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DETERMINING LOCATION OF WIRELESS-ENABLED DEVICE

BACKGROUND
{0001]  Location based services and positioning systems may be used t©
locate a person or an object in a particular area.  Such positioning services and

systemns have been widely used in recent years.

BRIEF DESCRIPTION OF THE DRAWINGS

(00021 Figuwre 1 is a schematic illustration of an example system for
determining 2 iocalion of a wireless-enabled device in accordance with an
implementation of the present disclosure.

{00031 Figure 2 lliustrates a flowchart showing an example of 2 method for
determining the location of & wireless-enabled device in accordance with an
implementation of the present disclosure.

{00041  Figure 3 lliustrates a flowchart showing an example of a method for
generating a base image in accordance with an implementation of the present
disclosure.

{00051  Figure 4 lliustrates a flowchart showing an example of a method for
generating an image fingerprint in accordance with an implementation of the
present disclosure.

{00061 Figure 5§ is an example block diagram ilustrating a computer-

readable medium in accordance with an implementation of the present disclosure.

DETAILED DESCRIPTION OF SPECIFIC EXAMPLES

{0007} As mentioned above, location based services have become
increasingly popular in recent vears. Specifically, indoor localization or pasitioning
systems that are tasked with locating a person or an object in an indoor area (e.g.,
a building, eic.) have gained much altention. Due to the fact that peopie spend
most of their time indoors {g.g., office, school, home, mall, etc.), indoor positioning
may be useful for many different applications/services such as smart buiiding
monitoring, assets tracking, surveillance, adveriising, event management, elc.

[0008] Further, due to the rapid growth of mobile technologies, localization
systems may interact with mobile devices and may adopt different technigues that
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use the technical capabilities provided by the mobile devices 1o defermine location
of a mobile device. However, existing positioning systems and methods may
require user input, may be slow and inaccurate, and may creale privacy concems.

(0008]  In this regard, according to examples, technigues for determining a
location of a wireless-enabled device vig an image fingerprint are described herein.
In one example, the proposed techniques utilize computer vision image features of
an image representation of wirglessly (e.g., Bluatooth) transmitted measurements
{e.g., received signal strength indicator (RSSH) for the purpose of indoor
positioning of a8 wireless-enabled device {e.g., cell phone, tablet, tag, wearable,
atc.). The proposed technigues efficiently transform a wireless {e.g., Bluetooth)
indoor positioning problem into an image classification problem.  The techniques
described herein may creale a base image from the RSS! measurements received
from multiple wireless beacons. As used herein, the term “base image” refers o a
grayacale image of normalized RSS! values from multiple wireless beacons.
Thereafter, image-specific features are exiracted from the base image o generate
an image fingerprint for the iocation of a wireless-enabled device. As used herein,
the term “image Tingerprint” refers to an image array where gach page of the array
corresponds 1o a specific feature descriplor transformation of the base image.
Image classification is performed on the image fingerprint, which results in the
positioning of the wireless-enabled device when the image fingerprint is maiched
with an existing image fingerprints associated with one of the plurality of wireless
beacons.

00101 In one example, a processor may generate a base image
reprasenting the location of a wireless-enabled device with data from a plurality of
wireless beacons. The processor may further generate an image fingerprint for the
location of the wireless-enabled device by using the base image and may compare
the image fingerprint for the location of the wireless-enabled device with a plurality
of existing image fingerprints associated with the plurality of wireless beacons.
Finally, the processor may determineg the location of the wireless-enabled device
based on the comparison.

00111 Thus, the proposed technigues “transform” an object positioning
scenario ite an image classification/categorization scenario.  Therefore, the
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approach described herein makes possible to apply various computer vision based
solutions to perform positioning more efficiently and accurately through the
analysis of a novel image representation of the wireless {g.g., Bluetooth) signals
from a plurality of beacons.

