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USER DEVICE LOCATION ESTIMATION

Field
The present specification relates to location estimation, such as estimating a location of

a user device within a mobile communication system based on fingerprint data.

Background

Fingerprint positioning is a process that makes use of a range of mobile communication
data that is applied to a model to generate a predicted or estimated location. For
example, a prediction or estimation of a location of a user device of a mobile
communication system can be generated from mobile communication data associated

with the user device. There remains a need for further developments in this field.

Summary

In a first aspect, this specification describes an apparatus comprising means for
performing: collecting mobile communication fingerprint data for signals between a
user device and a plurality of communication nodes (e.g. from multiple base stations) of
a mobile communication system; organising the collected data into a feature matrix,
wherein the feature matrix includes a user device location associated with each set of
fingerprint data; generating a binomial expression of the system (e.g. in order to
increase the number of features of the model) based on the collected data; processing
the binomial expression using a factorisation machine (or some other means) to
generate a reduced dimension binomial expression model; and calculating gradients
and updating parameters of the reduced dimensional binomial expression model based
on said gradients. The feature matrix may be stored at a location server (e.g. on the

cloud). The user device location may be based on ground truth data.

The mobile communication fingerprint data may comprise one or more of: reference
signal receiving power (RSRP), time of arrival (ToA) and angle of arrival (AoA) data at
the user device. The RSRP data may be measured at the user device. The ToA and AoA

data may be measured at a communication node or base station.

The user device location may be a discrete area, such as a “bin”. This may turn the

classification into a multi-class classification problem.
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The reduced dimension binomial expression model may comprise the binomial

expression of the system factorised into an approximate product of two matrices.

The said gradients may be calculated using stochastic gradient descent.

The means for performing updating said parameters may update said parameters using

a softmax cost function.

The means for updating said gradient updates said gradients until a defined condition

(e.g. a defined performance level or a defined number of iterations) is reached.

Some example embodiments further comprise means for performing: determining
whether a number of features in the feature matrix is above a first threshold level and,
if so, using an alternative dimension reduction algorithm (such as PCA) instead of said

factorisation machine.

Some example embodiments further comprise means for performing: determining
whether a number of data points in the feature matrix is above a second threshold level
and generating said binomial expression in the event that that the number of data
points is above said second threshold level. If the number of data points is below said

second threshold level, this may be indicative of an insufficient data case.

The said means may comprise at least one processor and at least one memory including
computer program code. The at least one memory and the computer program code may
be configured to, with the at least one processor, cause the performance of the

apparatus.

In a second aspect, this specification describes a method comprising: collecting mobile
communication fingerprint data for signals between a user device and a plurality of
communication nodes of a mobile communication system; organising the collected data
into a feature matrix, wherein the feature matrix includes a user device location
associated with each set of fingerprint data; generating a binomial expression of the
system based on the collected data; processing the binomial expression (e.g. using a
factorisation machine) to generate a reduced dimension binomial expression model;
and calculating gradients and updating parameters of the reduced dimensional

binomial expression model based on said gradients. The feature matrix may be stored

2
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at a location server (e.g. on the cloud). The user device location may be based on

ground truth data.

The reduced dimension binomial expression model may comprise the binomial

expression of the system factorised into an approximate product of two matrices.

The said gradient updates may be updated until a defined condition (e.g. a defined

performance level or a defined number of iterations) is reached.

Some example embodiments further: determining whether a number of features in the
feature matrix is above a first threshold level and, if so, using an alternative dimension

reduction algorithm (such as PCA) instead of said factorisation machine.

Some example embodiments further comprise: determining whether a number of data
points of the features is above a second threshold level and generating said binomial
expression in the event that that the number of data points is above said second
threshold level. If the number of data points is below said second threshold level, this

may be indicative of an insufficient data case.

