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LOCATION DETERMINATION OF A MOBILE DEVICE

BACKGROUND

{0061 Extensive interest in location-aware services or location based services (LBS) has
driven many indoor localization techmques. For example, crowd-sourced Wi-Fi based
localization technigues utilize user mput for radio frequency {RF} scene analysis and map

construction. Other technigues include expert based site surveys, for example.

BRIEF DESCRIPTION OF THE DRAWINGS
16642} The present application may be more fully appreciated in comnection with the
following detailed description taken in conjunction with the accompanying drawings, in

which like reference characters refor to like parts throughout, and in which:

16663] FIG. 1 is a block diagram of a device for determining a location of a mobile device,

according to one example;

{6064} FIG. 2 is a block diagram of a device for determining a location of a mobile device,

according to one example;

16665} FIG. 3 is a flowchart of a method for determining a location of a mobile device,

according to one example;

{0086} FIG. 4 15 a flowchart of a method for determining a location of a mobile device,

according to one example; and

16471 FIG. 5 1s a block diagram of an exarople component for implerenting the device of

FIGS. 1 and 2, according to various examples.

BETAILED DESCRIPTION

[GBGR] Wi-Fi based positioning systeras have becore pervasive due to the development of
the Wi-Fi standard. Wi-Fi based approaches to determining location of mobile devices rely
on distance or angle-of-arrival {AoA) of wireless transmissions (1.e., signals and/or packets)
from the mobile device as an important metric for indoor localization. For example, AcA
estiroation techniques can defermine the angle at which a signal from the mobile device

arrives at an access point (AP) (or a base station}.
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13639} Existing AcA cstimation techniques require multiple aniennas at the AP, and work
well only if these antennas are arranged in a circular manner, However, most APs today have
their antennas arranged in a Hnear fashion (Le., hinear antenna arrays). Lincar antenma arrays
can only differentiate between signals from one array side. Thus, existing AcA estimation
techniques cammot determine whether the mobile device is placed in front of or in the back of
a linear antenna array. A circular antenna array may differentiate signals from all directions.
However, a circular antenna array reguires almost double the number of antennas to achieve
the samie accuracy as a linear antenna array. This reduces the applicability of existing AcA
estiroation technigues to complex and expensive circular antenna array systers,

Accordingly, examples disclosed herein address the above side ambiguity challenges of AcA

estimation by leveraging movement miormation {e.g., turn information) obtained from a

]

sensor {e.g., gyroscope) of the mobile device.

16618} In one example, a device inchudes an antenna array to receive a signal transmitted
from a mobile device. The device also includes a signal processing unit to compute a change
in AcA of the signal at the antenna array when the mobile device moves from a fivst position
to a second position. The signal processing unit 1s to receive motion information of the
mobile device from a sensor of the mobile device and determine a location of the mobiie
device relative to the antenna array based on the change in AoA of the signal and the rootion

miormation of the mobile device.

16611} In another exarople, a method includes receiving, by an antenna of a base station, a
signal transmitted from a mobile device, and computing a change in AcA of the signal when
the mobile device moves from a first position to a second position. The method also includes
receiving, by the signal processing unit, motion information of the mobile device from a
sensor of the mobile device, and determining a location of the mobile device relative to the
antenna array based on the change in AgA of the signal and the motion information of the

mobile device.

{6612} In another example, a non-transitory computer-readable storage medium mclodes
nstructions that, when executed by a processor of an access point (AP), cause the processor
to receive a packet embedded in a signal transmitied from a mobile device, where the packet
mclades motion information of the mobile device. The mstructions are execulable to

compute an AoA of the signal at an antenna array of the AP and compute a change in the
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AoA of the signal when the mobile device moves from a first position to a second position.
The instructions are further executable to determine a location of the mobile device relative to
the antenna array based on the change in AoA of the signal and the motion information of the

mobile device.

