








A particularly powerful auto -
nomous combination is the use of
inertial step measurements in
conjunction with map informa-
tion. The researchers at DLR have
demonstrated that such a system
can converge to the correct posi-
tion after less than a minute of
motion.

DLR has developed a two-layer
real-time sensor fusion platform
that operates with a Kalman fil-

ter for the stride estimation, and
which fuses other sensors and
maps at a higher-level, lower-
rate, particle filter. The platform
is computationally efficient and
flexible enough to join data from
a variety of heterogeneous navi-
gation sensors. In buildings, a
few dispersed RFID tags or even
moderately GNSS reception can
significantly aid the overall posi-
tioning.
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Future indoor
applications
Once the indoor navigation
problem is solved technically,
a plethora of novel indoor ap-
plications becomes feasible:
Precise monitoring and guid-
ance of rescue teams, fire-
fighters, and other relief units
as well as, amongst many
 others, interactive museum
guides, personal travel assis-
tance, sports applications,
and assisted living for elder
people.

The WayWatch is DLR’s
application target for
personalised naviga-

tion. It will show not
just time, but also

the way to go in
form of picto -

grams showing
the next steps
on an itiner-
ary, such as
how to get to
the right de-
parture gate, to
a certain office
room, or to a
product in a
depart ment
store.

Combination of personal 
dead-reckoning and map-matching

DLR’s
prototype
of a shoe
with built-
in MEMS
inertial
sensors

The use of fully self-contained in-
ertial sensors is promising for
pedestrian navigation, in particu-
lar for indoor applications. Two
basic approaches can be distin-
guished.

The pedometer approach em-
ploys an accelerometer for de-
tecting individual steps whilst the
stride length and stride direction
are themselves estimated using
additional sensors, such as
GNSS, or a priori information.
Given a detected step, its length
and its direction, a person’s posi-

tion can be determined by dead-
reckoning. The latest approaches
are based on full inertial naviga-
tion with six degrees of freedom.
miniature foot-mounted inertial
platform comprising triads of ac-
celerometers and gyroscopes is
used to dead reckon via a conven-
tional inertial navigation algo -
rithm.

Rest phases of the foot, which
are detected from the accelero -
meter signals, trigger zero-veloc-
ity (virtual) measurements that
are used to update an adjoint

Kalman filter (ZUPT). Due to the
regular ZUPT measurements it is
possible to estimate and correct
the drift errors, which accumulate
in the inertial navigation solution.

It was shown that this approach
can achieve a very good perform-
ance of only 1% to 3% of travelled
distance even with today’s low-
cost micro-electro-mechanical
sensors (MEMS) because the
ZUPTs are commonly so frequent
that errors build up only slowly
during each step the pedestrian
makes.

Low-cost inertial sensors for personal dead-reckoning

Dead-reckoning performance
when using foot-mounted
MEMS inertial sensors at the
Institute of Communications
and Navigation of DLR.

applications. Each application has
its own constraints. No single so-
lution is expected to fit all these
constraints. For example, an emer-
gency service can provide the floor
of a person in trouble and the
room; the user’s device will be low
in cost; infrastructure to support
localisation cannot be used; the
service needs to be globally oper-
ational.

On the other hand, in industrial
applications, robots or goods will
be located with sub-dm precision;
the technical solution can be more
expensive, proprietary and local;
infrastructure is feasible.

The technical solutions encom-
pass the use of pseudolites, ultra

wide band (UWB), the use of mobile
radio signals, RFID, Bluetooth, and
WLAN together with fingerprinting.
Amongst others dedicated indoor
solutions are the systems Active
Badge, Cricket, LEASE, Topaz, and
the Thinking Carpet.

The Institute of Communications
and Navigation of DLR focuses its
indoor navigation activities on tech-
niques for applications where peo-
ple are on the move. DLR therefore
investigates promising approaches
that apply several sensors together
with GNSS: inertial systems (INS),
compasses, RFID tags, and alti -
meters; furthermore, appropriate
movement models and maps are of
great importance.

Pedestrian movement models can
be used to predict the human be-
havior. The aim of such models is
to characterise pedestrian move-
ment as closely to real life as pos-
sible. A movement model that truly
imitates the real pedestrian move-
ment can be used for society plan-
ning, evacuation plans, buildings
construction, human-like robotic
movement and indoor/outdoor nav-
igation.

Human movement can be de-
scribed in terms of physical pa-
rameters like speed, direction and
as a result the position. However,
speed and direction are affected by
several human states. For exam-
ple, a pedestrian trying to catch a
train is faster than a pedestrian
who is shopping.

Examples of other parameters
that affect pedestrian movement
are age, activeness, arousal and
emotions. Some of these parame-
ters affect movement more than
the others. Building layout also
very much affects the movement of
the pedestrian. It is clear that a
pedestrian can not walk through a
wall.

