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(57) Abstract: The effective use of weak GPS signals that are present in various environments enables an electronic device to pin-
point its location in such environments. The electronic device uses an antenna to perform sequential scanning in multiple directions
for global positioning system (GPS) signals. The electronic device further analyzes GPS signals obtained from scanning the multiple
directions to determine a number of acquired GPS satellites that provided the GPS signals. The GPS signals include code phases of
the acquired GPS satellites. The electronic device then computes a location of the electronic device based on the code phases of the
acquired GPS satellites when the number of acquired GPS satellites meets a threshold.
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HIGH-SENSITIVITY GPS DEVICE WITH DIRECTIONAL ANTENNA

BACKGROUND

[0001] An clectronic device that is equipped with a global positioning system (GPS)
receiver may rely on signals transmitted by multiple GPS satellites to determine the
location of the electronic device. Each of the GPS satellite signals may be transmitted with
satellite-specific encoding that identifies the source satellite of the satellite signal. The
GPS receiver may compute the location of the electronic device by identifying the
broadcasting GPS satellites, decoding the satellite signals, and performing a series of
computations on the data extracted from the decoded signals.

[0002] In some instances, a GPS receiver of an electronic device may encounter
difficulty in acquiring the GPS satellite signals. For example, the GPS signals that are
transmitted by the GPS satellites may be relatively weak in comparison to the background
radio frequency noise that is present in an environment. Further, the GPS signals may be
obstructed or reflected by terrestrial features such as buildings and natural formations. For
example, building structures such as ceilings and roofs may attenuate GPS signals, leading
to the loss of the GPS signals in an indoor environment. The ability of a GPS receiver to
amplify weak GPS signals may be limited, as any amplification may also amplify the
background radio frequency noise present in an environment. Accordingly, the electronic
device may be forced to fall back to secondary geo-location techniques, such as cellular
communication signal triangulation, inertial location approximation, the use of Wi-Fi
signatures, or the use of frequency-modulation (FM) radio signals to determine the
location of the electronic device.

SUMMARY

[0003] Described herein are techniques for using a high-gain directional antenna of an
electronic device to acquire GPS signals from GPS satellites in multiple directions over
numerous time intervals, and combining such GPS signals to determine a location of the
electronic device. The high-gain directional antenna may include multiple antenna
clements that are able to successively obtain GPS signals from multiple directions. The
obtained GPS signals may be partial signals that do not include decodable positioning data,
such as time stamps or ephemeris data, that are used by conventional GPS navigation units
to compute locations. Instead, the techniques may use the code phases of the partial GPS
signals, as acquired from a sufficient number of satellites over the multiple time intervals,

to compute the location.
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[0004] In at least one embodiment, the electronic device uses an antenna to perform
sequential scanning in multiple directions for GPS signals. The electronic device further
analyzes GPS signals obtained from the multiple directions to determine a number of
acquired GPS satellites. The GPS signals provide code phases of the acquired GPS
satellites. The electronic device computes a location of the electronic device based on the
code phases of the acquired GPS satellites when the number of acquired GPS satellites
meets a threshold.

[0005] Accordingly, the techniques enable an electronic device that is equipped with a
GPS locator to use weak GPS signals that are present in indoor environments or other
environments that are affected by GPS signal attenuation. The ability to use weak GPS
signals may enable the electronic device to run location management applications that are
otherwise unable to function effectively. For example, such applications may include
navigation applications, inventory applications, personnel tracking applications, and/or so
forth. The ability to pinpoint a location using attenuated GPS signals may be particularly
useful in situations in which secondary sources of location information (e.g., cellular
communication signals Wi-Fi signatures, FM signals, etc.) are unavailable, or be used to
provide ground truths for profiling a space to enable secondary location solutions.

[0006] This Summary is provided to introduce a selection of concepts in a simplified
form that is further described below in the Detailed Description. This Summary is not
intended to identify key features or essential features of the claimed subject matter, nor is
it intended to be used to limit the scope of the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The detailed description is described with reference to the accompanying figures.
In the figures, the left-most digit(s) of a reference number identifies the figure in which the
reference number first appears. The use of the same reference number in different figures
indicates similar or identical items.

[0008] FIG. 1 is a block diagram that illustrates an example scheme for using a high-
gain directional antenna to acquire GPS signals, such that the GPS signals may be used to
determine a location.

[0009] FIG. 2 is an illustrative diagram that shows example components of an electronic
device that includes a high-gain directional antenna that acquires GPS signals and a GPS
locator that uses the GPS signals to determine a location.

[0010] FIG. 3 is a flow diagram that illustrates an example process for using multiple

GPS signals that are acquired by a high-gain directional antenna to determine a location.
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[0011] FIG. 4 is a flow diagram that illustrates an example process for determining a
number of satellites that are acquired during a time interval in which a high-gain
directional antenna is oriented at a particular direction.

