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(57) Abstract: A method for locating an electronic mobile device capable
of wireless communication, the method comprising obtaining a probability
map structure for the area of interest, said probability map structure associ-
ating environment data values, preterably including cellular network based
data, with location data, obtaining a number of probabilistic temporospa-
tial motion models for different types of motion, said models at least partly
defining transition probabilities between location estimates relative to
time, obtaining at least environment data captured or determined by the
mobile device at a plurality of sequential time instances, and determining
the most probable location estimate of the mobile device based on combin-
ing probability data from both the probability map structure and said mo-
tion models, wherein the at least environment data is best fitted in the mo-
tion models and probability map structure according to predefined criteria.
Related two arrangements and a computer program are presented.
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METHOD AND ARRANGEMENT FOR LOCATING A MOBILE DEVICE

TECHNICAL FIELD OF THE INVENTION

This invention relates generally to locating mobile devices comprising mobile
positioning or positioning-enabling technology. More particularly the invention
relates to solutions for determining a location of a mobile device in which the
locating is based on captured or determined environment data.

BACKGROUND OF THE INVENTION

The need for locating a mobile device or its user may come from the user de-
siring to know one’s own location or from an authority for which the information
about the location of a person has become important for some reason, e.g., in
a case of emergency.

Location tracking devices and other such mobile terminals, e.g. smartphones
or other hand-held or wearable apparatuses, may comprise cellular communi-
cation functionality such as a transceiver for collecting cellular data from near-
by cells/base stations, e.g. indications of signal strength, and reporting it to a
receiver at the remote location, and most typically, a satellite-based location
determination functionality, e.g. a receiver and related positioning logic for
global positioning system (GPS) or GLONASS (Global Navigation Satellite
System) satellite positioning signals.

To determine a location based on utilizing a satellite signal such as the GPS
signal, a GPS receiver must have current almanac data and ephemeris data
from at least three appropriate satellites and an initial estimate of its location.
However, the associated signal coverage easily suffers from interruptions
caused by landscape obstructions such as geographic features, buildings or
related urban canyon, trees, etc. Because mobile devices are often operated in
positioning-wise challenging environments, such as cities and urban areas,
wherein GPS or generally satellite navigation signal reception will be intermit-
tent, this can result in poor performance of the location tracking system based
thereon.

There are some supplementary technologies developed to tackle the weak-
nesses of GPS-based existing location determination technology at location
tracking devices such as GPS-equipped mobile terminals. One proposed
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method is assisted GPS (AGPS) to update the almanac and/or ephemeris data
in order to improve performance of the associated devices. AGPS systems ex-
ploit remote terrestrial stations in locations in which good reception of satellite
signals is expected and assistance data established based on signals received
thereat are then transmitted e.g. via a cellular communication network to the
mobile terminals.

The start-up of a GPS-receiver typically requires the initial estimate of its loca-
tion and this process takes several minutes. In order to speed up the start-up
of the GPS-receiver, the remote/mobile terrestrial stations can produce assis-
tance data based on identifiers of cellular network base stations and time delay
data received from the cellular network base stations, and this data is used to
improve the initial location estimate.

The location estimation procedure described above takes into account assis-
tance data that includes ephemeris data received from satellites and identifier
and time delay data from the cellular base stations. Despite of its obvious ben-
efits in certain use scenarios, it may also easily result in inaccurate location es-
timate because certain environment obstructions and their influences are ig-
nored during the process. The location estimation described above is based on
performing an analysis of the location of the mobile terminal with respect to the
locations of the base stations and therefore if the exact base station locations
are not available the resulting location estimates become distorted. The loca-
tion estimation procedures described above do not estimate for each cell a lo-
cation of a base station or a coverage area of the base station (area reached
by the radio signal). Yet, the location estimation procedures described above
don’t make any estimation of a type of the cell with regard to landscape and
cityscape, etc.

WO 2010/055192 discloses a method and system for positioning with en-
hanced accuracy. The suggested solution yields excellent results based on
first collecting, from a number of terminals devices, positioning data such as
GPS data and environment data including e.g. cell data during a modelling
phase to determine covered area estimates of cell network base stations,
whereupon during a locating phase the mere environment data suffices for ac-
curate positioning due to the available covered area estimates with various
supplementary data.
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In US 2013/00879039, the solution of ‘192 is developed further by adding ver-
tical information to the position estimates to obtain true 3D (three dimensional)
positioning.

Notwithstanding the numerous improvements the ‘192 and ‘039 clearly intro-
duce to the prior art, the associated solutions may still be optimized having re-
gard to a number of factors and different possible use scenarios.

Yet, as the information available about the environment of an object, such as a
mobile phone, to be tracked becomes all the time more versatile due to the
emerge of new communications technologies such as 4G/LTE (Fourth Genera-
tion/Long-Term Evolution) or 5G (Fifth Generation mobile networks), also new
possibilities may arise to extend the data input space. By concentrating the lo-
cating efforts around any certain, single type of data source or a related model
may not give optimum results during real-time positioning, when a variety of
data sources in terms of different network signals, etc. are available and de-
tectable by the object to be positioned.

Further, many of the contemporary positioning solutions work lousily in situa-
tions where data input space used for locating a target device is at least mo-
mentarily and e.g. abruptly reduced or severely distorted, whereupon a posi-
tion estimates solely based on the latest data input is easily very erroneous.
These solutions greatly omit the potentially massive data history collected ear-
lier and information derivable therefrom to maintaining the positioning accuracy
also in changing conditions with poor signal reception.

Based on the above-mentioned, it is clear that the locating of mobile devices
can still further be developed. Especially techniques which do not require sat-
ellite positioning or prior knowledge of the locations of base stations or wire-
less network access points are needed.

SUMMARY OF THE INVENTION

It is an objective of the invention to provide a method, computer program and
arrangements for determining the location of a mobile device in connection
with cellular network and configured to capture or determine at least environ-
ment data.
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The invention is characterized by what is presented in the independent claims.
Embodiments of the invention are presented in dependent claims.

According to a first aspect, a method for locating an electronic mobile device
capable of wireless communication comprises

obtaining a probability map structure for the area of interest, said probability
map structure associating environment data values, preferably including cellu-
lar network based data, with location data, preferably including satellite posi-
tioning based data,

obtaining a number of probabilistic temporospatial motion models for different
types of motion, said models at least partly defining transition probabilities be-
tween location estimates relative to time,

obtaining at least environment data captured or determined by the mobile de-
vice at a plurality of sequential time instances, and

determining the most probable location estimate of the mobile device based on
combining probability data from both the probability map structure and said
motion models, wherein the at least environment data is best fitted in the mo-
tion models and probability map structure according to predefined criteria.

According to a second aspect, an arrangement for locating a mobile device
operable in a wireless network comprises

a data repository comprising a probability map structure for the area of interest,
said probability map structure associating environment data values, preferably
including cellular network based data, with location data, and further compris-
ing a number of probabilistic temporospatial motion models for multiple differ-
ent types of motion, said models at least partly defining transition probabilities
between location estimates relative to time,

a communication interface for obtaining at least environment data perceived at
the mobile device at a plurality of sequential time instances, and

a positioning entity configured to determine the most probable location esti-
mate of the mobile device based on combining probability data from both the
probability map structure and said motion models, wherein the at least envi-
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ronment data is best fitted in the motion models and probability map structure
according to predefined criteria.

In an embodiment, a motion model comprises a plurality of elements determin-
ing motion characteristics and preferably, related probabilities, for the desired
motion type. Also practically zero probability characteristics, i.e. absolute limits
or e.g. value ranges excluded from the applicable range of possible motion
having regard to that particular model, may be included therein.

The motion model at least partly defines, by the associated elements such as
model parameters and related values, transition probabilities between location
estimates, or location data points, relative to time, i.e. motion or ‘movement’
probabilities taking also temporal factors and data into account in addition to
mere location data or environment data used for determining the location. A
skilled person shall, however, understand that also other models or parame-
ters besides the ones of the motion models may affect the probabilities de-
pending on the embodiment.

The motion model may include one or more elements indicative of at least one
motion characteristic selected from the group consisting of. speed, velocity,
speed fluctuation, velocity fluctuation, acceleration, deceleration, turn rate, turn
frequency, linearity of motion, stop, stop duration, stop frequency, direction
change, direction change frequency, and direction reversal.

The motion model may define for each element, or ‘parameter’, different (nu-
merical) values and/or value ranges, which may include probabilities character-
istic to the particular model. Thus, the model can characterize typical and atyp-
ical motion for the concerned type.

The type, or class, of motion described by a motion model may generally indi-
cate e.g. walking, crawling, immobility, cycling, running, motor vehicle travel
(as a passenger or driver) such as travel on a car, train, bus, moped, motorcy-
cle, etc. For example, with a certain model such as a car model, certain higher
speed values (e.g. over 30 km/h) are associated with a higher probability than
lower speeds in contrast to e.g. some other model like a walking model, where
the probabilities may be substantially opposite. Likewise, probability of com-
plete, substantially sudden reversal of propagation direction may be substan-
tially higher with one model such as a walking model than with another model
such as a (motor) vehicle model.
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In another, either supplementary or alternative, embodiment a motion model is
associated with a predefined area or area type. The area may refer to a single
location (unit or point) depending on the used location resolution or a larger
area encompassing a plurality of locations.

For example, urban, indoor or pedestrian center/street area or area type may
be associated with a motion model different from the model associated with a
highway, countryside or a forested area, as the motion characteristics within
such diverse areas will likely differ as well, which is indicated by the parameter
value probabilities such as the aforesaid speed (in urban areas, lower speeds
being more likely than higher speeds, and vice versa in rural areas).

A certain area or area type may be associated with a plurality of motion mod-
els, when applicable. For example, there may be a pavement next to a road,
etc. substantially in the same (greater) area, whereupon e.g. walking and vehi-
cle-based motion models are initially possible, if not equally likely. Yet, an area
may be assigned with a certain area type, or ‘class’, which has been, in turn,
associated with a number of motion models considered appropriate for the
type. Therefore, specific areas may be linked with motion models via area

types.

In some embodiments, data from multiple motion models may be combined or
a combinatory model be established by utilizing e.g. certain general motion
model, e.g. a motor vehicle model, and area related motion model such as ur-
ban/city model, which may involve adopting characteristics such as parameter
value ranges from all source models with ‘AND’ —type logic, for instance.

