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Summary

In this paper we introduce the concept and the implementation of an
Emergency Route Service 3D (ERS3D), which is based on the already
established OGC Sandards OpenLS and which further covers the
following two aspects. Firstly, the possibility to bypass restricted areas or
closed streets during disaster situations and secondly the ability to return
a 3D route geometry that can be integrated into a 3D application. Within
the project OK-GIS (Open and free GISfor Disaster Management) a Route
Service based on OpenLS Specifications was implemented. This was then
taken as the basis for building more complex services. Based on the initial
Route Service an Emergency Route Service (ERS) was developed, along
with a 3D Route Service (3DRS). The combination of the 3DRS and the
ERS then resulted in a 3D Emergency Route Service (3DERS). An impor-
tant aspect is that this can be achieved solely using OGC standards, so ho
further standards need to be specified for this application. Moreover this
shows that more complex services can be realized by combining existing
OGC services and integrating theminto a 3D spatial data infrastructure.

1 Introduction

Unfortunately disasters do not stop at administeatior system bounda-
ries, therefor special focus needs to be laid endétvelopment of an open
spatial data infrastructure (SDI) for disaster ng@maent. This should im-
prove the opportunity to use the systems, offengdlifferent institutions



or regions, in the long term in a more interopezalbhy. For geographic
information services, open interfaces should bdayep such as the ones
defined by OGC or ISO (Weiset al. 2006).

The current activities with respect to spatial dafaastructures (SDI)
underpin the utilization of open standards for ¢ingtthe communication
between components offered by different organinatior service provid-
ers.. Here, the Open Geospatial Consortf@@C) plays a primary role by
offering a substantial range of standards for Gtesl services. Open
source SDI-frameworks such as deegree (Fiezled. 2004) already offer a
number of components which can be used to buildpadial data infra-
structures. For disaster management scenario©)®@@ OpenlLS Service,
amongst others, is of particular importance fowvjitimg route services.. In
this paper focus is put on one specific scenario:

Rescue workers or citizens need to by-pass norssibbe or restricted
areas, for example due to flooding, a bomb threaitlver exposures. This
information is essential for relief personnel adlves for the affected
population. A corresponding service has been imptged in the OK-GIS
project fittp://www.okgis.d® and integrated into the specific SDI for dis-
aster management. Its relevance has been verifiea sxenario- and re-
quest analyses conducted by Biermanal. 2005 within the project.

Web services for routing in disaster managemeunatidns have already
been tested as prototypes by KeRler et al. (2C88pngst others also a
proprietaryEmergency Routing Service was realized - however without us-
ing OGC standards at that time.

Further requirements for routing have been addedhbyrecently en-
forced standardization of 3D visualizing services 8D city models. Es-
pecially the concepts of visualization and usedgnce of the routing can
not be applied directly to 3D systems. Dependinghenapplication many
different versions can be ideal (e.g. navigationvehicles, pedestrians,
web applications). The routing service can howesegrport the 3D appli-
cation by calculating the correct position of tbate geometry.

In addition to the familiar on-board car navigat&ystems provided by
commercial manufacturers, there is a range of cawialeapplications for
PDA’s available, which support map based routeutation and naviga-
tion assistance. Most of these are also primanlyviehicle navigation.
Many of the offered devices already feature a dled¢d43D” mode, which
visualizes the maps in panorama perspective (jps@Dg, but without real
3D data like DEMs or 3D buildings. As of now, theeuwof real 3d models
for routing has been realized at most as protogg#ications and evalu-
ated for smaller urban areas.




2 The OpenLS Route Service

Since the year 2000, tl@pen Location Services (OpenLS) initiative of the
OGC has been developing free specifications (iate$ and protocols),
for standardizing services relevant farcation Based Services (LBS). The
OpenLS Service Framework consists of five core services. Further details
can be found in Zipf (2004) und N¢&006, 2007). A B service (Tracking
Service) is just being added to a new version efstecification.