DETAILED DESCRIPTION

[0012] Described herein are techniques for using a high-gain directional antenna of an
electronic device to acquire GPS signals from GPS satellites in multiple directions over
numerous time intervals, and combining such GPS signals to determine a location of the
electronic device. The high-gain directional antenna may include multiple antenna
clements that are able to successively obtain GPS signals from multiple directions. The
obtained GPS signals may be partial signals that do not include decodable positioning data,
such as time stamps or ephemeris data, that are used by conventional GPS navigation units
to compute locations. Instead, the techniques rely on the code phase information indicated
by the partial GPS signals, as acquired from a sufficient number of satellites over the
multiple time intervals, to compute the location.

[0013] In various embodiments, the high-gain directional antenna of the electronic
device may be oriented by a GPS locator of the electronic device to a particular direction.
The GPS locator may scan for partial GPS signals in the particular direction for a
predetermined time interval. The particular direction may be any direction that is inside a
hemisphere. In at least one embodiment, the predetermined time interval may have a
duration length of hundreds of milliseconds. Once the GPS locator has obtained the partial
GPS signals in the particular direction, the GPS locator may determine whether the
obtained partial GPS signals are from a sufficient number of GPS satellites. If the partial
GPS signals are from a sufficient number of GPS satellites, the GPS locator may use the
codes phases of the GPS satellites as captured in the partial GPS signals to compute a
location.

[0014] However, if the GPS locator determines that the partial GPS signals are from an
insufficient number of GPS satellites, the GPS locator may reorient the high-gain
directional antenna to scan for GPS signals in a different direction. The GPS locator may
obtain partial GPS signals in this second direction. The GPS locator may subsequently
reassess whether the combination of the partial GPS signals acquired at the first and
second directions are from a sufficient number of GPS satellites. If the partial GPS signals
are from a sufficient number of GPS satellites, the GPS locator may use the code phases of
the GPS satellites, as captured in the partial GPS signals, to compute a location for the

electronic device. Otherwise, the GPS locator may once again reorient the high-gain
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directional antenna to scan for GPS signals in another direction. The GPS locator may
repeat the reorientation of the high-gain directional antenna to scan for GPS signals until
code phases from a sufficient number of GPS satellites are obtained to compute a location
of the electronic device.

[0015] In some instances, because the electronic device uses a high-gain directional
antenna to acquire GPS signals, the GPS locator of the electronic device may be resistant
to localized GPS signal jammers. Examples of the techniques for using a high-gain
directional antenna of an electronic device to acquire GPS signals from GPS satellites and
determining the location of the electronic device based on the GPS signals in accordance
with various embodiments are described below with reference to FIGS. 1-4

Example Scheme

[0016] FIG. 1 is a block diagram that illustrates an example scheme 100 for using a
high-gain directional antenna to acquire GPS signals, such that the GPS signals may be
used to determine a location. The example scheme 100 may include GPS satellites 102(1)-
102(N). The GPS satellites 102(1)-102(N) may comprise any of the satellites that are
associated with a satellite navigation system. The GPS satellites 102(1)-102(N) may
transmit GPS signals useful for geo-spatial positioning. For example, the GPS signals may
be encoded with time stamp information, ephemeris data, almanac information, and/or so
forth. Further, each of the GPS satellites 102(1)-102(N) may be uniquely identifiable by a
satellite identification code, such as a Coarse/Acquisition (C/A) code pattern, that is
broadcasted by the GPS satellite. In various embodiments, the satellite navigation system
may be the NAVSTAR GPS operated by the United States, the Navigatsionnaya
Sputnikovaya Sistema (GLONASS) operated by the Russian Federation, the Galileo
Global Navigation Satellite System (GNSS) operated by the European Union, the BeiDou
Navigation Satellite System (BDS) operated by China, or any other satellite navigation
System.

[0017] The electronic device 104 may be equipped with an antenna 106 and a GPS
locator 108. The electronic device 104 may be a desktop computer, a tablet computer, a
laptop computer, a smart phone, a game console, a personal digital assistant (PDA), a
portable GPS navigation unit, and so forth. The antenna 106 may be a high-gain
directional antenna that is steerable by the GPS locator 108 to sequentially point to
multiple directions. For example, the antenna 106 may be electrically or mechanically
aimed by the GPS locator 108. In some embodiments, the antenna 106 may include an

array of antenna elements. Each of the antenna elements may be a directional antenna
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element that is configured to receive RF signals, such as GPS signals, from a narrow
sector of space. In some instances, the antenna elements may be steered mechanically to
orient in different directions, so as to receive GPS signals from those directions.

[0018] For example, the antenna 106 may be a planar antenna with a dimension of
10x10 square inches, in which there are 16 antenna elements in a 4x4 grid. The planar
antenna may be designed to receive RF signals at 1575.42 megahertz (MHz) with a 12.3
decibel (dBi) gain. The planar antenna may have a half power beam width of 35° with a
broadside angle of 0 ®© = 0.5 °. The planar antenna may be equipped with electrical servo
motors that orient or reorient the planar antenna under the guidance of the GPS locator 108.
[0019] In other instances, the antenna elements of the antenna 106 may be phase shifted
via an electrical signal such that GPS signal reception is reinforced in a specific direction
and suppressed in other directions. In other words, the phase shifting of the antenna
clements of the antenna 106 may orient or reorient the antenna 106 by changing the
radiation pattern of the antenna 106 without any physical movement of the antenna 106. In
additional embodiments, the antenna 106 may be of other directional designs, so long as
the directional antenna may be selectively oriented to sequentially scan for GPS signals
from different directions. For example, the antenna 106 may be, but is not limited to, a
dish reflector antenna, a slot antenna, a Yagi antenna, a horn antenna, a waveguide
antenna, a Vivaldi antenna, a planar antenna with circular antenna elements, a helix
antenna, a dipole array antenna, an origami antenna, or so forth.

