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Abstract: Landmarks and focus based maps can play a impadkentvithin routing by supporting users
in route finding and navigation. This paper shows possible solution for generating focus basedsmap
with landmarks by only using completely OGC-conformeb service and standards. The aim is to
increase technical interoperability also at thigelef realizations of LBS or navigation serviceheT
techniques for choosing specific landmarks and igeimg the focus maps are shortly presented arid the
functionality is explained. The OpenLS core servigaplemented by ourself and their supporting
functions are illustrated. The integration of thadmarks to the route instructions of the OpneLSt&ou
Service happens during the route calculating algariwithout adding extra attributes or new eleménts
the standardized service interface. The generatiothe focus based maps is realzed by our first
implementation of an OpenLS Presentation Servibe. drticle ends with an outlook on ideas for future
deployment and research. One of these ideas istéma the generation of focus based 2D maps to a
generation of focus based 3D scenes and to ineetiratandmarks as 3D models.
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1. Introduction

Two important topics have been identified amongnitas being relevant when assisting a user
of navigation system with mobile maps from a cagaipoint of view:
a.) Focusing on relevant information in the area ther isscurrently interested in - e.g.
through the concept of “Focus Maps” (Richter & Z§f03) and
b.) Adding Landmarks as key elements of wayfinding supfe.g. Golledge 1996).

Further aspects of presenting route instructioesqnt e.g. Kray et al. (2003). In addition to
that, it is desirable from a technical point of wjeto realize such systems based on open
standards (e.g. by the OGC) on top of spatial uditatructures (SDI)(Zipf 2004). This helps to
increase interoperability of such systems withihederogenous world of mobile devices and
web services. In the context of mobil@cation Based Services (LBS) the Open Location
Services (OpenLS) initiative of the OGC is developing opspecifications for standardizing
these.

The concept of focus maps (Zipf & Richter 2002) rillgcstates that some regions on the maps
are ususally of higher interest to the user andilshtherefore presented in a more dominant
way as the reminder of the map — especially incee of maps on mobile devices with limited
displays. A range of stylistic means are availableartography to realize that, from different
degree of generalization to faded usage of colandssize of labels in different “focus regions”
— e.g. buffers around the “areas of interest”. Bygjenty & Reichenbacher (2006) extend some
of these ideas and also apply these to landmarks.

Therefore the following question arises: How canreaize focus-based maps in combination
with landmarks using OpenLS Services? The OpenLS8i&eFramework offers several core
services, among them thi@penLS Route Service and theOpenLS Presentation Service. The

realization should re-use existing OGC Web Servi{@¥/S) whenever possible, in order to
minimize duplication of work. So the aim is to iraplent a service-oriented architecture (SOA)



of well-known standardized components like WMS, W&S the suite of OpenLS Core

Services such as the OpenlLS Route Service, thel@pRresentation Service and the OpenLS
Location Utility Service (Geocoder/Reverse Geochd@&hese OpenLS services have been
implemented within our projects (Neis 2006, Neisakt2007). In this paper we present an
extension to our current implementations of theper S services.

2. OpenLS — The OpenGIS Location Services

OpenLS is the short form for Open Location ServioeDpenGIS Location Services. Since
2000 this OGC initiative has been developing immatation specifications (interfaces and
protocols) for standardizing services that areviié for Location Based services (LBS). The
OpenLS service framework consists at the momefivefcore services (OpenLS 2000):

The Directory Service is a network-accessible service that provides actmean online
directory (e.g., Yellow Pages) to find the locatmfra specific or nearest place, product
or service.

The Gateway Service is a network-accessible service that fetches thstipo of a
known mobile terminal from the network; this intecé is modelled after the Mobile
Location Protocol (MLP), Standard Location Immeedi&ervice.

The Location Utility Service provides a Geocoder/Reverse Geocoder; the Geocoder
transforms a description of a location, such adaaepname, street address or postal
code, into a normalized description of the locatidth a Point geometry usually placed
using Cartesian coordinates, often latitude anditade.

The Presentation Service portrays a map made up of a base map derived from a
geospatial data and a set of Abstract Data Typesertays.

The Route Service determines travel routes and navigation informati@cording to
diverse criteria.