[3613] It 1s appreciated that examples deseribed herein below may include various
components and features. Some of the components and features may be removed and/or
modified without departing from a scope of the method, systern, and non-transitory
computer-readable medium for AcA and motion information based location determination. It
is also appreciated that, in the following description, numercus specific details are set forth to
provide a thorough understanding of the exaroples. However, it is appreciated that the
examples may be practiced without Iimitations to these specific details. In other instances,
well known methods and structures may not be described in detai] to avoid unnecessarily
cbscuring the description of the examples. Also, the examples may be used in combination

with cach other.

{6014} Reference in the specification to “an cxample” or similar language means that a
particular feature, structure, or characteristic described in conmection with the example is
mcluded in at least one example, but not necessarily in other examples. The various
mstances of the phrase “in one example” or similar phrases in various places i the
specification are not necessarily all referring to the same example. As used herein, a
component is a combination of hardware and software executing on that bardware to provide

a given functionality.

{601 5] Referring to FIG. 1, a block diagram of a device for determining a Tocation of a
mobile device, according to one example, is described. Device 102 can be a base station, an
access point (AP), a switch, a router, or any other device that includes an antenna array to
transmit and receive wireless transmissions from other devices {¢.g., mobile device 106},
Thus, device 102 may serve as a hub of a wireless network {e.g., WLAN, cellular network).
However, it should be noted that device 102 can also be a mobile device that includes an
anienna array {e.g., at least two antennas) {o transmit and receive wireless signals from other
devices. [t should further be noted that data may be transmitted from between mobile device
106 and device 102 in the form of one or more signals. Accordingly, as used herein “signal”

includes data transmission {¢.g., data packets).
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{6816} As shown in FIG. 1, device 102 includes an antenina array {12 and a signal processing
unit 122, Autenna array 112 includes at least two antennas, that may be coupled to a
franseeiver (not shown), for ransmitting and receiving signals from a plurality of wireless
devices including mobile device 106, Signal processing unit 122 can be hardware and/or
software for processing signals received from mobile device 1062, Mobile device 106 may
mclude a smartphone, a mobile phone, a personal digital assistant (PDA), a portable personal
computer, an AIO (all-in-one) computing device, a notebook, a convertible or hybrid
noicbook, a netbook, a tablet, a cellular device, a deskiop computer, a multimedia player, an
entertainment unit, a data coromunication device, a portable reading device, or any other

computing device with one or more aniennas for transmitting and receiving signals.

G817} Signal processing unit 122 yoay compute or estimate the angle-of-arrival (AcA) of a
signal transmitied from mobile device 106, A signal transmission from mobile device 106
may arrive at several angles at the device 102, Thus, signal processing unit 122 analyzes the
received signal on multiple antennas of the antenma array 112 1o determine an angular
component of the signal. To illustrate, the phase of the received signal, a quantity that
changes linearly by 2n for every wavelength (&) traversed by the signal. For example,
assuming a single path between a transmitter of the mobile device 186 and the antenna array
112 of device 102, antenna array 112 includes two antennas placed at a distance of 4/2 from
each other, and 8 1s the angle at which the signal arrives at the two antennas. The signal
traverses an oxtra distance before reaching the second (lefl) antenna. This extra distance (Ad)

can be approximated as:
Ad=¥72 * sin {8)
[66818] The exira distance Ad will resalt in a phase difference of {Ag):
Ap = 2nAd/ A

{3819} Thus, by observing the phase difference (Ag) of the arriving signal, the AcA may be

computed as:
0 = arcsin (Agp/w)

{3826} The above example assumes that the arriving signal has only one angular component.

However, a wireless signal may propagate through multiple paths. AoA estimation
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technigues may identity the angles of multiple paths by using multiple antennas.
Accordingly, signal processing unit 122 may compute AoA values for direct paths fraversed
by the signal and for multiple paths traversed by the path due to multipath reflections.
Further, signal processing unit 122 computes a change in AcA of the signal when the mobile
device moves from one position to another, as illustrated in FIG. 2
{3621} The above described AocA computation inherently poses an ambiguity problem in
finear array antennas because a range of the lnear array antonna is between 0° and 180°.
Thus, mobile devices 106 on the two sides (1.e., front and back) of a line formed by the linear
array are not differentiable (i.e., lack of 0° and 360% range). Accordingly, the AcA
computation may only differentiate between signals