- TheDirectory Service is a service that provides access to an online di-
rectory (e.g., Yellow Pages) to find the locatidraspecific or nearest
place, product or service.

- TheGateway Service is a service that fetches the position of a known
mobile terminal from the network; this interfacen®deled after the
Mobile Location Protocol (MLP), Standard Locatiomrhediate Ser-
vice.

- TheLocation Utility Service provides a Geocoder/Reverse Geocoder;
the Geocoder transforms a description of a locatsmech as a place
name, street address or postal code, into a naedalilescription of
the location with a Point geometry usually placsthg Cartesian co-
ordinates, often latitude and longitude.

- ThePresentation (Map Portrayal) Service portrays a map made up of
a base map derived from any geospatial data aatia Abstract Data
Types as overlays.

- TheRoute Service determines travel routes and navigation infornmatio
according to diverse criteria.

These services are being implemented in the OK{@tect in Java.
The first realization is the Route Service. The Qi Core Service 5 - the
Route Service (RS) - allows route planning on @&eitmetwork. The
OpenLS specification defines how the RS is to béressed, which op-
tions it will provide and in what form the answen® to be sent back. Be-
sides start- and destination points various othiera can be entered (e.g.
time, distance, travel type, etc.). Even start- dastination points can be
set in multiple different ways (e.g. through diffet types of address in-
formation, coordinates, points of interest, georastretc.). The alterna-
tives for the output are even more extensive:

- 1. RouteSummary - general information, such as total route andltot

route time.

- 2. RouteGeometry - Geometry of the calculated route (line with all

way points)



- 3. Routelnstruction - "Step by step” driving- or walking instructions
of the calculated route. This was realized in qapligation in a sim-
ple form for various languages.

- 4. RouteMaps - Maps, in which the calculated route is displayed
Amongst other possibilities it is possible to adsesalRouteMaps at
the same time. for example also an overview mapadsas detailed
maps of the start- and destination points can tuerred.

The implemented route service (RS) (Neis 2006) supgall mandatory
and most optional parameters of the OpenLS RS fag@mn. One way
street information is also supported by this sexvithe algorithm used, is
the well known Dijkssra Algorithm (Dijkstra 1959Further the Leven-
shtein Algorithm (Ringlstetter 2003) from comutergluistics has been ap-
plied in order to avoid spelling or typing mistakefsaddresses or POI’s.
One advantage of the OpenLS route service spetificds the possibility
to include anAvoidList into the route requestn this, a list of areas or
streets can be implemented which should be by-dassavoided. The RS
will identify the optimal route between start arektination point, incorpo-
rating the areas to be avoided and giving by-pafesmation for this area.
The Emergency Route Service (ERS) uses this function in order to avoid
danger zones and blocked or closed roads in caselishster situation.

3 Interoperable Route Planning in Disaster Manageme  nt —
an OpenLS conform Emergency Route Service (ERS)

3.1 The Problem

Emergency personnel such as the fire brigade labe table to access
the areas affected by an disaster as soon as |gosHite time it takes to
get from the station to the affected area is eg@dot rescue success. All
possible hindrances such as traffic jams, heavyfidraor blocked
roads/areas cost valuable time. For this reasbopatacles in the way of
the relief force should be incorporated, into tbating so that these may
be considered and by-passed.

Furthermore, the ERS should not only give suppogrmergency situa-
tions, but also in disaster prevention. For exantpieay be possible to es-
timate the effect a possible bomb threat might havehe traffic, before
such an event occurs. By evaluating such simulgtitme police is then
able to effectively plan a by-pass area.



3.2 Automated By-Passing of Danger Zones through ER S

An ERS is a more specific RS whiehtomatically includes up to date in-
formation about current danger zones and closetbrimathe route calcula-
tion and gives information on how to by-passid areas. Queries towards
the ERS are carried out the same way as querierdsvihe OpenLS RS.
The ERS adds dangerous area- and closed road etfomfrom a central
database (resp. in the frame of a SDI for disasi@nagement, a WFS),
mainainted by a central control unit, to the oridirequest and to a new or
an existingAvoidList. The altered request is then transferred to thealo
RS. The RS calculates the route consideringAvwdAreas and returns
the OpenLS specifiRoutel nstructions, RouteGeometry andRouteMaps.