Three of these five core services (Location Util@grvice, Presentation Service und Route
Service) have been implemented by us. Especiad\Ribute Service is already used by some of
our furhter projects.

Open disaster management with free GIS solutidnig://www.ok-gis.de

A Web-SDSS (Spatial Decision Support System) faomatising of multi criterial
model building for user specific and regional asalyof theresidential market in
Rhineland-Palatinate / Germany

Spatial Data Infrastructure for 3D spatial data I(SD) - exemplified for the city of
Heidelberg / Germany - http://www.heidelberg-3d.de

In addition several services have been developsgiasoffs of the OpenLS RS:

Emergency Route Service (ERS) — The ERS is a special OpenLS Route Serthcd,
considers actual avoid areas (flooded or blockeatisp landslides, poisoned areas)
while calculating the requested route. But requgsé route from the ERS takes place
in exactly the same way as requesting it from tper.S RS (Weiser et al 2006).
Accessibility Analysis Service (AAS) — A service that calculates a polygon aroand
certain start point given as parameter (e.g.: pynt of interest, address). This polygon
represents the area that contains all the poirds dle reachable from the startpoint
within a certain time or a defined distance. Thiewation is based on a street network
with each street leg having several different latites (e.g.: one-way-track or speed
limit) (Neis & Zipf 2007).

Route Service 3D (RS3D) — The RS3D is a cascade of the OpenLSt{Raldulates the
2D route geometry in the known way. But after tlitatpaps this route geometry onto a
high definition Digital Elevation Model (DEM) andalculates ground heights for the



existing route points as well as new 3D-points woi@ intersections with the terrain.
The response consists of all these new or altePetb8te-points (Neis et al. 2007).

The OpenLS Directory Service will be implementecdhe@ar future. A OpenLS Gateway Service
was not needed within our projects so far. Itsisatibn is also dependent from access to a
mobile telephone location server.

3. Landmarks — geographic features

Various research, going at least back as far a® {9gnch) have shown the significance of
landmarks for human wayfinding. A route instructiasing landmarks is rated much better by
the recipient than the current standard using datiftance information and road names
(Lovelace, Hegarty and Montello 1999, Michon andhiB001).

Landmarks are generally divided into two groupsarding their visibility. Those that are
visible over great distances are called ,globatifaarks”. Their position, seen from the user’s
point of view, changes only insignificantly uponnmar movements what makes them suitable
reference points for global orientation. On theeothand those landmarks that are only evident
within close range are called ,local landmarks“eyhact as means for supporting navigation
decisions along the route and can be incorporatedihe route instructions as an affirmative as
well as to make the instructions more natural soundn the approach specified below, we
primarily use local landmarks.

When used as a decision support along the routal landmarks can be subdivided regarding
their position in relation to the route. There grheck points®, landmarks on decision points
where change of direction is required, and ,potdrntheck point* at crossroads where only a
confirmation to stay the course is given (Lovelatal 1999).

To adapt landmarks to individual situations andr usquirements, metrics and evaluations are
needed that rate the importance of the integrabgects. Based on the results of the analysis,
important landmarks can be visualized more prontirtkan less relevant information. This
differentiation can be apparent by generalizatiomitferent colouring of objects. Zipf (2002)
emphasises the inclusion of situational parameileespersonal preferences or general context
parameters. Especially with the growing usage dbilaanaps, route visualisations that adapt to
individual and situational attributes will gainimportance.

4. Route Service with Focus Map Landmarks

To generate focus-based maps including landmarkshi® usage in routing we created the
“Route Service with Focus Map Landmarks”. It acke la proxy to the conventional OpenLS

RS. This means that it uses the identical interfacerequests and responses — just like the
specified OpenLS RS. The difference is the respahgeroute instructions and route maps are
supplemented with landmarks for a more cognitivegaite representation of route instructions
and filtered for producing focus-based route maps.