In a third aspect, this specification describes an apparatus comprising means for
performing: collecting mobile communication fingerprint data for signals between a
user device and a plurality of communication nodes of a mobile communication system;
and providing the fingerprint data to a model to generate an estimate of a location of
the user device, wherein the model comprises a reduced dimensional binomial
expression model. In the third aspect, the reduced dimensional binomial expression
mode may be generated using a method as described above with reference to the

second aspect.

In a fourth aspect, this specification describes a method comprising: collecting mobile
communication fingerprint data for signals between a user device and a plurality of
communication nodes of a mobile communication system; and providing the
fingerprint data to a model to generate an estimate of a location of the user device,

wherein the model comprises a reduced dimensional binomial expression model.
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In a fifth aspect, this specification describes computer-readable instructions which,
when executed by computing apparatus, cause the computing apparatus to perform (at

least) any method as described with reference to the second or fourth aspects.

In a sixth aspect, this specification describes a computer-readable medium (such as a
non-transitory computer-readable medium) comprising program instructions stored
thereon for performing (at least) any method as described with reference to the second

or fourth aspects.

In a seventh aspect, this specification describes an apparatus comprising: at least one
processor; and at least one memory including computer program code which, when
executed by the at least one processor, causes the apparatus to perform (at least) any

method as described with reference to the second or fourth aspects.

In an eighth aspect, this specification describes a computer program comprising
instructions for causing an apparatus to perform at least the following: collect mobile
communication fingerprint data for signals between a user device and a plurality of
communication nodes of a mobile communication system; organise the collected data
into a feature matrix, wherein the feature matrix includes a user device location
associated with each set of fingerprint data; generate a binomial expression of the
system based on the collected data; process the binomial expression (e.g. using a
factorisation machine) to generate a reduced dimension binomial expression model;
and calculate gradients and updating parameters of the reduced dimensional binomial

expression model based on said gradients.

In a ninth aspect, this specification describes a computer program comprising
instructions for causing an apparatus to perform at least the following: collect mobile
communication fingerprint data for signals between a user device and a plurality of
communication nodes of a mobile communication system; and provide the fingerprint
data to a model to generate an estimate of a location of the user device, wherein the

model comprises a reduced dimensional binomial expression model.

In a tenth aspect, this specification describes: a location server (or some other means)
for collecting mobile communication fingerprint data for signals between a user device
and a plurality of communication nodes of a mobile communication system; a table (or

some other means) for organising the collected data into a feature matrix, wherein the
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feature matrix includes a user device location associated with each set of fingerprint
data; a processor (or some other means) for generating a binomial expression of the
system based on the collected data; a factorisation machine (or some other means) for
processing the binomial expression to generate a reduced dimension binomial
expression model; and the processor (or some other means) for calculating gradients
and updating parameters of the reduced dimensional binomial expression model based

on said gradients.

In an eleventh aspect, this specification describes: an input (or some other means) for
collecting mobile communication fingerprint data for signals between a user device and
a plurality of communication nodes of a mobile communication system; and an output
(or some other means) for providing the fingerprint data to a model to generate an
estimate of a location of the user device, wherein the model comprises a reduced

dimensional binomial expression model.

Brief description of the drawings
Example embodiments will now be described, by way of example only, with reference to

the following schematic drawings, in which:

FIG. 1is a block diagram of a system in accordance with an example embodiment;
FIG. 2 is a block diagram of a system in accordance with an example embodiment;
FIG. 3 shows a table used in an example embodiment;

FIGS. 4 to 7 are flow charts showing algorithms in accordance with example
embodiments;

FIG. 8 is a block diagram of components of a system in accordance with an example
embodiment; and

FIGS. 9A and 9B show tangible media, respectively a removable non-volatile memory
unit and a compact disc (CD) storing computer-readable code which when run by a

computer perform operations according to example embodiment.

Detailed description

The scope of protection sought for various embodiments of the invention is set out by
the independent claims. The embodiments and features, if any, described in the
specification that do not fall under the scope of the independent claims are to be
interpreted as examples useful for understanding various embodiments of the

invention.
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In the description and drawings, like reference numerals refer to like elements

throughout.