Generally, in various embodiments of the present invention, a number of at
least initial motion models may have been established beforehand, i.e. prior to
positioning, during a so-called modeling or mapping phase. Data may have
been gathered from a plurality of mobile devices to establish the motion mod-
els. Likewise, different data sources such as various environment data sources
(sensors, wireless networks) and the positioning data (e.g. satellite and/or ter-
restrial positioning signals) may have been used to determine model character-
istics such as speed values/ranges and related probabilities.

Alternatively or additionally, one or more motion models may have been estab-
lished or selected for different areas or area types based on known area char-
acteristics, optionally map data or street plan, indicative of area features such
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as roads, pavements, parks, walking areas, water areas, buildings, fields, for-
ests, etc. Automated logic may be established to derive model parameters
from the available digital area characteristics data.

In various embodiments, the motion models may be dynamically established or
at least updated later e.g. based on the data becoming available, such as new
environment data and optionally positioning data, obtained during the actual
positioning activity.

Preferably, during positioning, the obtained, preferably substantially current,
environment and optionally explicit positioning data (e.g. GPS data) having re-
gard to a target mobile device is utilized to determine the most probable cur-
rent location, i.e. location estimate, based on the probability map structure
mapping the environment data with location data.

The environment data having regard to the mobile device in question is also fit-
ted in the motion models, which may refer to updating the probabilities of cur-
rent location candidates by a weighting action that takes into account previous
location estimates, and preferably related probabilities, and also the character-
istics of the particular motion model in terms of e.g. speed/turn rate figures and
related probabilities in the model. Thus, the potential transitions between loca-
tion candidates indicated by at least environmental data indicating e.g. certain
speed, turn rate, or other motion characteristics described by a model are
matched against the model and location candidates better fitting the model are
weighted in terms of probability over the remaining candidates.

In case several motion models are utilized in parallel, the most probable one in
the light of the environmental data and optionally positioning data may be ulti-
mately selected for defining the final location probabilities to the target mobile
device. Several models originally applicable (allocated as possible to the con-
cerned area, for example) may, upon each positioning action or location up-
date, be compared with the recent (current/latest and preferably at least some
previous) environment and optionally positioning data, and a best fitting com-
bination (model vs. data) be used to determine the most appropriate model for
updating the probabilities of different locations from which the most likely one,
i.e. the location with highest overall probability, is ultimately picked as the most
probable location estimate.
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In some embodiments, predefined route data such as route model data is uti-
lized for adapting the probabilities of location estimates during positioning.
Route data may be associated with a certain area. Route data may describe
the probabilities of different sequential location transitions within the area, i.e.
routes.

Alternatively or additionally, the route data may generally determine areas of
lower likelihood and higher likelihood for presence of mobile devices within a
greater area, i.e. so-called cold spots or hot spots, respectively.

For example, in a rocky area accommodating a hiking trail, people’s presence
on the trail is very likely in contrast to e.g. surrounding cliffs or rocks. Thus, the
location candidates hitting the trail during the positioning phase may be given
additional weight (increase in probability) over the remaining locations. If, how-
ever, a user/device leaves the hiking trail to move on cliffs or rocks, and once
the data measured to verify and support this type of movement is vast enough,
the probability of the movement on the cliffs or rocks becomes higher for the
user/device in question. When or if this particular data is then utilized in map-
ping (i.e. to update the probability map), the movement on the cliffs or rocks
becomes a bit higher in general but it is still improbable compared to the
movement on the hiking trail for which a high number of devices have previ-
ously been located.

Also route data may be established from data gathered during mapping and/or
positioning phases from a plurality of mobile devices. Route data may be fur-
ther established based on known area characteristics, optionally (digital) map
data or (digital) street plan, indicative of area features such as roads, pave-
ments, parks, walking areas, water areas, buildings, fields, forests, etc. As with
motion models, automated logic may be established to derive route data or
route model data from digital area characteristics data.

In some embodiments, the environmental data may incorporate, besides cellu-
lar or generally wireless network based data, sensor data that is captured at
the mobile device(s) by optionally integral sensor(s) such as accelerometer,
gyroscope, other inertial sensor, a magnetometer and/or a barometer. Data
obtained from a barometer may be utilized to determine changes in the relative
altitude and/or, in conjunction with weather data, even to determine the abso-
lute altitude of the device. In some embodiments, a temperature sensor may
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be used to estimate whether the device is located indoors or outdoors, for in-
stance. Sensor data such as magnetometer data or other sensor data may al-
so0 be stored as such or in processed form in the environment data of the
probability map structures.

The inertial sensor data may provide an indication of various movement relat-
ed parameters such as speed, velocity, acceleration, deceleration, turns,
stops, etc. of the hosting mobile device, which is useful information in the light
of e.g. motion models and their creation or application during positioning (esti-
mation of current location through matching of environmental data against the
model(s)). Magnetometer data, which may be gathered during mapping or po-
sitioning and associated with location data, may indicate external structures
and objects causing distortions to the general surrounding magnetic field that
is locally otherwise relatively static. Accordingly, certain locations may be as-
sociated with characteristic magnetometer data values optionally stored in the
environmental data of probability map structures and monitored during posi-
tioning. Detection of such location-indicating values during positioning may add
to the probability of the current location matching the location previously asso-
ciated with same or similar values, for instance.

In some embodiments, the inertial sensor data may be used to determine the
walking (gait) frequency, in case the mobile device is carried by a user moving
by walking, by preferably filtering out noise and random variations from the da-
ta. Then by identifying the actual frequency, the frequency filter may be further
adapted to separate consecutive steps from each other. By recognizing the
walking frequency, the step/stride length may be determined and/or further cal-
ibrated by utilizing data, if available, from other sources such as e.g. GPS. This
may then be utilized to enhance the locating of the device.

In some embodiments, the locating of the mobile device may be enhanced by
utilizing inertial sensor data in recognizing the position of the mobile device,
l.e., whether it is e.g. in user's pocket, next to user’s ear while moving, or in
user’'s hand. Accelerometer data in conjunction with gyroscope data may be
utilized to identify to position of the mobile device with respect to the direction
of gravity. The direction of the movement with respect to the direction of gravity
and the position of the mobile device is typically approximately constant when
the user is e.g. holding the mobile device in his hand while moving. The posi-
tion of the mobile device may be calibrated with location data from other
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sources such as e.g. GPS, Wi-Fi or cell data. The position may also be cali-
brated by utilizing frequency filtered data of the movement of the mobile device
in horizontal direction. With determined walking frequency and/or stride/step
length in conjunction with the motion model, the accuracy of locating and map-
ping of the mobile device may be further improved. The acceleration in the di-
rection of the movement may also be utilized and thus, the effect of random
sidesteps to the locating may be minimized.

In some embodiments, a location estimate based on less accurate (according
to the utilized predefined criterion) data such as environment data is adjusted
by e.g. previously and/or later obtained more accurate data such as positioning
data received in good navigation satellite coverage conditions. The accuracy
may be dynamically determined for the data by estimating the measurement
error. In satellite signal reception, e.g. number of satellite signals may be used
to predict the accuracy/error. Having regard to environment data, e.g. number
of data points obtained in parallel may be used to predict the associated accu-
racy/error.

More generally, in some embodiments, data, such as positioning data, consid-
ered more accurate (according to the utilized criterion such as the estimated
margin of error) may be utilized to adjust data, such as sensor data, consid-
ered less accurate, or data derived therefrom (e.g. location data derived utiliz-
ing the sensor data).

For example, sensor data is associated with some sensor-dependent charac-
teristic error margin or maximum accuracy, and in the case of typical inertial
sensors, basically unavoidable drift, which results in accumulated error if used
for positioning. Thus if such sensor data is used for positioning/route logging
e.g. indoors and/or to associate other environment data such as cellular net-
work based environment data (signal strength, etc.), or other sensor data such
as magnetometer data with certain locations, the margin of error between the
actual locations and locations calculated based on inertial sensor data in-
creases in the longer run. If more accurate data such as GPS based position-
ing data is obtained e.g. at intervals, such more accurate data may be config-
ured to correct the less accurate data such as environment data or location da-
ta associated with the environment data received in the meantime. More accu-
rate data may also be further utilized to calibrate inertial sensors, even in real-
time, as well as to post-process measured, less accurate data.
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Correcting the previously captured environmental data, or (location) indications
thereof, referring to e.g. location data derived from inertial sensor data, based
on more accurate data such as apparently good quality satellite positioning da-
ta or other environmental data is particularly relevant in mapping or logging ac-
tivities while constructing the probability map structure, wherein environment
data such as cellular network based data or e.g. magnetometer data should be
as accurately as possible associated with correct locations.

In some embodiments, offset compensation is applied to level out differences
between environment data measured by multiple mobiles devices, caused by
different data receipt or processing capabilities of the devices. Offset compen-
sation may be applied in mapping activities as well as during locating (to make
the environment and optionally positioning data obtained/provided by the cur-
rent mobile device’s comparable with predefined data such as probability map
structure, motion model and/or route data). It may be detected that e.g. envi-
ronment data captured or established by certain mobile devices differ from
each other consistently in which case the compensation may, e.g., even out
the substantially constant offset. In addition to offset in signal strengths, differ-
ences requiring compensation may also incorporate differences in gains and
variances, which both may depend on the range of frequency. These may be
automatically compensated or calibrated if reliable measurements are obtained
at the same location from multiple devices. Sufficient measurements for cali-
bration (offset, gain, variance) may also be used for other locations of the
same cell.

The utility of the present invention arises from a great variety of issues depend-
ing on each particular embodiment thereof. Based on relatively low frequency
and low amount of real-time data acquired, the mobile devices and thus also
their users or other carriers, such as vehicles or other objects, may be posi-
tioned rapidly and accurately by relying on motion models in addition to the
probability map structures and optionally route data. Furthermore, for example,
cellular network data based positioning without at least constantly relying on
Bluetooth, GPS or e.g. wireless local area network (WLAN) is very energy effi-
cient in contrast to traditional solutions.

The motion models facilitate estimating the current and predicting the future
location of the mobile device through fitting the environmental data, which is
preferably obtained at a plurality of time instances (data representing certain
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single time instant only renders any true motion modeling or model fitting prac-
tically impossible as being understood by a person skilled in the art, because
several samples with sequential temporal relationship should be available to
make motion analysis meaningful), in the motion characteristics of the mod-
el(s) such as direction, speed/velocity, acceleration/deceleration, turns, etc. As
a result, location probabilities determined based on the probability map(s) may
be adjusted (probabilities changed) by one or more motion models so that the
probabilities of locations matching well with the model are raised and vice ver-
sa.

