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57 ABSTRACT

Sensor data fusing systems and methods are provided. The
fusing system reads and parses a floor plan to obtain a
location of a user, identifies a grid in the floor plan using the
location, determines a distance between the user and bea-
cons placed at every corner of identified grid, and further
trilaterating the location using beacon identifiers. The sys-
tem further assigns a weight to the trilaterated location based
on the distance between the user and the beacons in the grid
to obtain a first set of weights, and computes one or more
weights using number of particles generated with respect to
an inertial measurement obtained from an inertial sensor to
obtain a second set of weights. The fusing system further
fuses the first set of weights and the second set of weights
to obtain a first and a second co-ordinate that indicates
specific position of the user in the location.
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SYSTEMS AND METHODS FOR FUSING
INERTIAL AND BLUETOOTH LOW
ENERGY SENSOR DATA FOR
LOCALIZATION

PRIORITY CLAIM

[0001] This U.S. patent application claims priority under
35 U.S.C. §119 to: India Application No. 4198/ MUM/2015,
filed on Nov. 04, 2015. The entire contents of the aforemen-
tioned application are incorporated herein by reference.

TECHNICAL FIELD

[0002] This disclosure relates generally to localization
systems, and more particularly to systems and methods for
fusing inertial and Bluetooth low energy sensor data for
localization.

BACKGROUND

[0003] Indoor localization using both radio frequency
(RF) and inertial sensors on a mobile device is a common
approach. Localization and mapping are performed to com-
pute the most probable location using sensors and control
values (if any). Current solutions have considered both the
techniques and methods of fusing them. One of the existing
solution is inertial navigation using Pedestrian Dead Reck-
oning (PDR) and particle filter (PF), which is a standard
approach. However, it is well-known and evident from
experimental results that PDR is susceptible to stride-length
inaccuracies and magnetic noise. Another approach is using
Received Signal Strength Indication (RSSI) from Radio
Frequency (RF) sources on a mobile phone. Since signal
strength decays with distance, it is possible to elucidate
distance from the same. However, such measurements are
corrupted by multipath and fading. Hence, none of the
methods are individually correct but can provide location
information with some granularity and error distribution.

SUMMARY

[0004] Embodiments of the present disclosure present
technological improvements as solutions to one or more of
the above-mentioned technical problems recognized by the
inventors in conventional systems. For example, in one
aspect, a sensor data fusing system for localization is pro-
vided. The system comprising: a memory storing instruc-
tions; a processor communicatively coupled to the memory,
wherein the processor is configured by the instructions to:
read and parse a floor plan to obtain a location of a user,
wherein the floor plan comprises a plurality of grids; identify
a grid from the plurality of grids using the location of the
user, wherein the grid comprises a plurality of beacons;
determine a distance between the user and the plurality of
beacons in the identified grid; trilaterate the location of the
user using a plurality of beacon identifiers, each beacon
identifier of the plurality of beacon identifiers is specific to
a beacon from the plurality of beacons; assign a weight to
the trilaterated location based on the distance between the
user and the plurality of beacons in the grid to obtain a first
set of weights; compute one or more weights using number
of particles generated with respect to an inertial measure-
ment obtained from an inertial sensor to obtain a second set
of weights; and fuse the first set of weights and the second
set of weights to obtain a first coordinate and a second
co-ordinate of a specific position of the user in the location.
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[0005] The weight is assigned as a higher weight when the
distance between the user and each of the plurality of
beacons in the identified grid is greater than a predefined
distance from each beacon placed at each corner of the grid.
The weight is assigned as a lower weight when the distance
between the user and each of the plurality of beacons in
identified grid is less than a predefined distance from each
beacon placed at each corner of the grid. A row vector in the
plurality of grids is identified based on a first initial co-
ordinate of the location using a binary search technique. A
column vector corresponding to the row vector in the
plurality of grids is identified based on a second initial
co-ordinate of the location using a linear binary search
technique. The grid and each beacon identifier specific to
each beacon from the plurality of beacons are identified
based on an intersection of the row vector and the column
vector to obtain the set of beacon identifiers.

[0006] In another aspect, a hardware processor imple-
mented method is provided. The method comprising: read-
ing and parsing a floor plan to obtain a location of a user,
wherein the floor plan comprises a plurality of grids; iden-
tifying a grid from the plurality of grids using the location
of the user, wherein the grid comprises a plurality of
beacons; determining a distance between the user and the
plurality of beacons in the identified grid; trilaterating the
location of the user using a plurality of beacon identifiers,
each beacon identifier specific to a beacon from the plurality
of beacons; assigning a weight to the trilaterated location
based on the distance between the user and the plurality of
beacons in the identified grid to obtain a first set of weights;
computing one or more weights using number of particles
generated with respect to an inertial measurement obtained
from an inertial sensor to obtain a second set of weights; and
fusing the first set of weights and the second set of weights
to obtain a first coordinate and a second co-ordinate of a
specific position of the user in the location.