Fingerprint positioning is a process that makes use of a range of mobile communication
data, such as Reference Signal Receiving Power (RSRP), Time of Arrival (ToA), and
Angle of Arrival (AoA), that is applied to a model (such as a machine-learned model)
that provides a predicted or estimated location. For example, a prediction or estimate
of a location of a user device of a mobile communication system can be generated from

mobile communication data associated with the user device.

FIG. 1is a block diagram of a system, indicated generally by the reference numeral 10,

in accordance with an example embodiment.

The system 10 comprises a plurality of mobile communication nodes in the form of a
first base station 11, a second base station 12, a third base station 13, a fourth base
station 14 and an nth base station 15. A user device 16 is moving in the vicinity of the
mobile communication nodes (and is shown, by way of example, close to the centre of

the system 10).

FIG. 21is a block diagram of a system in accordance with an example embodiment. The
system comprise a trained model 20 that is configured to receive fingerprint data and
to provide a location estimate (or prediction). For example, the model 20 may be used

to provide an estimate of a location of the user device 16 in the system 10.

In an example use of the system, 20, fingerprint data may be collected for signals
between the user device 16 and the plurality of base stations 11 to 15 such that the

fingerprint data can be used by the model to generate the location estimate.

FIG. 3 shows a table, indicated generally by the reference numeral 30, used in an

example embodiment.

The table 30 stores data samples for various data types associated with each of a
plurality of base stations over time. Each row of the table 30 therefore represents a

fingerprint. The fingerprint is associated with position data, such that the table 30 can
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be used for training purposes. For example, the position data can be used as ground

truth data for a machine learning algorithm.

The example data types stored in the table 30 are reference signal receiving power
(RSRP), time of arrival (ToA) and angle of arrival (AoA). RSRP may be measured at the
user device, whilst ToA and AoA data may be measured at the respective base station.
Of course, many other data types could be determined and stored instead of, or in

addition to, some of the data shown in the table 30.

The serving area of a base station may be divided into discrete areas (such as “bins”).
Accordingly, the table 30 may store the location of the user device as a bin reference.
Storing a larger bin area, rather than detailed co-ordinates of a user device may reduce

the complexity of a training algorithm.

If an area of which data samples are collected for populating the table 30 is increased,
then the number of base stations from which data collated will generally increase.
Increasing the number of data points that are available for use in training a model can

increase the accuracy of that model. However, this is not always the case.

The use of RSRP, ToA and AoA data can cause problems in modelling since much of
that data is highly correlated. Different samples of data relating to the same base
station can highly correlated. Moreover, data from different base stations can be highly
correlated. This can make modelling difficult. As discussed further below, one approach
is to use a binomial modelling approach, which can be particularly effective when

features for generating the model are highly correlated.

Increasing the coverage area can result in data sparsity. For example, reliable data may
not be available in instances where the user device and a particular base station are
separated by a significant distance. As discussed below, a binomial approach may be
used in the modelling process. Data sparsity is known to hinder the performance of

binomial modelling.

A further problem with binomial modelling relates to dimensionality. As the number of
binomial expressions increases with the number of features, even a moderate feature

size can render a model unmanageable.
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FIG. 4 is a flow chart showing an algorithm, indicated generally by the reference

numeral 40, in accordance with an example embodiment.

The algorithm 40 starts at operation 42, where mobile communication fingerprint data
is collected for signals between a user device and a plurality of communication nodes
(e.g. from multiple base stations) of a mobile communication system. The fingerprint

data may, for example, be stored on a location server (e.g. in the cloud).

The data collected in the operation 42 may be organised into a feature matrix having
sets of fingerprint data and associated user device location data. The table 30 is an

example output of such a feature matrix.

At operation 44, a binomial expression of the system is generated based on the
collected data. The binomial expression may be used to increase the number of features

in a model of the system.

At operation 46, a reduced dimension binomial expression model is generated. As
discussed in detail below, the operation 46 may be implemented using a factorisation
machine to process the binomial expression generated in the operation 44 to generate

the reduced dimension binomial expression model.