Yet, the obtained location estimates may be of elevated accuracy as several
data inputs of mutually different and/or similar type (e.g. signal strengths ob-
tained from several base stations substantially simultaneously) may be utilized
in parallel and in combination to increase the locating accuracy with reference
to cellular network based data, Wi-Fi data, sensor data, etc. More accurate da-
ta may be used to adjust, or ‘correct’, data of lower accuracy. Still, also the da-
ta of lower accuracy may be exploited during the mapping and actual position-

ing.

Correspondingly, as several different data evaluation approaches such as mo-
tion models, probability map structures, route models, etc. may contribute to
the locating, occasional erroneous data points do not seriously distort the loca-
tion estimates, which generally remain very accurate.

By the utilization of sensor data readily available at modern mobile devices,
both the mapping and locating accuracy may be enhanced or preserved in
conditions wherein actual positioning data such as GPS data cannot be re-
ceived and e.g. wireless network such as Wi-Fi or cellular network based data
is not sufficient. For instance, mapping activities involving linking position data
with environment data via a probability map structure may exploit explicit posi-
tioning data such as satellite positioning data in outdoors or other conditions of
good coverage, and switch over to exclusive or parallel usage of e.g. inertial
sensor data —based location estimation while continuing mapping of environ-
mental data (e.g. cellular data, magnetometer data) indoors.

As one benefit of the suggested solution, different areas may be mapped in
terms of signal or sensor data characteristics for future use in locating or other
context, such as wireless network planning and optimization.
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In addition to mobile users, officials such as police forces and different emer-
gency units may be provided with tenable positioning, tracking and route data
having regard to desired targets.

The exemplary embodiments of the invention presented in this patent applica-
tion are not to be interpreted to pose limitations to the applicability of the ap-
pended claims. The verb "to comprise" is used in this patent application as an
open limitation that does not exclude the existence of also un-recited features.
The features recited in depending claims are mutually freely combinable un-
less otherwise explicitly stated.

The novel features which are considered as characteristic of the invention are
set forth in particular in the claims. The invention itself, however, both as to its
construction and its method of operation, together with additional objectives
and advantages thereof, will be best understood from the following description
of specific embodiments when read in connection with the accompanying
drawings.

The expression "a number of” may herein refer to any positive integer starting
from one (1).

The expression "a plurality of’ may refer to any positive integer starting from
two (2), respectively.

The terms “positioning” and “locating” are used herein interchangeably unless
otherwise explicitly stated.

BRIEF DESCRIPTION OF FIGURES

The embodiments of the invention are illustrated by way of example, and not
by way of limitation, in the figures of the accompanying drawings, of which

Figure 1 illustrates schematically an arrangement for locating a mobile device
according to an embodiment of the present invention;

Figure 2 illustrates schematically the effect of urban canyon formed by a build-
ing on the accuracy of GPS signal;
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Figure 3 illustrates a general principle of combining the location probabilities
from two different sources in an example case according to an embodiment of
the invention;

Figure 4 illustrates schematically a flow diagram of the method according to
the invention;

Figure 5 illustrates schematically the effect of probabilistic temporospatial mo-
tion models on probabilities according to which the location of a mobile device
is being determined according to the invention;

Figure 6 illustrates schematically an example case of locating of a mobile de-
vice indoors with assistance of a local sensor according to an embodiment of
the present invention; and

Figure 7 illustrates schematically an arrangement according to an embodiment
of the invention.

DETAILED DESCRIPTION OF THE INVENTION

Figure 1 illustrates, at 100, an embodiment of the present invention via a mere-
ly exemplary use scenario thereof. The locating system may be at least partly
disposed in a number of servers 10 residing as accessible via communications
network(s) such as the Internet and/or cellular network(s). Optionally, a cloud
computing environment 12 providing efficient and easy scalability of resources
may be utilized to implement the system. In some other embodiments, the mo-
bile devices 16 to be located may be self-contained in a sense that they may
locally execute a locating method in accordance with the present invention
preferably even if no Internet or other communications connection exists with
elements 10, 12, 14 accessible via the Internet and/or other network(s).

In some further embodiments, the mobile devices 16 may be located by the
(network) arrangement through utilization of information the mobile devices 16
provide to the network. At least part of the information may be such that it is
transmitted by a mobile device 16 in any case. This means that the mobile de-
vices 16 are not specifically arranged to provide information to the network es-
pecially for the locating purposes as they are, depending on the used wireless
technology, anyhow reporting such data to the network e.g. upon request, con-
tinuously, at regular intervals, occasionally or periodically to enable the data
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being registered therein, for example, whereupon the same data may suffice or
suit also for locating purposes in accordance with the present invention. This
approach may find particular use in connection with emergency situations such
as emergency, or ‘911, calls and finding of missing persons.

Indeed, the system is configured to locate mobile devices 16 such as wireless
terminal devices, nowadays most typically smartphones, tablets, phablets, lap-
top computers, asset/vehicle tracking devices, Internet of Things (loT) devices,
etc. carried along by/in the possession of their users in an area of interest.
Thus, the system may be considered as being capable of locating the associ-
ated users as well. Basically the overall area of interest may be global, region-
al, or local in terms of size thereof, and may further be divided into a number of
sub-areas. The area(s) may incorporate different topography with natural and
artificial features such as buildings as shown in the figure that may affect the
environment data sensed by the mobile devices 16. Yet, the area may incorpo-
rate more dynamic or essentially temporary objects such as vehicles.

The mobile devices 16 may be connected to a number of wireless networks
and components of related infrastructure at a time. Through such network
connections, also the system may receive various data such as environment or
positioning data from the devices. The components may include base stations
of cellular networks and access points of WLAN networks, for instance. Yet,
the mobile devices 16 may be capable of receiving explicit positioning data
from an external source such as a satellite, which may refer to a GNSS (Global
Navigation Satellite System) such as GPS, GLONASS, or Beidou (BeiDou
Navigation Satellite System) or some geographically more limited alternative.

External sources 14, technically often embodied as servers or related services,
may further provide data to assist locating activities. The sources may provide
wireless network operation or configuration related information (e.g. cell tower
location or configuration data), network or road traffic information, event infor-
mation, geographical information, demographic information, weather infor-
mation such as air pressure (e.g. for determining altitude) or temperature (e.g.
whether the device is indoors or outdoors), etc.

The server 10 or the mobile device 16 may store all the received environment
data and other data e.g. in the memory. Further, the server 10 is capable of
receiving external data from external databases via receiving means. The ex-
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ternal databases may be connected to the server directly or through Internet
102 or other such data communication network.

The data provided by mobile devices 16, external sources 14, and other enti-
ties can be stored as raw data and/or as physical area defined groups with ref-
erence to the aforementioned sub-areas specifying, for example, signal
strength averages, relative and absolute weights of cell identifiers or signal
strength, signal ranges, etc. The different types of data obtained from the sen-
sors may be stored having regard to e.g. a certain location in the form of mul-
timodal probability distributions due to the fact that, e.g. wireless signals may
arrive via multiple paths to a certain location (multipath propagation).

In some embodiments, the arrangement or system of the present invention is
realized by a number of network-connected servers 10 as mentioned hereinbe-
fore.

The servers 10 may establish a remote service whereto the mobile devices 16
submit data and wherefrom they receive location estimates. Optionally, at least
some actions considered as integral part of an embodiment of the present in-
vention are executed already at the mobile device 16 to be positioned by client
software, in which case the arrangement/system can be deemed to also con-
tain the particular mobile device 16. The server for locating, i.e. the locating
server, may be running on the mobile device itself as well as the server for
modeling/mapping, which then enables offline use, thus avoiding possible ex-
penses due to mobile data transfer and the power consumption due to the mo-
bile data connection.

In preferred embodiments, the locating procedure may be based on a probabil-
ity map structure that links environment data such as cell data to geographical
locations (e.g. predefined geographic coordinates such as latitude/longitude
data or Cartesian coordinates) with certain probability. The probability map
structure may include and/or be derived based on independent observed envi-
ronment data values and related positioning data. It shall be mentioned here
that instead of single environment data points (e.g. sensed signal strength of
wireless network), combinations of substantially simultaneously captured data
points (e.g. signals from several base stations, sensor signal(s), etc.) may be
associated with location data obtained e.g. from the GPS signal in the proba-
bility map structure.
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In practice, the probability map structure, which is preferably Bayesian (which
may apply to other probabilistic models of the present solution as well), may
determine probabilistic environment data for geographical areas, e.g. prede-
fined basic areas used as basic units for the positioning, e.g. 1x1 meter areas,
which however do not have to limit the resolution of the locating. The probabil-
ity value for certain, e.g. 1x1 meter area may be weight to a certain point on
the 1x1 meter area and, by utilizing techniques such as interpolation, the prob-
abilities may be defined also between these certain points of adjacent 1x1 me-
ter areas. Resolution may then be adaptive in locations where larger than, e.g.
1x1 meter areas can be used without losing accuracy of the locating. Another
method is to use small, e.g. 1x1 meter areas sparsely, and then indicate when
the use of interpolation between two of such small areas is permissible in view
of the statistics based on the collected environmental data.

Alternatively or additionally, the probability map structure may determine or
host probabilistic environment data for area borders, certain locations/points
and/or larger areas within or between which the desired more specific positions
may be then associated, optionally in run-time fashion, with probabilistic envi-
ronment data values by applying a suitable interpolation method on the bor-
der/point/larger area data, for example.

From the standpoint of the overall positioning arrangement or method, the
probability map data may have been initially established during a mapping
phase executed prior to a locating (positioning) phase by gathering reference
data such as actual, explicit positioning data (e.g. GPS data) and correspond-
ing (referring to same location at substantially same time instant) environment
data such as cell data from a number of sources such as mobile phones or
other mobile devices and optionally wireless network(s) such as Wi-Fi net-
works and/or cellular networks, and associating the two. For example, proba-
bility maps of different signal strengths may have been established according-
ly. A single probability map may contain data for one or several environmental
data elements and related location-based probabilities having regard to a pre-
defined area. One or several probability maps may be utilized in a probability
map structure.