As shown with the base OpenLS RS, routing can byeday the “Route Service with Focus
Map Landmarks” with respect to many different cide e.g.: “Fastest”, “Shortest” or “By
Foot”. For giving the points of destination andiaat or some user defined via points there are
many possibilities as there are address, coordinptents of interest or geometries. With using
addresses there is the ability of using structaredon structured addresses. The geocoding of
all forms of addresses is done by an extern Opebba&tion Utility Service (Geocoder/
Reverse Geocoder). To support the numerous speafeence systems (for giving start-, end-



or via- points) the Focus RS is connected to aiapdatabase containing all spatial reference
systems with their specific parameters as specifigdEuropean Petroleum Survey Group

(EPSG). This makes it possible to transform alldeelecoordinates to one system needed for
calculation (e.g.: GauR-Krtiger or WGS-84).

To get information about the requested route theeefour parameters, that could be sent along
with the route request and that have effect onrthiée response in different ways (OpenLS
2000).

1. RouteSummary — The route summary gives some meta informationugtihe
requested route, e.g.: overall distance, overadtad time expected. In addition one
can demand a special distance unit (M for meterferyards, KM for kilometers and
FT for feet) by specifying it inside the route regu

2. RouteGeometry — Using this parameter one can demand informathmout the routes
geometry (line string containing all waypoints betroute). Here one can define a
maximum of waypoints. This causes a generalisafionore waypoints have been
calculated. The generalisation is done by the wealbwn Douglas-Peucker-
Algorithm.

3. Routelnstruction — Route Instructions are “step by step® driving- walking
instructions of the calculated route. This wasizeal in our application in a simple
form for various languages (e.g. German, Englislian, Swedish...). As important
additional feature of the new Focus RS, the relel@mdmarks along the route are
mentioned within the route instructions when it mskense.

4. RouteMaps — These are maps, onto which the calculated lisudéesplayed. Amongst
other possibilities it is possible to request savesute mapé the same request. For
example also an overview map as well as detailegsnoé the start- and destination
points can be returned. Here also the known lankisrete included as special feature
of the Focus RS and the map is focused to the déedamute.

4.1. Architecture of the RS with Focus Maps

The implemented Focus RS is a Java servlet ruromintpe Tomcat Server (for architecture see
fig. 1). It can be accessed exclusively through RIAOST and XML. The request and response
are modelled as XML schema as specified throughnOpeThe core feature, the routing, is
done by an OpenLS RS conform service. To geneflaten@ps the Focus RS uses an OpenlLS
Presentation Service. The Web Feature Service (WR&)n in Fig. 1 must be able to provide
all landmarks and map layers that should be coadhiim the resulting map.
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Figure 1: Architecture of the OpenLS Focus RS

4.2. Interaction between Focus RS and othé€dpenGI S Web Service (OWS)

The request to the Focus RS with landmarks is fearesl to the OpenLS RS without changes.
The OpenLS RS determines the route accordingly semtls it back to the focus RS with
landmarks. The route instructions returned by tper®LS RS are parsed by the focus RS. These
contain also the geometry of the route besidedntbteuctions itself. The geometries are used to
query landmarks from the WFS through a spatial dsuffuery (WFS filter function
DWITHIN) and further criteria like type or name thie landmarks.
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Figure 2: Sequence-Diagram of the Focus RS with Landmarks

The DWITHIN filter function is also used for gengng the focus of the maps. The route is
embedded in several buffers to determine the abjéxg.: buildings or streets) in the near
distance to the route. The feature ID of those aletkobjects is stored and every geometry
collection belonging to the same buffered areatyted in the same way. This is done via a
PortryMapRequest and SLD (Styled Layer Description) to an OpenL8sentation Service.



The following figure shows the DWithin buffer funmbality. For detecting the necessary
landmarks this is a first but not optimal solutide focus in this paper on usage of standard-
based OWS, therefore we mention only this parthefdetection process in detail. Of course
better solutions for choosing landmarks would idella range of further parameters and also
include the analysis of visibility of all landmarksrom such an approach even a context- and
user adapted selection of landmarks would be plessib proposed in the literature earlier a
couple of times (e.g. Meng et al. 2004). As thiec®n for the automated decision to put the
landmark on the map or that the landmark is notirtgmt enough to be mentioned in the route
description needs a range of further parametersassame here that this data is then available
within a Web Feature Service (WFS) and can beenstd through the standard WFS Filter
Encoding functionalities. On the other hand moreahgic information can be gathered through
a OGC Sensor Web service (e.g. SOS) or being eadzlilby the recently introduced Web
Processing Service (WPS). In particular the catmreof visibility based on dynamic attributes
(e.g. weather condidions) can be realized alsostaadardized way by using a WPS. We have
already implemented a range of WPS processes wittliprojectwvww.OK-GIS.de(Stollberg
and Zipf 2007), but a visibility analysis processniot yet available as a WPS process at the
moment, but there is work in progress within thejgetwww.mona3d.deTherefore within this
paper we only present the realized version usimgieg OWS.