Finally, at operation 48, gradients are generated (e.g. using stochastic gradient descent)
and used to update parameters of the reduced dimensional binomial expression model,
as discussed further below. The operation 48 may continue updating the gradient
parameters until a defined condition (such as a defined performance level and/or a

defined number of training iterations) has been reached.

In this way, a reduced dimension binomial expression model may be generated that can
be used to model the system based on the feature matrix generated in operation 42. The
model can then be used to generate position estimates/predictions based on newly

obtained fingerprint data.

FIG. 5 is a flow chart showing an algorithm, indicated generally by the reference
numeral 50, in accordance with an example embodiment. The algorithm 50 may be

used in the generation of a model of the system 10 described above.
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The algorithm 50 starts at operation 52, where raw data is collected. The raw data may
include data such as Reference Signal Receiving Power (RSRP), Time of Arrival (ToA),
and Angle of Arrival (AoA). As discussed above, RSRP may be measured at a user
device (e.g. the user device 16), whilst ToA and AoA data may be measured at the

respective base stations.

At operation 54, a model of the relevant system (e.g. the system 10) is generated.

At operation 56, a determination is made regarding whether the system model
generated in the operation 54 is suitable. If so, the algorithm moves to operation 58,
where the model is updated. If not, the algorithm moves to operation 59, where an

alternative modelling method is used.

FIG. 6 is a flow chart showing an algorithm, indicated generally by the reference
numeral 60, in accordance with an example embodiment. The algorithm 60 is an

example implementation of the operation 56 of the algorithm 50 described above.

At operation 62, a determination is made regarding whether the area that is being
modelled is large (e.g. above a threshold size). Modelling a large area is likely to lead to
problems such as sparse matrices and features being correlated that the principles
described herein seek to address. Accordingly, if the area is deemed to be large, then
the algorithm continues to operation 64; otherwise the algorithm 60 terminates at

operation 59, where an alternative method is used.

At operation 64, a determination is made regarding whether a number of features in
the feature matrix is above a threshold level (i.e. is large). If not, then the algorithm
moves to operation 66. If the number of features is deemed to be large, then it is
determined that an alternative dimension reduction algorithm (e.g. PCA) should be

used; accordingly, the algorithm 60 terminates at operation 59.

At operation 66, a determination is made regarding whether a number of data points of
the feature matrix is above a second threshold level (i.e. is large). If so, the algorithm
moves to operation 58, wherein the model is updated. If not, the algorithm 60

terminates at operation 59.
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The, using the algorithm 60, the model of the system is updated in the event that the
system being modelled covers a large area, the data size is large, but the feature size is
moderate or low. Of course, the operations 62, 64 and 66 could be implemented in any
order (including in parallel) and other factors may be considered in addition to, or

instead of, one or more of the area, data size and features size.
FIG. 7 is a flow chart showing an algorithm, indicated generally by the reference
numeral 70, in accordance with an example embodiment. The algorithm 70 is an

example implementation of the operation 58 described above.

The algorithm 70 starts at operation 72, where a model of the system (e.g. the system 10)

is generated using binomial terms.

As binomials can express features correlation, we use it in hypothesis:

Tk U N \ ““‘“‘\ ‘
Y(X) =wo + Y wimp + Y > wyzmr; (1)

where n is number of features, x; is value of the ith feature, w; is the ith feature’s
parameter on monomial, wj is the ith and jth features’ parameter on binomial. Training
the binomial parameter w;; can be difficult because in a sparse matrix most training
samples have x;x; = 0 (so that a non-zero gradient cannot be obtained in order to
update wij). If only a few samples with x;x;! = 0 are available, this may not be sufficient

to train the parameter.

At operation 74, a factorisation machine is used to reduce the dimensions of the model,
as discussed further below. The operation 74 may generate a reduced dimension
binomial expression model comprising the binomial expression of the system (as

generated in the operation 62) factorised into an approximate product of two matrices.

The operation 74 may be implemented as follows.