The mapping data may be still be updated and revised during the positioning
phase through collecting data (environment data and preferably explicit posi-
tioning data) from the mobile devices. Obviously, in some embodiments a mo-
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bile device such as a smartphone may be configured, instead of already partic-
ipating in the mapping (which is of course possible as well), to begin utilizing
the present invention directly from the positioning phase while a number of
other mobile devices have been used for executing the mapping phase and
thus establishing the initial probability map structure(s). The mobile device may
be provided with client software that already contains or is at least configured
to functionally (wirelessly) connect to a database or other data repository com-
prising the necessary data for probability map structure(s).

Accordingly, responsive to mapping depending on the distribution and routes
of mobile devices occurred within the target areas, some areas may be asso-
ciated with greater number of environment and positioning data points than the
rest. This natural phenomenon (e.g. quiet/hard to reach locations with less da-
ta vs. active/central locations with more data) may be utilized in determining
the probabilities or related accuracy/error estimates (i.e. more source/mapping
data typically converting into more reliable signal estimate in the probability
map and vice versa) for the target areas. However, even in active/central loca-
tions, movement of some devices may at least slightly differ from the previous-
ly collected vast amount of data. In these cases, once the evidence for the ab-
normal movement accumulates enough, the probability of the abnormal loca-
tion for the device in question increases, but, naturally, affects only a little to
the probability of the particular location of the probability map.

In some embodiments, the probability map structure may cover multiple geo-
graphical areas of different size, each area being associated with characteris-
tics environment data values or data derived therefrom, and related probabili-
ties. The areas may be adjacent and/or overlap/be nested. By using nested
structures, the observation resolution of the map structure may be dynamically
selected even during the positioning. For example, larger candidate areas the
probabilistic environment data of which matches best the current environment
data obtained by the target mobile device may be first determined, subse-
quently followed by comparing the sub-areas of such larger areas and associ-
ated probabilistic environment data with the current environment data to pick
the best-matching sub-area(s) therefrom, thus gradually enhancing the posi-
tioning resolution. In that sense, a multi-level probability map structure with
multiple vertical levels of different spatial/geographical resolution may be main-
tained and exploited.
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Additionally, the mapping may continue during the positioning phase by updat-
ing the probability map structures based on environment data and optionally
positioning data obtained during the positioning phase from a number of mo-
bile devices and optionally other sources such as wireless networks.

During positioning, the distance of data points in the mapping data, i.e. data
used for determining the probability map structure, from the locations the
probabilities of which are determined may be taken into account so that great-
er distance converts to reduced weight in probability adaption and vice versa.

In addition to probability map structure linking environment data with location
data, a number of temporospatial motion models are utilized in the locating.
The motion models are preferably probabilistic models that capture and exhibit
motion characteristic of motion types. As mentioned hereinbefore, they may
characterize the motion by a number of parameter values such as speed, turn
rate, acceleration, etc., and related probabilities.

A motion model may be associated with certain motion type and e.g. geo-
graphic area or area type and reflect its characteristics. For example, urban
area related motion model may be provided with different probabilities for high
speed travel than e.g. highway area related model (obviously higher speed
propagation being more likely in highway area than in urban area or e.g. a
specific walking area such as a mall or other indoor area). Accordingly, turn
rate or speed value or value range probabilities may be different (higher rate
turns are more likely in urban areas and vice versa) among different models as
well. The environment data is thus fitted in the motion models and probability
map structure to obtain location probabilities of the current position of the tar-
get device.

As mentioned above, a motion model may be utilized together with environ-
ment data and optionally positioning data obtained during the locating phase
relative to at least the target device to be located. Such data may include cur-
rent (latest) data points and history data. The history data refers to a plurality of
temporally sequential data points such as environment data points obtained
during the positioning prior to the latest ones. A plurality of different motion
models may have been initially determined based on e.g. data gathered during
a mapping phase, data received from external sources (e.g. the aforemen-
tioned map or street plan data) and optionally during the locating phase, said
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data being preferably collected from a larger population than just the target de-
vice to be currently located.

Further, route data, or route model data, may be established during the map-
ping and/or locating phase based on data gathered from a plurality of mobile
devices.

The route data determines probabilities for different routes (indicative of se-
quences of environment data) and/or generally likely or unlikely locations with-
in a certain area.

Supplementing the motion models, route data may be employed in the
weighting of location probabilities for the currently located mobile device.

Environment data useful for locating a mobile device may be provided e.g. in
Network Measurement Reports (NMR). The data may identify a serving cell
and/or a number of neighboring cells relative to the mobile device 16, for in-
stance. The data may include at least one element selected from the group
consisting of: MCC (Mobile Country Code), MNC (Mobile Network Code), LAC
(Location Area Code), TAC (Tracking Area Code, available in 4G LTE, identify-
ing a tracking area within a particular network thereby reminding of LAC in
2G/3G) CID (Cell ID), PCI (Physical Cell ID, available in 4G/LTE), ARFCN
(Absolute Radio-Frequency Channel Number), BSIC (Base Station Identity
Code), CPICH (Common Pilot Channel), MAC (Media Access Control, MAC
address) and RSSI (received signal strength indication). Also cell data may be
stored with operator (MCC & MNC) identifiers and e.g. Primary Scrambling
Code (WCDMA, Wideband Code Division Multiple Access) / ARFCN+BSIC
(GSM) or other stable identifier(s). Also Base Station Identity Code (BSIC),
System Identification Number (SID), Network Identification Number (NID) for
CDMA based networks may be utilized. For Wi-Fi networks, BSSID (Basic
Service Set Identification) and SSID (Service Set Identification) may be used.
Particularly together their values may form an almost unique combination,
even globally, for a particular location. PCI (Physical Cell Identifier) for LTE
networks and/or corresponding parameters for 3GAMWCDMA and 3G/TD (Time
Division)-SCDMA (Synchronous CDMA) PSC (primary synchronization code)
and Local Cell ID, respectively, may be utilized. Received signal strength
(Rxlev), timing advance (TA) and radio frequency (RF) are also beneficial pa-
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rameters for obtaining good locating accuracy, though not absolutely neces-
sary.

Sensor data such as accelerometer, gyroscope, compass, air pressure, humid-
ity, temperature or magnetometer and/or related contextual information (walk-
ing, driving, floor information, etc.) may be utilized to assist in locating the de-
vice. Data obtained from a barometer may be utilized to determine changes in
the relative altitude and/or, in conjunction with weather data, even to determine
the absolute altitude of the device. A temperature sensor may be used to esti-
mate whether the device is indoors or outdoors. Magnetometer data may be
especially useful indoors with the building, electromagnetic devices and differ-
ent structures or objects causing changes in the magnetic fields measured by
the magnetometer. These devices or objects introduce location specific
changes to the magnetic field and can be used to locate the mobile device
more accurately. The contextual information may be obtained based on the
sensor data. Optionally, e.g. camera images or sound data (microphone sig-
nal, etc.) may be obtained by the mobile device and analyzed locally or re-
motely by means of Fourier transform or other applicable spectral analysis for
detecting the frequencies of the different sound sources or pattern recognition
technique(s) for the determination of location context or activity-context data
for locating purposes in addition to potential other uses. Different sources gen-
erating noise such as motor vehicles, airplanes and/or human speech may
then be recognized.

The position of the mobile device may be estimated based on determining the
direction of gravity by using accelerometer data in conjunction with the gyro-
scope data. Then the direction of the movement may be determined from the
horizontal acceleration with respect to vertical acceleration.

The inertial sensor data may be used to recognize the way the mobile device
moves in order to assist in locating and/or in increasing the accuracy of the
mapping. When the user carrying the device is walking, the typical walking
(gait) frequency is approximately 1-3 Hz. The actual inertial sensor data may
have measured noise, vibrations and random variations, which may be filtered
out by using e.g. Butterworth filter and thus, enable clearer recognition of the
walking frequency. Additionally or alternative, Fourier transform may be used
to determine the frequency at which the walking/running of the user occurs.
Furthermore, the determined walking frequency may be used to adapt the op-



WO 2017/033141 PCT/IB2016/055064

10

15

20

25

30

22

eration of the frequency filter which enhances the recognition of the steps and
possibly the step/stride length of the user carrying the mobile device. The
stride length may, however, vary. The calibration of the inertial sensor data
may be done with data from other sources such as GPS, Wi-Fi or cell data.

By determining the position of the mobile device, the walking frequency, in
case the user has been recognized as moving by walking, and the length of
the step/stride, the locating may be further made more accurate. There may be
generic motion models utilized which in some cases can be accurate, but there
may also be user specific parameters determined. Accordingly, the users with
same kind of devices can be distinguished from each other based on unique
inertial sensor data such as certain patterns in accelerometer and gyroscope
data.

Pattern recognition techniques may be used to analyze the inertial data of dif-
ferent users and, e.g., acceleration data can be divided into components of the
direction of gravity and the direction of movement. The magnitude of the com-
ponent in the direction of movement may then be analyzed to identify the pat-
tern of movement. Additionally or alternatively, the magnitude and standard
deviation of the accelerometer and gyroscope data may be analyzed, and
based on the identified frequencies in conjunction with the identified patterns of
movement, to determine the actual direction of the movement or to separate
movement in vertical and horizontal direction.

Preferably, however, the environment data includes several aforementioned
elements. Substantially transparent operator-end locating may be realized as
the report data may be anyhow transmitted from the mobile device(s) 16 to the
network, depending on the system.

Radio frequency data (from ARFCN/UARFCN (Universal Mobile Telecommu-
nications System (UMTS) Terrestrial Radio Access ARFCN)/EARFCN (En-
hanced ARFCN), for instance) can be used to improve the locating task. Identi-
fiers such as LAC and CID are stored where available and are helpful espe-
cially for acquiring the first fix, but not necessary. Mobile devices may be con-
figured to monitor e.g. various control channels in order to obtain cell data for
the locating task in congruence with the present invention, or data applicable
for determining it.
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Further, in connection with 3G, e.g. UMTS (Universal Mobile Telecommunica-
tions System)/WCDMA, RSCP (received signal code power) or data derived
using it may be applied for locating purposes. RSCP indicates the power
measured by a receiver on a particular physical communication channel. It is
used as an indication of signal strength at the current position of the mobile
device, which may be used in estimating the location itself. Yet, particularly in
connection with 4G/LTE, e.g. RSRP (reference signal received power) or data
derived using it may be monitored for locating purposes.