from: one array side only (i.e., only one
of front and back, but not both). To address the above limitations of the inear array antenna,

signal processing unit 122 firther receives or extracts motion information of the mobile
device 106 to determine a location of the mobile device 106 relative to the antenna array 112
Such rootion information may be provided by a sensor 116 of the mobile device. For
example, a gyroscope of the roobile device may provide tum information (e.g., left or right}
usable by the signal processing unit 122 to determine whether the mobile devi

co l

ce 106 ds in
- ~ o . - T NG ; - .
front of or behind the antenna array, thereby providing a 3607 location range of the mobile
device 106,

example. Thee

v

[

16622} FIG. 2 is a block diagram of a device for determining a location of a mobile device,
according to one

22 may resolve t

xample of FIG. 2 describes how the signal processing unit
he ambigaity issue 1o determine whether mobile device 106 is located in the
front, or back side of antenna array 112 by observing the change in the AoA of the signal and

the nature of tum undertaken by a user of the mobile device 106 (i.e., movement information)
provided by a sensor {e.g., gyroscope)} of the mobile device.

136231 The gyroscope of the mobile device 102, for example, may irack the angular changes
as a user walks from one location to another. The gyroscope mformation may be preferred
over compass information for indoor localization because gyroscopes remain unaffected by
changing magnetic ficlds (e.g., due to metallic and ciectrical objects in buildings), and

computes relative angular velocity usable by the signal processing unit 122.
10624} As shown in FIG. 2, a user of the mobile device 106 may begin at a {ivst position A
and end up at a second position C. While walking from position A to position C, the aser

-3 -
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takes a turn at B. The AoA of the signal from the user’s mobile device 106 increases as the
user walks from A to €. The linecar antenna array 112 cannot distinguish or differentiate
between angles on the two sides of the hnear array (1.e., in the front and in the back). For
example, the linear array antenna cannot distinguish between the change in AoA above the

90" axis and below the 90° axis. Hence, the change in AoA (A8) will be the same at the
g )

antenna array |12 i the user walks through ABC or A’B’(’, as shown in FIG. 2.

13625] However, the tic between the change in AcA (A8) for ABC and A’B°C” may be
resolved by observing the turn the user undertook. If the gyroscope of the user’s mobile
device 106 registered a right turn, the signal processing unit 122 determines that the user is
located in the front of the antenna array 112, On the other hand, if the user took a left tor,
the user was walking through A'B’C’, and the signal processing unit 122 determines that the

user s located m the back of the antenna array 1172,

16626} Thus, the signal processing unit 122 15 able to determine whether the mobile device
106 is located in the front, or back side (behind) of the anienna array 112 based on the change
in AoA {A8) and the movement information (i.e., turn} of the mobile device 106, Table 210
illustrates how the change in AoA (A8) is combined with the motion information fo determine
the location of the mobile device 106 relative to the antenna array. For example, if the
change in AoA (AB) 18 positive and the sensor indicates a right turn, then the computed AcA
(8} for the mobile device 106 is determined to be positive {i.e., 8). As another example, if the
change m AoA (AB) is positive and the sensor indicates a left turn, then the computed AcA
{(8) of the mobile device 106 is determined to be negative {ie., -8). As another example, if
the change in AoA (A8) is negative and the sensor indicates a right turn, then the computed
AocA (8) of the mobile device 106 15 determined to be negative (i.e., -8). As another example,
if the change in AoA (AB) 1s negative and the sensor ndicates a left turm, then the computed
AoA (8 of the mobile device 106 is determined to be positive (i.e., 8). Accordingly, the
computed AoA remains the same if the mobile device 106 is in {ront of the antenna array
112, for example. However, a negative AoA 1s used as the actual angle if the mobiie device

is in the back of the antenna array 112, for example.

{60271 FIG. 3 s a flowchart of a method 300 for determining a location of a mobile device,

according to one example. Method 300 may be implemented m the form of executable

-6 -
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instructions stored on a non-transitory compuier-readable storage medivim and/or in the form

of electronic circuitry.