First, we decompose W = transpose(V)*V, the ith column of V is defined as the ith
feature’s hidden vector and wj can be presented by inner product of Vi and V;,
therefore it turns to train Vi=(vi1,Viz,Vis,...,Vik), where k is the length of hidden vector, the

process is shown as below:

10



10

15

WO 2022/198522 PCT/CN2021/082816

Wip W ... Wi ¥y
Wop Wy ... Wiy . V) . .
W = P =Ty = Vi, Va, oo Vi
r

L Wny  Wea . ag Vi ,

1 T2 s Pk U1 a1 e U
¥ e ... Vg % Ty Vo ... U2
Pt Py e Unk Le Yo N

This reduces the binomial training parameter number from n*(n-1)/2 to n*k and
usually k<<n. Vj can be trained as long as any combined feature value multiplying x; is
not 0, therefore sparse problem is solved. After using a factorisation machine process,

the Equation 1 can be expressed as:
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At operation 76 of the algorithm 70, the model is updated using stochastic gradient
descent (SGD). For example the parameters of the model may be updated using a

Softmax cost function.

For example, by using stochastic gradient descent to derive gradients from the

Equation 2 above, we can write:

11
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We can then use a Softmax cost function for multi-class problem in a manner well

known in the art.

Finally, the derivative chain rule can be used with Equation 3 to derive final gradients

for each parameters, which can be used to update the model.

Thus, an approach is provided to address data sparsity and high correlation issues. The
approach is based on a Softmax regression model with binomials using Factorization

Machine (FM) principles.

For completeness, FIG. 8 is a schematic diagram of components of one or more of the
example embodiments described previously, which hereafter are referred to generically
as a processing system 300. The processing system 300 may, for example, be the

apparatus referred to in the claims below.

The processing system 300 may have a processor 302, a memory 304 closely coupled to
the processor and comprised of a RAM 314 and a ROM 312, and, optionally, a user
input 310 and a display 318. The processing system 300 may comprise one or more
network/apparatus interfaces 308 for connection to a network/apparatus, e.g. a
modem which may be wired or wireless. The network/apparatus interface 308 may
also operate as a connection to other apparatus such as device/apparatus which is not
network side apparatus. Thus, direct connection between devices/apparatus without

network participation is possible.

The processor 302 is connected to each of the other components in order to control

operation thereof.

The memory 304 may comprise a non-volatile memory, such as a hard disk drive (HDD)
or a solid state drive (SSD). The ROM 312 of the memory 304 stores, amongst other
things, an operating system 315 and may store software applications 316. The RAM 314
of the memory 304 is used by the processor 302 for the temporary storage of data. The

12
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operating system 315 may contain code which, when executed by the processor
implements aspects of the algorithms 40, 50, 60 and 70 described above. Note that in
the case of small device/apparatus the memory can be most suitable for small size

usage i.e. not always a hard disk drive (HDD) or a solid state drive (SSD) is used.

The processor 302 may take any suitable form. For instance, it may be a

microcontroller, a plurality of microcontrollers, a processor, or a plurality of processors.

The processing system 300 may be a standalone computer, a server, a console, or a
network thereof. The processing system 300 and needed structural parts may be all

inside device/apparatus such as IoT device/apparatus i.e. embedded to very small size.

In some example embodiments, the processing system 300 may also be associated with
external software applications. These may be applications stored on a remote server
device/apparatus and may run partly or exclusively on the remote server
device/apparatus. These applications may be termed cloud-hosted applications. The
processing system 300 may be in communication with the remote server

device/apparatus in order to utilize the software application stored there.

FIGS. 9A and 9B show tangible media, respectively a removable memory unit 365 and a
compact disc (CD) 368, storing computer-readable code which when run by a computer
may perform methods according to example embodiments described above. The
removable memory unit 365 may be a memory stick, e.g. a USB memory stick, having
internal memory 366 storing the computer-readable code. The internal memory 366
may be accessed by a computer system via a connector 367. The CD 368 may be a CD-
ROM or a DVD or similar. Other forms of tangible storage media may be used.
Tangible media can be any device/apparatus capable of storing data/information which

data/information can be exchanged between devices/apparatus/network.