{00121 In the foliowing detailed description, reference is made o the
accompanying drawings, which form a part hereof, and in which is shown by way
of flustration specific examples in which the disclosed subject matter may be
practiced. itis to be understood that other examples may be utilized and structural
or logical changes may be made without depariing from the scope of the presant
disclosure. The following detailed description, therefore, is not to be taken in a
imiting sense, and the scope of the present disclosure is defined by the appended
claims. Alsg, it is o be understood that the phraseciogy and terminology used
herein is for the purpose of description and should not be regarded as limiting. The
use of “including,” “comprising” or "having” and variations thereof herein is meant
to encompass the items listed thereafler and equivalents thereof as well as
additional items. Furthermore, the term "based on,” as used herein, means “based
atleastin parton.” it should also be noted that a plurality of hardware and software
based devices, as well as a plurality of different structural components may be
used to implement the disclosed methods and devices.

10013] Referring now to the figures, Figure 1 is a schemalic ilustration of an
example system 10 for determining a location of a wireless-enabled device. The
Husirated system 10 is capabile of carrying out the fechnigues described below.
As shown in Figure 1, the system 10 is depicted as including at least one 2
computing device 100. In the embodiment of Figure 1, computing device 100
includes a processor 102, an interface 106, and a machine-readable slorage medium
110,  Although only computing device 100 is described in details below, the
technigues described herein may be performed with several computing devices or
by engines distributed on different devices.

{0014] The computing device 100 {(or another computing device) may
communicate with a plurality of wireless {(e.g., Bluetooth) beacons 112 positioned
in at least one defined area 115 to generate a plurality of image fingerprinis
associated with the plurality of wireless beacons 112 (i.e., each image fingerprint
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corresponds to the location of a beacon). As used herein, the ferm “wireless
beacon” refers o any type of wireless transmiiter/receiver that is capable of
transmitling/receiving and processing wireless signals.  In other examples, the
system 10 may include multiple computing devices and multiple defined areas 115.
As used herein, the term “defined area” refers to an area with defined boundaries.
Examples of such defined aresa include but are not limited to: office buildings,
schools, houses, apariment buildings, malls/stores, convention centers,
amusement parks, courtyards, parking iots, academic campuses, and any
combinations thereof. The defined boundaries may be physical {e.g., wall, fence,
etc.) or an arbitrary boundary defined by 8 map or other representation.

{00151 The number of wirgless beacons 112 shown in Figure 1 is intended
to be an example. In one implementation, the beacons 112 may be placed such
that each perimeter beacon has at least two neighbor beacons and each inner
pbeacon has four neighbors. The defined area 115 may include any number of
wireless beacons 112. In one example, the wireless beacons 112 in a defined area
115 may receive signals from a wireless-enabled device not shown) and may
communicate the signals to a server {e.q., computing device 100, efc.} 1o process
the signals and to determineg the location of the wireless-enabled device by using
the technigues described herein. For example, the wireless beacons 112 may
include, Bluetooth beacons, Wi-FIWLAN beacons, Wi-Fi base beacons, etc.

{00161 The computing device 100 may be any type of a computing device
and may include atl least engines 120-150. In one implementation, the computing
device 100 may be an independent computing device. In another implementation,
the computing device 100 may he the wireless-enabled device which position is
being determined using the techniques described below. Engines 120-150 may or
may not be part of the machine-readable storage medium 110. In another
alternative example, engines 120-150 may be distributed between the computing
device 100 and others computing devices. The computing device 100 may include
additional components and some of the components depicied therein may be
removed and/or modified without departing from a scope of the system that allows
for carrying out the functionality described herein. It is {o be understood that the

operations described as being performed by the engines 120-150 of the computing
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device 100 that are related o this description may, in some implementations, be
performed by external engines (not shown} or distributed belween the engines of
the computing device 100 and other electronic/computing devices.

(00171 Processor 102 may be central processing unit{s) (CPUs),
microprocessor(s), and/or other hardware device(s) suitable for relrieval and
axecution of instructions (not shown) stored in machine-readable storage medium
110. Processor 102 may fetch, decode, and execule instructions to identify
different groups in a dataset. As an allernative or in addition to retrieving and
gxecuting instructions, processor 102 may include electronic circuits comprising a
number of electronic components for performing the functionality of instructions.

