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Abstract -This paper discusses requirements for seamless
personal navigation services. By seamless navigation we mean
seamless transition from outdoor public transport and car
navigation to pedestrian navigation in densely built areas and
indoors. Indoor positioning methods are evaluated. A suggestion
for an accurate city centre and indoor map format and data
distribution is presented.
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I. INTRODUCTION

Seamless navigation is a term which describes universal
navigation systems, where transitions between different
navigation modes and services are, more or less, seamless for
the user. Switching seamlessly from passenger car navigation
to pedestrian navigation and further indoor navigation is not a
simple task. Integration of services is needed to cover all these
situations. This paper discusses positioning and mapping issues
that should be solved to make seamless navigation possible.

A navigation application needs to give answers for three
questions:

Q1. Where am I?
Q2. Where is my destination?
Q3. How do I get there?

At minimum, we need a terminal with positioning
capabilities and an electronic map. Along with position
coordinates, orientation and viewing directions are relevant for
guidance.

To answer to the third question, we need an electronic map
suitable for route planning and information of transportation
means and timetables.

Navigation system markets are today in car navigation and
fleet management systems. Building a basic navigation
application is easy, because GPS (Global Positioning System)
is in wide use and there are also electronic maps available from
many content providers.  Furthermore GPRS or its future
implementations and mobile Internet can offer cost effective
means for data update and transfer between a mobile device
and a server.

Recent years have seen an increased interest in navigation
aids for pedestrians. The most important barrier to pedestrian
navigation has been the lack of suitable terminals.
Development of mobile devices with programming

capabilities, high-resolution colour screens and feasible
wireless data transfer technologies has made navigation
applications possible at a reasonable cost.  GPS positioning and
speech user interface are however not yet available for main
stream mobile phone models.

II. POSITIONING TECHNOLOGIES

A. Outdoor Positioning
The Global Positioning System has been used in outdoor

navigation for over a decade. There are a lot of receivers
available and the technology is well known and mature.
European GALILEO [1] is coming in use in 2008. The
availability of two or more satellite systems, more than
doubling the total number of available satellites in the sky, will
enhance the quality of the services. In addition, Russian
GLONASS is getting new satellites [2] and may come operable
again.

All these systems are under continuous technical
development, so the availability and accuracy of satellite
positioning will improve especially in the cities, where so
called urban canyons (large buildings) block the signal [3].

The receiver technology is under rapid development.
Receiver power consumption and size are being scaled down
for mobile phone use. Also the sensitivity and Time to First Fix
(TTFF) performance need to be improved. In pedestrian
navigation the receiver should get a location fix as fast as
possible after leaving a building. Today a typical cold start (the
receiver is turned on inside a building and has no recent
positioning data) will take about 45 seconds. Preferably the
location fix should be maintained inside a bus, car and a tram,
even if the receiver is in the user's pocket. The best commercial
receivers are already close to this level of sensitivity.

Cell phone manufacturers are ready to integrate GPS in main
stream mobile phones when the market and background
information systems (maps, public transport information etc)
are ready. However, navigation features are also a challenge
for mobile phone usability.

B. General Use Indoor Positioning
Because satellite positioning has not been possible indoors,

there are several other technologies proposed for indoor
positioning: ultrasound, infrared, radio waves, RFID, inertial
sensors etc. The attainable accuracies vary from a few
millimetres to tens of meters.



2

Positioning indoors is not necessarily a technical problem; it
is more often a financial problem. Because large installations
would be needed, the investment to the positioning
infrastructure must be profitable. Applications that can fulfil
this demand are rare and special cases.

The main difference between indoor and outdoor navigation
is that outdoor navigation has GPS as a standard method for
positioning and maps are standardised. This is not the case with
indoor applications. The technology used for positioning can
vary from place to place and even systems based on the same
technology may not be compatible with each other.

The most potential technologies for indoor positioning are
those that can offer also other functions than positioning, such
as data transfer, to make the investment profitable. In addition,
mobile terminals have to be able to utilise this technology.

The best candidates today for general use indoor positioning
are Bluetooth and WLAN. UWB (ultra wideband) is still at
early stages and not applicable today, but it has future
potential.

Another interesting trend are the ultra-sensitive GPS
receivers [4,5] and assisted GPS (A-GPS) systems [6]. If these
technologies can bring satellite positioning available inside
buildings, interest to other technologies will decrease, even if
the achieved accuracy would be just the information that the
user is somewhere inside the building.

Pseudolites [7] (pseudo satellites) need currently a special
GPS receiver software and the infrastructure is used only for
positioning. However, when future advances in satellite
positioning leave only small spaces without positioning, these
gaps could be filled with pseudolites. Otherwise, the
technology doesn't seem a probable choice.

The positioning accuracy of satellite based systems inside a
building will probably be around 20-30 meters. It depends on
the application, if this is adequate.