Embodiments of the present invention may be implemented in software, hardware,
application logic or a combination of software, hardware and application logic. The
software, application logic and/or hardware may reside on memory, or any computer
media. In an example embodiment, the application logic, software or an instruction set
is maintained on any one of various conventional computer-readable media. In the
context of this document, a “memory” or “computer-readable medium” may be any

non-transitory media or means that can contain, store, communicate, propagate or

13
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transport the instructions for use by or in connection with an instruction execution
system, apparatus, or device, such as a computer.

” o«

Reference to, where relevant, “computer-readable medium”, “computer program

product”, “tangibly embodied computer program” etc., or a “processor” or “processing
circuitry” etc. should be understood to encompass not only computers having differing
architectures such as single/multi-processor architectures and sequencers/parallel
architectures, but also specialised circuits such as field programmable gate arrays FPGA,
application specify circuits ASIC, signal processing devices/apparatus and other
devices/apparatus. References to computer program, instructions, code etc. should be
understood to express software for a programmable processor firmware such as the
programmable content of a hardware device/apparatus as instructions for a processor
or configured or configuration settings for a fixed function device/apparatus, gate array,

programmable logic device/apparatus, etc.

If desired, the different functions discussed herein may be performed in a different
order and/or concurrently with each other. Furthermore, if desired, one or more of the
above-described functions may be optional or may be combined. Similarly, it will also
be appreciated that the flow diagrams of FIGS. 4 to 7 are examples only and that

various operations depicted therein may be omitted, reordered and/or combined.

It will be appreciated that the above described example embodiments are purely
illustrative and are not limiting on the scope of the invention. Other variations and
modifications will be apparent to persons skilled in the art upon reading the present

specification.

Moreover, the disclosure of the present application should be understood to include
any novel features or any novel combination of features either explicitly or implicitly
disclosed herein or any generalization thereof and during the prosecution of the present
application or of any application derived therefrom, new claims may be formulated to

cover any such features and/or combination of such features.

Although various aspects of the invention are set out in the independent claims, other
aspects of the invention comprise other combinations of features from the described
example embodiments and/or the dependent claims with the features of the

independent claims, and not solely the combinations explicitly set out in the claims.

14
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It is also noted herein that while the above describes various examples, these
descriptions should not be viewed in a limiting sense. Rather, there are several
variations and modifications which may be made without departing from the scope of

the present invention as defined in the appended claims.
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WHAT IS CLAIMED IS:

1. An apparatus comprising means for performing;:
collecting mobile communication fingerprint data for signals between a user
device and a plurality of communication nodes of a mobile communication system;
organising the collected data into a feature matrix, wherein the feature matrix
includes a user device location associated with each set of fingerprint data;
generating a binomial expression of the system based on the collected data;
processing the binomial expression to generate a reduced dimension binomial
expression model; and
calculating gradients and updating parameters of the reduced dimensional

binomial expression model based on said gradients.

2. An apparatus as claimed in claim 1, wherein said mobile communication
fingerprint data comprises one or more of: reference signal receiving power, time of

arrival and angle of arrival data at the user device.

3. An apparatus as claimed in claim 1 or claim 2, wherein said user device location

is based on ground truth data.

4. An apparatus as claimed in any one of claims 1 to 3, wherein said user device

location is a discrete area.

5. An apparatus as claimed in any one of the preceding claims, wherein the
reduced dimension binomial expression model comprises the binomial expression of

the system factorised into an approximate product of two matrices.

6. An apparatus as claimed in any one of the preceding claims, wherein said

gradients are calculated using stochastic gradient descent.
7. An apparatus as claimed in any one of the preceding claims, wherein the means

for performing updating said parameters updates said parameters using a softmax cost

function.
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8. An apparatus as claimed in any one of the preceding claims, wherein said means
for performing updating said gradient updates said gradients until a defined condition

is reached.

