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(57) Abstract: A method for cycling GPS computations is described in which, at a beginning of a cycle, N computing devices are
determined to be members of a device group. At each of N points within the cycle: a target device of the N computing devices is in -
structed to compute its target location data; another member of the device group is instructed to refrain from computing its other loc -
ation data; target location data is received from the target device; and the target location data is transmitted to each other member of
the device group.
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GPS COMPUTATION CYCLING

BACKGROUND

[0001] Many smart phones, tablets and other mobile computing devices
include Global Positioning System (GPS) functionality. GPS systems in such
devices provide location data by receiving and decoding time and position
signals transmitted by orbiting satellites. To provide continuously updated
location data, a GPS system and its associated antenna and processor
repeatedly receive, decode and process such signals. In some examples, GPS
systems repeat such signal reception processing at sample rates of, for
example, 1 Hz., 5 Hz. and 20 Hz.

[0002] The power consumed by operating GPS system components and
the related data processing may limit the battery life of computing devices. In
some devices, such power consumption of GPS components is greater than the
power consumed by any other sensor in the device. Additionally, when a GPS
system is active, a device may be prevented from entering into a battery-saving

sleep state.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] FIG. 1 is a block diagram of a server for cycling GPS computations
among computing devices according to an example of the present disclosure.
[0004] FIG. 2 is a block diagram of a computing device that may be
utilized with the server of FIG. 1 according to an example of the present
disclosure.

[0005] FIG. 3 is a block diagram of the server of FIG. 1 according to an

example of the present disclosure.
[0006] FIG. 4 is a block diagram of a non-transitory machine-readable
storage medium containing instructions for cycling GPS computations according

to an example of the present disclosure.
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[0007] FIG. 5 is a diagram illustrating an example flow of cycling GPS
computations among three computing devices according to an example of the
present disclosure.

[0008] FIG. 6 is a schematic view of a highway showing a portion of a
maximum sharing route of a device group according to an example of the
present disclosure.

[0009] FIG. 7 is a schematic view of the highway of FIG. 5 showing linear
distances along the highway between cars according to an example of the
present disclosure.

[0010] FIG. 8 is a flow chart of a method for cycling GPS computations
according to an example of the present disclosure

[0011] FIGS. 9A and 9B are a flow chart of a method for cycling GPS

computations according to an example of the present disclosure.

DETAILED DESCRIPTION

[0012] As described above, a mobile computing device may utilize GPS
functionality to generate location data that corresponds to a geographic location
of the device. In some examples, mobile computing devices with GPS
functionality may utilize this location data with location-based services that
provide information and related services relevant to the location of the device.
For example, mobile computing devices may provide GPS location data to a
navigation service that provides turn-by-turn directions to a desired destination.
The navigation service may comprise instructions that, when executed by at
least one processor of an associated computing device or system, provide such
directions to mobile computing devices and other types of computing devices
with GPS functionality.

[0013] In providing navigation assistance, a computing device or system
associated with a navigation service may receive user input of a desired
destination. At least one processor of the computing device or system may
execute navigation service instructions to determine a route from the current

location of the user’s device to the desired destination. The route may include
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travel along multiple roads, thoroughfares, highways, and the like, along with at
least one turn and/or exit. Where multiple routes to a destination are available,
the application may enable the user to select a desired route.

[0014] While utilizing a navigation service during travel to a desired
destination, a computing device may continuously operate its GPS components
to provide updated location data to the service. As noted above, such operation
of a GPS receiver along with the continuous processing of GPS data and
corresponding computation of a current location can consume significant power.
Particularly where the computing device is a mobile computing device running
on battery power, such operation of the GPS components and associated
processing can negatively impact battery life.

[0015] The present disclosure describes examples of a server, method
and non-transitory machine-readable storage medium for cycling GPS
computations among members of a device group to reduce the power
consumed by the devices. As described in more detail below, in some
examples two or more GPS-enabled computing devices may be traveling along
a common route. The present disclosure includes examples of determining that
certain devices are members of a device group based on the routes being
followed such devices. GPS computations may then be cycled among
members of the group, and location data shared among the group members.
As used herein, the term “GPS computation” refers to the process of computing
a geographic location using GPS data.