[0020] The high-gain directional antenna 106 may provide superior GPS signal
acquisition than omni-directional antennas that are used on conventional GPS navigation
unit. An omni-directional antenna of a conventional GPS navigation unit may have
antenna gain that is uniform in all directions, as the omni-directional antenna is designed
to simultaneously receive GPS signals from multiple GPS satellites in the sky. However,
since an omni-directional antenna sacrifices signal gain for broad signal reception
coverage, omni-directional antenna may be ineffective when GPS signals are attenuated.
Thus, conventional GPS navigation units may be rendered useless in indoor environments.

[0021] In operation, the GPS locator 108 may orient the antenna 106 in a particular
direction so that the GPS locator 108 may scan for GPS signals in the particular direction
for a predetermined time interval. In at least one embodiment, the predetermined time
interval may have a duration length of hundreds of milliseconds. The GPS signals 110 that
are obtained by the GPS locator 108 may be a partial GPS signal that lack decodable

positioning data, such as time stamps or ephemeris data, which are used by conventional
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GPS navigation units to compute locations. However, the partial GPS signals may include
information on the code phrases of the GPS satellites. Once the GPS locator 108 has
obtained the partial GPS signals in the particular direction, the GPS locator 108 may
determine whether the obtained partial GPS signals 110 (i.e., data chunk) are from a
sufficient number of GPS satellites. If the partial GPS signals 110 are from a sufficient
number of GPS satellites, the GPS locator 108 may use the code phases 112 of the GPS
satellites, as captured in the partial GPS signals 110, to compute a location fix 114 of the
electronic device 104.

[0022] However, if the GPS locator 108 determines that the partial GPS signals 110 are
from an insufficient number of GPS satellites, the GPS locator 108 may reorient the
antenna 106 to scan for GPS signals in a different direction for the predetermined time
interval. Following acquisition of the GPS signals 116 from the new direction, the GPS
locator 108 may subsequently reassess whether the combination of the GPS signals 110
and the GPS signals 114 acquired at the first and second directions are from a sufficient
number of GPS satellites. If the partial GPS signals 110 and 116 are from a sufficient
number of GPS satellites, the GPS locator 108 may use the code phases 112 of the GPS
satellites as captured in the partial GPS signals 110 and 116 to compute a location.
Otherwise, the GPS locator 108 may once again reorient the high-gain directional antenna
to scan for GPS signals, such as the GPS signals 118, in another direction. In this way, the
GPS locator may repeat the reorientation of the high-gain directional antenna until partial
GPS signals from a sufficient number of GPS satellites are obtained to compute the
location fix 114 of the electronic device 104.

Example Components

[0023] FIG. 2 is an illustrative diagram that shows example components of an electronic
device 104 that includes a high-gain directional antenna that acquires GPS signals and a
GPS locator that uses the GPS signals to determine a location.

[0024] The electronic device 104 may include the antenna 106, one or more processors
202, user interface 204, network interface 206, and memory 208. The one or more
processors 202 may include a central processing unit (CPU), a graphics processing unit
(GPU), a microprocessor, a digital signal processor, and so on. Further, while certain
functions and modules are described herein as being implemented by software and/or
firmware executable on a processor, in other embodiments, any or all of the modules may
be implemented in whole or in part by hardware (e.g., as an ASIC, a specialized

processing unit, etc.) to execute the described functions. The described functions may be
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implemented as one or more hardware logic components, such as Field-Programmable
Gate Arrays (FPGAs), Application-Specific Integrated Circuits (ASICs), Program-Specific
Standard Products (ASSPs), System-on-a-chip systems (SOCs), Complex Programmable
Logic Devices (CPLDs), etc. Other hardware components may include an internal clock, a
sound card, a video card, a camera, device interfaces, motion sensors, inertia Sensors,
proximity sensors, a compass, and/or so forth. The user interface 204 of the electronic
device 104 may include, but are not limited to, combinations of one or more of keypads,
keyboards, mouse devices, touch screens that accept gestures, microphones, voice or
speech recognition devices, and any other suitable devices or other electronics/software.
The network interface 206 may include a network interface card (NIC) and/or other
network component that provide wired and/or wireless communication.

