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Abstract

Pedestrian navigation on Smartphones has recently gained high attentioncepable devices,
off-board based navigation software and increased transmit rateidér networks. However,
most of the available applications for pedestrian navigation myetlgladapted car-navigation
systems and do not cope with specific requirements. Thus, in this ywapdescribe basic
concepts of pedestrian navigation in indoor and outdoor environments. We focyseots asé

orientation and guidance for public transport travellers in complexchdage buildings.
Moreover the paper describes the implementation of the proposed coonneff-the-shelf

Smartphones.

1. Introduction

Due to the constantly increasing technical advantages of Smargphmedestrian navigation
recently has gained high interest as one of the potentiallenkiber-applications in the near
future. Whereas in-car navigation systems have already reackedain level of maturity,
pedestrian navigation on Smartphones is still in its infancies. Mdbe commercially available
systems were designed as car navigation systems which areofvas pedestrian navigation
systems with only minor modifications. However, at a closer looketb@n be identified a very
clear set of differing requirements and conceptual shortcomingghwnake the available
navigation solutions useless when applied for pedestrian navigation purposegerino show
the shortcomings of recent pedestrian navigation systems we givexhneples.

Firstly, when we talk of pedestrian navigation on Smartphones, Wweal@ut an off-board
navigation, which allows route calculation to be done on a server ashthgphone is used for
navigating the pedestrians on a pre-calculated route. The basisilercalculation on the server
has to be a pedestrian footpath network which is specificallyetedgat modelling the
environment from a pedestrian’s point of view. However, most of theat@isolutions use the
standard street network for route calculation.

Another important aspect is, that pedestrians can use navigatidiffésent purposes. We can
think of tourists using the navigation for exploring the sights ofita ar public transport
travellers using it for finding the stop for the next transpiartamean. Pedestrian navigation
systems have to be designed to consider these different situatiotws @ogtide users with the
possibility to adapt the application to their information and guidance needs.

A third crucial requirement is that pedestrian navigation should nolinbged to outdoor
environments. Especially in cities, pedestrians spend a lot of tthegr in different kinds of
buildings. Smartphone-based pedestrian navigation has all the pratesgtasprovide reliable
combined indoor/outdoor guidance.

Having the different aspects of pedestrian navigation in mind, B ghper we focus on
pedestrian navigation for public transport travellers. Wayfindinguivlic transport networks can



currently be accomplished by means of timetable information anthmodil journey planners.
As long as travellers are using the public transport network, a@ysixed in time and space.
The situation becomes complex [10] whenever travellers have to tleateansport network as
pedestrians for finding an address or changing to another meemsgpartation. In towns, the
situation of interchange mainly takes place in complex publicciné&ge nodes. Orientation and
guidance could help inexperienced travellers to navigate from one public trastepax another
or to find the most suitable exit on the way to a certain address.

Our concept for a multimodal travel assistance application on [Simozes combines two
modules. The first is a browser-based mobile access to a &asen- multimodal journey
planner which allows users to calculate multimodal routes betwigen gtart and end points.
The result is composed of individual trip segments with information apatof transportation
and estimated travel time. The second provides an off-board navigatiaoe that guides the
user on outdoor as well as indoor pedestrian routes. Both components gnagedt@ a mobile
application called the personal travel companion that can be adcésgs public transport
travellers whenever and wherever they want or need to.

The work presented in this paper was done in the Austrian researebt @pen-SPIRIT, which
is partly funded by the Austrian federal ministry of transport, innovation and tegjynol

The paper is structured as follows: First we take a look latece work. We continue with
describing the data model with focus on the modelling of buildings. dlh@wing sections
describe route calculation, guidance and positioning. We finish wpibces of implementation,
conclusion and ongoing work.

2. Related Work

We classify related work in the following categories: pedastmavigation pilot systems, outdoor
and indoor positioning technologies and conceptional models of wayfinding it pravisport
buildings.

In the project REAL [1] a hybrid navigation system for indoor and outdmer has been
developed. The indoor navigation component has been built with infrared titansmmiounted at
the ceiling of buildings, the outdoor component works with a GPSrsydte addition to the
different positioning technologies the REAL project deals with thesemtation of route
directions on different output devices. The NAVIO project [7] analypegor aspects being
important when designing a pedestrian navigation system for irmshmboutdoor environments.
The main parts of the project are integrated positioning technologies,aniigitia route planning
and multimedia route communication. One part of the project LoL@ dg3cribes the
cartographic visualisation of multimedia content on Smartphones.