[0016] FIG. 1 shows a block diagram of a server 50 for cycling GPS
computations among computing devices according to an example of the present
disclosure. As described in more detail below, the server 50 may include
instructions for cycling GPS computations among computing devices that are
members of a device group. In the example of FIG. 1, a device group 70 is
composed of a first computing device 20, second computing device 24 and third
computing device 28 that are each in communication with GPS satellites 32, 36,
40 and 44. More particularly, each of the first computing device 20, second

computing device 24 and third computing device 28 includes GPS components
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that enable the device to receive and use GPS data from the GPS satellites to
compute location data corresponding to its geographic location.

[0017] In the example of FIG. 1, each of the first computing device 20,
second computing device 24 and third computing device 28 may be in
communication with all four of the GPS satellites 32, 36, 40 and 44. In some
examples, at least one of the first computing device 20, second computing
device 24 and third computing device 28 may be in communication with any
suitable number of GPS satellites. It will also be appreciated that a device
group may include any suitable number of computing devices.

[0018] The server 50, first computing device 20, second computing
device 24 and third computing device 28 may be communicatively coupled to at
least one computing device or system comprising at least one processor for
executing instructions of a navigation service, such as navigation service 100.
The first computing device 20, second computing device 24 and third computing
device 28 may utilize the navigation service 100 to receive turn-by-turn
directions to a desired destination. The computing device or system that
executes instructions of the navigation service 100 may receive user input of a
desired destination and determine a route from a current location of a computing
device to the desired destination. The route may include travel along multiple
roads, thoroughfares, highways, and the like, along with at least one turn and/or
exit. As described in more detail below, such route data 110 also may be
utilized by the server 50 to determine which computing devices are members of
a device group.

[0019] In the example of FIG. 1, the navigation service 100 may comprise
computing system 120 for providing turn-by-turn directions to a desired
destination. For example, computing system 120 may comprise a server or
other computing device that is located remotely from server 50. In this example,
the server 50 may receive route data 110 corresponding to the first computing
device 20, second computing device 24 and third computing device 28 via
network 68 from computing system 120 executing instructions of navigation
service 100. In other examples, the navigation service 100 may comprise

instructions that may be executed by at least one processor of the server 50 to
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perform various functions consistent with the disclosed examples. In some
examples, two or more computing devices may utilize different navigation
services. In these examples, the server 50 receives and processes route data
from each of the different navigation services for the corresponding computing
device.

[0020] FIG. 2 shows a block diagram of an example computing device
200 that may be utilized with the server 50 according to examples disclosed
herein. For example, at least one of first computing device 20, second
computing device 24 and third computing device 28 may comprise computing
device 200. Computing device 200 is shown in simplified form. In different
examples, computing device 200 may take the form of a mobile phone, smart
phone or other communication device, dedicated GPS receiver device, laptop,
notebook or tablet computer, or other suitable type of computing device.
Computing device 200 may include a processor 210 that is directed by an
operating system 214.

[0021] The processor 210 may include at least one physical device
configured to execute at least one instruction. For example, the processor 210
may be configured to execute instructions that are stored on a non-transitory
machine-readable storage medium. Such instructions may be part of at least
one application, service, program, routine, library, object, component, data
structure, or other logical construct. Such instructions may be implemented to
perform a task, implement a data type, transform the state of at least one
device, or otherwise arrive at a desired result.

[0022] A communication component 220 may be configured to
communicatively couple the computing device 200 with at least one network
and/or at least one other computing device. Communication component 220
may include wired and/or wireless communication devices compatible with at
least one communication protocol. In some examples, the communication
component 220 may be configured for communication via a wireless telephone
network, a wireless local area network, a wired local area network, a wireless
wide area network, a wired wide area network, etc. In some examples, the

communication component 220 may allow computing device 200 to send and
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receive data and messages to and/or from other devices via a network such as
the Internet.