Fig. 1 shows the sequence diagram of the ERS. The comfzone de-
veloped (ERS, OpenLS RS) have been combined witta@dy available
open source package components sudlVaisFeature Service (WFS) and
Web Map Service (WMS) and then accessed via an internet protocol
(HTTP post). Present danger zones and closed nzedbe handled by the
ERS in different ways. In our case, these are beiamtained in a WFS.

In the actual deployed system, this would be don#hb control unit. The
bounding box of th&etFeatures request is defined by the spatial extent of
the route start and end poilvery start- or destination address has to be
geocoded before hand. In our case this is donengitg, via an internal
database. Alternatively arOpenLS Location Utility Service (Geo-
coder/Reverse Geocoder) could also be used instead in order to solve this
task also in a standards-based manner.
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Fig. 1: Emergency Route Service Sequence diagram.



If a road is blocked or a whole area can or shooldbe accessed, a geo-
metric intersection is calculated between the pmiygf the danger zone
and the street network in order to detect whichetr are not accessible.

All mentioned services (RS, ERS, 3DRS, 3DERS) bhsestime stan-
dardized interface, the Open LS Route “RouteRefuést example is
given in Listing 1.

1 <x18iXLS ... >

2 <xls:RequestHeader/>

3 <xls:Request methodName="RouteRequest" requestID="1" W
4 <xls:DetermineRouteRequest>

<xls:RoutePlan>

w

6 <xls:RoutePreference>Fastest</xls:RoutePreference>

7 <xls:WayPointList> ... </xls:WayPointList>

8 <xls:Aveoidlist>

9 <x1ls:A0I>

10 <gml:Polygon>

1 <gml:exterior>

12 <gml:LinearRing xsi:type="gml:LinearRingType">
13 <gml:pos>3434774.787 5794688,.517</gml:pos>

14 <gml:pos>3434932.208 5794547,765</gml:pos>

15 <gml:pos>3434678,483 5794249,592</gml:pos>

16 <gml:pos>3434506,247 5794384,788</gml:pos>

17 <gml:pos>3434774.787 5794688.517</gml:pos>

18 </gml:LinearRing>

1a </gml:exterior>

0 </gml:Polygon>

21 </x1siRA0I>

2 <xls:Address xsi:type="xls:AddressType" countryCode="DE-NI">
23 <xls:StreetAddress>

24 <xls:Building xsi:type="xls:BuildinglocatorType" number="50"/>
25 <xls:Street officialName="Am Stollenbach"/>

6 </xls:5treetAddress>

L <xls:Place type="Municipality">Csnabriick</xls:Place>
28 <xls:PostalCode>49074</x1=:PostalCode>

2 </xls:Address>

£5] </xls:AvoidlList>

31 </x1ls:RocutePlan>

£l </xls:DetermineRouteRequest>

13 </xls:Request>
M </x1s:XLS>

Listing 1: Example of an OpenLS RS RouteRequest



Emergency Route Service >> RoutePlan

1. How is the route to be determined?

Openl S Route Service
RoutePreference Fastest =

RouteHandle 2. Please select the units of length the distances for the Routelnstructions you want!
DistanceUnit Kilometer | =

Emergency Route Service

3. Please enter here your Start and End lacation!

You can indicate either Gauss Kriger coordinates andfor addresses.
WayPaint - Start

Easting [m] Marthing [m]
oder

StreetMame  An der Brehen Houselurmber |10

ZIP-Cade 49074 Plate Osnabriick

WayPaint - Ziel

Easting [m] Marthing [m]
oder

StreetMarme | Im Hone Houselurmber |20

ZIP-Cade 49074 Plate Osnabriick

4. Would you like to receive driver's instruction? Optionally you can select a language.

+ Routelnstruction Language Englisch |«

5. Would you get a Route-Map?
~/ Routehdap

6. Store the route?
~/ ProvideRouteHandle

Determine Route

Fig. 2: Prototype Test User Interface of the ERS.