{00181 Interface 106 may include a number of electronic components for
communicating with various devices. For example, interface 106 may be an
Ethernet interface, a Universal Serial Bus (USE) interface, an {EEE 1394 {Firewire)
interface, an external Serial Advanced Technology Attachment (eSATA} inlerface,
or any other physical connection interface suitable for communication with the
computing device. Alternatively, interface 106 may be a wireless interface, such
as a wireless local area network (WLAN) interface or a near-field communication
{NFC) interface that is used to connect with other devices/systems andfor to 2
network. The beacons 112 in the defined area 115 and the computing device 100
may be connectad via a network. In one example, the network may be a mesh
sensor nefwork {not shown). The network may include any suitable type or
configuration of network to allow for communication between the computing device
100, beacons 112, and any other devices/systems {(e.9., other computing devices,
displays, efc.}, for example, 1o send and receive data to and from a corresponding
interface of another device.

(0019]  Each of the engines 120-150 may include, for example, at least one
hardware device including electronic circuitry for implementing the functionality
described below, such as control logic andior memory. In addition or as an
alternative, the engines 120-150 may be implemented as any combination of
hardware and software to implement the functionalities of the engines. For
gxample, the hardware may be a processor and the software may be a series of

instructions or microcode encoded on a machine-readable storage medium and
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executable by the processor. Therefore, as used herein, an engine may include
program code {e.g., computer executable instructions), hardware, firmware, and/or
logic, or combination thereof to perform particular actions, tasks, and functions
described in more detail herein in reference to Figures 2-5.

00201 In one example, the base image generation enging 120 may
generate a base image representing a location of a wireless-enabled device with
data from a plurality of wireless beacons {e.g., beacons 112 in the area 115). In
some implementations, the engine 120 may receive signal strength indicator data
{e.g., RSS! values) from each of the plurality of wireless beacons over a period of
time. in one example, the engine 120 may place a virtual grid on the plurality of
wireless beacons 112 so each beacon represents one grid cell and may generate
a base image for each of the pluraiity of wireless beacons. Thus, the base image
is a grayscaie image of normalized RSS! values where each grid cell is identified
as a pixel in the base image.

10021}  The fingerprint engine 130 may generate an imags fingerprint for the
location of the wireless-enabled device by using the base image. In one example,
the fingerprint engine 130 may extract image-specific features from the hase image
and may generate an image fingerprint for each grid cell. Thus, each image
fingerprint i3 an array where each page of the array corresponds o a specific
feature descriptor transformation of the base image. Various technigues may be
used to generate an image fingerprint.  Examples of specific techniques are
described in more details below. Further, the fingerprint engine may 130 may
generate a gallery of image fingerprints for each of the pluralily of corresponding
cells {i.e., comresponding to beacon 112 location), where each cell may be
associated with more than one image fingerprint corresponding to a different
feature descriptor. In other words, each beacon 112 may be represented by a
different image fingerprints that depend on the different feature descriptors.

(002217 The analysis engine 140 may compare the image fingerprint for the
location of the wireless-enabled device with a plurality of existing image fingerprints
associated with the plurality of wireless beacons. In one example, the analysis
engine 140 may compare the image fingerprint for the location of the wireless-
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enabled device with the previously generated gallery of image fingerprinis for each
of the plurality of corresponding celis/beacon locations.

{0023] The location engine 150 may determine the location of the wireless-
enabled device based on the comparison between the image fingerprint for the
location of the wireless-enabled device with the plurality of existing image
fingerprints associated with the plurahty of wireless beacons. In some examples,
the location engine 150 may delermine the location of the wireless-enabled device
is by using image classification technigues based on image-specific features of the
image fingerprints.  Examples of specific image classification {echniques are
described in more details below.

10024]  Figure 2 illustrates a flowchart showing an example of a method 200
for determining the location of a wireless-enabled device. Although execution of
the method 200 is described below with reference to the system 10, the components
for executing the method 200 may be spread among muitiple devices/sysiems. The
method 200 may be implemented in the form of execuiable instructions stored on a
machine-readable storage medium, and/or in the form of electronic circuitry.

(0025]  In one example, the method 200 can be executed by at least one
processor of a computing device {e.g., processor 102 of device 100).  In other
examples, the method may be executed by another processor in communication
with the system 10. Various elements or blocks described hergin with respect to
the method 200 are capable of being executed simultaneousiy, in parallel, or in an
order that differs from the illustrated serial manner of execution. The meathod 200
is also capable of being executed using additional or fewer elements than are
shown in the illustrated examples.