[0023] Computing device 200 includes GPS components 230 that
enable the device to compute location data corresponding to its geographic
location. The GPS components 230 may include, for example, a GPS antenna
and RF circuitry for receiving GPS data from multiple GPS satellites. A GPS
clock may provide clock signals for measuring the pseudo distance between the
computing device 200 and a GPS satellite. GPS components 230 may also
include an input/output interface for communicating GPS data to processor 210.
[0024] Computing device 200 may include storage 240 for storing
instructions executable by the processor 210. Such instructions may include
GPS data analysis instructions 244 that may be executed to analyze GPS data
received from GPS satellites and the GPS components 230. By performing
such GPS computations, the computing device 200 may determine its
geographic location. It will be appreciated that other instructions stored in
storage 240 may be executable by the processor 210 to perform other functions
of the computing device 200.

[0025] In some examples, storage 240 may include non-transitory
machine-readable storage media such as removable media and/or built-in
devices, optical memory devices such as CD, DVD, HD-DVD, Blu-Ray Disc, and
the like, semiconductor memory devices such as RAM, EPROM, EEPROM, and
the like, and/or magnetic memory devices such as hard disk drive, floppy disk
drive, tape drive, MRAM, and the like, among others. Storage 240 may include
memory devices with at least one of the following characteristics: volatile,
nonvolatile, dynamic, static, read/write, read-only, random access, sequential
access, location addressable, file addressable, and content addressable.

[0026] With reference now to FIG. 3, a block diagram of an example of
the server 50 of FIG. 1 is provided. As described in more detail below, in one
example server 50 may include storage 310 containing GPS computation
cycling instructions 320 for cycling GPS computations among a device group,
such as device group 70 comprising the first computing device 20, second

computing device 24 and third computing device 28. The GPS computation
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cycling instructions 320 may be encoded on a non-transitory machine-readable
storage medium and executable by a processor 330. In some examples,
processor 330 may comprise one, two or more processors. When executed, the
GPS computation cycling instructions 320 may analyze device data 360
received from the first computing device 20, second computing device 24 and
third computing device 28 via network 68. Device data 360 may include, but is
not limited to, device location data and device velocity data. As described in
more detail below, when executed the GPS computation cycling instructions 320
may distribute portions of device data 360, such as device location data, to
computing devices that are members of a device group.

[0027] Other instructions in storage 310 may be executable by the
processor 330 to perform other functions of the server 50. Such instructions
may comprise at least one application, service, program, routine, library, object,
component, data structure, or other logical construct. Such instructions may be
implemented to perform a task, implement a data type, transform the state of at
least one device, or otherwise arrive at a desired result. In addition or in other
examples, server 50 may include at least one hardware device including
electronic circuitry for implementing the functionality described herein.

[0028] As described above, storage 310 may include non-transitory
machine-readable storage media such as removable media and/or built-in
devices, optical memory devices such as CD, DVD, HD-DVD, Blu-Ray Disc, and
the like, semiconductor memory devices such as RAM, EPROM, EEPROM, and
the like, and/or magnetic memory devices such as hard disk drive, floppy disk
drive, tape drive, MRAM, and the like, among others. Storage 310 may include
memory devices with at least one of the following characteristics: volatile,
nonvolatile, dynamic, static, read/write, read-only, random access, sequential
access, location addressable, file addressable, and content addressable

[0029] In the example shown in FIG. 3, server 50 includes a
communication component 340 that is configured to communicatively couple the
server 50 with at least one other computing device, such as the first computing
device 20, second computing device 24 and third computing device 28, via at

least one network, such as network 68. Communication component 340 may
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include wired and/or wireless communication devices compatible with at least
one communication protocol. Network 68 may take the form of a local area
network (LAN), wide area network (WAN), wired network, wireless network, or a
combination thereof, and may include the Internet. In some examples, the
communication component 340 may allow server 50 to send and receive data
and messages to and from other devices via network 68.