[0007] The step of assigning a weight to the trilaterated
location comprises assigning a higher weight when the
distance between the user and each of the plurality of
beacons in the identified grid is greater than a predefined
distance from each beacon placed at each corner of the grid.
The step of assigning a weight to the trilaterated location
comprises assigning a lower weight when the distance
between the user and each of the plurality of beacons in the
identified grid is less than a predefined distance from each
beacon placed at each corner of the grid. The step of
identifying the grid comprises identifying a row vector in the
one or more grids based on a first initial co-ordinate of the
location using a binary search technique, identifying a
column vector corresponding to the row vector in the
plurality of grids based on a second initial co-ordinate of the
location using a linear binary search technique, and identi-
fying the grid and each beacon identifier specific to each
beacon from the plurality of beacons based on an intersec-
tion of the row vector and the column vector to obtain the set
of beacon identifiers.

[0008] In yet another aspect, one or more non-transitory
machine readable information storage mediums comprising
one or more instructions is provided, which when executed
by one or more hardware processors causes reading and
parsing a floor plan to obtain a location of a user, wherein the
floor plan comprises a plurality of grids; identifying a grid
from the plurality of grids using the location of the user,
wherein the grid comprises a plurality of beacons; deter-
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mining a distance between the user and the plurality of
beacons in the identified grid,; trilaterating the location of the
user using a plurality of beacon identifiers, each beacon
identifier of the plurality of beacon identifiers is specific to
a beacon from the plurality of beacons: assigning a weight
to the trilaterated location based on the distance between the
user and the plurality of beacons in the grid to obtain a first
set of weights; computing one or more weights using
number of particles generated with respect to an inertial
measurement obtained from an inertial sensor to obtain a
second set of weights; and fusing the first set of weights and
the second set of weights to obtain a first coordinate and a
second co-ordinate of a specific position of the user in the
location.

[0009] The step of assigning a weight to the trilaterated
location comprises assigning a higher weight when the
distance between the user and each of the plurality of
beacons in the identified grid is greater than a predefined
distance from each beacon placed at each corner of the grid.
The step of assigning a weight to the trilaterated location
comprises assigning a lower weight when the distance
between the user and each of the plurality of beacons in the
identified grid is less than a predefined distance from each
beacon placed at each corner of the grid. The step of
identifying the grid comprises identifying a row vector in the
one or more grids based on a first initial co-ordinate of the
location using a binary search technique, identifying a
column vector corresponding to the row vector in the
plurality of grids based on a second initial co-ordinate of the
location using a linear binary search technique, and identi-
fying the grid and each beacon identifier specific to each
beacon from the plurality of beacons based on an intersec-
tion of the row vector and the column vector to obtain the set
of beacon identifiers.

[0010] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory only and are not restrictive of
the invention, as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The accompanying drawings, which are incorpo-
rated in and constitute a part of this disclosure, illustrate
exemplary embodiments and, together with the description,
serve to explain the disclosed principles.

[0012] FIG. 1 is a graphical representation illustrating
probability distribution of error with distance from beacons;
[0013] FIG. 2 is a block diagram of a sensor data fusing
system according to an embodiment of the present disclo-
sure;

[0014] FIG. 3 is a grid layout of the floor plan having one
or more grids according to an embodiment of the present
disclosure;

[0015] FIG. 4 is a graphical representation illustrating
Cumulative Distribution Function (CDF) of error from iner-
tial, BLE and the fused localization according to an embodi-
ment of the present disclosure;

[0016] FIG. 5 is a flow diagram illustrating a sensor data
fusing method executed using the sensor data fusing system
of FIG. 2 according to an embodiment of the present
disclosure;

[0017] FIG. 6A illustrates experimental results comprising
weights for inertial sensor data and BLE sensor data, fusing
the weights based on measurement errors for localization
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using the sensor data fusing system of FIG. 2 according to
one or more embodiments of the present disclosure;
[0018] FIG. 6B is a graphical representation illustrating
inertial X co-ordinate, BLE (RE) X co-ordinate, and the
fused X co-ordinate according to an embodiment of the
present disclosure; and

[0019] FIG. 6C is a graphical representation illustrating
inertial Y co-ordinate, BLE (RF) Y co-ordinate, and the
fused Y co-ordinate according to an embodiment of the
present disclosure.

DETAILED DESCRIPTION

[0020] Exemplary embodiments are described with refer-
ence to the accompanying drawings. In the figures, the
left-most digit(s) of a reference number identifies the figure
in which the reference number first appears. Wherever
convenient, the same reference numbers are used throughout
the drawings to refer to the same or like parts. While
examples and features of disclosed principles are described
herein, modifications, adaptations, and other implementa-
tions are possible without departing from the spirit and
scope of the disclosed embodiments. It is intended that the
following detailed description be considered as exemplary
only, with the true scope and spirit being indicated by the
following claims.

[0021] Referring now to the drawings, and more particu-
larly to FIG. 1 through 60, where similar reference charac-
ters denote corresponding features consistently throughout
the figures, there are shown preferred embodiments and
these embodiments are described in the context of the
following exemplary system and/or method.