{6028} Method 300 includes receiving, by an anienna array of a base station, a signal
transmitted from a mobile device, at 310, For example, anternma array 112 may receive a
signal transmitied from mobile device 106, The base station 102 may include, for example, a
WELAN AP, a mobile device, a cellular base station, or any other computing device that
includes muudtiple antennas for transmitting and/or receiving signals from other devices.
Antenna array 112 may include at least one of a hncar antenma array, an omnidirectional

array, and a divectional array.

3829} Method 300 includes, computing by a signal processing unit of the base station, a
change in AoA of the signal when the mobile device moves from a first position 1o a second
position, at 320, For examople, signal processing unit 122 may compute the AoA of the signal
at the anteona array 112 and a change i the AoA of the signal when the mobile device 106

moves from one posttion to ancther.

3836} Method 300 includes receiving, by the signal processing unit, motion information of
the mobile device from a sensor of the mobile device, at 330, For example, sensor 116 of the
mobile device 106 may provide turmn information (i.c., left or right) of the mobile device 106
as the user moves from one position to another. In one example, the sensor 116148 a
gyroscope. In other examiples, the sensor 116 is a compass. The motion information may be
embedded in a data packet transmitied from the mobile device 106 to the base station 162,
As such, the motion mformation may be part of the signal transmitted from the mobile device

106 to the base station 102,

16631} Method 300 includes determining, by the signal processing unit, a location of the
mobile device relative (o the antenna array based on the change m AcA of the signal and the
motion information of the mobile device, at 340. For example, the signal processing unit 122
may distinguish between a signal transmitted fror the mobile device 106 when the mobile
device 106 is in front of the antenna array 112 and a signal transmitted from the mobile
device 106 when the mobile device 106 is behind the antenna array 112, Further, the location
of the mobile device 106 relative to the antenna array 112 is usable by the base station 102 to

detect security viclations in the network and to detect rogue mobile devices 1o the network.

-3
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Moreover, the location information may be usable by the mobile device 106 to determine

whether or not to associate with the base station 102,

16032} FIG3. 4 1s a flowchart of a method 400 for determining a location of a mobile device,
according to one example. Method 400 may be implemented in the form of executable
msiructions stored on a non-transitory computer-readable storage medivim and/or in the form

of electronic circuitry.

[6833] Method 400 includes determining a change in AoA of a signal transmitted from a
mobile device and motion information of the mobile device, at 410. For example, the signal
processing unit 122 may compute the change in AcA of the signal as the user moves from a
.

first position to a second position. Further, the signal processing umit 122 may receive or

extract motion information provided by sensor 116 of the mobile device 106.

[6834] Method 400 includes determining whether the change in AcA of the signal is positive
or negative, at 420. If it is determined that the change in AcA of the signal is positive,
method 400 includes determining whether the motion information indicates aleft twrn or a
right tum, at 430, {1t is determined that the rootion mformation indicates a right tum,
method 400 inchudes determining that the mobile device is located in front of the antenna
array, at 440. I however, it is determined that the motion information indicates a left turn,
method 400 inchudes determining that the mobile device is located behind the antenna array,

at 450.

[B035] ifit s determined, at 420 that the change in AoA of the signal is negative, method
400 mclodes determining whether the motion information mndicates a left turn or a right turn,
at 460. I it is determined that the motion information indicates a right turn, method 460
includes determining that the mobile device 1s located behind the antenna array, at 470, 1f
however, 1t is determined that the motion information indicates a left turn, method 400

inchudes determining that the mobile device is located in front of the antenna array, at 480,

#8636} The signal processing unit 122 of FIGS, 1 and 2 can be implemented in hardware,

software, or a combination of both. FIG. 5 illustrates a component for iroplementing the

signal processing unit 122 according to various examples. The component 5300 can foclude 2
£

processor 305 and memory resources, such as, for example, the volatile memory 510 and/or

the non-volatile memory 515, for executing mstructions stored in a tangible non-transitory
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medium (2.g., volatile memory 510, non-volatile memory 513, and /or non-transitory
computer-readable medium 520}, The non-transitory computer-readabic medium 520 can
have computer-readable mstructions 555 stored thereon that are executed by the processor

505 to implement the functionalities according the present disclosure.