{00261 The method 200 beging at 210, where at least one processor may
generate a base image representing a location of a wireless-enabled device with
data from a plurality of wireless beacons. In one example, the wirgless-enabled
device may be a mobile device {(e.g., smart phone, tablet, efc.} carried by a user
that entered a defined area 115. As noted above, the base image may be a
grayscale image of normalized RSS! values. The process for generating a base
image for a wirelegs-enabled device is described in additional details in relation o
Figure 3.
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0027] AL 220, the processor may generale an image fingerprint for the
location of the wireless-enahbled device by using the base image. In one
implementation, the processor may exiract image-specific features from the base
image and may generate an image fingerprint for each grid cell of the hase image.
Thus, each image fingerprint may be represented as an array where each page of
the array corresponds 1o a specific feature descriptor transformation of the base
image. Example techniques for generating an image fingerprint {for the wireless-
enabled device, for the gallery of image fingerprints for a defined area 115} is
described in additional delails in relation o Figure 4. The technigues described in
Figure 4 may be further applied 1o a process that generates a gallery of image
fingerprints for each of the plurality of corresponding cells (i.e., corresponding 1o
beacon locations) of the defined area 115. in the generated gallery, each cell may
be gssociated with more than one image fingerprint corresponding to a different
fealure descriptor.

10028] A 230, the processor may compare the image fingerprint for the
location of the wireless-enabled device with a plurality of existing image fingerprints
associated with the plurality of wireless beacons. In other words, the processor
may perform image malching to determine whether the image fingerprint for the
location of the wireless-enabled device matches with one of the previously
gengrated and siored image fingerprints associated with the plurality of wireless
beacons {i.e., with their iocation).

{00281 Next, the processor may determineg a location of the wireless-enabled
device based on the comparison {at 240}. In some examples, image classification
technigues based on the image-specific features of the image fingerprints may be
used to compare the image fingerprint of the wireless-enabled device with the
plurality of existing fingerprints.  In other words, the processor may use
classification techniques based on the image-specific features of the image
fingerprints to determine which image in the gallery of image fingerprints is most
similar to the image fingerprint of the wireless-enabled device. The location of the
stored image Tingerprint that is the best match io the image fingerprint of the
wireless-enabled device is determined o be the location of the wireless-enabled
device. In some implementations, the processor may use Walish-Hadamard
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transform hashing to determine the most similar images in the galiery. However,
in other implementations, other classification techniques may be used {e.g., k-
Nearest Neighbors, support vector machines, eic.). The selected classification
technique may depend on the number of base images increased either by
generating more than one base image per lime period, by increasing the number
of beacons, or a combination of both. It may also depend on choosing to handle
missing values or not.

(0030] In some examples, the lechnigues of methods 300 and 400
described below and directed o generating 2 base image and an image fingerprint
may be performed before attempling to position a wireless-enabled device. In
other words, a plurality of base images and image fingerprints may be generated
for wireless beacons/cells in a defined area by using a wireless-enabled device
and a plurality of wireless beacons. The base images and image fingerprints
represent the iocations of a wireless device at each beacon/cell thatl are used {0
generate a gallery of image fingerprints for the defined area. Then, during the
actual wireless-enabled device positioning phase (described in Figure 2}, a new
base image and an image fingerprint are generated for the unknown location of a
wireless-enabled device. The generated image fingerprint is then compared o an
image fingerprint of known locations 1o determine the actual location of the
wireless-enabled device.

00311 A method 300 for generating a base image is described in more
details in relation to Figure 3. The method 300 can be exacuted by al least one
processor of a computing device {e.g., processor 102 of device 100). In other
axamples, the method may be executed by another processor in communication
with the system 10. As explained in additiona! details below, a base image may
be generated with data from a piurality of wireless beacons to represent the
location of a wireless-enabled device that is (o be positioned via the method 200.
In addition, base images may be generated for each of the plurality of wireless
beacons when a gallery of image fingerprints is created for a defined area 115.