RSRP indicates linear average power of the downlink reference signals (RS)
across the whole channel bandwidth for the resource elements (RE, smallest
basic element in data transfer on physical layer having regard to time and fre-
quency) that carry cell specific reference signals. RSRP thus reflects the
strength of cells at a current position of the mobile device. Many aforemen-
tioned data elements, e.g. RSCP and RSRP, are readily available in the mo-
bile devices and in any case determined by component(s) therein, e.g. by a
baseband processor or ‘baseband chip’, whereupon their further utilization
does not really require heavy additional processing.

Multiple wireless communication technologies, or data from such, are advanta-
geously cooperatively applied during locating of the mobile device 16. Several
different technologies may be applied substantially simultaneously, alternately,
etc. Few examples of generally applicable wireless technologies include 2G,
GSM, 3G, 4G, LTE, WCDMA, TD-SCDMA, CDMA, EVDO (Evolution Date Op-
timized), TD-LTE, FDD (Frequency Division Duplex)-LTE, Wi-Fi-based tech-
nologies and Bluetooth, for instance.

For Wi-Fi, MAC or BSSID is one piece of preferred information. This can be
associated with cellular data, where available, to distinguish e.g. globally over-
lapping MAC's. E.g. SSID names can also aid in this. Radio frequency is not
needed, but can be used as an additional parameter. Wi-Fi access points or
hotspots may also be blacklisted based on the names or part of the names of
the access points. Hotspots to be blacklisted may also be recognized based on
their signal distributions and geographical appearance.

Also calendar data such as specific time of day, week, month or year may be
acknowledged in the analysis. E.g. wireless environment or traffic conditions
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(speed limits, etc.) may change accordingly, which may be statistically mod-
eled and taken into account in locating of a mobile device.

The environment data may also include such data as population density in the
area, land topography in the area, city size, and other such information in order
to integrate this data to calculations of the probability map structure of the area
of interest.

Regarding the applicable dimensionality of locating a mobile device in connec-
tion with the present invention, preferably at least two dimensions are taken in-
to account.

Coordinates such as geographic coordinates (e.g. latitude, longitude) or Carte-
sian coordinates may be used to indicate position therein. Optionally, three di-
mensional positioning may be implemented with elevation type vertical data.
The mapping data may be collected relative to a plurality of vertical layers or
levels, or the unit used to indicate vertical data may be any preferred one, e.g.
centimeter or meter.

Statistical weights may be associated with different environment data and dif-
ferent technology-specific probability map structures. Less weight is put to
those location estimations, and corresponding cells, that seem to be inaccu-
rate. These weights can be represented by weight factors (e.g. percentages)
and these weight factors are used when calculating a final location determina-
tion. In this way emphasis can be put the on location estimations, and conse-
quently the base stations/cells they represent, that give the greatest accuracy.
This also allows that effects caused by possible errors due to a bad signal
quality translating into considerable margin of error from part of the cells can
be eliminated. Also the external data from the external databases, such as
map, floor plan or street plan data, can be used in the positioning locating
through weighting the location probabilities accordingly, for instance.

The obtained data may be applied in a locating task as combinatory entities,
l.e. in combination with other similar entities, when applicable. Probabilities of
different combinations may be determined. For instance, with cellular networks
only certain limited combinations of cells can be visible to a mobile device at a
time due to the limited coverage of a single cell and relatively static configura-
tion and allocation of cell towers within an area. Therefore, combined pro-
cessing may add to the reliability of the locating results.
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Figure 2, at 200, illustrates one locating scenario according to an embodiment
of the present invention when the accuracy 21 of, in this case, the GPS recep-
tion suddenly decreases as the signal path involves an area which has build-
ings blocking, scattering or reflecting the signals (only one building shown). As
can be seen, the accuracy 21 of the signal utilized in locating is first high (nar-
rowly spaced dashed lines) and then in front of the building increases (the dis-
tance between the dashed lines increases). The estimated route and the actu-
al route according to an embodiment of the present invention match still rela-
tively well due to the fact that the utilized probability map structures has a lot of
incorporated data which is characterized, in this particular case, by direct mo-
tion with certain speed, which may be covered by the utilized motion models to
compensate for the effect of bad environment or explicit positioning data (e.g.
GPS data) in the final location estimate. Additionally or alternatively, in the
case of low accuracy of GPS, locating may be enhanced by utilizing data e.qg.
from inertial sensors and motion models. It is further possible to identify the
position of the mobile device with respect to the direction of the gravity and al-
so with respect to the direction of the movement. As long as the position of the
mobile device is not, varied e.g. in hand, and by recognizing that the user of
the mobile device is walking or otherwise moving by foot, it is possible to iden-
tify the walking frequency and determine the probability of the movement in a
particular direction.

Figure 3 illustrates at 300, as an example, how measurements from two differ-
ent sources, i.e. different data inputs, affect the locating of the mobile device.
In this particular case, the locating system obtains environment data 1 and en-
vironment data 2, marked with reference numerals 31 and 32, respectively.
The accuracy of the data changes when going from left to right. The actual
route 34 is marked with points and the estimated route 33 according to an em-
bodiment of the present invention is marked with short dashed lines. The long
dashed lines illustrates the accuracy of the first environment data 1 (31) and
solid lines the accuracy of the second environment data 2 (32). As can be
seen, as a combination of aforementioned two environment data, the estimate
route matched quite well with the actual route. It can, however, be seen that
even if the other one of the environment data would be missing, the estimated
route would still be quite accurate due to the aggregation of different data
points in the decision-making based on determination of most likely location
estimate in view of current and previous environment and optionally positioning
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data points obtained, i.e. history data, as well as motion models and optionally
route (model) data.

The routes investigated by embodiments of the present invention may be fil-
tered to smoothen out the potentially abrupt transitions therein. E.g. Kalman fil-
tering may be applied to estimate the movement and likelihood of features
thereof (turns, going straight, etc.). Movement estimation results may be used
for weighting the location probabilities. When such estimation procedure is ap-
plied together with other information known concerning the area in question,
e.g. the locations of objects such as buildings, roads, or various obstacles, lo-
cation probabilities may be further weighted.

As being clear based on the foregoing, the embodiments of the present inven-
tion preferably utilize, for the determination of the current location, also previ-
ous data in addition to the latest environment data provided by the mobile de-
vice. Therefore, data combining and aggregation takes places both in spa-
tial/geographical and temporal sense. Current and previous location candi-
dates may be utilized in calculating path probabilities in combination with the
probabilistic temporospatial motion models leading at the current location can-
didates with maximum probability.

If additional environment data such as sensor data indicative of motion (e.qg.
acceleration, speed) is obtained, such additional data may be further har-
nessed to cultivate the probabilities. Movement of a mobile device has to fol-
low the laws of physics (certain sensible limits for speeds, accelerations,
changes in the rate of turn, heading, etc. can be defined) and be limited by the
surrounding environment and related obstacles/features, whereupon also at
least relatively reliable movement indications (which may be detected by
matching an applicable motion model and environment data with sufficient fit
according to predefined criterion) shall be utilized to weight the probabilities
accordingly. Of course, even without any explicit movement sensor data or
similar input, general guidelines may be limited for maximum speed, for in-
stance, in each contemplated area of interest. For example, if the area type is
urban or urban downtown, it is highly unlikely, practically impossible, that
speeds in the order of magnitude of e.g. 200 km/h+ or related transitions do
really occur. Such unlikely parameter values in terms of speed, acceleration,
turn rate, etc. may be included in the established motion models with lower
probability than e.g. lower speeds and milder acceleration/deceleration. A plu-
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rality of optionally mutually competing motion models for different types of mo-
tion (e.g. walking, running, car/motor vehicle model) and/or areas (urban,
countryside, highway, etc.) may be indeed utilized with each positioning task.

Fig. 4 depicts, at 400, a flow diagram disclosing an embodiment of a method in
accordance with the present invention. At 41, indicative of start-up phase, vari-
ous preparatory actions may be executed. For instance, different hardware el-
ements and related software, such as mobile clients, locating servers, etc. may
be ramped up and configured.

Item 42 refers generally to determining at least initial probability map structures
or one or more components thereof having regard to the area of interest.
These maps associate environment data with location data as explained here-
inbefore. For example, covered area estimates for elements such as base sta-
tions may be determined, linking related environment data parameter values
such as signal strength values with associated locations in a probabilistic
manner.

At 43, the execution moves into determining probabilistic temporospatial mo-
tion models for different types of motion such as walking, running, bicycling,
driving a car, etc. and optionally for different areas/area types.

Item 44A refers to provision of established, at least initial, probability maps and
motion models to the device(s) such as mobile device(s) and/or network serv-
er(s) that use them for positioning mobile devices and implicitly the related host
entities, such as persons or e.g. vehicles. The provision may be implemented
by applicable communication interfaces, which may be wired or wireless. In a
self-containing mobile positioning embodiment, for example, the mobile device
may be provided, through wireless download or e.g. memory card based trans-
fer, the necessary positioning software incorporating the maps and models. In
case the positioning procedure is at least partially conducted on a server, i.e. a
network server at least partially determines the position of the mobile device
based on the environment data reported by the mobile, the server may locally
host or remotely access the maps and models.

Item 44 refers to obtaining relevant real-time or near real-time (generally as re-
al-time as possible) environment data, preferably at least cellular data. Also
other available other data such as WLAN related data or local sensor data for
locating of the mobile device is obtained.
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At item 45, different location and movement associated probabilities of proba-
bility map structure, said motion models and the environment data are com-
bined based on predefined rules so as to obtain the overall probability map for
the current locating task.

Probabilistic temporospatial motion models basically affect the probabilities of
different locations. By assessing the current location estimate(s) based on lat-
est environment data with previously captured or generated environment data,
probabilistic temporospatial motion models for different type of motion (walk-
iNng, jogging, running, bicycling, driving a car, etc.) and/or for different area or
area type may be assigned probabilities based on the observed motion of the
positioned device in view of the environment data sequence perceived. The
most likely motion model may be then determined based on the fit between the
environment data and model characteristics, and utilized to weight the location
estimates to find the most likely one.

In different embodiments, the combining may be thus executed by merging the
effect (adaptation of location probabilities), or contribution/output, of additional
models (e.g. motion model and optional route data/model) into the probability
map.

From a mathematical standpoint, each probabilistic model, e.g. probability
map, motion model and optionally route model, may be utilized to generate,
maintain or store a probability describing function such as mass function, cu-
mulative distribution function or density function indicative of location probabili-
ties and related characteristics. Such probabilistic functions provided by sever-
al models may be combined during positioning to yield the final location proba-
bilities.