4 3D Route Planning based on a 3D-SDI

4.1 3D-SDI - the example of Heidelberg

The introduced route services are currently beiriggrated into a larger
framework and are being evaluated regarding theability for particular
applications. The main focus lies on interoperalde and visualization of
3D city models building a 3D spatial data infrastiwe based on OGC
services (http://www.3d-gdi.de). Among the suggesi recently dis-
cussed by the OGC, the 3D web service (W3DS) pdaysnportant role
so that in the near future it seems realistic talile to process 3D data via
OGC services (Schilling et al. 2007). The W3DSimsilar to the already
standardized Web Terrain Service (WTS)(Web Pergmettiew Service,
WPVS). The difference is that it doesn’t only delivendered 3D images



but 3D geometries resp. scenes in standardizedaegehformats which
can be viewed by using any internet browser andesponding plugin.
Similar to the WMS, the bounding box and the narhéhe layers styles
which are recognized by the service are the inpuampeters, which are
sent to the W3DS. Further parameters include pasaméor specifing the
viwing direction etc, such as the Point of Inter@¥Dl), Point of Camera
(POC), Angle of view (Pitch, Yaw, Roll). The comhtion between
W3DS with other OGC services like catalog servidd$.S, WMS, web
processing services and others, enable the reahzaf a geodata infra-
structure for 3D geodata (3D-GDI). This is also arighe goals of our
Heidelberg City project (www.heidelberg-3d.de )ingsa custom Java3D-
client, which can be started via Java WebstaripuarOGC services can
be activated and the outcomes can be displaye®inrBrough the inte-
gration of the route service, planning and visuidjzvirtual tours within
the 3D city model is now possible (similar to Skthg and Zipf 2002). At
the same time, further clients based on MS.NETiquiext (Bock 2007, in
progress) and on mobile devices (Fischer et al Ph@@e been developed
which access the same infrastructure.

Beside the frequently stated application scenaiah as tourist infor-
mation systems, urban planning and -marketing, aughould also be of-
fered for disaster management. A first step casdes in the integration of
the emergency route service and the adequate patisenof the routes in
3D. For this, the Java3D-Viewer has been enhanodtia it can access
the ERS3D. For realizing the ERS3D itself, the eogéometry calculated
by the RS has to be adjusted to the DEM alreadifadob@. This process is
further explained in the next paragraph. Other geduch as buildings,
landmarks, forest areas, grasslands, building Bloalater, streets, trees,
traffic lights and traffic signs are requested bg W3DS as VRML mod-
els, which can then be visualized directly in theaBD Viewer.

4.2 RS3D — an OpenLS 3D Route Planner

Route services are based on topology graphs. TdigHat a certain ge-
ometry can be assigned to each route segmentysr@lelvant for visuali-
zation purposes.. Normally the coordinates used?ad@nensional (2D).
but we, need 3D visualization. This means the rdwae to be superim-
posed onto a DEM. This can be done in two ways: Waeis that the cli-
ent uses the 2D geometry and adjusts it to the RIENhg visualization.
This is only possible for fat clients however, hesmthis function is e.g.
not supported by standard software likeVRML browsdéithough an in-
dependent client (Java-WebStart-Application) isdysehich could be



Laught* this functionality, it would mean to inquorate relatively heavy
computations into the client, which is not desiealitspecially for mobile
3D clients on Smart phones or PDAs (cp. Fischeal &006) this is too
complex and should already be pre-processed bsettver.

In principle an RS can also deliver 3D coordinaié®e returned GML
coordinates simply have 3 instead of 2 coordinalaes. In order to real-
ize this, information about the terrain near theeait network is needed.
One boundary condition is that not every point lo@ toute geometry can
be assigned permanent elevation information. Thawly a dynamic
alignment to the DEM is needed. The realson fag thithat the DEM is
also dynamic, as different resolutions have to lggperted according to
the level of detail (LOD) which is dependent frame tapplication, network
and client resources, etc. (cp. Schilling and 2pH3).