[0025] The memory 208 may be implemented using computer-readable media, such as
computer storage media. Computer-readable media includes, at least, two types of
computer-readable media, namely computer storage media and communication media.
Computer storage media includes volatile and non-volatile, removable and non-removable
media implemented in any method or technology for storage of information such as
computer readable instructions, data structures, program modules, or other data. Computer
storage media includes, but is not limited to, RAM, ROM, EEPROM, flash memory or
other memory technology, CD-ROM, digital versatile disks (DVD) or other optical storage,
magnetic cassettes, magnetic tape, magnetic disk storage or other magnetic storage devices,
or any other tangible medium that may be used to store information for access by a
computing device. In contrast, communication media may embody computer readable
instructions, data structures, program modules, or other data in a modulated data signal,
such as a carrier wave, or other transmission mechanism. As defined herein, computer
storage media does not include communication media.

[0026] The memory 208 may store software components that include the GPS locator
108 and applications 210. Data storage 212 may also be implemented using the memory
208. The GPS locator 108 may include an antenna control module 214, a satellite
acquisition module 216, and a location computation module 218.

[0027] The antenna control module 214 may send electrical signals that direct the
antenna 106 to point to different directions. The directions may be randomly selected or
based on a predetermined pattern. In some embodiments, the electrical signals provided by
the antenna control module 214 may control one or more servo motors that aim the

antenna 106. In other embodiments, the electrical signals provided by the antenna control
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module 214 may phase shift an array of antenna elements in the antenna 106, such that
GPS signal reception is reinforced in a specific direction and suppressed in other
directions.

[0028] The satellite acquisition module 216 may obtain GPS signals from various
directions using the antenna 106. Further, the satellite acquisition module 216 may analyze
the GPS signals to determine whether the GPS signals are received from a sufficient
number of GPS satellites in order for the location computation module 218 to compute the
location of the electronic device 104. At a minimum, the calculation of a location by the
location computation module 218 may be dependent on the acquisition of GPS signals
from at least five GPS satellites. The use of the GPS signals from the five GPS satellites is
dictated by the five unknowns that are used by the location computation module 218 to
determine the location. The first three unknowns (x, y, and z) are the three-dimensional
location of the electronic device 104 in Cartesian coordinates. The fourth unknown is the
common bias for the internal clock of the electronic device 104 with respect to the GPS
signals that are received at a particular direction. The fifth unknown is the coarse time
error for the internal clock of the electronic device 104 with respect to a moment that the
GPS signals are received at the particular direction. In at least one embodiment, if a GPS
signal is strong enough for the satellite acquisition module 216 to decode time stamps sent
from a GPS satellite, the coarse time error may be omitted in the location calculation.
[0029] In instances in which the satellite acquisition module 216 is unable to locate GPS
signals from five GPS satellites in a particular direction, the satellite acquisition module
216 may scan for GPS signals from additional GPS satellites in a different direction, and
so on and so forth. The satellite acquisition module 216 may perform such scans until the
GPS signals from a sufficient number of GPS satellites are acquired. However, each scan
in a new direction by the satellite acquisition module 216 introduces two new unknowns
that the location computation module 218 has to solve to determine the location fix 114.
The first new unknown that is introduced at each scan is the common bias for the internal
clock of the electronic device 104 with respect to the GPS signals that are received at a
new direction. The second new unknown is the coarse time error for the internal clock of
the electronic device 104 with respect to a moment that the GPS signals are received at the
new direction.

[0030] Accordingly, the relationship between the number of GPS satellites that is
considered sufficient and the number of scans for GPS signals at different directions may

be generalized by the equation 2r+3, in which n is the number of independent scans. This
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equation yields the following table that illustrates the relationship between the number of
independent scans and the number of GPS satellites considered sufficient per each scan:

Tablel. Number of GPS Satellites Sufficient for Independent Scans

Number of Independent Scans (n) Number of GPS Satellites (2n+3)
1 5
2 7
3 9
4 11

[0031] However, the satellite acquisition module 216 may consider the same GPS
satellite that is acquired in different scans as different acquired satellites. For example, a
GPS satellite “A” may be acquired during both a first scan and a second scan. In such an
example, the GPS satellite “A” may be counted as two of the seven satellites that are
deemed as sufficient according to the table above for two scans. The satellite acquisition
module 216 may count the GPS satellite “A” in the above example twice because the GPS
satellite “A” has moved its location in the sky between the two independent scans. As a
result, the GPS satellite “A” can be treated as two separate satellites for the location fix
114 calculation performed by the location computation module 218.

[0032] The calculation of the location fix 114 by the location computation module 218
is also dependent on obtaining GPS signals that provide the code phases of the GPS
satellites. In various embodiments, a code phase is a time duration between a start time
that the satellite acquisition module 216 starts to sample a GPS signal from a GPS satellite
to a time at which a beginning of an acquisition code pattern, ¢.g., C/A code pattern, that is
being transmitted by the GPS satellite is received. The acquisition code pattern may be
repeated continuously by a GPS satellite. Once activated, the satellite acquisition module
216 may start sampling from an arbitrary time in the middle of an acquisition code pattern.
Thus, when the satellite acquisition module 216 acquires the beginning of a subsequent
acquisition code pattern repetition, the satellite acquisition module 216 may determine the
code phase.