100321 The method 300 begins at 310, where the processor may receive
signal strength indicator data (e.g., RSSI values) from each of the plurality of

wireless beacons over a period of time. In other words, the processor may collect
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RSS! data from each of a plurality of beacons 112 in a defined area 115, in this
example implementations, the wireless beacons may retrieve information from a
wireless-enabled device and the data may be communicated 0 a server {8.g.,
device 100) to perform the positioning. In other example implementations, the
positioning may be performed on the wireless-enabled device.

(00331 At 320, the processor may place a virtual grid on the plurality of
wireless beacons so each beacon represents one grid cell.  In other words, the
location of each beacon 112 in the defined area 115 is defined by a grid ceil. As
further noted below, each cell in the virtual grid is later identified as a pixel in the
base image represeniation of plurality of beacons 112 {i.e., the defined area 115).
Thus, the result of the signal strength indicator data capture process may be a
multi-dimensional array {e.g., 3D}, where the numbers of rows and columns
correspond to the layout of wireless beacons, and the number of pages (i.e., 3rd
dimension) corresponds (o time. Each page may include missing values as the
process is asynchronous. kEach page may be exiracied as a 2D array, or a statistic
{e.g., mean} may be used (o collapse the eniire 3D array into one 2D array. An
exampie would be 1o compute the mean for each cell over all pages, ignoring the
missing values.

{0034] Next, the processor may generate a base image for each of the
plurality of wireless beacons, where each grid cell is identified as 2 pixel in the base
image {(at 330). In one example, each base image includes signal sirength
indicator data from all beacons and a location tag indicating the location of a
particular beacon. Thus, the 2D array may be depicted as a grayscale image,
which is identified as the base image after cell values are normalized. In other
words, each base image i a grayscale image of normalized R&S! values that
indicates the location of a particular wireless beacon in a defined area.  As noted
above, the base image for each is may be used o generale an image fingerprint
for that cell.

{00358] Figure 4 illustrates a flowchart showing an example of a method 400
for generating an image fingerprint. The method 400 can be executed by at least
one processor of a compuling device {e.g., processor 102 of device 100). In other

examples, the method may be executed by another processor in communication
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with the system 10. As explained in additional details below, an image fingerprint
may be generated for the location of the wireless-enabled device that is to be
positioned via the method 200, In addition, image fingerprints may be generated
for each of the plurality of wireless beacons/cells of the grid {i.e., 1o identify their
location} when a gallery of image fingerprints is created for a defined area 115,

{00361 The method 400 begins at 410 where the processor may exiract
image-specific features from each base image. In other words, each base image
from the plurality of base images for the wireless beacons in a defined area may
provide image-specific features 1o a processor. In the alternative, the processor
may extract image-specific features form the base image of the location of a
wireless-enabled device thal is 1o be positioned. In ong example, the image-
specific features include at least one of: local binary patterns (LBP), local phase
quantization (LPQ), and histogram of gradients (HOG). LBP and LPQ are texiure
descriptors commonly used in computer vision applications. HOG descriptors
utiize the distribution of intensity gradients for several computer vision applications
such as object detection. The main idea behind using such computer vision
descriptors is o model the spatial relagtionship between RSS! values as image
texture and/or intensity gradients. In other examples, other image-specific fealures
may be used.

100371 At 420, the processor may generale an image fingerprint for each
grid cell. Each image fingerprint may be an array where each page of the array
corresponds 10 a specific feature descriptor transformation of the base image. In
other words, mulliple image fingerprints may be generated for each grid
cell/wireless beacon depending on the different fealure descriptor transformations
{e.g., LBP, LPQ, HOG, elc.) of the base image for the grid cell.

10038] Al 430, the processor may generate a gallery of image fingerprints
for each of the plurality of corresponding cells, where each cell may be associated
with more than one image fingerprint corresponding to a different feature
descriptor. Thus, the result of the image fingerprint capluring/generation stage is
a gailery of image fingerprints labelied with their corresponding celis {i.e., beacon
locations), one or more image fingerprints per cell.  In the situation where the
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processor is 1o position a wireless-enabled device, the result of this stage is an
image fingerprint for the unknown location of the wireless-enabled device.