[0022] As mentioned above, indoor localization using
both radio frequency (RE) and inertial sensors on a mobile
device is a common approach. Localization and mapping are
performed to compute the most probable location using
sensors and control values (if any). Current solutions have
considered both the techniques and methods of fusing them.
One of the existing solution is inertial navigation using
Pedestrian Dead Reckoning (PDR) and particle filter (PF),
which is a standard approach. However, it is well-known and
evident that PDR is susceptible to stride-length inaccuracies
and magnetic noise. Another approach is using Received
Signal Strength Indication (RSSI) from Radio Frequency
(RF) sources on a mobile phone. Since signal strength
decays with distance, it is possible to elucidate distance from
the same. However, such measurements are corrupted by
multipath and fading. Further, combining Bluetooth and
inertial based localization rely on relative error models,
proximity profiles and mostly fingerprinting based
approaches because distance measurements from Bluetooth
Low Energy (BLE) provide Received Signal Strength Indi-
cation (RSSI) readings which are not stable. Hence, none of
the methods are individually correct but can provide location
information with some granularity and error distribution.
FIG. 1 is a graphical representation illustrating probability
distribution of error with distance from beacons. The BLE
location error is spatial in nature, and hence the error is high
when an object (e.g., the user) is less than 2 meters from
beacon as can be seen in FIG. 1. The y-axis in the graphical
representation of FIG. 1 represents one or more units (e.g.,
1 to 8), wherein each unit is 10 centimeters approximately,
in one example embodiment,

[0023] The embodiments of the present disclosure pro-
poses systems and methods that use the fact that BLE based
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localization systems can only give stable distance estimates
for a range of certain meters. Utilizing this information, the
embodiments of the present disclosure implements a fusing
system wherein the entire indoor area (e.g., a floor plan) is
divided into one or more grids (e.g., square grids of roughly
8 meters diagonal, or 4*sqrt(2) side-length). One or more
beacons are placed at each crossing point of such grid. The
terms “one or more grids” and “a plurality of grids” may be
interchangeably used herein. Using inertial methods, a rough
location of a user is derived to find out which grid the user
belongs to. Following that a grid-based trilateration is car-
ried out. Finally, the systems of the present disclosure
implements spatial error model to fuse inertial and BLE
based positions to arrive at a final more accurate location,
FIG. 2, with reference to FIG. 1, is a block diagram of a
sensor data fusing system 200 according to an embodiment
of the present disclosure. The sensor data fusing system 200
comprises a memory 202, a hardware processor 104, and an
input/output (I/0) interface 206. The memory 202 further
includes one or more modules 208 (or modules 208). The
memory 202, the hardware processor 204, the input/output
(I/O) interface 206, and/or the modules 208 may be coupled
by a system bus or a similar mechanism.

[0024] The memory 202, may store instructions, any num-
ber of pieces of information, and data, used by a computer
system, for example the sensor data fusing system 200 to
implement the functions (or embodiments) of the present
disclosure. The memory 202 may include for example,
volatile memory and/or non-volatile memory. Examples of
volatile memory may include, but are not limited to volatile
random access memory (RAM). The non-volatile memory
may additionally or alternatively comprise an electrically
erasable programmable read only memory (EEPROM), flash
memory, hard drive, or the like. Some examples of the
volatile memory includes, but are not limited to, random
access memory, dynamic random access memory, static
random access memory, and the like. Some example of the
non-volatile memory includes, but are not limited to, hard
disks, magnetic tapes, optical disks, programmable read
only memory, erasable programmable read only memory,
electrically erasable programmable read only memory, flash
memory, and the like. The memory 202 may be configured
to store information, data, applications, instructions or the
like for enabling the sensor data fusing system 200 to carry
out various functions in accordance with various example
embodiments.

[0025] Additionally or alternatively, the memory 202 may
be configured to store instructions which when executed by
the hardware processor 204 causes the sensor data fusing
system 200 to behave in a manner as described in various
embodiments (e.g., computing weights, determining the
distance between user and beacons for localization). The
memory 202 stores information for example, information
comprising sensory information, for example, sensor data
obtained from one or more inertial sensors, one or more
Bluetooth low energy (BLE) sensors, and combinations
thereof.

[0026] The hardware processor 204 may be implemented
as one or more microprocessors, microcomputers, micro-
controllers, digital signal processors, central processing
units, state machines, logic circuitries, and/or any devices
that manipulate signals based on operational instructions.
Further, the hardware processor 204 may comprise a multi-
core architecture. Among other capabilities, the hardware
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processor 204 is configured to fetch and execute computer-
readable instructions or modules stored in the memory 202.
The hardware processor 204 may include circuitry imple-
menting, among others, audio and logic functions associated
with the communication. For example, the hardware pro-
cessor 204 may include, but are not limited to, one or more
digital signal processors (DSPs), one or more microproces-
sor, one or more special-purpose computer chips, one or
more field-programmable gate arrays (FPGAs), one or more
application-specific integrated circuits (ASICs), one or more
computer(s), various analog to digital converters, digital to
analog converters, and/or other support circuits,

[0027] The hardware processor 204 thus may also include
the functionality to encode messages and/or data or infor-
mation. The hardware processor 204 may include, among
other things, a clock, an arithmetic logic unit (ALU) and
logic gates configured to support operation of the hardware
processor 204. Further, the hardware processor 204 may
include functionality to execute one or more software pro-
grams, which may be stored in the memory 202 or otherwise
accessible to the hardware processor 204.

[0028] The hardware processor 204 is configured by the
instructions stored in the memory 202. The hardware pro-
cessor 204 when configured by the instructions to read and
parse a floor plan to obtain a location of a user. The floor plan
comprises one or more grids. Each grid comprises one or
more beacons positioned at every corner of the grid. As
discussed in FIG. 1, since the BLE location error is spatial
in nature, and the error is high when an object (e.g., the user)
is less than 2 meters from the beacon. Therefore, the floor
plan (or the region of interest) is divided into grids for
localization. For example, when the floor plan is divided into
the one or more grids, each grid may be a square of 8 meters
diagonal and the one or more beacons may be positioned at
the corners of the square.