Retscher and Thienelt [18] discuss suitable location technolowigsetlestrians. In their study
they test and demonstrate different positioning technologies $keellite-positioning
technologies, cellular phone positioning, dead reckoning sensors for measuoéineading and
travelled distance as well as barometric pressure sensdrsifft determination. Especially for
indoor positioning technologies, most of the prototypes are based onedhffAfLAN or
Bluetooth ([5], [11], [13], [22]). Whereas Infrared needs line of SigWitAN positioning needs
costly calibration and can not be accessed by typical SmartplRlonetooth positioning systems
are mainly server-based and thus require a costly installation procedure.

The human navigation and wayfinding process is based on concepts of humaiorcggti
[9]). Ruetschi and Timpf ([19], [20]) developed a conceptual model for describing ¥fiedvag
process in public transport stations. They differ between the nespade (the public transport
network itself) and the scene space (the nodes of the public transpeadrk, e.g. interchange



facilities). The scene space is modelled by the schematimetry, which is based on image
schemes [12] and affordances [8]. In another study Fontaine und Derirdl§ke the spatial
human cognition in subway stations. One of the results of the stublyseweral users is that
direction signs are important elements for the navigation and ndiyfj in public transport
stations. The signposts are significant elements for the or@ntt decision points. This result
is also confirmed in a requirement study of pedestrian navigation [16].

However, as far as we know, there is no existing pilot systenghwhbicuses on guidance of
public transport passengers in interchange facilities.

3. Data Modd

In this section we take a look at the data model which was dedignpddestrian navigation in
general but with a special focus on indoor navigation in public integehbuildings. Following
theoretical concepts of wayfinding ([19], [20]) we model buildingsh a logical representation
of the scene space:

. Building

. Floors

. Regions

. Gateways
. ltems

Buildings can be structured in different floors. A region is a @itespace on a single floor with
specific characteristics. Instances could be a room, an enthaticeogether with connected
corridors or an entire floor, depending on the desired granularityofsegre connected through
gateways that indicate possible transitions between them. Tym@patsentations are stairs,
elevators, escalators and ramps. Items are specific objeetdHe scene space and can be linked
to regions. Iltems can be used to model landmarks like signs and shepstorimation from the
scene space is mainly used to give users a detailed virtu@sespation of the physical
environment and to generate precise textual route descriptions.

For route calculation, map generation and navigation we have connectedithg hierarchical
model of buildings with a geographical model based on a coordinatensyi§te resulting model
is a hybrid location model [14]. All the regions are modeled with nartapping polygons, so-
called zones. Gateways have gateway areas (polygons) in timeregmn and target coordinates
in the destination region. The coordinate system was extended thitd parameter called level,
which indicates the floor of the building. Gateways are used fositrans between regions and
floors.

The pedestrian network is built of decision and orientation points anceségoonnecting these
points. Segments can have detailed attributes describing the ofativesfootpath segment. Iltems
from the scene space are linked to the directed footpath segamehtsan thus be used for the
generation of textual path descriptions. Orientation points are aseahchor points for the
navigation. The model is suited for outdoor environments as well. Regamseither be
determined automatically along the calculated footpath or regamslso be pre-defined, which
is suitable for town areas.

With this hybrid location model it is possible to do pedestrian raateulation, to use
information from the virtual representation of the scene spaceddtailed textual route
descriptions and map generation and to use the model for navigatisgals®y pre-calculated
pedestrian routes. Moreover, the model is the foundation for automati@piogjtalong the
route and indoor/outdoor transitions.



4. Route calculation

Multimodal route calculation is done between two points. These points bmagddresses,
specific points of interest or coordinates provided by an automatic positiontegisys

For route calculation an integrated routing network that is made upeopublic transport
network, the street network and the pedestrian network is used. iDrsmbietween the networks
take place at public transport stops.

The pedestrian footpath network is a graph-based network consistimgde$ and segments.
Each node or segment holds specific attributes that provideledetaformation for the
computation of the route as well as the generation of path descriptions.

Among other things the attributes give information about the typeeotégment. It can be an
ordinary path segment, a stair, an escalator, an elevatoramnp. With this information we are
able to realise a selective route computation on the basis sbraérdemands to optimise
interchange times, route complexity or walking effort [10]. Addh#lly, each segment can have
specific attributes indicating the direction of escalators ontilmber of stairs. This way we can
differentiate between stairs connecting floors and singlestteys that are hardly percepted by
normal people but form an obstacle to wheel chair users.

Another important factor for determining the ideal route is thme theeded for walking along a
specific segment. This value is not fixed but is dependent on the loserder to provide
personalized interchange times we use time factors togettieawonfigurable walking speed
that is part of the traveller's personal profile.