0039] Figure 5 lllustrates a computer 501 and a non-transifory machine-
readable medium 505 according to an example. In one example, the computer
501 maybe similar to the computing device 100 of the system 10 or may include a
plurality of computers. For example, the computer may be a server computer, a
workstation compuler, a deskiop computer, a faplop, a mobile device, or the like,
and may be part of a distributed systemn. The computer may include one or more
processors and one or mare machine-readable storage media. In one example,
the computer may include a user interface (e.g., touch interface, mouse, keyboard,
gesture input device, etc.).

100401  Computer 501 may perform methods 200-400 and variations thereof.
Additionally, the functionality implemented by computer 501 may be part of a larger
software platform, system, application, or the like. Computer 501 may be
connected to a database {not shown) via a network. The network may be any type
of communications network, including, but notlimited to, wire-based networks (e.g.,
cable), wireless networks {e.g., celivlar, satellite), cellular telecommunications
network{s), and iP-based lelecommunications network(s) {e.g., Voice over internet
Protocol networks). The nefwork may also include traditional landline or a public
switched telephone network (PSTN), or combinations of the foregoing.

{00411  The computer 501 may include a processor 503 and non-transifory
machine-readable storage medium 505. The processor 503 {e.g., a ceniral
processing unil, a group of distribuled processors, a microprocessor, a
microcontrolier, an application-specific infegrated circuit (ASIC), a graphics
processor, a multiprocessor, a virtual processor, a cloud processing sysiem, or
another suitable controller or programmable device) and the storage medium 305
may be operalively coupled to a bus. Processor 503 can include single or multiple
cores on a chip, multiple cores across multiple chips, multiple cores across multiple
devices, or combinations thereof.

{00421 The storage medium 505 may inciude any suitable type, number, and
configuration of volatile or non- volatile machine-readable siorage media to store
instructions and data. bExamples of machine-readable storage media in include
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read-only memory ("ROM”), random access memory ("RAM”) {(e.g., dynamic RAM
FDRAMT,  synchronous DRAM  [PSDRAM"], elc.), electrically erasable
programmable read-only memaory ("EEPROM”), magnetoresistive random access
memory (MRAM), memristor, flash memory, 8D card, floppy disk, compact disc
read only memory (CD-ROM), digital video disc read only memory (BVD-ROM),
and other suitable magnetic, optical, physical, or electronic memory on which
software may be stored.

{00431 Software stored on the non-transitory machine-readable storage
media 505 and executed by the processor 503 includes, for example, firmware,
applications, program data, filters, rules, program modules, and other executable
instructions. The processor BO3 retrieves from the machine-readable storage
media 505 and executes, among other things, instructions relaied to the control
processes and methods described herein.

{00441 The processor 503 may fetch, decode, and execute instructions 507-
513 among others, to implement various processing. As an alternative or in
addition o refrieving and executing instructions, processaor 503 may include atleast
one integrated circuit {(IC), other conirol logic, other electronic circuits, or
combinations thereof that include a number of electronic components for
performing the functionality of instructions 507-513. Accordingly, processor 503
may be implemented across multiple processing units and instructions 507-513
may be implemented by different processing units in different areas of computer
501.

i0045] The instructions 507-513 when executed by processor 503 (e.g., via
one processing element or multiple processing elements of the processor) can
cause processor 503 to perform processes, for example, methods 200-400, and/or
variations and portions thereof. In other examples, the execution of these and
other meathods may be distributed between the processor 503 and other processors
in communication with the processor 533,

0046] For example, base image instructions 507 may cause processor 503
to generate a base image representing the location of a wireless-enabled device
with data from a plurality of wireless beacon. In some implementations, a base

image includes signal strength indicator data from all beacons and a location tag
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indicating a location of a particular beacon. Further, these instructions may cause
processor 503 (o generate a base image for each of the plurality of wireless
beacons in a defined area. These insiructions may funclion similarly o the
techniques described in block 210 of method 200 and in method 300.

{00471 Fingerprint instructions 509 may cause the processor 503 to
generate an image fingerprint for the location of a wireless-enabled device by using
the base image. In some examples, nstructions 509 may cause the processor o
extract image-specific features from the base image and to generale an image
fingerprint for each grid cell in a defined area. Further, instructions 509 may cause
the processor o generale a gallery of image fingerprints for each of the plurality of
corresponding cells, where each cell may be associaled with more than one image
fingerprint corresponding to a different feature descriptor. These instructions may
function similarly to the techniques described in block 220 of method 200 and in
method 400,

{0048]  Analysis instructions 511 may cause the processor 503 o compare
the image fingerprint for the location of 2 wireless-enabled device with a plurality
of existing image fingerprints associated with the plurality of wireless beacons.
These instructions may funclion similarly to the techniques described in block 230
of method 200.