At 46, the most probable location of the mobile device is determined based on
predefined rules/criteria. These may include methods such as interpolation or
extrapolation. Typically the location with highest probability is selected as the
most probable location estimate.

Finally, at 47 the method is concluded. This method item may include storing
the information in memory of a device or providing the location information to a
user device in an appropriate form or may include sending the location infor-
mation to external device/system.
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There may also be an optional feature which obtains route (model) data 410
related to different routes on the map. Different routes and generally locations
may have different basic probabilities associated therewith as has been dis-
cussed hereinearlier. For example, walking in forest along an existing trail is
much more probable than walking in the surrounding swamp. These probabili-
ties are determined based on mapping/modeling phase data, data provided by
previously located mobile devices or data obtained from an external source
such as a digital map of the area.

The method may further be coarsely divided into mapping/modeling 401 and
locating 402 phases which in different embodiments may be substantially sep-
arate or mixed with various degrees. It may be configured such that the map-
ping phase is more of determining static or initial probability map structures
and probabilities related to the probabilistic temporospatial motion models and
then the actual locating is done by obtaining environment data and exploiting
the already available mapping data such as temporospatial motion models and
probability map structures. Or alternatively, it may be that the probability maps
and motion models are updated as the mobile device captures or determines
environment data, yielding rather dynamic probability maps and probability
values determined by the motion models.

Ultimately, a skilled person may, on the basis of this disclosure and general
knowledge, apply the provided teachings in order to implement the scope of
the present invention as defined by the appended claims in each particular use
case with necessary modifications, deletions, and additions, if any.

In Fig. 5, the probabilities of certain locations are indicated as percentage type
scores. In order to schematically illustrate the effect of the probabilistic tem-
porospatial motion models, the probabilities are shown in the top figure 501 of
Fig. 5 without utilizing said motion models.

Location (e.g. geographic location coordinates) associated probabilities ob-
tained from the probability map structure have been essentially utilized with re-
spect to the obtained environment data and previous location point(s) 51 relat-
ing to the mobile device being currently positioned. These certain locations
shown in the figure as clear circles with associated probability scores generally
in a matrix type form may represent e.g. the location points explicitly indicated
by the positioning data obtained during mapping, for instance, or location



WO 2017/033141 PCT/IB2016/055064

10

15

20

25

30

35

30

points derived based thereon using e.g. interpolation or extrapolation, or other
processing, technique(s). The location 53 refers to the actual current location
of the mobile device to be positioned, while the location 52 indicates the posi-
tioning result obtained based on the application of probability map structure to
map current environment data, such as cell data, captured and optionally pro-
cessed by the mobile device into a location estimate.

The effect of probabilistic temporospatial motion models in Fig. 5 can clearly
be seen when comparing the percentages in the upper figure 501 to ones in
the bottom figure 502 in which the updated percentage scores are shown, es-
tablished utilizing also the motion models. The probabilities of the transitions
between previous and current location are illustrated by the arrows and relat-
ed, different thicknesses 510, 511, 512. The most probable direction of the
movement in this particular case has been from left to right at a certain speed,
i.e. velocity 510.

In various embodiments, the cultivated probability map structure such as
shown in Fig. 5 is thus established by comparing the obtained environment da-
ta relating to the mobile device currently positioned to the location associated
environment data obtained in the mapping phase. This may include, e.g., cellu-
lar network related signal strength values, different aforementioned codes
and/or IDs. There may also be, at least occasionally, typically rather accurate
GPS signal available for utilization in the locating of the mobile device. Also as
stated earlier local sensor data may be exploited. Further, as shown in the bot-
tom figure of Fig. 5, probabilistic temporospatial motion models are preferably
utilized as well as potential route models or other available route data. As a
combination of the probabilities of the aforementioned, the aggregate probabil-
ity map structure with location associated percentages is then obtained.

The combining of the different technology-specific probability maps may be
done directly with or without further weight factors depending on the accuracy
or another characteristic parameter of the locating data. This may clearly be
the case for technology-specific probability maps having location associated
probabilities. Or, alternatively, specific locating data may be chosen as a pri-
mary locating data, the probabilities of the location estimates of which are then
adjusted by using another location data, considering e.g. models defining
probabilities for transitions. In these cases, the transition probability can be ar-
bitrary without a location estimation data defining or limiting first the location to
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a certain area or part of the map, for instance. The chosen primary data may
generally be the most accurate locating data, or a preferred locating data
source may be chosen as the primary locating data.

Figure 6 illustrates the operation of an embodiment of the present invention
when positioning a mobile device in a particular case, with at least a certain
period of time, indoors. A skilled person shall acknowledge based on the fore-
going, this type of positioning may also take place during the mapping phase,
i.e. when a probability map structure is provided with location associated envi-
ronment data.

As can be seen the mobile device first move outdoors in which, in this case,
GPS signal with high accuracy is available. The estimated route follows the ac-
tual route quite accurately. When the mobile device moves indoors, the GPS
signal is lost and the positioning is then based, in this case, on utilizing cellular
network and e.g. local inertial sensor such as accelerometer data. The posi-
tioning becomes highly affected by the accelerometer data. As can be seen,
the positioning may become particularly distorted and the route or path starts
to drift away from the actual route. The characteristics of the movement, such
as e.g. turns around corners, may be determined by utilizing gyroscope data or
by using pattern recognition techniques for accelerometer data. The data from
other sensors such as e.g. from accelerometer may be used to calibrate the
gyroscope measurement. Also known, accurately determined locations (e.g. by
GPS or environmental data) may be used to calibrate inertial sensors.

If any other mobile device has not been located in the building before, the es-
timated route of the mobile device is easy something like in the top figure 601.
However, if a number of mobile devices have already been located in the
building in question, which means the mapping data such as probability map
structure is more up-to-date and comprehensive, more accurate, adapted
route shown in the bottom figure 602 may be obtained through the utilization of
the probability map structure and e.g. motion models. In both cases described
above, once the mobile device exits the building and GPS fix (or some other
more accurate location data) is once again available, the location estimations
are quickly restored or in the latter case continued to be closer to the actual lo-
cation of the mobile device positioned.
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In case the mobile device is switched on indoors and then, after a time period,
switched off also indoors without leaving outdoors during the time period, there
may not be an accurate reference point having regard to which calibrate the
inertial sensors. The reference point may, however, be determined afterwards
when another mobile devices come e.g. from outdoors to inside the building.
The measured data in case of the mobile device switched on and off indoors
may then be used to locate other devices indoors. Also the route of the mobile
device originally located can be adjusted afterwards. Also instead of locating a
single mobile device, pattern recognition techniques such as dynamic time
warping or Bayesian methods may be used to determine probability of over-
lapping paths of multiple mobile devices.

The determination of the most probable location according to the present in-
vention is based on utilizing environment data from at least one source, e.qg.
cellular network related information. However, the suggested method may
preferably utilize data from several sources in a combinatory fashion. The de-
termination of the combined probabilities of different location estimates may be
based on various methods such as ant colony optimization, stochastic diffusion
search, particle swarm optimization, genetic algorithm, least squares, Cramér-
von-Mises, fuzzy logic, neural networks or any other known method for solving
the problem related to estimating the location of a target entity or element,
such as an electronic mobile, typically also hand-held or wearable, device.

In various embodiments, the data obtained at the current location, at previous
locations, etc. may be used to adapt the probability map structure, the proba-
bilities of the probabilistic temporospatial motion models and e.g. route data.
This way the probability map structure and optionally other models can be
made to adapt to changes in the signal and actual environment due to, e.g.,
changes in base station signal power, permanent or temporary placed physical
objects thus enabling having up-to-date mapping data for positioning. The
adaption may take place locally at each mobile device and/or centrally on net-
work side elements, such as server(s), wherefrom adapted mapping data such
as basic or initial probability map structures for different areas may be optional-
ly distributed to client mobile devices instead of or in addition to local use.

Data relating to each locating technology or data input type (explicit positioning
data provided by e.g. GPS, cellular, Bluetooth, Wi-Fi, or other wireless network
based data, sensor data, etc.) may still be partly independently utilized and re-
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lated technology-specific probability map structures established, but at least
the final decision making about the most probable location estimate shall pref-
erably combine information arisen from each available technology-dependent
analysis.

Accordingly, even if technology-specific data and probability maps are exploit-
ed, care is taken to ensure the final mutual compatibility thereof by a prede-
fined merging logic. Additionally, the logic may be configured to weight the mu-
tual importance of different data sources and/or models based on e.g. their es-
timated reliability or error margin. A data source may be associated with a cer-
tain level of trust, which is then applied in adopting or utilizing the information
during mapping or locating as an emphasis factor, for instance.

In various embodiments involving the preliminary mapping phase enabling
subsequent positioning activities, measurement data including positioning data
(e.g. GPS) and associated environment data, optionally cellular data, is gener-
ally obtained. Different statistics, part of which are technology-specific, may be
then (pre)calculated for subsequent use in connection with positioning tasks.
For instance, for a location the occurrence probabilities of different cell signal
strengths or other environmental data elements or parameters (values) may be
determined.

Again, different models with different parameters and/or determination logic
may be constructed for different technologies during the mapping phase, but at
least during the locating the technology-specific considerations are ultimately
combined to obtain a common estimate for the location of the mobile device.

No mapping is advantageously completely nullified, however, unless clearly er-
roneous or if there is a high volume of mapping in the area and it clearly
doesn't match with the rest. On the other hand, when more recent measure-
ments start to make the previous data look outdated and invalid, the invalid da-
ta shall eventually be dropped out.

Permanent-appearing changes may be verified prior to being completely ac-
cepted by the mapping or positioning system through parallel usage of two or
more probability map structures regarding the same area and/or related fea-
tures (e.g. cell signal strengths, timing advances, etc.) that could be consid-
ered as competing. The detected instant of a major change in the tracked fea-
tures may be applied as the creation instant of a new map structure. When the
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change seems permanent according to the criterion used, the previous map
structure may be discarded or classified as inactive, and switched over to the
new one, also in locating.

In various embodiments, upon creating or adapting the probability map struc-
tures, statistics for constituting or populating the probability map structure are
established based on the obtained measurement data including, e.g., GPS and
temporally substantially corresponding environment data. Different (sub-)areas
within the overall area of interest may be formed by finding unitary characteris-
tics among geographically close data points. Unitary characteristics may refer
to similar signal values such as cell signal power or generally similar rules,
formulae or logic, e.g. in terms of signal attenuation or generally wireless envi-
ronment, which the locations in the area seem to follow in respect of the moni-
tored features.