[0033] The signal acquisition time interval of a conventional GPS navigation unit is
generally on the order of one millisecond. Such a signal acquisition time interval may be
insufficient time to capture a repeating GPS signal spike (i.e., correlation spike) that
signals a start of the acquisition code pattern. In contrast, the satellite acquisition module

216 may use a signal acquisition time interval that lasts hundreds of milliseconds. The
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longer signal acquisition time interval may enable the satellite acquisition module 216 to
detect the correlation spike rather than other noise spikes in the RF background noise. This
is because the signal strength of the GPS signal spike is generally a number of orders of
magnitude greater than the signal strength of the noise spikes, such that satellite
acquisition module 216 is not confused by the noise spikes. The raw data in the GPS
signals that is captured by the satellite acquisition module 216 in each direction may be
referred to as a data chunk. Accordingly, the set of GPS signals that the electronic device
104 receives while stationary at a location may contain multiple data chunks. The satellite
acquisition module 216 may analyze each data chunk to determine the number and
identities of GPS satellites the provided the GPS signals.

[0034] In various embodiments, satellite acquisition module 216 may use a cross
correlation matrix for each time subinterval (e.g., every millisecond) of the GPS signals in
cach data chunk. The rows of the cross correlation matrix may include different Doppler
frequencies, and columns may include different code phases. Accordingly, assuming C(k)
represents such a matrix using the k-th ms signal, then C (k) = [ci’ j (k)], in which ¢; ; is
the (i, j)-th clement of the matrix.
[0035] In order to detect the correlation spikes, the satellite acquisition module 216 may
take the sum of the clement-wise absolute value of multiple correlation matrices, C(1),
C(2), ...C(n) and identify the highest spike (i.c., a peak spike) in the summation.
Accordingly, given |C(K)| = |Ci’]- (k) | , the satellite acquisition module 216 may compute:
C= Xi=1 ICK)| (1
Subsequently, the satellite acquisition module 216 may compare the highest value of C,
e.g., M with the second highest value M>. If M; > aM, with a predetermined a (i.e., a
threshold difference), then the satellite acquisition module 216 may determine that a
corresponding satellite is acquired, and the column index of M; may represent the code
phase.
[0036] The location computation module 218 may compute the location fix 114 of the
electronic device 104 when data chunks are acquired from a sufficient number of GPS
satellites. The location computation module 218 may compute the location fix 114 even
when the received GPS signals are weak or intermittent. The weak or intermittent GPS
signals may lack decodable positioning data, such as time stamps or ephemeris data.

Instead, the location computation module 218 may use a coarse time navigation technique
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to compute the location fix 114. Generally speaking, coarse time navigation may be

expressed as the following equation:

P = \J(x; + AT — )2 + (y; + vy, AT — ¥)? + (2; + ;AT — 2)2 + ¢ 7 (2)
in which P; represents the distance measurement from time of flight (using code phase and
a reference location), (x;,y;, z;) represents a location of the satellite i at the time the signal
left the satellite i, (vy;, vy, v5;) represents the location of the electronic device to be

computed. Further, AT represents the coarse time error, i.¢., the difference between a time
stamp of the electronic device and a time stamp of a satellite when the signal left the
satellite, and T represents the common bias, which is the discrepancy between the internal
clock of the electronic device that is used to measure the time of flight for a satellite and a
standardized clock.

[0037] Accordingly, the location computation module 218 may use the following
unknowns in a location fix calculation: (1) (x, y, z), which are the three-dimensional
location of the electronic device 104 in Cartesian coordinates; (2) by, the internal clock
common bias for chunk £; (3) ¢, a sct of variables for the coarse time error for the entire
set of chunks being analyzed. In some instances, ¢, may be replaced with a variable that
represents the coarse time error associated with the entire set of chunks, e.g., a variable
that is set at the beginning of the entire set of chunks.

[0038] The location computation module 218 may use a pseudorange navigation
equation for each acquired satellite to compute the location fix 114. In other words, if
satellite s is acquired in chunk £, then location computation module 218 may apply the
navigation equation Ds(x,y,z, by, cx) = ds-c, in which Ds is the distance between
satellite s and the electronic device 104, ds is the signal propagation time from the satellite
s to the electronic device 104 as estimated from a corresponding code phase, and c is the
speed of light. Thus, as long as the total number of navigation equations is greater than the
total number of unknowns, the location computation module 218 may compute the
location (x, y, z) for the electronic device 104.

[0039] In alternative embodiments, the functions that are performed by one or more
modules of the GPS locator 108 may be implemented in hardware rather than as software
instructions. For example, one or more fixed hardware logic circuits may implement the
functions performed by the one or more modules.

[0040] The applications 220 may enable the electronic device 106 to perform various

functions. The applications 220 may include an operating system. The operating system
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may include components that enable the electronic device 104 to receive data via various
inputs (e.g., user controls, network interfaces, and/or memory devices), and process the
data using the processors 202 to generate output. The operating system may further
include one or more components that present the output (e.g., display an image on an
electronic display, store data in memory, transmit data to another electronic device, etc.).
The operating system may enable a user to interact with the applications 220 using the
user interface, as well perform tasks for the applications 220. Additionally, the operating
system may include other components that perform various other functions generally
associated with an operating system, such as supporting the execution of the various
modules stored in the memory 208.