{00491  Location instructions 513 may cause the processor 503 to determing,
by using image classification techniques based on image-specific features of the
image fingerprints, the location of a wireless-enabled device based on the
comparison. These instructions may function similarly o the technigues described
block 240 of method 200. Thus, location instructions 513 may cause the processor
503 o determine which image in the gallery of image fingerprints is most similar {o
the image fingerprint of the wireless-enabled device. That way, the processor may
determine the iocation of the wireless-enabled device.

{00501  In the foregoing description, numerous details are set forth {o provide
an understanding of the subject matter disclosed herein. However,
implemeniations may be practiced without some or all of these details. Other

implementations may include modifications and variations from the details
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discussed above. i is inlended that the appended claims cover such modifications

and variations.
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What is claimed is:

1. A method comprising, by at ieast one processor:

generating a base image representing a location of a wireless-enabled
device with data from a plurality of wireless beacons;

generating an image fingerprint for the location of the wireless-enabled
device by using the base image;

comparing the image fingerprint for the location of the wireless-enabled
device with a plurality of existing image fingerprints associated with the plurality of
wireless beacons; and

determining a locstion of the wireless-enabled device based on the

comparison.

2. The method of claim 1, wherein the location of the wireless-enabled
device is determined by using image classification technigues based on image-
specific features of the image fingerprints.

3. The method of claim 1, further comprising, by at least one processor:

receiving signal strength indicator data from each of the plurality of wireless
beacons over a period of time;

placing a virtual grid on the plurality of wireless beacons so each beacon
reprasents one grid cell; and

generating a base image for each of the plurality of wireless beacons,

wherein each grid cell is identified as a pixel in the base image.

4. The method of claim 3, wherein each base image includes signal
strength indicator data from all beacons and a iocation tag indicating a location of
a particular beacon.

5. The method of claim 3, further comprising, by at least one processor:
extracting image-specific features from each base image; and
generating an image fingerprint for each grid cell.
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6. The method of claim 5, wherein the image-speciiic features include
at least one of! local binary paiterns (LBP), local phase quantization {(LPQ), and

histogram of gradients (HOG).

7. The method of claim 5, wherein each image fingerprint is an array
where each page of the array corresponds o a specific feature descriptor
transformation of the base image.

8. The method of claim 5, further comprising, by at least one processor:
generating a gallery of image fingerprints for each of the plurality of corresponding
cells, wherein each cell may be associated with more than one image fingerpring
corresponding to a different feature descripior.

g. The method of claim 1, wherein the wireless beacons are Bluelooth
beacons and wherein the beacons are placed such that each perimeter beacon
has at least two neighbor beacons and each inner beacon has four neighbors.

10. A system comprising:

a base image generation engine o generate a base image representing a
location of a wireless-enabled device with data from a plurality of wirgless beacons;

a fingerprint engine to generate an image fingerprint for the location of the
wirgless-enabled device by using the base image;

an analysis engine to compare the image fingerprint for the location of the
wireless-enabled device with a plurality of existing image fingerprints associated
with the plurality of wireless beacons; and

a iocation engine o determine a location of the wireless-enabled device

based
on the comparison, wherein the location engine is to determine the location of the
wireless-enabled device by using image classification techniques based on image-

specific features of the image fingerprints.
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11, The system of claim 10, wherein the base image generation engine
s further to:

receive signal strength indicator data from each of the plurality of wireless
beacons over a period of time;

place a virtual grid on the pluralily of wireless beacons so each beacon
reprasents one grid cell; and

generate a base image for each of the plurality of wireless beacons, wherein

egach grid cell is identified as a pixel in the base image.

12, The gystem of claim 11, wherein the fingerprint engine is further to:

exiract image-specific features from each base image;

generate an image fingerprint for each grid cell; and

generaie a gallery of image fingerprints for each of the plurality of
corrasponding cells, where each cell may be associated with more than one image

fingerprint corresponding (o a different feature descriptor.