[0029] FIG. 3, with reference to FIGS. 1 through 2, is a
grid layout of the floor plan having one or more grids
according to an embodiment of the present disclosure. A grid
from the one or more grids is identified based on the location
of the user obtained from the floor plan. The location of the
user is indicative of initial co-ordinates (e.g., a first initial
co-ordinate “x” and a second initial co-ordinate ‘y’). The
sensor data fusing system 200 executes one or more binary
search techniques (stored in the memory 202) to identify a
grid amongst the one or more grids. In one embodiment, the
sensor data fusing system 200 execute a spatial binary
search technique to provide the grid identifiers based on the
X, y location of the user in O(2log(n)). A row vector in the
grid is identified based on the first initial co-ordinate ‘x” of
the location using the binary search technique. Similarly, a
column vector corresponding to the row vector in the grid is
identified based on the second initial co-ordinate ‘y’ of the
location using a linear binary search technique. Based on the
intersection of the row vector and column vector, the grid is
identified. Further each beacon identifier specific to each
beacon from the one or more beacons positioned at every
corner of the identified grid is identified based on the
intersection of the row vector and the column vector. Once
the one or more beacons are identified based on the inter-
sections, a set of beacon identifiers pertaining to the iden-
tified beacons are obtained. More specifically, the sensor
data fusing system 200 identifies the beacon identifiers using
the below technique:
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Begin: Begin:

Given a point (%, y) IF inertial location > 2.0 meter from all beacons

Use x to find the ‘row’ vector in grid space using binary search technique. then

For that ‘row’ use linear binary search to find the ‘column’ vector using y.
Return the Universally unique identifier (UUID) of the beacons at
intersection of row and column

End.

[0030] The hardware processor 204 further determines a
distance between the user and the one or more identified
beacons in the identified grid. Alternatively, this distance
may be manually computed by one or more users (e.g., the
user), and provided to the hardware processor 204 as an
input. The hardware processor 204 is further configured by
the instructions to trilaterate (or triangulate) the location of
the using the one or more beacon identifiers, wherein each
beacon identifier is specific to a beacon from the one or more
beacons positioned at each corner of the grid. The hardware
processor 204 further assigns a weight to the trilaterated
location based on the distance between the user and the one
or more beacons in the identified grid to obtain a first set of
weights. In other words, the weight may be assigned to the
trilaterated location based on the distance between the user
and each of the beacons positioned at corners in the grid.

[0031] Alternatively, the weight may be manually
assigned by the user to the trilaterated location by computing
the distance between the user and each beacon. For example,
a first weight may be computed (or assigned) based on the
distance between the user (a first co-ordinate) and a first
beacon positioned at a first corner of the grid. Similarly, a
second weight may be computed (or assigned) based on the
distance between the user (a second co-ordinate) and a
second beacon positioned at a second corner of the grid.
Similarly, a third weight may be computed (or assigned)
based on the distance between the user (a third co-ordinate)
and a third beacon positioned at a third corner of the grid.
Likewise, a fourth weight may be computed (or assigned)
based on the distance between the user (a fourth co-ordinate)
and a fourth beacon positioned at a fourth corner of the grid.
A higher weight is assigned when the distance (IF inertial
location) is greater than a predefined distance (e.g., 2 meters)
from each beacon placed at each corner of the grid. Simi-
larly, a lower weight is assigned when the distance (IF
inertial location) is less than the predefined distance from
each beacon placed at each corner of the grid. For example,
the first weight may be computed (or assigned) may be
higher weight when the distance between the user (the first
co-ordinate) and the first beacon positioned at the first corner
of the grid is greater than a predefined distance. Similarly,
the first weight may be computed (or assigned) may be lower
weight when the distance between the user (the first co-
ordinate) and the first beacon positioned at the first corner of
the grid is less than a predefined distance. The co-ordinates
are represented by way of chequered circles in FIG. 3, and
the beacons are represented by way of dotted circles in FIG.
3. The dotted circles representing the beacons are indicative
of the identified grid. In other words, the fusion process to
be implemented by the sensor data fusing system 200 uses
spatial information to assign dynamic weights to BLE (also
referred as RF) based location based on how far the user is
from any of the beacons. Below is an illustrative criteria to
assign the weight:

weight ble <= high weight ble
else

weight ble < low__weight ble
endif

:End

[0032] The first weight, the second weight, the third
weight and the fourth weight together form the first set of
weights.