[0030] As described in more detail below, and with reference to the
examples of FIGS. 1 and 3, GPS computation cycling instructions 320 may be
executed to establish a device group 70 that is composed of a number N of
member computing devices. A device group may be defined in a manner that
allows the server 60 to share device location data among members of the
group. More particularly, a cycle may be established during which GPS
computation instructions 350 are provided to members of the device group. The
GPS computation instructions 350 may repeatedly cycle GPS computations
among the members of the device group, and cause location data to be shared
among the members of the group.

[0031] As described in more detail below, in some examples the GPS
computation instructions 350 may cause each of the N members of a device
group to perform a single GPS computation during a single cycle. At each of N
points within the cycle, location data from one member device, the target device,
may be communicated to the server 50. The server 50 may then share this
target location data with the other members of the device group. A different
member device may perform a GPS computation at each of the N points of the
cycle. In this manner, the number of GPS computations performed by each
computing device of the device group may be reduced, and the corresponding
power efficiency and battery life of each device may be improved. Additionally,
by sharing location data among members of the device group, the GPS
computation cycling instructions 320 may enable each member device of the
device group to maintain accurate current location data.

[0032] In some examples the temporal length of a cycle may correspond
to a GPS sampling rate of a computing device. For example, if a GPS sampling

rate of a computing device is 5 Hz., the temporal length of a cycle may be 0.2
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sec. In this manner, shared location data may be distributed to each computing
device of the device group at the same frequency as the GPS sampling rate.
Accordingly, each device may maintain accurate current location data that may
be utilized, for example, with a navigation service.

[0033] With reference now to FIG. 4, a block diagram of a non-transitory
machine-readable storage medium 400 containing instructions for cycling GPS
computations according to an example of the present disclosure is provided. In
some examples, the non-transitory machine-readable storage medium 400 may
comprise GPS computation cycling instructions 320. When executed by at least
one processor, such as processor 330 of server 50, the GPS computation
cycling instructions 320 may cycle GPS computations in a manner consistent
with the following example and other examples described herein.

[0034] In this example and as described in more detail below, the
instructions may include device group member determining instructions 404 to
determine, at a beginning of a cycle, that N computing devices are members of
a device group. The instructions may include instruction distribution instructions
408 to distribute, during the cycle, instructions among the N computing devices
that cause each of the N devices to perform one GPS computation. The
instructions may include location data receiving instructions 412 to receive,
during the cycle, first location data computed by a first device of the device
group. The instructions may further include location data transmitting
instructions 416 to transmit, during the cycle, the first location data to a second
device of the device group.

[0035] With reference now to FIGS. 5, 6 and 7, example use cases of the
present disclosure will now be described. In one example and with reference to
FIG. 5, a diagram illustrating an example flow of cycling GPS computations
among three computing devices according to an example of the present
disclosure is provided. As shown in the example of FIG. 5, the server 50 may
cycle GPS computations among 3 computing device that are members of a
device group. In the example of FIG. 5, the device group is composed of the
first computing device 20, second computing device 24 and third computing

device 28. Accordingly, in this example the number N of members of the device
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group is N=3. It will be appreciated that in other examples, the number N may
any suitable number greater than one.

[0036] With continued reference to FIG. 5 and as described in more detail
below, the GPS computation cycling instructions 320 may be executed to
establish a cycle 504 during which each of the first computing device 20, second
computing device 24 and third computing device 28 performs one GPS
computation during the cycle. Accordingly, in this example the cycle 504
includes N=3 points, indicated at P1, P2, and P3, at which one of the computing
devices performs a GPS computation to compute its location. At each of these
points in the cycle, the location data of a target device is shared with the other
two devices of the device group.

[0037] At the beginning of cycle 504 and as indicated at 508, the server
50 determines whether the first computing device 20, second computing device
24 and third computing device 28 are members of a device group. To make
such determinations and as described in more detail below, the server 50 may
analyze route data for each computing device within a device group, such as
the first computing device 20, second computing device 24 and third computing
device 28.