[0041] In various embodiments, the applications 220 may include application that use
the location fix 114 obtained by the GPS locator 108 to perform functions. For example,
the applications 220 may include a location management application that reports the
location fixes obtained by the GPS locator 108 to a remote application or service. The
remote application or service may correlate the location fixes with other data, such as map
data, purchases or browsing habits of the user of the electronic device 104, business
location data, and/or so forth. In some instances, the remote application or service may
provide content that are relevant to the location fixes back to the electronic device 104.
The content may be displayed by the location management application on the electronic
device 104.

[0042] In other embodiments, the applications 220 may include an application that
enable the GPS locator 108 to offload the data processing performed by one or more
modules of the GPS locator 108 to a remote computing device. For example, the
application may enable a remote server to perform the calculations that are carried out by
the location computation module 218. Such offloading of the computation may lighten the
computation demand and energy consumption by the electronic device 104. In such an
example, the application may include an application program interface (API) that
interfaces with a computation application on the remote computing device.

[0043] In additional embodiments, the applications 220 may also include a location
approximation application that is able to calculate an intermediate location for the
electronic device 104 based on the multiple location fixes produced by the GPS locator
108. For example, the location approximation application may use measured values such

as inertia, velocity, speed, and/or so forth of the electronic device 104 in combination with
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one or more location fixes to approximate the location of the electronic device 104
between location fixes.

[0044] The data storage 212 may store data that are used by the various modules of the
GPS locator 108 and the applications 210. For example, the data storage 212 may store the
data chunks 222 that are obtained by the GPS locator 108, the location fixes 224 that are
generated by the GPS locator 108, and so forth. In other examples, the data storage 212
may store the content that is relevant to the location fixes, the locations that are
approximated by the location approximation application, and/or so forth.

[0045] In various embodiments, the GPS locator 108 and/or various other application
that are on the electronic device 104 are configured to perform location acquisition and/or
located-based content provision functions after obtaining permission from the user of the
electronic device 104. For example, prior to starting a location acquisition or a series of
location acquisitions, the GPS locator 108 may cause the user interface 204 to display a
dialogue box. The dialogue box may ask to the user of the electronic device 104 for
permission to obtain the location of the electronic device 104. In turn, the user may
provide permission by selecting a confirmation option or decline permission by selecting a
dismiss option of the dialogue box. In this way, the user 128 may be given an opportunity
to opt out of the location acquisition. In another example, prior to providing content based
on a location of the electronic device 104, an application may cause the user interface 204
to display a dialogue box that asks the user of the electronic device 104 for permission. In
turn, the user may provide permission by selecting a confirmation option or decline
permission by selecting a dismiss option of the dialogue box. With the use of such
dialogue boxes, the user of the electronic device 104 may safeguard his or her privacy.
[0046] While the GPS locator 108 is described above as computing location fixes using
GPS signals from a high-gain directional antenna, the GPS locator 108 may also use GPS
signals acquired from omni-directional antennas. The GPS locator 108 may perform such
computation provided that the GPS signals acquired using an omni-directional antenna has
the same properties as the GPS signals provided by a high-gain directional antenna.
Further, because the GPS locator 108 uses a high-gain directional antenna to acquire GPS
signals, the GPS locator 108 may be resistant to localized GPS signal jammers.

Example Processes

[0047] FIGS. 3 and 4 describe various example processes for using a high-gain
directional antenna of an electronic device to acquire GPS signals from GPS satellites in

multiple directions over numerous time intervals, and combining such GPS signals to
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determine a location of the electronic device. The order in which the operations are
described in each example process is not intended to be construed as a limitation, and any
number of the described operations may be combined in any order and/or in parallel to
implement each process. Moreover, the operations in each of the FIGS. 3 and 4 may be
implemented in hardware, software, and/or a combination thereof. In the context of
software, the operations may represent computer-executable instructions that, when
executed by one or more processors, cause one or more processors to perform the recited
operations. The one or more processors may be included in individual computing devices
or included in multiple computing devices that are, for example, part of a cloud. Generally,
computer-executable instructions include routines, programs, objects, components, data
structures, and so forth that cause the particular functions to be performed or particular
abstract data types to be implemented. In other embodiments, the operations of each
example process may be executed by a hardware logic circuit, such as a dedicated
integrated circuit.

[0048] FIG. 3 is a flow diagram that illustrates an example process 300 for using
multiple GPS signals that are acquired by a high-gain directional antenna to determine a
location. At block 302, the GPS locator 108 may scan for GPS signals in a particular
direction via an antenna 106 of the electronic device 104. The antenna 106 may be a high-
gain directional antenna that is steerable by the GPS locator 108 to point to multiple
directions. For example, the antenna 106 may be electrically or mechanically aimed by the
GPS locator 108.

[0049] At block 304, the GPS locator 108 may obtain GPS signals from the particular
direction over a time interval. In at least one embodiment, the time interval may have a
duration length of hundreds of milliseconds. The GPS signals that are obtained by the GPS
locator 108 may be partial GPS signals that lack decodable positioning data, such as time
stamps or ephemeris data. However, such GPS signals may provide one or more code
phases of corresponding GPS satellites, such as the GPS satellites 102(1)-102(N).