[0033] The hardware processor 204 is further configured
by the instructions to compute one or more weights using
number of particles generated with respect to an inertial
measurement obtained from an inertial sensor to obtain a
second set of weights. Alternatively, the one or more weights
may be computed by a user using information, for example,
information includes number of particles generated with
respect to the inertial measurement (e.g., inertial location)
obtained from an inertial sensor. The inertial sensor(s) may
be positioned (or located) in close proximity of the location
of the user and the identified grid. For example, the inertial
measurement (e,g., inertial location) may be obtained from
one or more accelerometers executed in computing device
(e.g., a mobile communication device) associated with the
user (or other users who are in close proximity) of the
location. The first set of weights and the second set of
weights are indicative of X and y co-ordinates respectively.
Once the first set of weights and the second set of weights
are obtained, these weights are then fused to obtain an exact
location of an object (e.g., the user) in the location/grid.
More specifically, the hardware processor 204 is further
configured by the instructions to fuse the first set of weights
and the second set of weights to obtain a first coordinate
(e.g., a first actual co-ordinate) and a second co-ordinate
(e.g., a second actual co-ordinate) of a specific position of
the user in the location. The first initial co-ordinate “x” and
the second initial co-ordinate ‘y’ are different from the first
actual co-ordinate and the second actual co-ordinate which
provide an exact position of the user in the location. Alter-
natively, one or more co-ordinates (e.g., X and y inertial
co-ordinates, and x and y RF (BLE) co-ordinates) pertaining
to weights assigned/computed (e.g., the first set of weight
and the second set of weights) are fused together to obtain
the first actual co-ordinate and the second actual co-ordinate
which provide the exact position of the user in the identified
grid of the location. Moreover, the first actual co-ordinate
and the second actual co-ordinate which provide the exact
position of the user in the location in the identified grid are
obtained based on the prioritization of weights. For example,
x and y co-ordinates with higher weights may be prioritized
over lower weights for fusion.

[0034] Alternatively, the sensor data fusing system 200
may execute the modules 208 comprising a floor plan
parsing module that when executed by the hardware pro-
cessor 204 reads (and/or analyses) and parses the floor plan
to obtain the location of the user. The modules further
includes a grid identification module that identifies a grid
from the one or more grids based on the location of the user
to obtain an identified grid as shown in FIG. 3. Similarly, the
modules 208 further comprises a weight calculator that
assigns/computes the weights (e.g., the first set of weights)
to the trilaterated location based on the distance between the
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user and from all beacons (e.g., each of the beacons posi-
tioned at corners) in the grid. Similarly, the weight calculator
computes the second set of weights using number of par-
ticles generated with respect to the inertial measurement
obtained from the inertial sensor. The modules 208 further
comprises a fusing module that fuses the first set of weights
and the second set of weights to obtain (or derive/determine)
the first actual coordinate and the second actual co-ordinate
that are indicative of a specific position of the user in the
location. The modules for example, the floor plan parsing
module, a grid locator (or a grid identification module), the
weight calculator, and the fusing module are implemented as
at least one of a logically self-contained part of a software
program, a self-contained hardware component, and/or, a
self-contained hardware component, with a logically self-
contained part of a software program embedded into each of
the hardware component that when executed perform the
above method described herein, in one embodiment.

[0035] Since, inertial sensor data is based on tracking, and
BLE sensor data is based on positioning, fusing is performed
based on one or more criteria. The one or more criteria
include: fusing to be performed (i) each time user comes to
rest position, and (ii) when a noisy inertial window is
determined (or obtained) due to ambient noise such as
“above a threshold magnetic field”, or “usage of communi-
cation device (noisy window caused due to improper/incor-
rect orientation of the communication device)” (e.g., a
mobile communication device). The mobile communication
device is used within the indoor facility where the one or
more inertial sensors and the one or more BLE sensors are
positioned to obtain inertial sensor data and BLE sensor
data. If neither of the criteria occur, then the sensor data
fusing system 200 fuses for every pre-determined time
period (e.g., for every 30 seconds), based on a timer expiry.

[0036] FIG. 4, with reference to FIGS. 1 through 3, is a
graphical representation illustrating Cumulative Distribu-
tion Function (CDF) of error from inertial, BLE and the
fused localization according to an embodiment of the pres-
ent disclosure.

