12) El CityGML Address
=) Goethe-Gymnasiom (#2210 [ I xALCounkryianme GErmarty
= City ML BuildingP‘art [2] """"" AL LocalityMame Bonn
¥ Klasserraume (#25) | | |77 =L PostalCodeturmber 53115
E Fachraume (#2310 | || xA8L s Thoroughfarekame Meckenheimer allee
. - | | (] =AL: ThoroughfareMumber | 172
+ CikyEML CibvObjectGroup [1] H CityGML Attributes
""""" bldg:class schools, education, research (1100)
""""" bldg: Function comprehensive school (2080)
""""" aml:name Goethe-Gymnasium

""""" bldg:vearOfConstruction 1964

Figure 2a: IfcExplorer scene tree Figure 2b: Atitds of the building “Goethe-Gymnasium”

5.2 Integration of urban planning related data

For testing the integration of urban planning edaigeographical information with the software tool
IfcExplorer, a test scenario has been establidhedes data of a building area in the city of Hangowhere
the prototypic public participation procedure “Beitplanung Online” (chapter 4) also has been tedted
this area, the following information is available:

* Avirtual 3D city model (buildings and relief) ast@sML LOD1 and LOD2 model;

» the draft of new urban plan in XPlanGML vector fatand (via WMS) as raster image;

< digital orthophotos (via WMS);

« adigital map (Digitale Stadtgrundkarte) with measl:1.000 (via WMS).
With these data, the IfcExplorer software in ittuat implementation status is able to support tieing
functions:

* Intuitive visualization of the actual building déepment in the planning area;

» Checking the consistency of the virtual 3D city rabldy overlaying the model objects with digital
orthophotos (figure 3a) or a digital map (figure.3m both cases, the georeferenced raster images
are projected on the CityGML relief.

« Checking the consistency of the actual buildingedigwment (represented by the CityGML model)
with the new urban plan (figure 4).
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Figure 3a: Overlay of virtual 3D city model wittdaital Figure 3b: Overlay of a virtual 3D city model wihdigital map.
orthophoto

Figure 4a: Urban plan in vector format Figure 4kbeflay of urban plan (raster format) with virtual
3D city model

Figure 4c: Overlay of a part of the urban planoiattd area for Figure 4d: Overlay of a part of thzan plan (allowed area
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buildings) with orthophoto for buildings) orthopbadnd 3D city model.

Actually, the IfcExplorer mainly supports the visexploration and comparison of geodata from défer
sources by integration into a common spatial refegesystem and a problem suited three dimensional
visualization. The overlay of LOD2 city model witihe official map and the orthophoto (figure 3) mEewa
high quality of the virtual model. The combined uatization of the abstract and complex urban plan
(XPlanGML format) and the intuitively understandabVirtual 3D city model (figure 4) supports
interpretation of the planning situation especiddly non-professionals. The overlay obviously sheeme
inconsistencies between the actual building sivma#ind the planned status, due to the fact thedumnse of

an urban development project some of the buildwitjde demolished.

In the next releases of the IfcExplorer softwaee hrely visual examination will be supported bypmetric
and semantic analyses. The condition that eachG®Aty building object is located within the “allowed
area” for buildings (XPlanGML clas8P_UeberbaubareGrundstuecksflaghean easily be checked
geometrically. Furthermore, the CityGML building d® contains attributive information like
storeysAboveGrounghctual number of storeys) which is restrictedsbiected XPlanGML-attribute&ihax

— maximal number of storeys above ground, see didi)t The standardized CityGML model not yet
contains all parameters and attributes relevararicapproval due to German planning and buildicenising
law. However, a CityGML ADE may be defined for thépecific application. Thus, on a long term an
automation or at least software-based supporteolitknsing procedure for buildings seems to beiptis

x x
e ACAD-Eimsbuettel-BPlan-LoD-2.aml (#1) A | Element Propetties | City-GML Properties | city-GML Relations
+ (@) ces-001 (#2) o Value
¥ ) GEB-002 (#4) G CityGML Address
= Iﬂ GEB-003 (#6) *AL; CountryName Mirwana
+ @ GEB-004 (#8) e xAliLocalityhame Gothan City
+ @ GEB-005 (#10) o xAL:iPostalCodeMumber 1
&l /[ GEB-006 (#12) *AL: ThoroughfareName Batman Strest
= ,@J GEB-007 (#14) i - xAL:]’horO%lghfareNmbet 2a
5 @GEB-UUS (#16) & CityGML Attrlhl..ltzs I
citygml:function residential building (1000}
i ﬁl GEB-009 (#18) cityaml:roof Type combination of roof Forms (1130)
2 '@ GEB-010 (#20) \/ gml:name Dachgaube-1
* .@J GEB-011 (#22) ;}\ | citygml:yearOfConstruction 2050
+ \.@ GEB-012 (#24) cityaml:storeysaboveGround 3
] @! GEB-013 (#26) (9 citygml:measuredHeight 20,000
* . @] GEs-014 (#28) < 5
+ @) cee-015 (#30) é
# . [8) ces-016 (#32) N
# /(& cEB-017 (#34) Q
+ . (@) Ges-018 (#35) .
+ @] GeB-n19 (#38) EV8|UatI0n
# |6 ces-020 (#40)
+ . (@) ces-021 (#42)
+ [ Ges-022 (#44) S—
# . @) GEB-023 (#46) Propecties: - : X
2/ [§ %139) Element Properties | #PlanGML Properties | %PlanGML Relations
1 |8 (#140)
¥ Unknown GML Class [29] Name [ value I
T ¥P_TextAbschnitt [12] EI XPlanGML Attributes
3 WP_RasterplanBasis [1] \/ - xplan:gesetzlicheGrundlage BauGB
* BP_‘Wegerecht [1] < ; 2 e yolanirechtlicheCharakberisierung | Festsetzung (1000)
¥ BP_VerEntsorgung [4] » I‘ = xplan:Zmax 3
T ' v yplan:ebene o
* 3] (r346) Q xplan:flaechenschiuss false
+ / |§] (#400)
* < >
* | (#418)
+ . (§] @0 *
/(8] @em) v
< - >

Figure 5: Evaluation of attributes
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6 SUMMARY AND OUTLOOK

In the paper two different standardized data fosmaievant for spatial planning in the communakanave
been presented, and the two important communicatenmdards WFS und WMS for internet based access to
spatially referenced data have been introducech Bommunication methods are successfully usedén th
online platform BOP for public participation in @b planning, developed and operated by the Free and
Hanseatic City of Hamburg.

The user interface of the BOP system, as well adrresponding functionality in visually exploring
analysing and commenting urban planning documeet®iodstrate the actual state of the art in e-
participation technology. The prototypic softwafeEixplorer shows the additional functionality whicbuld

be realized with advanced software on the clieti¢.sSBesides the visual overlay of 2D and 3D infdrama
from local files, vector data from WFS Servers aaster data from WMS servers, the IfcExplorer safewv
enables the geometric and semantic analysis ointegrated data. In cities of the future, this apaew
possibilities for the provision of communal serd@da the area of public participation in land-usanping
processes or online support in the licensing poésew buildings.
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