13. A non-transitory machine-readable storage medium encoded with
instructions executable by at least one processor, the machine-readable storage
medium comprising instructions to:

generate a base image representing a location of a wireless-enabled device
with data from a plurality of wireless beacons, wherein a base image includes
signal strength indicator data from all beacons and a location tag indicating a
location of a particular beacon;

generate an image fingerprint for the location of the wireless-enabled device
by using the base image;

compare the image fingerprint for the location of the wireless-enabled
device with a plurality of existing image fingerprinis associated with the plurality of
wireless beacons; and

determine, by using image classification {echnigues based on image-
specific features of the image fingerprints, a location of the wireless-enabled device

based on the comparison.
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14,  The non-transifory machine-readable storage medium of claim 13,
further comprising instructions to:

receive signal strength indicator data from each of the plurality of wireless
beacons over a period of time;

place a virtual grid on the pluralily of wireless beacons so each beacon
reprasents one grid cell; and

generate a base image for each of the plurality of wireless beacons, wherein

egach grid cell is identified as a pixel in the base image.

15, The non-transifory machine-readable storage medium of claim 13,
further comprising insiructions {o: exiract image-specific features from each base
image to generate an image fingerprint for each grid cell.
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5]
2

GENERATE A BASE IMAGE REPRESNTENG A LOCATION OF A WIRELESSG-
ENABLED DEVICE WITH DATA FROM A PLURALITY OF WIRELESS BEACONS
210

\:4

GENERATE AN IMAGE FINGERPRINT FOR THE LOCATION OF THE WIRELESS-
ENABLED DEVICE BY USING THE BASE IMAGE
220

\:d

COMPARE THE IMAGE FINGERPRINT FOR THE LOCATION OF THE WIRELESS-
ENABLED DEVICE WITH A PLURALITY OF EXISTING IMAGE FINGERPRINTS
ASSOCIATED WITH THE PLURALITY OF WIRELESS BEACONS
230

\

DETERMINE A LOCATION OF THE WIRELESS-ENABLED DEVICE BASED ON THE
COMPARISON
240
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RECEIVE SIGNAL STRENGTH INDICATOR DATA FROM EACH OF THE
PLURALITY OF WIRELESS BEACONS OVER A PERIOD OF TIME
310

!

PLACE A VIRTUAL GRID ON THE PLURALITY OF WIRELESS BEACONS 50 EACH
BEACON REPRESENTS ONE GRID CELL
320

!

GENERATE A BASE IMAGE FOR EACH OF THE PLURALITY OF WIRELESS
BEACONS, WHEREIN EACH GRID CELL IS IDENTIFIED AS A PIXEL IN THE BASE
IMAGE, AND WHEREIN EACH BASE IMAGE INCLUDES SIGNAL STRENGTH
INDICATOR DATA FROM ALL BEACONS AND A LOCATION TAG INDICATING A
LOCATION OF A PARTICULAR BEACON
330
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400

EXTRACT IMAGE-SPECIFIC FEATURES FROM EACH BASE IMAGE
410

'

GENERATE AN IMAGE FINGERPRINT FOR EACH GRID CELL, WHEREIN EACH
IMAGE FINGERPRINT {& AN ARRAY WHERE EACH PAGE OF THE ARRAY
CORRESPONDS TO A SPECHIC FEATURE DESCRIPTOR TRANSFORMATION OF
THE BASE IMAGE
420

i

GENERATE A GALLERY OF IMAGE FINGERPRINTS FOR EACH OF THE
PLURALITY OF CORRESPONDING CELLS, WHEREIN EACH CELL MAY BE
AGSOCIATED WITH MORE THAN ONE IMAGE FINGERPRINT CORRESPONDING
TO A DIFFERENT FEATURE DESCRIPTOR
430
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COMPUTER 501

NON-TRANSITORY STORAGE MEDIUM 505

BASE IMAGE INSTRUCTIONS 507

FINGERPRINT INSTRUCTIONS 509

PROCESSCR
503

ANALYSIS INSTRUCTIONS 311

LOCATION INSTUCTIONS 513
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