0. An apparatus as claimed in any one of the preceding claims, further comprising
means for performing:

determining whether a number of features in the feature matrix is above a first
threshold level and, if so, using an alternative dimension reduction algorithm instead of

said factorisation machine.

10. An apparatus as claimed in any one of the preceding claims, further comprising
means for performing:

determining whether a number of data points in the feature matrix is above a
second threshold level and generating said binomial expression in the event that that

the number of data points is above said second threshold level.

11. An apparatus as claimed in any one of the preceding claims, wherein the means
for performing processing said binomial expression to generate said reduced dimension

binomial expression comprises a factorisation machine.

12. A method comprising:
collecting mobile communication fingerprint data for signals between a user
device and a plurality of communication nodes of a mobile communication system;
organising the collected data into a feature matrix, wherein the feature matrix
includes a user device location associated with each set of fingerprint data;
generating a binomial expression of the system based on the collected data;
processing the binomial expression to generate a reduced dimension binomial
expression model; and
calculating gradients and updating parameters of the reduced dimensional

binomial expression model based on said gradients.
13. A method as claimed in clam 12, wherein the reduced dimension binomial

expression model comprises the binomial expression of the system factorised into an

approximate product of two matrices.
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14. A method as claimed in claim 12 or claim 13, wherein the binomial expression is
processed to generate said reduced dimension binomial expression using a

factorisation machine.

15. An apparatus comprising means for performing;:
collecting mobile communication fingerprint data for signals between a user
device and a plurality of communication nodes of a mobile communication system; and
providing the fingerprint data to a model to generate an estimate of a location of
the user device, wherein the model comprises a reduced dimensional binomial

expression model.

16. An apparatus as claimed in claim 15, wherein the reduced dimensional binomial

expression mode is generated using a method as claimed in any one of claims 12 to 14.

17. A method comprising:
collecting mobile communication fingerprint data for signals between a user
device and a plurality of communication nodes of a mobile communication system; and
providing the fingerprint data to a model to generate an estimate of a location of
the user device, wherein the model comprises a reduced dimensional binomial

expression model.

18. A computer program comprising instructions for causing an apparatus to
perform at least the following:

collect mobile communication fingerprint data for signals between a user device
and a plurality of communication nodes of a mobile communication system;

organise the collected data into a feature matrix, wherein the feature matrix
includes a user device location associated with each set of fingerprint data;

generate a binomial expression of the system based on the collected data;

processing the binomial expression to generate a reduced dimension binomial
expression model; and

calculating gradients and updating parameters of the reduced dimensional

binomial expression model based on said gradients.

19. A computer program comprising instructions for causing an apparatus to

perform at least the following:

18
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collect mobile communication fingerprint data for signals between a user device
and a plurality of communication nodes of a mobile communication system; and

provide the fingerprint data to a model to generate an estimate of a location of
the user device, wherein the model comprises a reduced dimensional binomial

expression model.

19



WO 2022/198522 PCT/CN2021/082816

BS1
11 BS2

12/

BS3
UE
13/
16
BSn
15/
BS4
14 /
N0
FIG. 1
Fingerprint Trained Location
data model estimate
20 /

FIG. 2



WO 2022/198522

PCT/CN2021/082816

Bin Label

FIG. 3

Generate/obtain
feature matrix

42

A4

Generate binomial
expression

44

A\ 4

46

Generate reduced
dimension binomial
expression

|

Update model
parameters

48

FIG. 4

2717

40



WO 2022/198522 PCT/CN2021/082816

Collect raw data

52

A4

Model system

) l

Model
suitable?

No

Use alternative Update model
method

59/ 58/ "\ 50

FIG. 5

3/7



WO 2022/198522

59

No

PCT/CN2021/082816

Large area?

62

Yes

Large
feature size?

Large data
size?