{837} A machine {¢.g., a computing device} can include and/or receive a tangible non-
transitory computer-readable medium 520 storing a set of computer-readable instructions
(e.g., software) via an input device 525, As used herein, the processor 505 can include one or
a plurality of processors such as in a paralle] processing system. The memory can include
memory addressable by the processor 505 for exccution of computer readable instructions.
The computer readable medium 520 can include volatile and/or non-volatile memory such as
a random access memory (“RAM™), magoetic memory such as hard disk, floppy disk, and/or
tape memory, a sohid state drive (“S8D7), flash memory, phase change memory, and so on

In somwe examples, the non-volatile memory 515 can be a local or remote database including a

plurality of physical non-volatile memory devices.

{0838} The processor 505 can control the overall operation of the component 500. The
processor can be connecied to 2 memory controller 530, which can read and/or write data
from and/or to volatile memory 510 {e.g., RAM). The processor 505 can be connecled to a
bus 535 to provide commmunication between the processor 503, the network connection 540,
and other portions of the component 500, The non-volatile memory 515 can provide
persistent data storage for the component 500, Further, the graphics controller 545 can

connect to an optical display 550

3839} Each component 500 can include 2 computing device inchuding control circuitry such
as a processor, a state machine, ASIC, controlier, and/or similar machine. As gsed herein, the
indefiniie articles “a” and/or “an” can indicate one or more of the named objects. Thus, for
exarople, “a processor” can include one or more than one processor, such as i a moulti-core

processor, cluster, or parallel processing arrangerment.

3846} 1t 15 appreciated that the previous description of the disclosed examples is provided to
enable any person skilled in the art to make or use the present disclosure. Various
modifications to these exaraples will be readily apparent to those skilled in the art, and the
generic principles defined herein may be apphied to other examples without departing from

the spirit or scope of the disclosure. Thus, the present disclosure is not ntended to be bimited
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to the examples shown herein but is to be accorded the widest scope consistent with the
principles and novel features disclosed herein. For exampie, 1t is appreciate that the present

disclosure 1s not Hmited o a particular confieuration, such as component 500.
o 9

3841} Those skilled 1o the art would further appreciate that the various illustrative modules
and steps described in connection with the examples disclosed herein may be tmplemented as
electronic hardware, computer software, or combination of both, For example, the steps of
FIGS. 3 and 4 may be implemented using software roodules, hardware modules ot
components, or a combination of software and hardware modules or components. Thus, in
one example, one or more of the steps of FIGS. 3 and 4 may comprise hardware modules or
components. In another example, one or more of the steps of FIGS. 3 and 4 may comprise
software code stored on a coraputer readable storage medium, which is executable by a

PTOCESIOT.

166842} To clearly ithustrate this mterchangeability of hardware and software, various
ithustrative components, blocks, modules, and steps have been described above generally
terms of their functionality (e.g., signal processing unit 1223, Whether such functionality is
implemented as hardware or sofiware depends upon the particular application and design
consiraints imposed on the overall systern. Those skilled 1n the art may implement the
described fumctionality in varying ways for each particular application, but sach
implementation decisions should not be interpreted as causing a departure from the scope of

the present disclosure,

- 10 -
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CLAIMS

WHATIS CLAIMED IS

1. A device comprising:
an antenna array o receive a signal fransmitted from a mobile device;
a signal processing untt to:
compute a change in angic-of-arrival (AoA} of the signal at the antenna array
when the mobile device moves from a first position o a second
posttion;
receive motion information of the mobile device from a sensor of the mobile
device; and
deterniine a location of the mobile device relative to the antenna array based
on the change in AoA of the signal and the motion information of the

mobile device.

2. The device of claim 1, wherein the motion information of the mobile device

coroprises at least one of a left turn and a right turs.

3. The device of claim 2, wherein the location of the client device relative to the
anlenna array comprises at least one of a front side of the antenna array and a back side of the

antenna array.