- [5]X]

Fig. 3: The Route in the 3DViewer. Within a sepenatndow the typical Open
LS information like RouteSummary, Routelnstructicared RouteMap are dis-
played (Data: Land Surveying Office Heidelberg andLBNgidelberg).

Also, the points of the route geometry, calculdigdhe RS, are not neces-
sarily static but can be changed by generalizati@thods or extensions,
such as user generated specified generalizaticay (& al. 2003), in order
to generate with respect to the language idealrdyiinstructions Route
Instructions). Further recent work on the topic of cognitiveeqdate sup-



port for navigation is presented by Hansen et@D62 who suggest exten-
sions to the OpenLS standard in order to incorpotabhdmarks in the
route descriptions. But the goal of our RS3D impatation was to stick
to the OpenLS standard as it is available right ,naithout having to
change the standard itself. This way the RS3D @integrated into the
3D-SDI of Heidelberg without major efforts. In fa¢he interface of the
RS3D does not differ from the specification of bpenLS RS. The proc-
ess of adjusting the route geometry to follow thevation as defined by
the DEM is done internally. The result is that R83D returns coordinates
of the GML-LineStrings that contain additional Heigalues.

Since a WFS is used as a data source for the DEMga@al of staying
OGC conform as much as possible could be entindfilléd. A possible
future extension could be to outsource the intepmh function to aVeb
Processing Service (WPS) (cmp. Kiehleet al. 2006), where the points are
then calculated to the DEM. This would make theliapfion more modu-
lar - but at the cost of performance.

The implementation of the RS3D was carried out aaszade of OpenLS
RS as well as of further OGC services. Orchestagimch service chains
through standards like BPEL is a current issue §afeand Zipf 2007).
Requests to the RS3D are carried out the same svay the OpenLS RS.
The requests are forwarded to a normal OpenLS R&hwdarries out the
actual calculations. The DEM, which is in the saarea (OGC-Filter func-
tion DWITHIN) as the geometry of the route segments, is actdssa
WEFS viaGetFeature (using a PostGIS-DB).

Although it would be possible to simply identify height value on the
DEM for every coordinate, this would result in Wi errors like intersec-
tions with bumps quite often, For this reason tkace course of the DEM
is calculated for all route segments. The DEM iBlld consisting of the
topological elements vertices, edges, and trianglespatial index (Quad-
tree) enables fast access for spatial queries Hegmjdntersects, contains,
etc.). This index is used to detect the topologichjes of the tin, which lie
directly under the route segments. Via the cootdmaf the vertices, the
heights of the 2D intersection points of the segnaea interpolated with
the edge of the DEMIhe new points are inserted, in the right orde in
the newly created GMILLinestring, which describes the route geometry.
The amount of data needed for the geometric desmmipf the route is
dependent on the resolution of the DEM. The praame&ML Linestring is
included in the reply of the OpenLS RS and is retdras part of the result
of the RS3D. Then the created 3D route can bealisgl along with the
rest of the city model by the client - in our casea pipe-like geometry us-
ing a "sweeping" command, which extrudes a prdaiteng the patlfFig.
3). Further output elements suchRmitel nstructions, RouteSummary and



RouteMaps are displayed in a separate window. On top of #isanima-
tion sequence resp. camera tour, is run automigtialming the route. This
showed however, that the route segments are teddinanimation, since
a keyframe is assigned to every segment. As sodieas are several
smaller segments, abrupt changes in direction pédae, between the key-
frames. In order to avoid this, the route geomé&trgeneralized. For this,
the Douglas Peucker Algorithm has been appliedchvhiso incorporates
z values. This way, many of the smaller and irratgvsegments are fil-
tered out, providing better visualization. The smtre diagram to the
RS3D is similar to the following ERS3D (Fig. 4).
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I
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Fig. 4: Emergency Route Service 3D sequence dia¢patail).