Error associated and possibly indicated with GPS data (e.g. GPS error esti-
mate) may further be used to weight or prioritize the corresponding environ-
ment data when applied in modeling. Yet data source reliability information
may be applied in processing or weighting measurement data. As a concrete
example, professionals (e.g. cartographers) with professional gear may pro-
vide at least some measurement data, whereupon such data may be deemed
more reliable and given more weight than e.g. data from volunteers with ordi-
nary consumer electronics type measurement equipment. Nevertheless,
crowdsourcing is one valid option for obtaining large amounts of data with min-
imal effort. The data gathered may be used for updating the probability map
structure only or for updating the probabilistic temporospatial motion models as
well or vice versa.

When the obtained data contains user-inputted (manual) information such as
indication of the location (may be free-form text “I'm at the crossroad of West
7th Avenue and Bank street” or e.g. coordinates or other more specific location
input based on e.g. selection of a location via Google Maps™ or other interac-
tive map feature), less weight/more room for error may be allocated for such
location announcement than with purely machine-determined locations. Be-
tween professional and hobby/volunteering mappers, similar weighting may be
applied to manually input data.
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As mentioned hereinbefore, also during mapping, the GPS or other data pro-
vided by other mobile devices may be utilized to update the probability map
structure and related probabilities as well as the probabilities of the probabilis-
tic temporospatial motion models.

In various embodiments, mapping the area in question may be repetitive, itera-
tive background process that is executed when new measurement data such
as environment data is available, which may also occur during the so-called lo-
cating or positioning phase. As one understands, also explicit positioning data
such as GPS data may be obtained during the positioning phase, which en-
hances both the positioning accuracy and potential continued mapping taking
place in the mobile device itself or in one or more network elements whereto
the mobile device is configured to transmit the necessary data.

Accordingly, as the wireless environment in the area may sometimes consid-
erably evolve over time due to various changes in the network configuration,
traffic conditions, grid plan, etc., such major changes may be reflected by the
latest data, and be at least gradually tracked and detected by the present in-
vention according to predefined logic. Occasionally, major changes noticed are
due to errors in mapping or indicative of just temporary change or daily fluctua-
tion. Even climatic conditions may sometimes seriously affect the measure-
ments.

However, errors in mapping (arising e.g. from the GPS) or positioning (e.g. lo-
cal disruption in network coverage) appear typically in random or semi-random
manner. Often these situations can be predicted based on e.g. GPS accuracy
estimation data indicating bad quality or other factors listed above, and given
low priority in locating, but when such an error goes unnoticed, its effect can
often be minimized by its highly improbable association with the surrounding
mappings (determined from low weight in comparison to other mappings
around it).

When adapting the probability map structures and/or the probabilities of the
probabilistic temporospatial motion models, a current time stamp is preferably
included in or associated with the changes or new entries of the gathered da-
tabase to enable estimating the temporal or historical validity or timeliness
thereof.
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In a computer program according to an embodiment of the invention there is
arranged a program code means adapted to perform any of the method items
described above when the program is run on a processor. The program may
be delivered on a carrier medium that may be non-transitory, such as a
memory card, memory stick or optical disc. The program can be embedded in
the processor of the mobile device 10 and/or the server 14, or distributed
among a plurality of devices such as servers, or server(s) and mobile device
optionally as a wireless or wired signal. Few examples of generally applicable
wireless technologies include 2G, GSM, 3G, 4G, LTE, WCDMA, Bluetooth and
Wi-Fi-based technologies, for instance. These technologies may be applied for
both information transfer between the mobile devices and network entities
such as servers and acquisition of environment data.

Figure 7 shows a block diagram 700 of an arrangement for locating a mobile
device 701 in connection with at least one wireless network such as a cellular
network 702 according to an embodiment of the invention. The location of the
mobile device 701 is thus monitored when it is moving or in a stationary state.
The mobile device 701 comprises a first communication entity or unit for re-
ceiving and transmitting wireless, preferably at least cellular communication
network signals, e.g. GSM, GPRS (General Packet Radio Service), 3G/CDMA
(Code Division Multiple Access), 4G, and/or 5G signals. The first communica-
tion entity comprises at least one cellular receiver with associated antenna.
The first communication entity may comprise one or more receiving means for
different cellular communication networks and it is capable of receiving signals
from cellular networks operated by different operators. The first communication
entity may also comprise a cellular transmitter that is operable to communicate
with a remote station such as a server through a cellular communication net-
work. The cellular transmitter is operable to transmit data from the mobile de-
vice to the remote station. The cellular receiver and transmitter may be inte-
grated in a single component.

The mobile device 701 may also comprise a second communication entity for
receiving e.g. satellite-based (explicit or actual) positioning signals, e.g. global
positioning system (GPS) signals. The second communication unit may com-
prise at least one GPS receiver and associated antenna. The explicit (originally
intended for positioning) positioning signals may be applied in both mapping
and positioning activities as described hereinbefore.
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The mobile device 701 may comprise a third communication entity operable to
send and receive data based on Wi-Fi-based technologies such as WLAN.

The mobile device 701 may also comprise a number of local sensors measur-
ing internal or external parameters of the mobile device 701 such as accel-
erometer, gyroscope, compass, magnetometer, air pressure, humidity and/or
temperature sensors. The measured environment data of local sensors such
as inertial data may be used in the locating of the mobile device 701. The local
sensor data may also be sent by utilizing communication entities, e.g., to an
external server for use in mapping or positioning.

The mobile device 701 may be configured to receive positioning data received
from the satellite of the satellite-based positioning system and environment da-
ta of cellular communication network received from a plurality of base stations
belonging to at least one cellular communication network. According to another
embodiment, the mobile device comprises, instead of or in addition to the sec-
ond communication unit for receiving satellite-based positioning signals, re-
ceiving means configured to receive and collect information corresponding to
positioning data, e.g. GPS coordinates, from external element residing e.g. in a
communication network (e.g. server).

Mobile device comprises at least one processing element such as one or more
(micro)processors, micro-controllers, DSP’s (digital signal processor), pro-
grammable logic chips, etc. may be provided.

The mobile device also comprises a memory capable of storing executable in-
structions in the form of e.g. client mapping and/or positioning computer pro-
gram and other data such as model data, probability map data, signals re-
ceived through receiving means such as a GPS receiver and cellular receiver,
or from local sensors. Components which combine functionality of any of the
above mentioned elements may be used.

The processing element may thus be configured to execute the computer ap-
plication code stored in a memory, which may imply processing instructions
and data relative to a number of application(s) or software modules/entities as-
sociated with the present invention for mapping/modeling and/or positioning.
The memory may be divided between one or more physical memory chips or
other memory elements. The memory may further refer to and include other
storage media such as a preferably detachable memory card, a floppy disc, a
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CD-ROM (compact disc read only memory), DVD (digital versatile disc), Blu-
ray™ or a fixed storage medium such as a hard drive. The memory may be
non-volatile, e.g. ROM (read only memory), and/or volatile, e.g. RAM (random
access memory), by nature. The processor and the memory can also be inte-
grated together.

A Ul (user interface) may be provided and comprise a display, and/or a con-
nector to an external display or a data projector, and keyboard/keypad or other
applicable local control input means (e.g. a touch screen or voice control input,
or separate keys/buttons/knobs) configured so as to provide the user of the ar-
rangement/device with practicable data visualization and device control
means.

The Ul may further include one or more loudspeakers and associated circuitry
for sound output. Yet, a remote Ul functionality may be implemented by means
of a web server and web site operated thereat, for example. For the purpose,
data transfer interface(s) may be utilized. Alternatively, different APIs (applica-
tion programming interface) may be provided to access and use the elements
and data of the present invention.

The arrangement preferably comprises a mapping entity 70 capable of receiv-
ing environment data and positioning data in order to obtain, by necessary cal-
culations, for example, at least initial probability map structure(s) that may in-
clude e.g. covered area estimates for different base stations and related pa-
rameters (e.g. signal strength value maps with associated probabilities). The
mapping entity 70 may be further configured to obtain a number of probabilistic
temporospatial motion models. The mapping entity may be further configured
to obtain location associated route data and e.g. route models for loca-
tions/areas.

The arrangement preferably comprises a positioning, or locating, entity 71 for
collecting at least environment data so as to compare the at least environment
data with previously stored, environment data -related, location data via the
probability map structure(s) and to determine to most probable location of the
mobile device.

According to an embodiment of the present invention, the mobile device 701 to
be located is configured to execute positioning substantially autonomously or
in a stand-alone fashion, which means it may still receive data such as envi-
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ronment data from external sources such as wireless networks but determines
the location estimates substantially locally. This implicitly means that the mo-
bile phone has beforehand obtained the probability map structures and proba-
bilistic motion models and stored them in the memory. The locating is then per-
formed in the mobile device 701 in connection with the cellular network 702 it-
self without a need to connect to an external server or system. At least static
copy of the probability map structure, or relevant (e.g. geographically limited)
part thereof, and e.g. probabilistic temporospatial motion models and the nec-
essary locating logic may have been thus deployed at the mobile device as a
software product (computer program product). A suitable form of computer
software, e.g. a positioning client application or a local instance of a positioning
server entity, may be downloaded thereto to enable e.g. stand-alone position-
ing feature not requiring, at least continuously, the usage of or active connec-
tion to a number of remote service(s) or server(s).

In an embodiment according to the present invention, especially in the case of
an arrangement with a mobile device to be located and one or more server(s)
connected to the communication network 703, the arrangement may also
comprise communication over wired network interface(s) such as local area
network (LAN) (e.g. Ethernet) interface. In this case, the locating is at least
partly performed at the server(s) and the necessary data captured by and in
the possession of mobile and/or other device(s), e.g. environment data, may
be then transmitted to the server(s) either as directly addressed thereto or via
rerouting network elements such as cellular base stations, switches, or gate-
ways for use in positioning. The server(s) may obviously return location data to
the mobile device for visualization on a digital map display, for instance. Addi-
tionally or alternatively, the mapping entity may be configured to run at the
server(s) by data provided by mobile devices and potentially additional entities
such as base stations.