[0038] As noted above, the computing devices may utilize a navigation
service 100 to receive directions to a desired destination. The navigation
service 100 may comprise instructions that, when executed by at least one
processor of an associated computing device or system, determine a route from
a current location of a computing device to a user-provided desired destination.
The route may include travel along multiple roads, thoroughfares, highways, and
the like, along with at least one turn and/or exit. As described in more detail
below, such route data 110 may be accessed by the server 50 and utilized to
determine which computing devices are members of a device group.

[0039] With reference now to FIG. 6, a schematic view of a highway
showing a portion of a maximum sharing route of a device group according to
an example of the present disclosure is provided. In one example, each of a
first car 604, second car 608 and third car 612 are traveling along Highway 66.

The first computing device 20 is located in the first car 604, the second
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computing device 24 is located in the second car 608, and the third computing
device 28 is located in the third car 612. In each of the three cars, the
computing device is receiving directions and route data 110 from navigation
service 100.

[0040] In one example, each of the first computing device 20, second
computing device 24 and third computing device 28 may receive the same
directions to travel on Highway 66 to a destination of City B. Thus, each of the
computing devices is expected to follow Highway 66 to City B. An initial device
group composed of the first computing device 20, second computing device 24
and third computing device 28 may be formed based on the common routing of
each of the computing devices to City B.

[0041] In some examples, a maximum sharing route of the initial device
group may be determined. In the example of FIG. 6, the maximum sharing
route of the first computing device 20, second computing device 24 and third
computing device 28 is the route 620 from an average location 630 of these 3
computing devices to City B. As described in more detail below, the route of the
first computing device 20 in first car 604 from its current location 640 to City B
along Highway 66 overlaps the maximum sharing route 620 that also follows
Highway 66 to City B. Because the route of the first computing device 20
overlaps the maximum sharing route 620, the first computing device is
determined to be a member of the device group 70. Similarly, the routes of the
second computing device 24 in second car 608 and the third computing device
28 in third car 612 overlap the maximum sharing route 620. Accordingly, the
second computing device 24 and third computing device 28 also are determined
to be members of the device group 70.

[0042] In some examples, to determine whether a computing device
qualifies as a member of a device group, it may be determined whether the
route of the computing device overlaps the maximum sharing route by at least a
minimum overlap distance. With continued reference to FIG. 6, in one example
and at the beginning of a cycle 504, the device group 70 is composed of the first
computing device 20, second computing device 24 and third computing device

28 located in the first car 604, second car 608 and third car 612, respectively. A
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fourth computing device located in a fourth car 616 may be located at a fourth
device location indicated at 640. As shown in FIG. 6, the fourth computing
device has a fourth device route 644 that leads to a destination of City A. The
fourth device route 644 initially follows Highway 66 and overlaps the maximum
sharing route 620 until it exits at Highway 1 to proceed to City A. In this
example, the fourth device route 644 overlaps the maximum sharing route 620
by an overlap distance along the maximum sharing route 620. In this example,
the overlap distance along the maximum sharing route 620 is the distance
between the average location 630 of device group and an overlap end location
654.

[0043] In various examples, the minimum overlap distance may be 50 m.,
100 m., 200 m., 500 m., 1 km. or other suitable distance. With reference again
to FIG. 6, in one example the minimum overlap distance may be 500 m. and the
overlap distance between the average location 630 and the overlap end location
654 may be 200 m. Accordingly, in this example the fourth computing device
would not be added as a member of the device group. In another example, the
minimum overlap distance may be 200 m. and the overlap distance between the
average location 630 and the overlap end location 654 may be 300 m.
Accordingly, in this example the fourth computing device would be added as a
member of the device group

[0044] In some examples where a computing device has a route that
overlaps the maximum sharing route by at least a minimum overlap distance, to
determine whether a computing device qualifies as a member of a device group,
it may be determined whether at least one of (1) a velocity of the device is within
a threshold velocity of an average velocity of the device group, and (2) a
position of the device is within a threshold distance of a group position of the
device group. In various examples, a threshold velocity may be 5 km./hr., 10
km./hr., 20 km./hr., or other suitable velocity. In various examples, a threshold
distance may be 50 m., 100 m, 200 m., or other suitable distance.