[0050] At block 306, the GPS locator 108 may analyze the GPS signals to determine the
number of GPS satellites that provide the GPS signals. In other words, the GPS locator
108 may determine the number of GPS satellites that are acquired by the GPS locator 108
during the time interval. In various embodiments, the identification of each GPS satellite
may involve the detection of peak signal spikes in the GPS signals over the time interval,
in which the timing of each peak signal spike may be used to calculate a code phase of a

GPS satellite.
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[0051] At decision block 308, the GPS locator 108 may determine whether a sufficient
number of GPS satellites are acquired. The number of GPS satellites that are deemed as
sufficient is related to a number of independent scans for GPS signals that are performed
by the GPS locator. In various embodiments, the relationship between the number of GPS
satellites that is considered sufficient and the number of scans for GPS signals at different
directions may be generalized by the equation 2r+3, in which n is the number of
independent scans. Thus, if the GPS locator 108 determines that an insufficient numbers of
GPS satellites are acquired (“no” at decision block 308), the process 300 may proceed to
block 310.

[0052] At block 310, the GPS locator 108 may switch the antenna 106 to scan for GPS
signals in a different direction. In some embodiments, the GPS locator 108 may reorient
the antenna 106 by sending electrical signals that cause servo motors to mechanically steer
the antenna 106. In other embodiments, the GPS locator 108 may reorient the antenna 106
by sending electrical signals that cause antenna elements of the antenna 106 to phase shift
such that GPS signal reception is reinforced in a new direction. Subsequently, the process
300 may loop back to block 304 at which point the GPS locator 108 may obtain GPS
signals from the new direction. However, if the GPS locator 108 determines that a
sufficient number of GPS satellites are acquired (“yes” at decision block 308), the process
300 may proceed to block 312.

[0053] At block 312, the GPS locator 108 may compute a location fix, such as the
location fix 114, for the electronic device 104 based on the code phases of the GPS signals
from the acquired satellites. In various embodiments, the GPS locator 108 may use a
coarse time navigation technique to compute the location fix 114.

[0054] FIG. 4 is a flow diagram that illustrates an example process 400 for determining
a number of satellites that are acquired during a time interval in which a high-gain
directional antenna is oriented at a particular direction. The process 400 further illustrates
block 306 of the process 300.

[0055] At block 402, the GPS locator 108 may compute a cross correlation matrix for
GPS signals obtained during each of multiple subintervals of a time interval. In one
instance, the time interval may have a duration length of 100 milliseconds, and each of the
subintervals may have a duration length of one millisecond. The rows of each cross
correlation matrix may include different Doppler frequencies, and columns may include

different code phases.
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[0056] At block 404, the GPS locator 108 may detect each signal spike that indicates an
acquired satellite using the multiple cross correlation matrices. In various embodiments,
the GPS locator 108 may detect each peak signal spike by taking the sum of the element-
wise absolute value of multiple correlation matrices and identify a peak signal spike from
multiple signal spikes in the summation. The multiple cross correlation matrices may also
provide the code phases of the acquired satellites.

[0057] At block 406, the GPS locator 108 may generate a number of satellites that are
acquired during the time interval based on the peak signal spikes. The GPS locator 108
may count the number of peak signal spikes to compute the number of satellites that are
acquired.

[0058] In summary, the techniques may enable an electronic device that is equipped
with the GPS locator to use weak GPS signals that are present in indoor environments or
other environments that are affected by GPS signal attenuation. The ability to use weak
GPS signals may enable the electronic device to run location management applications
that are otherwise unable to function effectively.

Conclusion

[0059] In closing, although the various embodiments have been described in language
specific to structural features and/or methodological acts, it is to be understood that the
subject matter defined in the appended representations is not necessarily limited to the
specific features or acts described. Rather, the specific features and acts are disclosed as

exemplary forms of implementing the claimed subject matter.
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CLAIMS

1. A computer-implemented method, comprising:

performing sequential scanning in multiple directions for satellite navigation
system satellite signals via an antenna of an electronic device, the scanning in each of the
multiple directions being performed for a time interval;

analyzing the satellite signals obtained from scans in the multiple directions to
determine a number of acquired satellite navigation system satellites that provided the
satellite signals, the satellite signals indicating code phases of the acquired satellite
navigation system satellites; and

computing a location of the electronic device based on the code phases of the
acquired satellite navigation system satellites in response to determining that the number
of acquired satellite navigation system satellites meets a threshold number, the threshold
number increasing as a number of directions scanned increases.

2. The computer-implemented method of claim 1, wherein the satellite signals
lack decodable positioning data, the decodable positioning data including time stamp and
ephemeris information for calculating the location.

3. The computer-implemented method of claim 1, wherein the analyzing
includes:

computing a cross correlation matrix for corresponding satellite signals obtained
during each of multiple subintervals of the time interval to generate a plurality of cross
correlation matrices;

detecting one or more peak signal spikes from multiple signal spikes using the
plurality of cross correlation matrices, each peak signal spike indicating an acquired
satellite navigation system satellite; and

generating the number of acquired satellite navigation system satellites based on a
number of the peak signal spikes.