Movement constraints that con-
trol these physical parameters are
categorised into two groups. The
first category includes parameters
that can be determined accurately,
such as age, weather, time of day
and weekday, as well as parame-
ters that can be derived from
 external data, such as ground
steepness or obstacles at the

pedestrian’s position. The second
category encompasses parame-
ters that vary according to human
behaviour. Examples are activity,
disorientation, activeness, arousal
and emotions.

The movement model is a pre-
requisite in the Bayesian algo-
rithms that are applied in DLR’s
sensor fusion algorithms. The pre-
diction stage depends entirely on
the movement model to predict
where the pedestrian will most
likely be at the next time step. With
a good movement model, one can
predict accurately the position of
the pedestrian at the next time
step. This will decrease depend-
ency measurements for estima-
tion.

It will also allow the system to
take correct decisions regarding
the position of the pedestrian at the
prediction stage, since we will have
less contradiction between the pre-
diction and measurements later
on. According to the application,
different implementation types of
movement models may be used.
For example, one may use a statis-
tical model for people who are
shopping.

On the other hand, a more deter-
ministic model is adequate for nav-
igating people. Additionally, special
movement actions have to be con-
sidered for specific applications.
For example, a movement model
for firefighters or rescuers has to
consider special actions such as
sliding, jumping and rolling.

The role of movement models on predicting
human behaviour

Application
constraints
Today, it is a common understand-
ing in the scientific community
that global navigation satellite sys-
tems (GNSS) alone are not suffi-
cient to provide accurate indoor lo-
calisation. Other techniques or
additional sensors should be con-
sidered. There are a variety of
 alternatives, each with different
features in terms of costs, infra-
structure requirements, accuracy,
volume, stability and privacy con-
straints. Myriad applications also
exist, ranging from warehouse lo-
gistics to emergence services and
from professional to mass-market

These features of the propaga-
tion mechanisms have been ob-
served by many research ers. The
detailed results of wideband in-
door measurements show a large
dependence of the power delay
profile on the room layout, fur-
nishing and type of construction
material.

It is reported that even small
metallic obstacles like window
handles result in a reflective and
diffractive source for electromag-
netic waves. Similarly, it was no-
ticed that rooms that are equipped
with a lot of metallic objects like
factory plants yield a substantially
larger delay spread. Directivity of
waves in corridors, as well as pre-
ferred directions of  incident waves
through less absorbing materials
like doors or windows compared to
walls, has been observed by many
measurements.

All these effects are easy to ex-
plain. But the problem remains,
that the large variety of different in-
door environments results in a
large variety of effects on the sig-
nal propagation.

Therefore, it is very hard for
satellite navigation receivers to
cope with these highly variable
propagation effects.

GNSS:
3D-PVT;

Mobile
communications:

2D-P
Long-term stability, short-term errors

Optimal sensor fusion
algorithm Pedestrian

Movement Model:
Some short-term assistance

Barometer:
Altitude change;

short- to mid-term stability,
long-term errors

INS: Orientation change (3D),
velocity change (3D);

very short-term stability,
long-term errors

Magnetometer:
Orientation (2D or 3D);

long-term stability,
short-term errors

Combining complementary sensors
Positioning in buildings and other environments will not only require a combination of sensors, but also
other information such as building plans in order to provide a high level of accuracy. Sensor fusion ap-
proaches that combine several complementary sensors such as GNSS, mobile radio positioning, WLAN,
RFID, foot-mounted inertial sensors, electronic compasses, baro-altimeters, and maps are promising can-
didates to solve the indoor positioning problem. A central role here is played by the development of optimal
sensor fusion algorithms, which make a joint system superior to the sum of its components due to syner-
getic effects arising from the complementary properties of the respective sensors and subsystems.

Personal navigation sensors and their properties

RFID, WLAN: 3D-P
Long-term stability, short-term errors

3D maps (map matching):
Long and short-term assistance in buildings

Step counter INS:
Estimation of step

sequence and length:
Long-term stability

Foot-mounted INS:
With Zero Update (ZUPT).

Velocity: Long-term
stable, position error

linear in time

Long-term
accuracy

Maps and
movement

Attitude /
orientation

INS /
measurement

3D

Stride ● Rest phase
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A turning point for
location-based services

Whether it’s a business trip, holiday getaway, or just an afternoon
outing, travelling to uncharted environs usually rouses the desire

to become more familiar with one’s surroundings. Experts  estimate that
the number of GPS-enabled devices sold will increase 18-fold over the

next five years. In 2007, this number was  already 175 million.

More effective use of
advertising budgets: 
personalised advertising

Still more intriguing are  op -
portunities in placing targeted
advertising. Personalisation en-
ables the midmarket in particu-
lar to address local target groups
in a highly specificmanner, even
on tight budgets.