Figure 3: DWithin Filter

The image above shows two geometric buffers oehffit size. The inner buffer (dark-blue) is
responsible for detection of the landmarks and $o@ithe map, while the second buffer is
supporting the focus algorithm. Of course a lam@mber of buffers could be used for a more
fine-grained differentiation of the focus regiof$is figure is only for explaining the principle.

4.3. Focus Route Maps

To receive the needed maps the Focus RS credBestramyMapRequest and sends it to the
OpenLS Presentation Service. This request conthmgosition and character of the detected
landmarks additionally to the route geometry. Th&s lof the objects necessary for focusing the
maps come along with that request as well.

The OpenLS Presentation Service generates a Shle@SLayer Descriptor Version 1.0.0)
document in which the route geometry and the udafulmarks for the calculated route are
included in the SLD elemennlineFeature. The SLD is sent to a WMS that generates the
resulting map including the SLDlineFeature andUser Syle (Mller 2007).

Examples of resulting focus maps of our first inrmpdaatation prototypes are shown below.



Figure 4: Map without focus (left) and Focus Map (right) eturned by our prototype of
“Focus RS with Landmarks”

The left example shows a conventional route mapenthie right example is a first version of a
Focus Map that has been generated by our new ingplition as described above. These maps
shall attract the user’s attention to the spatitdrimation relevant for the current task. Therefore
the map has been divided into different zones. &laysas that are further apart of the area of
interest (AOI) — in our case the route — are shomore generalized, with less labels and in
lighter colours within our current first implemetitan. This has been realized by generating
focus-buffer along the route calculated.

4.4. Route instructions with landmarks — First Exanples

Besides focusing the map to the route geometryghkzed service also mentiones the selected
landmarks also in the route instructions and pissémem in the resulting map. The used
landmarks are divided into two groups of being mekedor route description or not. The

following map contains two landmarks (a stop-sigmd ea church). The example of the

respective route instructions only contains the path the stop-sign in order to shorten the

example.

Figure5: Route Map with Landmarks

The route instructions seem to be similar to thafsg basic OpenLS RS. A difference occurs if

the route leads past a detected landmark, thee tpesicular landmarks are mentioned inside
the instruction (see fig. 6 - row 13-18). Hansenlg2006) complete those route instructions of
the OpenLS Navigation Service by giving also marferimation about the descriptive landmark

(e.g.: coordinates, description), but by this tikbgnge the standardized format of the OpenLS
specification what we wanted to avoid for this vans



2  <xIs:RoutelnstructionsListls:lang="en">

3 xls:Routelnstructiomuratior="PT0S' descriptios"Action No. I'>
4 «lIs:InstructiorrYou start on Rheiner Landstrassgds:Instructior
5 «ls:distancevalue="0" uonm="KM"/>

6 <kls:Routelnstruction

7 «xls:Routelnstructioruratior="PT25S descriptios"Action No. 2>
8 «ls:Instructiorr

9 Drive straightforward on: Rheiner Landstrasse fdrkOM - approx ~1 minute(s)
10 <Kls:Instructior»
11 «ls:distancevalue="0.4" uon="KM"/>

12  <klIs:Routelnstruction
13  «is:Routelnstructiomluratior="PT49S descriptios"Action No. 3>

14 «ls:Instructior»

15 Drive right at thestop signon: Augustenburger Strasse for 0.7 KM - approxnifiute(s)
16 <kls:Instructior»

17 «ls:distancevalue="0.7" uon="KM"/>

18  <kls:Routelnstruction

19  <«lIs:Routelnstructiomuratior="PT0S descriptios"Action No. 4>
20 «lIs:InstructiorrYou arrived at destinatietixls:Instructior»

21 «lIs:distancevalue="0" uon="KM"/>

22 <kls:Routelnstruction

23 <Kls:RoutelnstructionsList

24 ...