4. The device of claim 3, the signal processing unit {o differentiate between the
change I AoA when the chient device is located in front of the anteona array and when the

client device 1s located on the back side of the antenna array.

i
.
J—

!
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5. The device of claim 4, wherein:

when the change in AcA of the signal is positive and the motion information indicates
a right tury, the chient device is located in the front side of the antenna array;

when the change in AcA of the signal is positive and the motion information indicates
a left turn, the client device is located in the back side of the antenna array;

when the change 1o AoA of the signal 18 negative and the motion jnformation
mdicates a right turn, the chent device is located m the back side of the
antenna array; and

when the change in AcA of the signal is negative and the motion information
indicates a left turn, the clent device 1s ocated in the front side of the antenna

array.

6. The device of claim 1, wherein the AoA comprises at least one of an angle of

direct path (ANDP} of the signal and angle of multipath reflections of the signal.

7. The device of claim 1, wherein the antenna array comprises at least one of a hnear

antenna, an onuwudirectional antenna, and a divectional antenna.

2. A method comprising:

receiving, by an antenna array of a base station, a signal transmifted from a mobile
device;

computing, by a signal processing unit of the base station, a change in angle-of-arrival
{AoA) of the signal when the mobile device moves from a {irst position to a
second position;

receiving, by the signal processing unit, motion information of the mobhile device from
a sensor of the mobile device;

determining, by the signal processing unit, a location of the mobile device relative to

the antenna array based on the change in AcA of the signal and the motion

information of the mobile device.

-12 -



WO 2014/168636 PCT/US2013/036501

9. The method of claim §, wherein the sensor inchudes at least one of a gyroscope and

& COMPAss.

18, The method of claim 8, wherein:

when the change in AcA of the signal is positive and the motion information indicates
a right turn, the mobile device is located in front of the antenna array;

when the change in AoA of the signal is positive and the motion information tndicates
a lefl turn, the mobile device 1s located behind the antenna array;

when the change in AoA of the signal is negative and the motion information
mdicaies a right turmn, the mobiie device is located behind the antenna array;
and

when the change in AoA of the signal is negative and the mootion information

indicates a left turn, the mobile device is located in front of the antenna array.

11, The method of claim &, wherein the base station compriscs at least one of a
wircless ocal arca network (WLAN) access point (AP}, a second mobile device, a cellular

base station, and any computing device commprising at feast two antennas.
: 3 5 &

12. The method of claim &, wherein the location of the mobile device relative to the
antenna array is usable by the base station to determine securily violations in a network of the

base station and to detect rogue mobile devices fo the network.

13. The method of claim §, wherein the location of the mobile device relative to the
antenna array s usable by the mobile device to determine whether to associate with the base

station.
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14, A non-transitory computer-readable storage medivm comprising nstructions that,
when executed by a processor of an access point (AP), cause the processor to:

receive a packet embedded 1o a sigoal transmitted from a mobile device, wherein the
packet inclides motion information of the mobile device;

compute an angle-of arrival {AcA) of the signal at an antenna array of the AP;

compte a change in the AcA of the signal when the mobile device moves from a first
posifion to a second position; and

determine a location of the mobile device relative to the anterma array based on the

change in AcA of the signal and the motion information of the mobile device.

15. The non-transitory coraputer-readable storage medium of claim 13, wherein:

when the change in AoA of the signal is positive and the motion mformation indicates
a right tarn, the client device 1s located in a front side of the antenna array;

when the change in AcA of the signal is positive and the motion information indicates
a left tum, the client device is located in a back side of the antenna array;

when the change in AoA of the signal is negative and the mootion information
indicates a right turn, the chient device is located in the back side of the
antenna array; and

when the change 1o AoA of the signal 18 negative and the motion jnformation
indicates a left turn, the chient device is located in the front side of the antenna

array.

- 14 -
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310

Receive, by an antenna array of a base siation, a signal transmitted
from a mobile device

Compute, by a signal processing unit of the base siation, a change in an
angle-of-arrival (AcA) of the signal whean the mobile device moves from
a first position to a second posiion

l 330

Receive, by the signal processing unit, motion information of the mobile
device from a sensor of the mobils device

l s 340

Determine, by the signal processing unit, a location of the mobile device
rafative 1o the antenna array bassd on the changs in AoA of the signal
and the motion information of the mobile device
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