The arrangement may thus in some embodiments be implemented as a com-
bination of several elements including e.g. a mobile device to be located,
communication network, preferably, cellular network and at least one server.
The mobile device typically determines or captures at least environment data
which is further send to a server via cellular network a server or several serv-
ers. The data may include cellular network based data such as signal strength
data. The server then compares the environment data with earlier stored, ana-
lyzed and modeled data utilizing e.g. probability map structure(s) and probabil-
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istic temporospatial models. The server combines different location and motion
associated probabilities and determines the most probable location of the mo-
bile device. The most probable location of the mobile device is then sent to the
mobile device via cellular network.

Based on the foregoing, various embodiments of the arrangement of the pre-
sent invention may be realized by a mobile device, a network accessible ele-
ment such as server(s), or by a combination of both, among other potential op-
tions.

In the embodiments of a method, computer program and arrangement de-
scribed above the mobile device(s) used in the mapping phase may be other
mobile device(s) than the one(s) used in the actual locating phase. As an ex-
ample the former mobile device may comprise the GPS receiver or other ex-
plicit positioning data receiver, and the latter mobile device may not have to
comprise any particular positioning data receiver. This is because there is no
absolute need to receive explicit positioning data in the actual location deter-
mination phase, although receipt thereof often enhances positioning results.

Features described in the preceding description may be used in combination
other than the combinations explicitly described herein. Although various func-
tions have been described with reference to certain features, those functions
may be performable by other features whether described or not. Even though
certain features have been described with reference to certain embodiments
only, those features may also be present in other embodiments. Vice versa, all
disclosed features do not have to be present in all feasible variations of a cer-
tain embodiment as being appreciated by a person skilled in the art.
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CLAIMS

1. A method for locating an electronic mobile device capable of wireless
communication, the method comprising

obtaining a probability map structure for the area of interest, said probability
map structure associating environment data values, preferably including cellu-
lar network based data, with location data,

obtaining a number of probabilistic temporospatial motion models for different
types of motion, said models at least partly defining transition probabilities be-
tween location estimates relative to time,

obtaining at least environment data captured or determined by the mobile de-
vice at a plurality of sequential time instances, and

determining the most probable location estimate of the mobile device based on
combining probability data from both the probability map structure and said
motion models, wherein the at least environment data is best fitted in the mo-
tion models and probability map structure according to predefined criteria.

2. The method of claim 1, wherein at least one temporospatial motion model
of said number of models includes one or more elements indicative at least
one motion characteristic selected from the group consisting of: speed, veloci-
ty, speed fluctuation, velocity fluctuation, acceleration, deceleration, turn rate,
turn frequency, linearity of motion, stop, stop duration, stop frequency, direc-
tion change, direction change frequency, and direction reversal.

3. The method of any preceding claim, wherein said number of temporospa-
tial motion models comprise a model, optionally a dedicated model, for at least
one motion class selected from the group consisting of. walking, crawling, im-
mobility, running, cycle, motor vehicle, car, motorcycle, train, bus.

4.  The method of any preceding claim, wherein said number of temporospa-
tial motion models comprise a model, optionally a dedicated model, for at least
one geographical area or area type selected from the group consisting of: ur-
ban area, countryside, pedestrian area, pedestrian street, highway, forested
area, and indoor area.
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5. The method of any preceding claim, wherein at least one temporospatial
motion model of said number of models defines a limit or range for a motion
characteristic beyond which the probability of the characteristic is substantially
zero in said model.

6. The method of any preceding claim, comprising mapping activity incorpo-
rating determination of at least initial probability map structure or a source data
structure therefor through obtaining environment data, preferably including cel-
lular network based data, and temporally substantially corresponding, location-
indicating reference data, preferably including satellite positioning data, and
linking the environment data with the location data provided by the reference
data,

wherein the environment data and the reference or location data linked there-
with are pair-wise served by a plurality of terminal devices having regard to a
plurality of locations at different time instants for determining the probability
map structure.

7. The method of any preceding claim, comprising determination of at least
initial motion models through obtaining environment data and location-
indicating reference data from a plurality of mobile devices, and determining
motion statistics yielding said transition probabilities based on the obtained da-
ta.

8. The method of any preceding claim, comprising obtaining probabilistic
route data indicating at least one element selected from the group consisting
of. probability of a plurality of predefined sequential location transitions within
an area, and probability of presence within a predefined area of a greater area,
hot spot with probabilistically higher average concentration of mobile devices
within an area, and cold spot with probabilistically lower average concentration
of mobile devices within an area,

wherein the route data is utilized in determining the most probable location es-
timate.

9. The method of any preceding claim, wherein probabilistic route data in-
dicative of probabilities of routes or locations of mobile devices within an area
is determined at least partially based on at least one element selected from the
group consisting of: pre-known area characteristics preferably derived from
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map, street plan or floor plan, and monitoring of movement or presence of mo-
bile devices within the area.

10. The method of any preceding claim, wherein the environment data com-
prises sensor data from a sensor of the mobile device, preferably magnetome-
ter data configured to indicate location-associated disturbances in the magnet-
ic field of the area.

11. The method of any preceding claim, comprising obtaining inertial sensor
data and determining the most probable location estimate of the mobile device
also based thereon.

12. The method of any preceding claim, wherein data considered less accu-
rate, or position estimated derived therefrom, is adjusted by data considered
more accurate.

13. The method of any preceding claim, comprising logging position or route
data.

14. The method of any preceding claim, comprising detecting offset in the ob-
tained environment or positioning data and compensating the offset.

15. A computer program comprising program code means adapted to exe-
cute the method items of any of claims 1-14 when the program is run on a
computer.

16. A non-transitory carrier medium, such as a memory card or optical disc,
comprising the program of claim 15.

17. An arrangement for locating a mobile device operable in a wireless net-
work, comprising

a data repository comprising a probability map structure for the area of interest,
said probability map structure associating environment data values, preferably
including cellular network based data, with location data, and further compris-
ing a number of probabilistic temporospatial motion models for multiple differ-
ent types of motion, said models at least partly defining transition probabilities
between location estimates relative to time,
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a communication interface for obtaining at least environment data perceived at
the mobile device at a plurality of sequential time instances, and

a positioning entity configured to determine the most probable location esti-
mate of the mobile device based on combining probability data from both the
probability map structure and said motion models, wherein the at least envi-
ronment data is best fitted in the motion models and probability map structure
according to predefined criteria.

18. The arrangement of claim 17, wherein at least one temporospatial motion
model of said number of models includes one or more elements indicative at
least one motion characteristic selected from the group consisting of: speed,
velocity, speed fluctuation, velocity fluctuation, acceleration, deceleration, turn
rate, turn frequency, linearity of motion, stop, stop duration, stop frequency, di-
rection change, direction change frequency, and direction reversal.

19. The arrangement of any of claims 17-18, wherein said number of tem-
porospatial motion models comprise a model, optionally a dedicated model, for
at least one motion class selected from the group consisting of: walking, crawl-
ing, immobility, cycling, running, motor vehicle, car, motorcycle, train, bus.

20. The arrangement of any of claims 17-19, wherein said number of tem-
porospatial motion models comprise a model, optionally a dedicated model, for
at least one geographical area or area type selected from the group consisting
of. urban area, countryside, pedestrian area, pedestrian street, highway, for-
ested area, and indoor area.

21. The arrangement of any of claims 17-20, wherein at least one tem-
porospatial motion model of said number of models defines a limit or range for
a motion characteristic beyond which the probability of the characteristic is
substantially zero in said model.

22. The arrangement of any of claims 17-21, configured to determine or up-
date the probability map structure or a source data structure therefor through
obtaining environment data, preferably including cellular network based data,
and temporally substantially corresponding, location-indicating reference data,
preferably including positioning data, most preferably satellite positioning data,
and link the environment data with the location data provided by the reference
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data, said environment and reference data being collected by a number of mo-
bile devices.

23. The arrangement of claim 22, wherein the environment data and the as-
sociated reference or location data are pair-wise served by a plurality of termi-
nal devices having regard to a plurality of locations at different time instants for
determining the probability map structure.

24. The arrangement of any of claims 17-23, configured to determine at least
initial motion models through obtaining environment data and location-
indicating reference data from a plurality of mobile devices, and determining
motion statistics yielding said transition probabilities based on the obtained da-
ta.

25. The arrangement of any of claims 17-24, configured to obtain probabilis-
tic route data indicating at least one element selected from the group consist-
ing of. probability of a plurality of predefined sequential location transitions
within an area, and probability of presence within a predefined area of a great-
er area, hot spot with probabilistically higher average concentration of mobile
devices within an area, and cold spot with probabilistically lower average con-
centration of mobile devices within an area, and further configured to utilize the
route data in determining the most probable location estimate.

26. The arrangement of any of claims 17-25, wherein probabilistic route data
indicative of probabilities of routes or locations of mobile devices within an ar-
ea is determined at least partially based on at least one element selected from
the group consisting of: pre-known area characteristics preferably derived from
map, street plan or floor plan, and monitoring of movement or presence of mo-
bile devices within the area.

27. The arrangement of any of claims 17-26, wherein the environment data
comprises sensor data from a sensor of the mobile device, preferably magne-
tometer data configured to indicate location-associated disturbances in the
magnetic field of the area.

28. The arrangement of any of claims 17-27, configured to obtain inertial
sensor data and determine the most probable location estimate of the mobile
device also based thereon.
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29. The arrangement of any of claims 17-28, configured to adjust data, op-
tionally environment data such as cellular network based or sensor data, con-
sidered less accurate according to predefined criterion, or position estimated
derived therefrom, by data, optionally reference considered more accurate.

30. The arrangement of any of claims 17-29, configured to log, in a data re-
pository, route or position estimate data.

31. The arrangement of any of claims 17-30, comprising at least one com-
munications network, preferably the Internet, accessible server.

32. The arrangement of any of claims 17-31, consisting of or at least com-
prising the mobile device.

33. An arrangement, preferably comprising at least one server, for use in po-
sitioning, comprising

a mapping entity configured to determine

for the area of interest, a probability map structure or a source data
structure therefor, said probability map or related source data structure
associating environment data values, preferably including cellular net-
work based data, with location data, through obtaining environment data,
preferably including cellular network based data, and temporally substan-
tially corresponding, location-indicating reference data, preferably includ-
ing positioning data, most preferably satellite positioning data, and link-
ing the environment data with the location data provided by the reference
data, said environment and related reference data being collected by a
number of mobile devices; and

a number of probabilistic temporospatial motion models for multiple differ-
ent types of motion, said models at least partly defining transition proba-
bilities between location estimates relative to time, and

a communication interface configured to signal at least part of said probability
map structure and motion models to an electronic device for positioning.
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