Figure 6: Example Routelnstruction with Landmark

5. Summary and Future Work

We have presented here a realization of an exterafi@n existing route planning service by
focus maps and landmarks both on the map and willd@route instructions. This has been
realized through the use of OGC services solely. Ak not change the interfaces of the
services in order to achieve this. Instead we coegeseveral OWS and OpenLS services in a
defined manner. This interaction between the sesvi@n be regarded as a service chain of web
services which is an important aspect of servicented architectures (SOA). Currently
research is conducted regarding how such serviameltan be defined and orchestrated (as it
is called) the most flexible way (e.g. Weiser & Z3007, Stollberg & Zipf 2007, Einspanner et
al 2003).

Future work on landmarks and OpenLS will be donéiwiour new project “MoNa3D” —
Mobile Navigation 3D, where another focus is onngsBd city models for this purpose on
mobile devices Http://www.mona3d.de As navigation support within future ubiquitous
environments Http://www.ubigis.ory needs to combine support for indoor and outdoor
envirionments some first empirical studies regagdandmark based 3D indoor navigation are
presented by Mohan & Zipf (2007).

One task is to extend the algorithm further to iempént an advanced filter for the inclusion of
landmarks or buffers originating from landmark fées intersect with the route geometry, while
the buffer size is dynamically defined by the lamdks relevance. Further investigations regard
the question what parameters can be used for adaptid selecting landmarks based on the
data available in the MoNa3D project, such as 3 miodels and data from the project partner
Teleatlas, extending work e.g. by Elias (2006) viduused on ALK (2d building) data. While
there exist some proposals on how formulas foreodrdware landmark selection can look like
(eg. Winter and Raubal 2002, Zipf 2002) etc., pcattimplementations are always limited
through the number of actually available attributes

Also the algorithm for creating the focus maps tabe enhanced in the way that features or
buildings which are in a higher distance to theteécare generalized to a higher degree in order
to support focusing the map content. A further lgmagle is to minimize the possible loss of



performance through adequate techniques such asstge of multi-resolution databases etc.
(Jones & Ware 2005).

Within our projectGeoSpatial Data Infrastructures for 3D Geodata (www.GDI-3D.de) we can
use the complete service chain of the Route SewiiteFocus Map Landmarks and present the
result not only as a 2D map but also as 3D scehetefore aVeb 3D Service (W3DS) and a
Java3D based client have been implemented. That clierges the requested route geometry to
the matching 3D scene delivered by the W3DS andiges additionally to visualization of the
routes geometry in 3D and navigation instructidss an animated route flight (see figure 7).
We agree here with Zlatanova and Verbree (2008)tB& needs extensions into 3D and are
actively working on these.

Within the project GDI-3D the service for presegtie 3D scences is the Web 3D Service. It
has been extended to support also the Style Lagscribtor (SLD) specification well known
from Web Map Service (WMS) in order to define tihdesof a map. This specificaton has been
extended in to the third dimension as a profiletttdé new OGC Symbol Encoding (SE)
specifcation. It has been named “SLD-3D” and isdusedefine in a declarative way the visual
appearance of the geometries of a 3D scene. Azadialn is presented in Neubauer & Zipf
(2007). As it uses and supports the same conceptha@awell known SE/SLD it seems possible
to generate focus based 3D scenes in a similarasapcus based maps. Similar approaches
though without the use of standards have earlien ipeesented by Schilling & Zipf (2003). One
main problem is that the complexitiy of creating Biddels of landmarks is higher than taking a
snapshot of an object and copy it to a 2D mapwmuare working on this problem within the
MoNa3D project. Some examples of already avail&lmetionalities of the services in GDI-3D
can be seen from the pictures and video capturéstpmvww.heidelberg-3d.de

£ [ Parking Heters

Street | Am Karlstor

|| Route Description

Route Summary:
From: 69115 Heidelberg
WolistraBe 2

69115 Heidelberg Am
Karlstor L

Duratien: # nin 21 sec
Length: 2.1

5

Figure 7. Representation of a requested route and withimebepctive 3d city-model along with
route instructions
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