5. Guidance

We define guidance as an information technology based tool assistirgirjggein the process
of wayfinding, which means a purposeful interaction with an environment where the pigrfmose
reach a certain place or goal ([19], [20]). Our guidance system provides thariglkewvices:

» to select an optimised footpath according to the user’s profile givsarting point and a
destination (an address or public transport stop)

* to give instructions for pedestrians in order to optimise tié&r¢hange and to improve
their orientation .

» to select the most relevant information out of the sce B Aoz _
space based on the calculated footpath in order :
improve the interaction between wayfinders and the
environment

* to reduce the complexity of the pedestrian’s navigatiq
task by giving him a digital personal travel assistant
hand

Our system uses two guidance concepts: maps and textual
instructions. Tiny screens and scarce resources make the use of
maps on mobile devices a challenging task. We opted fof a
simplified presentation that includes only data that is relevant
for the chosen route like floor plans, walkable regions,
calculated route segments, gateways, signs and optignal = s Eenleiten
orientation marks. Therefore the maps are generated

dynamically out of the geographical model. For outdoor arebig- 1: Navigable mapson the
existing data like city maps or ortho-photos can be adopted. Smartphone

Regarding the instructions it was important to us to avoid simple turn-by-tamaciingns that are
solely based on geometric information of the form “Walk nine metgesght and turn left.”




Instead instructions should be more natural sounding and contain refeteragects in the
scene space in order to improve the interaction of pedestrians aadvinenment. Referenced
objects can be gateways, signs or orientation marks. The genefateurtie instructions is based
on a set of standardised text building blocks which allow us to crgapeopriate path
descriptions for most cases. For complex scenes it is possibik toanual route directions to a
specific path segment that will be integrated. This basic ga#itription is combined with
information from nearby landmarks and signs that are stored inafadate. This way it is
possible to reference signs that do not explicitly referedrdweller’'s destination but point at the
right direction. In this fashion we are able to automaticallyegge instructions like “Walk to the
lower end of the stairs marked with the sign ‘Neubaugasse’. Walk up the stairs.”

6. Positioning

The proposed system is able to guide travellers by a listeptby-step instructions. Manual
acknowledgement of passed route segments is necessary. Howevegelvibat automatic
positioning increases convenience of use and improves orientation.
For indoor positioning there exist numerous different approaches thagreatly in terms of
accuracy, cost and used technology ([11], [16]). In order to be applittabtair scenario we
determined the following criteria:

» to provide high enough accuracy to determine the region where the user is cumrently i

* to have broad support of end user devices (Smartphones)

» to work without (GSM-)network connection

» to be cost effective

* to require little installation effort
We opted for a Bluetooth based solution, because it met our requiremesttglosely. First of
all a great share of the Smartphones sold today
incorporate this technology and thus will support
automatic positioning without additional hardware on
the client side. Furthermore we felt confident to reach a
high enough accuracy for providing orientation and
useful instructions for the wayfinding process.
Most of the commercially available location systems
based on Bluetooth (e.g. [23], [15], [2]) use an
infrastructure of interconnected Bluetooth access points.
These access points permanently execute inquiries in
order to detect nearby Bluetooth devices. Once
discovered, their location is determined on the server
side and appropriate information is pushed onto the
detected device. In large public transport stations,
however, it would be very resource consuming or even
impossible to install a LAN interconnecting the access
points.
Our approach to a cell-based positioning system makes
use of a client-side inquiry and a set of passive
Bluetooth beacons. The Smartphone clients are
constantly looking for beacons in the proximity that
broadcast their unique ID. After receiving a beacon ID
the client looks up the associated position information in

Fig. 2: Bluetooth beacon and plan of
beacon positions



a list that is part of the building description. If all the refév@ata for an interchange building is
cached on the device, navigation will work without any network cororectihis is a crucial
requirement for underground stations suffering from low cellular network aqpeera

The beacons utilised for this project (BlueLon Bodytags [2]) havadjustable transmit power
which makes them very flexible, because we can control thesizell This way we are able to
adapt it to the needed accuracy or to the room topology at hand (i,eobm or corridor).
Ideally cell sizes should be selected in a way that the edwaea is not overlapping with other
beacons, otherwise this would result in an ambiguous position.

Due to the signals’ spherical propagation behaviour however, it isalm@ys possible to
completely separate individual cells (i.e. signals crossiogrfbounds). To overcome this
problem we exploit the data model’s hierarchical nature and use ldgevfeom the calculated
path as well as information known from history. In a first stepsert out detected beacons that
are outside the current

region. Furthermore we ca L Load beacon list for path

determine a sequence W@

beacons that will be passed
when walking along the
calculated route. If still more
than one beacon is seen and
one of them is the next
expected beacon, it IS found sgam \
assumed that the user most
probably moved one step

further along the way. Ltimeout searchi3
Likewise, if the next logical beacons]

beacon is not found but the User decision:

one following thereafter, we . Recalcuute route from mare oY Kfown beacen
consider one beacon has
been skipped.