With new digital media like
SkipRadio, users can put to-
gether personalised radio pro-
grammes for their mobile phones
or USB sticks. Targeted advertis-
ing can also be inserted into
these channels in tandem with
speciality programming or based
on the listener’s location or des-
tination. At the push of a button,
customers can then proceed to
the corresponding product offer,
contact the provider, or add an
item to their shopping cart.

These media present never-
before-seen marketing poten-
tial – particularly to small and
midsize companies with prod-
ucts tailored to local target
groups.

Clearing away the fog
New technologies are presenting
the midmarket with a number of
ways to optimise processes and
target customers with new prod-
ucts and services without break-
ing the bank. Need a tip? Dive
right into the Internet and get to
know these services. You’ll come
up with ideas for your own busi-
ness developments in no time.
www.skipradio.com

Wolf Kunert is managing
 director of Mobile Solution
 Factory GmbH
www.mobilesolutionfactory.com

From the cloud:
connected navigation

The term “connected navigation”
refers to the practice of outfitting
mobile phones with navigation
functions and sending and re-
ceiving information with naviga-
tion devices. Data on where a
person is and where he or she is
going can be utilised for targeted
product placement.

In the cloud:
portals and communities
Web communities now offer the
best and most cost-effective
means of reaching customers
with products based on certain
situations and interests. The
combination of various functions
and providers is producing new
applications and giving rise to a
new trend: cloud computing.

In the cloud:
corporate applications
Consumers are not the only ones
shifting important functions and
data from their own computers
to the Internet (“the cloud”).
Companies are also finding the
cost, availability, and flexibility of
such solutions attractive.

Cloud-hopping:
Mashups
Mashups provide simple meth-
ods of using data and functions
in the cloud for one’s own unique
applications. Emerging tech-
nologies are causing small and
midsize companies to take notice
of such solutions, as well – such
as for integrating field personnel. 

Sales of portable navigation devices surpass 3 million mark

Sales volume Germany Turnover Germany

Number of portable navigation devices
sold in Germany, in million devices

Turnover of portable navigation devices
in Germany, in millions of Euros

forcase source:

MOBILE
 SOLUTIONS //

●●
●●

The field of mobile navigation has
existed in Germany since the mid-
1990s. In 1997, the Bosch company
was already presenting market-
ready systems with detailed maps
(enabling special uses, such as for
golf courses) at the ITS World Con-
gress in Berlin. Significant market
penetration, however, was first
achieved by nomadic devices. Mo-
bile navigation devices for cars
have already become a classic ex-
ample among GPS applications. In
2008, Germany will witness the
sale of a projected 3.2 million de-
vices – an increase from two mil-
lion in 2006 and around half a mil-
lion in 2005. In terms of revenue,
the market for such devices
reached the billion-euro mark for
the first time in 2007.1

1. No medium of communication is
as personal, ubiquitous, and reach-
able as the mobile phone.

2. Advertising on mobile phone dis-
plays offers a number of advan-
tages: seamless interaction across
media, no divergence loss, above-
average response rates, and effec-
tive monitoring of advertising im-
pact.

3. Mobile phones equipped with
GPS receivers make location-
aware services possible, increas-
ing utility for the customer.

Five maxims of
success in mobile

marketing 
by Gerion Wolff, MATERNA

4. When applied consequently,
technical elements like 2D bar-
codes (tags) can aid the distribution
of required software and further
enrich mobile marketing.

5. The prevalence of unlimited data
packages is also key to the success
of mobile marketing.

www.materna-communications.de 

Increasing along with the de-
mand for GPS devices is the inter-
est in new location-based services.
Such services have already existed
for a number of years, but have not
yet had the success many initially
anticipated. The market has now
reached its turning point: the num-
ber of customers utilising location-
based services is projected to grow
from 16 million in 2007 to more
than 43 million this year – an in-
crease of just under 168 per cent.
Location-based services are no

longer just about traditional navi-
gation – finding out where you are
and how to reach your destination.
The focus is rather on enriching the
current location of a person or ob-
ject with content and information
on value-added services. In doing
so, location-based services collect
data on the current environment,
whether between skyscrapers,
pedestrian areas, or on the golf
course.
www.bitkom.org
1 Survey conducted for BITKOM by the GfK

Connected navigation
Midmarket opportunities from and

within the cloud

Location awareness is the current
buzzword concerning the use of
GPS on mobile devices. The Mobile
Solutions Session on October 22nd,
3:30 pm–5:30 pm seeks to high-
light the market potential of inno-
vative, location-based information
and introduce solutions and busi-
ness models for various mobile
devices.

A property matching
your search enquiry is

located 3 km away.
Press “Continue” to

 receive directions from
your current location.

SkipRadio – a user-friendly car-infotainment system for mobile phones,
navigation systems and on-board computers.
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