5 Combining the RS3D & ERS: The ERS3D

The RS3D and ERS routing services described aboddle concepts
they implement can be used in a parallel way, beeahey can be in-
stalled on separate servers. Or they can be evgnaggregated to an
Emergency Route Service 3D (ERS3D). Fig. 4 showsaaence diagram
for this service. The only difference between tHRSBD and the ERS is
that the request, with the AvoidLists, is not forded to a normal RS, but
to an RS3D. This way the RouteGeometry is 3D inbtde2D. Apart from
this, the process runs the same way as descrilme ab

Thus, both features that have been proposed hdrthango far beyond
the usual routing service, are available as onglesigervice that harmo-



nizes with other SDI components very well and cardbployed in a spe-
cific application scenario.

The only desirable extension could be to have tRE¥D generate 3D
geometries for the visualization of the AvoidAretiectly. That however,
would not foolow any standards so we forwent thioider to stay con-
form to the OpenLS specification. Therefore thealJ&lient has to access
the WFS by itself. Then he can visualize the Avw&hs correspondingly
on its own. The needed elevation points are atbment calculated by
simple 3D picking in the scenegraph and the polggare extruded up-
wards by several meters. (Fig. 5).

6 Outlook

The concept of the ERS3D uses individual standaddgervices as build-
ing blocks for more complex services and functiies. This is done by

aggregation resp. by chaining services. This deirates the usefulness of
standardized modular building blocks and proves tha OGC has a lot
more to offer than just web-mapping. In the futorere and more empha-
sis will be laid on the 3D visualization of routéapning and navigation

support. Several manufacturers of car navigatiostesygs are already
working in this direction. Special aspects sucilmadile 3D route naviga-

tion using landmarks etc. are being examined inftame of the new

BMBF project "MONAZ3D - Mobile Navigation 3D" .

Furhter the performance of the RS3D will have #otésted, especially
when long routes have to be matched to the DEMilkisy a large amount
of data has to be accessed from a WFS, the DEMadhhbs created, and
height information has to be calculated to theeout

Additionally an implementation of the rest of th@&dLS services is cur-
rently in progress and the OpenLS Location Utili8ervice (Geo-

coder/ReverseGeocoder) can be used within the ER®BDthe ERS for

geocoding start- and destination points. Furtherr@Rted extensions of
all OpenLS Core Services (not only RS) would berdbke and are being
discussed in the OGC. Preliminary work has alrelaglgn conducted by
Zlatanova and Verbree (2005). But this work is mmyaceptual and with-

out detailed suggestions for extending interfaesg.rfor implementation.
In addition, an evaluation should be done to asgeshat granularity it is

wise to have calculations done internally by a WRrbcessing Service
(WPS), for example when it comes to height infoioraterivation of the

route geometry. Further extension possibilitiesldéde the support of in-



door navigation and optimizing the 3D visualizatifox that on mobile
displays through the proper use of landmarks (MahahZipf 2007).

Fig. 5: Graphical output of the ERS3D in the 3DViewkhe danger zones are
being displayed as half transparent extruded paolygo

Acknowledgements

We would like to thank our colleagues for theirphahd inspiration. We also thank the Land Sur-
veying Office (Vermessungsamt) Heidelberg and thieopean Media Laboratory for supplying us
with base data. This work has been funded by tlisiT'schira-Stiftung (KTS) gGmbH and by the
BMBF-Project ,OK-GIS*".

References

Biermann J, Gervens T, Henke S (2005): AnalyseNigrungszenarien und Ak-
tivitaiten der Feuerwehr. Internes Projektdokumerdjekt OK-GIS.

Bock N (2007 in progrss): Entwicklung eines W3DSe6ti auf Basis von MS
.Net. Diploma Thesis. Fachhochschule Mainz.

DijkstraEW (1959): Note On Two Problems In Connexion Witta@rs, In: Nu-
merische Mathematik, Springer Verlag pp. 269-27L, 1, Berlin.