[0037] FIG. 5, with reference to FIGS. 1 through 4, is a
flow diagram illustrating a sensor data fusing method
executed using the sensor data fusing system 200 of FIG. 2
according to an embodiment of the present disclosure. The
sensor data fusing method includes reading and parsing
(502), a floor plan to obtain a location of a user, wherein the
floor plan includes a plurality of grids; identifying (504), a
grid from the plurality of grids using the location of the user,
wherein the grid includes a plurality of beacons; determining
(506), a distance between the user and the plurality of
beacons; trilaterating (508), the location of the user using a
plurality of beacon identifiers, each beacon identifier spe-
cific to a beacon from the plurality of beacons; assigning
(510), a weight to the trilaterated location based on the
distance between the user and the plurality of beacons in the
grid to obtain a first set of weights; computing (512), one or
more weights using number of particles generated with
respect to an inertial measurement obtained from an inertial
sensor to obtain a second set of weights; and fusing (514),
the first set of weights and the second set of weights to obtain
a first coordinate and a second co-ordinate of a specific
position of the user in the location. Assigning a weight to the
trilaterated location includes assigning a higher weight when
the distance is greater than a predefined distance from each
beacon placed at each corner of the grid. Assigning a weight
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to the trilaterated location includes assigning a lower weight
when the distance is less than a predefined distance from
each beacon placed at each corner of the grid. The step of
identifying the grid includes identifying a row vector in the
one or more grids based on a first initial co-ordinate of the
location using a binary search technique. The step of iden-
tifying the grid further includes identifying a column vector
corresponding to the row vector in the plurality of grids
based on a second initial co-ordinate of the location using a
linear binary search technique. The step of identifying the
grid further includes identifying the grid and each beacon
identifier specific to each beacon from the plurality of
beacons based on an intersection of the row vector and the
column vector to obtain the set of beacon identifiers.
[0038] FIG. 6A, with reference to FIGS. 1 through 5,
illustrates experimental results comprising weights for iner-
tial sensor data and BLE (RF) sensor data, fusing the
weights based on measurement errors for localization using
the sensor data fusing system 200 of FIG. 2 according to one
or more embodiments of the present disclosure. The ground
truth X and Y co-ordinates are the first and second initial
co-ordinates (also referred as true X and Y co-ordinates).
The inertial X and Y co-ordinates are the sensor data (or
inertial measurements) obtained from an accelerometer (us-
ing a mobile communication device associated with the
user). In other words, the inertial X and Y co-ordinates are
the X and Y co-ordinates from the accelerometer data.
Similarly, the BLE (RF) X and Y co-ordinates are the X and
Y co-ordinates indicating the distance between the user and
each of the beacon positioned at every corner of the iden-
tified grid. The BLE (RF) X and Y co-ordinates are the
co-ordinates obtained based on the distance between the user
and the beacons placed at every corner of the identified grid.
The fused X and Y co-ordinates are the actual X and Y
co-ordinates obtained from the weights (e.g., the first set of
weights and the second set of weights) assigned (or com-
puted) to the inertial X and Y co-ordinates and the BLE (RF)
X and Y co-ordinates. The fused X and Y co-ordinates are
the actual X and Y co-ordinates that specify an exact
position of the user in the location (or the identified grid).
[0039] FIG. 6B, with reference to FIGS. 1 through 6A, is
a graphical representation illustrating inertial X co-ordinate,
BLE (RF) X co-ordinate, and the fused X co-ordinate
according to an embodiment of the present disclosure. FIG.
6C, with reference to FIGS. 1 through 6B, is a graphical
representation illustrating inertial Y co-ordinate, BLE (RE)
Y co-ordinate, and the fused Y co-ordinate according to an
embodiment of the present disclosure. The y-axis in the
graphical representations of FIG. 6B and 6C represent one
or more units (e.g., 1 to 8), wherein each unit is 10
centimeters approximately, in one example embodiment.
[0040] The written description describes the subject mat-
ter herein to enable any person skilled in the art to make and
use the embodiments. The scope of the subject matter
embodiments is defined by the claims and may include other
modifications that occur to those skilled in the art. Such
other modifications are intended to be within the scope of the
claims if they have similar elements that do not differ from
the literal language of the claims or if they include equiva-
lent elements with insubstantial differences from the literal
language of the claims.

[0041] The embodiments of the present disclosure provide
sensor data fusing systems and methods that account the
spatial error or spatial limitation of BLE based localization.
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Unlike conventional systems and methods which fail to
consider spatial error or spatial limitation of BLE based
localization, the sensor data fusing system 200 determines
distance between the user and the beacons placed at corners
of the identified grid, and account distance limitation factor
of BLE based localization, and the spatial nature of local-
ization error from BLE for fusing weights specific to inertial
measurements and BLE sensors to obtain precise (or accu-
rate) co-ordinates that are indicative of the position of the
user in the location, and thereby localizing the user accu-
rately beyond 2 meters (e.g., 8 meters) using BLE sensor
data.

[0042] The embodiments of the present disclosure further
enable the sensor data fusing system 100 to dynamically
control the fusion weights using the distance from the
beacons, and accordingly update in real-time the fusion
weights without any user intervention. The embodiments of
the present disclosure further enable trilateration being done
at server level to obtain the spatial error from BLE beacons
and further enables to map it properly as the map for the area
is stored at server level. The embodiments of the present
disclosure may be implemented in real time indoor tracking
system, which can be an organization for finding common
utilities like parking, conference rooms, and the like. The
embodiments of the present disclosure further enable the
sensor data fusing system 100 to be implemented in real time
indoor path assistance solution such as in warehouses to
guide Goods downloaded from the transportation vehicles to
be moved to one or more shelves. The sensor data fusing
system 100 may also be further used for providing real time
location information of people in an emergency evacuation
scenario, which can be helpful to evacuation marshals. The
sensor data fusing system 100 may be implemented in
Indoor Navigation systems for events and guiding users to
venue of the sessions within the events.

[0043] Itis, however to be understood that the scope of the
protection is extended to such a program and in addition to
a computer-readable means having a message therein; such
computer-readable storage means contain program-code
means for implementation of one or more steps of the
method, when the program runs on a server or mobile device
or any suitable programmable device. The hardware device
can be any kind of device which can be programmed
including e.g. any kind of computer like a server or a
personal computer, or the like, or any combination thereof.
The device may also include means which could be e.g.
hardware means like e.g. an application-specific integrated
circuit (ASIC), a field-programmable gate array (FPGA), or
a combination of hardware and software means, e.g. an
ASIC and an FPGA, or at least one microprocessor and at
least one memory with software modules located therein.
Thus, the means can include both hardware means and
software means. The method embodiments described herein
could be implemented in hardware and software. The device
may also include software means. Alternatively, the embodi-
ments may be implemented on different hardware devices,
e.g. using a plurality of CPUs.