No

Use alternative
method

Update model

/

58 \ i

FIG. 6

477



WO 2022/198522

72

Generate model
with binomial
terms

A\ 4

Use FM to reduce
dimensions

74

l

Update model
using SGD

76

FIG. 7

517

PCT/CN2021/082816

\70



WO 2022/198522 PCT/CN2021/082816

304
5 /300
Memory
314 -7 | RAM
[ | 316
] — 315
312-T L T
ROM
Network
Interface
Processor [
______________ .
T I-____I -----
: D : |
: ! Display 1
" 302 " !
T TTTTTTA [ —
' User E
' nput | I
P 318
\"
310
Fig. 8

6/7



WO 2022/198522 PCT/CN2021/082816

Ly

368

Fig. 98

717



INTERNATIONAL SEARCH REPORT International application No.
PCT/CN2021/082816

A. CLASSIFICATION OF SUBJECT MATTER
GO1S 5/02(2010.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

GO1S

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

CNTABS.CNTXT,CNKLENTXT,USTXT,WOTXT,JPTXT:position,location, fingerprint, modeling, model, binomial,
expression, dimension, reduce, gradient, factorise, modeling,feature matrix,

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X CN 112469116 A (BEIJING DIDI INFINITY TECHNOLOGY AND DEVELOPMENT 15-17, 19
CO., LTD.) 09 March 2021 (2021-03-09)
description, paragraphs [0089]-[0142], [0169]-[0177], [0183]-[0185]

A CN 112469116 A (BEIJING DIDI INFINITY TECHNOLOGY AND DEVELOPMENT 1-14, 18
CO., LTD.) 09 March 2021 (2021-03-09)
the same as above

X CN 112333652 A (CHINA MOBILE GROUP ZHEJIANG COMPANY LIMITED and 15-17, 19
CHINA MOBILE COMMUNICATIONS GROUP CO., LTD.) 05 February 2021
(2021-02-05)

description, paragraphs [0029]-[0186]

X US 2014011518 A1 (UNIV TORONTO) 09 January 2014 (2014-01-09) 15-17, 19
description, paragraphs [0090], [0099]-[0114]

A US 2020158810 A1 (CISCO TECH INC) 21 May 2020 (2020-05-21) 1-19
the whole document

A CN 108924736 A (NORTHWEST NORMAL UNIVERSITY) 30 November 2018 1-19
(2018-11-30)
the whole document

D Further documents are listed in the continuation of Box C. See patent family annex.

*  Special categories of cited documents: “T” later document published after the international filing date or priority
«A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand the
to be of particular relevance principle or theory underlying the invention
«g” earlier application or patent but published on or after the international «X» document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive step
«1» document which may throw doubts on priority claim(s) or which is when the document is taken alone
cited to establish the publication date of another citation or other «y» document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
“0” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

«p>» document published prior to the international filing date but later than . &

e ] document member of the same patent famil;
the priority date claimed P Y

Date of the actual completion of the international search Date of mailing of the international search report
01 December 2021 14 December 2021
Name and mailing address of the ISA/CN Authorized officer
National Intellectual Property Administration, PRC
6, Xitucheng Rd., Jimen Bridge, Haidian District, Beijing LV,He
100088, China
Facsimile No. (86-10)62019451 Telephone No. 86-(010)-62411400

Form PCT/ISA/210 (second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/CN2021/082816

Patent document

Publication date

Patent family member(s)

Publication date

cited in search report (day/month/year) (day/month/year)
CN 112469116 A 09 March 2021 None
CN 112333652 A 05 February 2021 None
us 2014011518 Al 09 January 2014 Jp 2015531053 A 29 October 2015
CA 2877763 Al 03 January 2014
KR 20150035745 A 07 April 2015
CN 105143909 A 09 December 2015
us 9167386 B2 20 October 2015
WO 2014000090 Al 03 January 2014
EP 2865205 Al 29 April 2015
EP 2865205 A4 09 March 2016
uUsS 2020158810 Al 21 May 2020 None
CN 108924736 A 30 November 2018 CN 108924736 B 09 March 2021

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - wo-search-report
	Page 29 - wo-search-report