Fischer M, Basanow J, Zipf A (2006): Mainz Mobile 3B PDA based client for
the OGC Web 3D Service and corresponding servegrriational Workshop
on 3D Geoinformation 2006 (3DGeolnfo'06). Kuala Llppm Malaysia.

Fitzke J, Greve K, Muller M, Poth A (2004): BuilgjrsDIs with Free Software -
the deegree Project. In: Proceedings of GSDI- figBkre, India.

Hansen S, Richter KF, Klippel A (2006): LandmarksOpenLS - A Data Struc-
ture for Cognitive Ergonomic Route Directions. In Rlaubal, H. Miller A,
Frank U, Goodchild MF (Eds.) Geographic Informat®cience - Fourth In-
ternational Conference, GlScience 2006, pp. 128-3gdnger, Berlin.

Kessler C, Schadg Starkea, Tegtmeyers, Walkowski A (2003): ariadne — GlI-
Dienste fiir Notfall-Management-Systeme. ITERBIARD, L., A. SIWINSKI &
K. SENKLER : Geodaten- und Geodienste-Infrastrukturen — var-deschung
zur praktischen Anwendung. Minster: 297-309. (dpfiats, Bd. 18)

Kray C, Elting C, Laakso K, Coors V (2003): PresaptiRoute Instructions on
Mobile DevicesProceedings of IUI'03, ACM Press, New York, NY, pp7-
124,

Mohan SK, Zipf A. (2007 accepted): Improving the [soi of indoor evacuation
through landmarks on mobile displays. GI4DM 20@intICIG/ISPRS Con-
ference on Geomatics for Disaster and Risk Managerfieronto, Canada.

Neis P (2006): Routenplaner fir einen Emergency &k@srvice auf Basis der
OpenLS Spezifikation. Diploma Thesis, FH Mainz.

Neis P (2007 in progress): Die OpenLS Core ServiceAndrae C, Fitzke J, Zipf
A (Eds.) OpenGIS Essentials - Spezifikationen desCO@ Uberblick,
Wichmann Hiithig Verlag. Heidelberg.

Ringlstetter C. (2003): OCR-Korrektur und Bestimguron Levenshtein-
Gewichten. Magisterarbeit. LMU, Minchen.

Schilling, A., Basanow, J., Zipf, A. (2007 accepted)ECTOR BASED
MAPPING OF POLYGONS ON IRREGULAR TERRAIN MESHES FOR
WEB 3D MAP SERVICES. 3rd International Conference oebAinforma-
tion Systems and Technologies (WEBIST). BarcelonainSpéarch 2007.

Schilling, A., Zipf, A. (2002): Generation of VRML i Models for Focus Based
Tour Animations - Integration, Modeling and Presgataof Heterogeneous
Geo-Data Sources. In Web3D Conference, 9-12.03,284i8t Malo, France.

Weiser A., Neis P. and Zipf A. (2006): Orchestriggion OGC Web Diensten im
Katastrophenmanagement - am Beispiel eines Emergeaute Service auf
Basis der OpenLS Spezifikation. In: GIS - Zeitsatfiif Geoinformatik. Abc-
Verlag. 09/2006. pp. 35-41.

Weiser A., Zipf A. (2007 accepted): Web Service @stration (WSO) of OGC
Web Services (OWS) for Disaster Management. GI4DBD72 Joint
CIG/ISPRS Conference on Geomatics for DisasterRiskl Management. To-
ronto, Canada.

Zlatanova S, Verbree E (2005) The third dimensioh&®: the steps to go. In:
Geowissenschaftliche Mitteilungen, Heft Nr. 74, 20pp. 185-190.

Zipf A (2004): Mobile Anwendungen auf Basis von Gatehinfrastrukturen - von
LBS zu UbiGIS. In: Bernard, L., Fitzke J, Wagner RIgje Geodateninfra-
strukturen. Wichmann Verlag. Heidelberg.