Another challenging
characteristic of the
Bluetooth technology is the rather long delay from enteringp\ace’s transmit range until its
actual detection. This can take up to 13 seconds and imposes a lowernddoadisable cell
sizes, because a user may have passed the beacon without detddtingver, most of the time
beacons are found within the first five seconds [21]. Practidsl bkes’e shown that restarting the
inquiry after this duration yields higher detection probability. Tige with the fault tolerant
mechanism outlined above we achieved a usable cell size of downdteds which is sufficient
for providing useful route instructions.

Outdoor positioning is supported as well through the use of a GR8eareicecombination with a
route matching algorithm. Automatic transition from indoor to outdoor @& versa is achieved
through tagging regions with information on the positioning system. agpsoach works well
for outdoor to indoor transitions, where the navigation application simpbounects from the
GPS receiver and starts searching for Bluetooth beacons. Whamgleabuilding and entering
an outdoor area however, we are facing the problem that currentlgtde GPS receivers need
an initialization time of about 30 seconds up to several minutes te@dalreliable position. We
try to address the problem by pretending to the user he isaotigghoving along the calculated
route until we are able to determine the exact location. In maseofases this behaviour will
lead to better results, because there is the chance of leaving the shadowledrgeaalk.

2. Inquiry for beacon 1

[beacon 1 found]
3. Inquiry for beacon 2

[beacon 2 found]

]
llI [timeput searching
v for beacon 2]

\

4. Inquiry for beacons on path

Fig. 3: Schematic overview of Bluetooth inquiry



7. Implementation

In this section we give some implementation specific detailherprototype application called
the personal travel companion. The application is split up in a seideiand a client side part.
For the multimodal trip planning on the server-side we use tharatal Journey Planner [17].
This service was adopted for calculating pedestrian routepramiling maps, path descriptions
and data of interchange buildings. Communication between client and server @rseésvdone
via XML. Maps are delivered as geo-referenced bitmaps and canibepsjph single tiles in
order to improve loading times.
The client running on the Smartphone is realized with J2ME. Thelttorm was the Off-the-
Shelf Smartphone Nokia 6630. A micro browser is used for interactidntiétjourney planner
and rendering server-generated pages containing
Navigation | an XML-based markup language . The markup
Ul ®  pages may contain anchor elements for small
MVC API functional modules called Smartlets that extend the
browser's  functionality.  This  mechanism
guarantees a trade-off between server-generated
user interfaces where design and content is easily
exchangeable and additional functionality which
allows for better use of local resources.

Micro
Browser Smartlet Navigation
Handlers Smartlet

1/F
Smartlets/
Services

Service || eTicketing| Location
Manager | Service Service

APIs

Wireless | Bluetooth The navigation module called Navigation Smartlet
Local Data Messaging API API . . | dt | | dat h f
Cacho FieConnection] Location is implemented to use a local data cache for
API API accessing trip data. The cache decides whether trip
HTTP data is locally available on the Smartphone or it

has to be fetched from the server. This mechanism
allows for preloading of data for a whole journey
or at least parts of it. The Navigation Smartlet then
gets the user’s position from the location service
that is fed by several location providers. Once the
traveller’'s position is known the Navigation Smartlet determihesassociated region and route
segment and presents the map and route instructions to the user.

| GPS || Bluetooth || GPRS || 3G |

Fig 1. System architecture of the J2M E-Client

8. Conclusion and ongoing work

Smartphone-based pedestrian navigation can provide orientation and guidanoéy to public
transport travellers. During summer we conducted a small useryswith an early prototype of
the personal travel companion and an amount of about 20 participants. tétienical
proficiency ranged from sketchy to profound.

The participants were asked to navigate along three pre-cattulaiées, one of which was
located completely indoors, one led from an outdoor starting point to an iddsimation and
one incorporated an indoor to outdoor transition. Most people found the provided riaph$ons
orientation. The automatic transition from indoor to outdoor or vice veesaon of the most
astonishing features. Although we were facing some technical problemsrtibpgats liked the
idea to be continuously guided from a bus stop to certain rooms inside buildings.

We are planning a larger survey in the Vienna underground tegmarsMatzleinsdorferplatz in
the middle of October in order to test the system in a largérstdting and to get profound
feedback from a larger group of participants.
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