C. Bluetooth Positioning Issues
Bluetooth is a promising candidate for indoor positioning. It

has become more or less standard interface for mobile devices.
Bluetooth SIG will soon release the first official version of

Bluetooth Local Positioning (LP) Profile [8]. It deals mainly
with coordinate data exchange between devices, not with actual
positioning system architecture.

Establishing a Bluetooth connection between two devices
usually takes several seconds. In addition, continuous inquiry
of other Bluetooth devices consumes a lot of power, which is
not desirable with mobile terminals.

Positioning systems based on Bluetooth should rather be
beacon based where stationary devices with continuous power
source make the inquiries. Combining inquiry results from
several Bluetooth access points would also make possible to
follow the mobile phone and improve positioning system
capabilities.

However, the LP profile is based on the client side making
the inquiries, probably because of security issues. If a server
could initiate a connection without the user accepting it or a
positioning system would be designed to actively follow
individuals in the area, this could have potential problems. On

the other hand, it doesn't seem likely that the client would have
enough power for continuous inquiries. A secure and power
efficient compromise needs to be sought.

There have been proposals that mobile Bluetooth devices
could exchange positioning information [9] peer to peer. For
example a device could ask another if it has positioning
information. Care must be taken, because the exchanged
information may not be valid or may be corrupt.

If the error is initially assumed to be 10 meters, it should be
increased by 10 meters every time the information is passed to
another device.

In current applications, the positioning accuracy depends of
the cell size, usually a 10-meter radius. Thus, the error can be
assumed to 5 m (50 %) or 10 m (95 %). A possible error source
is the accuracy of pre-programmed coordinates.

The distance from Bluetooth access point has been difficult
to estimate as e.g. Bluetooth's received signal strength indicator
(RSSI) value is not distance correlated [10].

D. WLAN Positioning Issues
WLAN is not as common feature in mobile devices as

Bluetooth. This is mostly because of higher power
consumption. However, devices with large screens and good
programming capabilities often have also WLAN. For
example, Nokia's new Communicator 9500 has both Bluetooth
and WLAN.

WLAN is often available at those indoor locations where
positioning might also be wanted. Such places could be
airports, city centres, fairgrounds and industrial sites.

There are already commercial indoor positioning systems
available based on WLAN technology [11].

Systems based on access point signal strengths and
triangulation need to read the RSSI values from WLAN
module. Therefore there is need for standard RSSI API with
normalised RSSI values to make all WLAN cards compatible
with positioning systems.

Positioning engines are also company specific, therefore a
protocol is needed to exchange RSSI values and positioning
information between the client and the server.

For a navigation application, it should be possible to use a
positioning system without having to log into a network or the
login should be possible to automate.

Data transfer applications do not need as many access points
as accurate positioning. Data transfer requires only one AP,
when accurate positioning needs at least three APs. Therefore
cell-id based positioning is more realistic approach than
triangulation.

Future developments of WLAN standards introduce variable
transmit power. As a result, the systems based on mapping the
measured signal strengths will have poor performance.

III. SEAMLESS POSITIONING

The basis of seamless navigation is seamless positioning. A
system must be able to detect and utilise available positioning
systems. If there are several positioning information sources
available, the system must have an ability to select the best of
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the sources or utilise data fusion methods to deliver single
positioning information to the navigation application.

There is a need for an application independent positioning
API, preferably at operating system level. It would be
recommended that the positioning system always gives
absolute coordinates with error estimate instead of geocoded
reference information or relative coordinates. Geocoding
requires databases and this task should be left to the navigation
software.

There are several research projects like ALIPES [12],
NEXUS [13], Location Stack framework [14] and Location
API for J2ME� (JSR-179) [15], which take into account the
possibility of having several different positioning systems.
Jeffrey Hightower and his research group have published a
Java software library, which can be downloaded from the web
[16].

Integration and comparison of different position coordinates
require that they have the same reference system or they can be
converted to a common reference system such as WGS84.
Another important factor is that the positioning error estimates
should be comparable. Otherwise, comparison and fusion of
the positioning results is difficult.

 Figure 1 represents our prototype application, which
integrates GPS, WLAN, GSM, Bluetooth and sensor based
positioning systems. A Compaq iPAQ with two PCMCIA
cards and one serial port is used as the platform. The system
uses a simple voting scheme to select the best available
positioning source for the VTT LANS (Local Area Navigation
System) indoor navigation application. It should be noted for
example that GSM positioning alternated with WLAN. GSM
positioning was unavailable when WLAN was active because
of the WLAN/GSM card properties.
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Fig. 1 Schematic diagram of VTT prototype positioning system which integrates GPS, WLAN, Bluetooth, GSM and
sensor based positioning (compass, pedometer and altimeter) to Compaq Ipaq PDA.
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Voting was based on error estimates and the age of the last
fix. This method was chosen for its simple implementation and
for the heuristic assumption, that the best result is not a mean
of the available positioning results. There are alternative sensor
fusion methods like Kalman filtering or particle filtering,
which are applicable in the fusion layer.