4. The computer-implemented method of claim 1, wherein the analyzing
includes considering a satellite navigation system satellite that is acquired during different
scans as different acquired satellite navigation system satellites.

5. The computer-implemented method of claim 1, wherein the computing
includes computing the location using a coarse time navigation technique based on the
code phases of the acquired satellite navigation system satellites.

6. The computer-implemented method of claim 1, wherein the threshold

number is defined as 2n+3, in which n is the number of directions scanned.
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7. One or more computer-readable media storing computer-executable
instructions that upon execution cause one or more processors to perform acts comprising;:

scanning for satellite navigation system satellite signals in a first direction via a
directional antenna of an electronic device;

obtaining satellite signals from the first direction over a time interval that includes
multiple milliseconds;

analyzing the satellite signals obtained from the first direction to determine a
number of acquired satellite navigation system satellites that provided the satellite signals
at the first direction;

switching the directional antenna to scan for satellite signals in a second direction
that is different from the first direction in response to determining that the satellite signals
obtained at the first direction are from an insufficient number of satellite navigation
system satellites; and

computing a location fix for the electronic device based at least on code phases of
the satellite signals from the satellite navigation system satellites in the first direction in
response to determining that the satellite signals obtained at the first direction are from a
sufficient number of satellite navigation system satellites.

8. The one or more computer-readable media of claim 7, wherein the acts
further comprises:

analyzing the satellite signals obtained from the second direction to determine a
number of satellite navigation system satellites that provided the satellite signals at the
second direction over the time interval;

determining whether the satellite signals obtained from the first direction and the
second direction are from a sufficient number of acquired satellite navigation system
satellites, wherein the determining includes considering a satellite navigation system
satellite that is acquired during different scans as different acquired satellite navigation
system satellites;

switching the directional antenna to scan for satellite signals in a third direction
that is different from the first and second directions in response to determining that the
satellite signals obtained at the first and second directions are from an insufficient number
of acquired satellite navigation system satellites; and

computing a location fix for the electronic device based on code phases of the

satellite signals from the acquired satellite navigation system satellites in the first and
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second directions in response to determining that the satellite signals obtained at the first
and second directions are from a sufficient number of satellite navigation system satellites.

9. The one or more computer-readable media of claim 7, wherein the
analyzing includes:

computing a cross correlation matrix for corresponding satellite signals obtained
during each of multiple subintervals of the time interval to generate a plurality of cross
correlation matrices;

detecting one or more peak signal spikes from multiple signal spikes using the
plurality of cross correlation matrices, each peak signal spike indicating an acquired
satellite navigation system satellite; and

generating the number of acquired satellite navigation system satellites based on a
number of the peak signal spikes.

10.  An electronic device, comprising:

a directional antenna,

ONe Or More processors;

a memory that includes a plurality of computer-executable components that are
executable by the one or more processors, the components comprising:

an antenna control component that sequentially aims the directional antenna
in multiple directions to scan for satellite signals;

a satellite acquisition component that analyzes the satellite signals obtained
from scans in the multiple directions to determine a number of acquired satellite
navigation system satellites that provided the satellite signals, the satellite signals
indicating code phases of the acquired satellite navigation system satellites; and

a location computation component that computes a location of the
electronic device based on the code phases of the acquired satellite navigation system
satellites in response to determining that the number of acquired satellite navigation
system satellites meets a threshold number, the threshold number increasing as a number

of directions scanned increases.
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300 \
r 302
SCAN FOR GPS SIGNALS IN A DIRECTION VIA AN ANTENNA OF AN
ELECTRONIC DEVICE

l 304

OBTAIN GPS SIGNALS FROM THE DIRECTION OVER A TIME
INTERVAL

l 306

ANALYZE THE GPS SIGNALS TO DETERMINE THE NUMBER OF
GPS SATELLITES THAT PROVIDED THE GPS SIGNALS

308

SUFFICIENT
NUMBER OF GPS

SATELLITES?

310
SWITCH THE ANTENNA TO SCAN FOR GPS SIGNALS IN A
DIFFERENT DIRECTION
312
v 8

COMPUTING A LOCATION FiX FOR THE ELECTRONIC DEVICE
BASED ON THE CODE PHASES OF THE GPS SIGNALS FROM THE
GPS SATELLITES

FIG. 3
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400
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402
COMPUTE A CROSS CORRELATION MATRIX FOR GPS SIGNALS
OBTAINED DURING EACH OF MULTIPLE SUBINTERVALS OF A TIME
INTERVAL
404
DETECT EACH PEAK SIGNAL SPIKE THAT INDICATES AN ACQUIRED
GPS SATELLITE USING THE MULTIPLE CROSS CORRELATION
MATRICES
406

GENERATE A NUMBER OF GPS SATELLITES THAT ARE ACQUIRED
DURING THE TIME INTERVAL BASED ON THE PEAK SIGNAL SPIKES

FIG. 4
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