[0044] The embodiments herein can comprise hardware
and software elements. The embodiments that are imple-
mented in software include but are not limited to, firmware,
resident software, microcode, etc. The functions performed
by various modules described herein may be implemented in
other modules or combinations of other modules. For the
purposes of this description, a computer-usable or computer
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readable medium can be any apparatus that can comprise,
store, communicate, propagate, or transport the program for
use by or in connection with the instruction execution
system, apparatus, or device.

[0045] The medium can be an electronic, magnetic, opti-
cal, electromagnetic, infrared, or semiconductor system (or
apparatus or device) or a propagation medium. Examples of
a computer-readable medium include a semiconductor or
solid state memory, magnetic tape, a removable computer
diskette, a random access memory (RAM), a read-only
memory (ROM), a rigid magnetic disk and an optical disk.
Current examples of optical disks include compact disk-read
only memory (CD-ROM), compact disk-read/write (CD-R/
W) and DVD.

[0046] A data processing system suitable for storing and/
or executing program code will include at least one proces-
sor coupled directly or indirectly to memory elements
through a system bus. The memory elements can include
local memory employed during actual execution of the
program code, bulk storage, and cache memories which
provide temporary storage of at least some program code in
order to reduce the number of times code must be retrieved
from bulk storage during execution.

[0047] Input/output (I/O) devices (including but not lim-
ited to keyboards, displays, pointing devices, etc.) can be
coupled to the system either directly or through intervening
1/O controllers. Network adapters may also be coupled to the
system to enable the data processing system to become
coupled to other data processing systems or remote printers
or storage devices through intervening private or public
networks. Modems, cable modem and Ethernet cards are just
a few of the currently available types of network adapters.
[0048] A representative hardware environment for prac-
ticing the embodiments may include a hardware configura-
tion of an information handling/computer system in accor-
dance with the embodiments herein. The system herein
comprises at least one processor or central processing unit
(CPU). The CPUs are interconnected via system bus to
various devices such as a random access memory (RAM),
read-only memory (ROM), and an input/output (I/O)
adapter. The I/O adapter can connect to peripheral devices,
such as disk units and tape drives, or other program storage
devices that are readable by the system. The system can read
the inventive instructions on the program storage devices
and follow these instructions to execute the methodology of
the embodiments herein.

[0049] The system further includes a user interface adapter
that connects a keyboard, mouse, speaker, microphone,
and/or other user interface devices such as a touch screen
device (not shown) to the bus to gather user input. Addi-
tionally, a communication adapter connects the bus to a data
processing network, and a display adapter connects the bus
to a display device which may be embodied as an output
device such as a monitor, printer, or transmitter, for example.
[0050] The illustrated steps are set out to explain the
exemplary embodiments shown, and it should be anticipated
that ongoing technological development will change the
manner in which particular functions are performed. These
examples are presented herein for purposes of illustration,
and not limitation. Further, the boundaries of the functional
building blocks have been arbitrarily defined herein for the
convenience of the description. Alternative boundaries can
be defined so long as the specified functions and relation-
ships thereof are appropriately performed. Alternatives (in-
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cluding equivalents, extensions, variations, deviations, etc.,
of'those described herein) will be apparent to persons skilled
in the relevant art(s) based on the teachings contained
herein. Such alternatives fall within the scope and spirit of
the disclosed embodiments. Also, the words “comprising,”
“having,” “containing,” and “including,” and other similar
forms are intended to be equivalent in meaning and be open
ended in that an item or items following any one of these
words is not meant to be an exhaustive listing of such item
or items, or meant to be limited to only the listed item or
items. It must also be noted that as used herein and in the
appended claims, the singular forms “a,” “an,” and “the”
include plural references unless the context clearly dictates
otherwise.
[0051] Furthermore, one or more computer-readable stor-
age media may be utilized in implementing embodiments
consistent with the present disclosure. A computer-readable
storage medium refers to any type of physical memory on
which information or data readable by a processor may be
stored. Thus, a computer-readable storage medium may
store instructions for execution by one or more processors,
including instructions for causing the processor(s) to per-
form steps or stages consistent with the embodiments
described herein. The term “computer-readable medium”
should be understood to include tangible items and exclude
carrier waves and transient signals, i.e., be non-transitory.
Examples include random access memory (RAM), read-
only memory (ROM), volatile memory, nonvolatile
memory, hard drives, CD ROMs, DVDs, flash drives, disks,
and any other known physical storage media.
[0052] It is intended that the disclosure and examples be
considered as exemplary only, with a true scope and spirit of
disclosed embodiments being indicated by the following
claims.
What is claimed is:
1. A system comprising:
a memory storing instructions;
a processor communicatively coupled to said memory,
wherein said processor is configured by said instruc-
tions to:
read and parse a floor plan to obtain a location of a user,
wherein said floor plan comprises a plurality of
grids;

identify a grid from said plurality of grids using said
location of said user, wherein said grid comprises a
plurality of beacons;

determine a distance between said user and said plu-
rality of beacons in said identified grid;

trilaterate said location of said user using a plurality of
beacon identifiers, each beacon identifier of said
plurality of beacon identifiers is specific to a beacon
from said plurality of beacons;

assign a weight to the trilaterated location based on said
distance between said user and said plurality of beacons
in said grid to obtain a first set of weights;

compute one or more weights using number of particles
generated with respect to an inertial measurement
obtained from an inertial sensor to obtain a second set
of weights; and

fuse said first set of weights and said second set of weights
to obtain a first coordinate and a second co-ordinate of
a specific position of said user in said location.