Experiments showed that integration of several positioning
systems and seamless switching between them is possible. In
real world applications the typical approach is to combine GPS
with one indoor positioning method at a time. The problem is
how to detect and utilise a positioning system in unknown
environment, especially if the indoor positioning systems are
company specific. Continuous scanning and inquiry is not
possible because of restricted power capacity of a mobile
terminal. Our prototype consumes quite a lot of power when all
systems are active, so operating time is too short for most
applications.

One potential approach for personal positioning would be to
use an external device that integrates GPS with e.g. 3D
compass and accelerometers and to have this device
communicate with mobile phone over Bluetooth.

Some special user groups such as the visually impaired
would benefit from the extra accuracy provided by compass
and pedometer (steps measured from accelerometer data).

IV. MAPS

One can not navigate without a map or at least a description
of route or surroundings.

A lot of work has been put to accurate positioning but it
seems that indoor maps or even accurate maps of city centres
have not been an important issue at all.

A. Local Areas
The term Local Area is used here to describe an area where

accurate and often dynamic information is needed to
accomplish different navigational tasks. Such areas could be
for example airports, fairgrounds, shopping malls and
industrial sites. A more familiar term with nearly the same (but
a more limited) meaning is Area of Interest (AOI). Inside an
AOI the road map is complemented with extra information
about the area: text, images and possibly web pages.

Traditional electronic road maps lack detail when navigating
in city centres of inside a building site, and their update period
is usually several months.

There is need to switch to a map with higher detail when
inside an area of interest. However this kind of functionality is
rare in navigation systems as it would usually require a change
between two map databases and route planning systems. The
transition may be problematic.

Local area maps can be created of both indoor and outdoor
locations. It requires that problems concerning creation,
distribution and usage are solved and standardised. We propose
a distributed concept as in figure 2.

B. Local area map creation process
 It is easy to create a simple map. The simplest solution is to

take a raster image of the area. However, a map more suitable

for navigation would also include information of locations,
services and routes, maybe even several images and sound
files. Currently there is no suitable map format directly for this
purpose.

Often there already exists a guide map of the area or the
building. This is the case with museums, fairgrounds and
airports for example. These maps just need to be modified into
a navigational form, where it is possible to plan simple routes
and search location based data.

Data for outdoor maps is collected and published by (often
international) companies. Who is willing to collect, update and
publish data for a single building or small area? It is probably
not a profitable business, at least not in the beginning. At the
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moment the only answer is the owner or operator of the
building or area. For this work there should be easy-to-use map
creation tools (preferably free of cost) available. The result
document should be suitable for many different purposes. The
format should be scalable from a simple information document
pointing out the most important points to a full navigational
map.

C. Distribution
Distribution of the maps is another problem. If the creation

process is distributed, publishing should also be distributed.
The creator can publish the map directly in the www or there
could be specialised map servers for searching and collecting
the data. Alternatively, it could be part of the web-site of the
target building, for example a shopping centre or airport.

There is lot of good work done and the creation of an indoor
map standard could be merely picking up the most suitable
collection of mobile and www standards.

D. Application
A local area document or an Area of Interest Document is a

description of the target location. Search of these documents
can be based on location coordinates, location name, address or
particular service.

The information document is used in a navigation service or
in a browser. It is up to the application to provide a user
interface suitable for the purpose and user group. The
information could be presented as images, text or speech, and it
could be used for guidance, maintenance or fire and rescue
purposes.

The local area document could even include small programs
for accessing the data, e.g. route planning software for the area.

V. THE NOPPA PROJECT

The visually impaired are a user group benefiting greatly
from seamless navigation services. In NOPPA pilot project
[17] (2002-2004) we are developing a navigation and guidance
system for the visually impaired. The system is capable of
giving guidance when travelling with public transport (bus,
tram and train), on foot, and also inside a passenger car. It has
data from four cities.

The NOPPA navigation system includes area and point of
interest information from a couple of passenger terminals and
buildings. Basic indoor navigation capabilities are being
constructed for two test sites.

VI. CONCLUSIONS

Until outdoor pedestrian navigation becomes more common
the users for seamless and indoor navigation are few. This will
take at least a couple of years.

As long as there are no standards for indoor maps or
positioning, the applications are just for special purposes. Maps
of buildings and for example of amusement parks require
agreements on how to distribute the information in a form
usable in mobile phone navigation systems. A structured
language for describing the indoor and densely built outdoor
areas is required.

Seamless positioning will be probably based on satellite
positioning combined with a couple of aiding technologies.
Currently WLAN, Bluetooth and inertial navigation are the
most likely candidates to support GPS. Investments in plain
positioning infrastructure are currently not as cost-effective as
technologies providing both data transfer (or some other
primary function) and positioning.

In VTT's LANS concept we have tried to solve some of the
presented seamless navigation problems, but it is still a concept
and not fully proven in real world applications.
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