2. The system of claim 1, wherein said weight is a higher

weight when said distance between said user and each of
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said plurality of beacons in said grid is greater than a
predefined distance from each beacon placed at each corner
of said grid.

3. The system of claim 1, wherein said weight is a lower
weight when said distance between said user and each of
said plurality of beacons in said grid is less than a predefined
distance from each beacon placed at each corner of'said grid.

4. The system of claim 1, wherein a row vector in said
plurality of grids is identified based on a first initial co-
ordinate of said location using a binary search technique.

5. The system of claim 4, wherein a column vector
corresponding to said row vector in said plurality of grids is
identified based on a second initial co-ordinate of said
location using a linear binary search technique.

6. The system of claim 5, wherein said grid and each
beacon identifier specific to each beacon from said plurality
of beacons are identified based on an intersection of said row
vector and said column vector to obtain said set of beacon
identifiers,

7. A hardware processor implemented method compris-
ing:

reading and parsing a floor plan to obtain a location of a

user, wherein said floor plan comprises a plurality of
grids;

identifying a grid from said plurality of grids using said

location of said user, wherein said grid comprises a
plurality of beacons;

determining a distance between said user and said plu-

rality of beacons in said identified grid;

trilaterating said location of said user using a plurality of

beacon identifiers, each beacon identifier of said plu-
rality of beacon identifiers is specific to a beacon from
said plurality of beacons;
assigning a weight to the trilaterated location based on
said distance between said user and said plurality of
beacons in said grid to obtain a first set of weights;

computing one or more weights using number of particles
generated with respect to an inertial measurement
obtained from an inertial sensor to obtain a second set
of weights; and

fusing said first set of weights and said second set of

weights to obtain a first coordinate and a second
co-ordinate of a specific position of said user in said
location.

8. The method of claim 7, wherein assigning a weight to
the trilaterated location comprises assigning a higher weight
when said distance between said user and each of said
plurality of beacons in said grid is greater than a predefined
distance from each beacon placed at each corner of'said grid.

9. The method of claim 7, wherein assigning a weight to
the trilaterated location comprises assigning a lower eight
when said distance between said user and each of said
plurality of beacons in said grid is less than a predefined
distance from each beacon placed at each corner of'said grid.

10. The method of claim 7, wherein identifying said grid
comprises identifying a row vector in said one or more grids
based on a first initial co-ordinate of said location using a
binary search technique.

11. The method of claim 10, wherein identifying said grid
comprises identifying a column vector corresponding to said
row vector in said plurality of grids based on a second initial
co-ordinate of said location using a linear binary search
technique.
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12. The method of claim 11, wherein identifying said grid
comprises identifying said grid and each beacon identifier
specific to each beacon from said plurality of beacons based
on an intersection of said row vector and said column vector
to obtain said set of beacon identifiers,

13. One or more non-transitory machine readable infor-
mation storage mediums comprising one or more instruc-
tions which when executed by one or more hardware pro-
cessors causes:

reading and parsing a floor plan to obtain a location of a

user, wherein said floor plan comprises a plurality of
grids;

identifying a grid from said plurality of grids using said

location of said user, wherein said grid comprises a
plurality of beacons;

determining a distance between said user and said plu-

rality of beacons in said identified grid;

trilaterating said location of said user using a plurality of

beacon identifiers, each beacon identifier of said plu-
rality of beacon identifiers is specific to a beacon from
said plurality of beacons;
assigning a weight to the trilaterated location based on
said distance between said user and said plurality of
beacons in said grid to obtain a first set of weights;

computing one or more weights using number of particles
generated with respect to an inertial measurement
obtained from an inertial sensor to obtain a second set
of weights; and

fusing said first set of weights and said second set of

weights to obtain a first coordinate and a second
co-ordinate of a specific position of said user in said
location.
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14. The one or more non-transitory machine readable
information storage mediums of claim 13, wherein assigning
a weight to the trilaterated location comprises assigning a
higher weight when said distance between said user and
each of said plurality of beacons in said grid is greater than
a predefined distance from each beacon placed at each
corner of said grid.

15. The one or more non-transitory machine readable
information storage mediums of claim 13, wherein assigning
a weight to the trilaterated location comprises assigning a
lower weight when said distance between said user and each
of said plurality of beacons in said grid is less than a
predefined distance from each beacon placed at each corner
of said grid.

16. The one or more non-transitory machine readable
information storage mediums of claim 13, wherein identi-
fying said grid comprises identifying a row vector in said
one or more grids based on a first initial co-ordinate of said
location using a binary search technique.

17. The one or more non-transitory machine readable
information storage mediums of claim 16, wherein identi-
fying said grid comprises identifying a column vector cor-
responding to said row vector in said plurality of grids based
on a second initial co-ordinate of said location using a linear
binary search technique.

18. The one or more non-transitory machine readable
information storage mediums of claim 17, wherein identi-
fying said grid comprises identifying said grid and each
beacon identifier specific to each beacon from said plurality
of beacons based on an intersection of said row vector and
said column vector to obtain said set of beacon identifiers.
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