[0045] With reference now to FIG. 7, a schematic view showing linear
distances along the Highway 66 between the cars of FIG. 6 according to an

example of the present disclosure is provided. In one example, a threshold
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velocity may be 10 km./hr. At the beginning of a cycle 504, the fourth computing
device in fourth car 616 may have a route that overlaps the maximum sharing
route by at least a minimum overlap distance. In one example, an average
velocity of the cars 604, 608 and 612 in device group 70 is 120 km/hr. A
velocity of the fourth car 616 is 90 km/hr. In this example, the difference in
velocities is 30 km/hr, which is not within the threshold velocity of 10 km/hr.
Accordingly, the fourth computing device would not be added as a member of
the device group 70. In another example, the threshold velocity may be 10
Km./hr. and an average velocity of the cars 604, 608 and 612 in device group
70 is 110 km/hr. A velocity of the fourth car 616 is 105 km/hr. In this example,
the difference in velocities is 5 km./hr, which is within the threshold velocity of 10
km/hr.  Accordingly, in this example the fourth computing device would be
added as a member of the device group 70.

[0046] With continued reference to FIG. 7, in another example a
threshold distance indicated at 750 may be 100 m. At the beginning of a cycle
504, a fifth computing device in a fifth car 660 may have a route that overlaps
the maximum sharing route by at least a minimum overlap distance. In one
example and as shown in FIG. 7, the position of the fifth car 660 is within the
threshold distance 750 of the group position at the average location 630 of the
device group 70. Accordingly, the fifth computing device would be added as a
member of the device group 70.

[0047] In another example, at the beginning of a cycle 504 a sixth
computing device in a sixth car 664 may have a route that overlaps the
maximum sharing route by at least a minimum overlap distance. In this
example and as shown in FIG. 7, the position of the sixth car 664 is spaced by a
distance 760 from the group position at the average location 630 of the device
group. As the distance 760 is not within the threshold distance 750, the sixth
computing device would not be added as a member of the device group 70.
[0048] In some examples, to be added as a member of a device group, a
computing device would need to meet all three of the above-described criteria:
(1) have a route that overlaps the maximum sharing route by at least a minimum

overlap distance; (2) have a velocity that is within a threshold velocity of an



WO 2016/122542 PCT/US2015/013587
14

average velocity of the device group; and (3) have a position that is within a
threshold distance of a group position of the device group.

[0049] In some examples, determining which computing devices are
members of a device group may be described by the following expressions:

(1) Route =R = {el, ey €q

v(ejeiy1) © ((V Vi), (vi, Vk))}
where e is a road between two intersections, and v is an intersection (point

location) along Route R.
(2)
Device Route = DR = {R|Ris route of device from points a to b}

(3) Sharing RouteDRi’DRj = SRDRi,DR]' = {R|R g DRI N R g DR]}

(4)

n
ﬂ SRDRi,DRj

=0,
=0

—

(5) Maximum sharing route of device group = MSRG
n
MSRG = the maximum R group in ﬂ SRDRi,DR].
i=0
j=0
(6) DeviceData = {(R,V,P) |R = DR, V is the speed, P is the location}

(7) Sharing Group = {(D,,R,V,P),..., (D, R,V,P) |D is the device,R =
DR, V is the average speed, P is the average location}

(8)
Device € Sharing Group &
{= R € DR|R & MSRG, Dramsrc = mSR,
|V - VSG| < Vthreshold: |P - PSG| < Pthreshold}
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[0050] Using the above expressions, it may be determined whether a
given computing device is a member of a Sharing Group using the following

expression:

1. Each Device is a standalone Sharing Group (SSG)
2. For each Device:
2.1 If Device is a SSG
2.1.1 If = SG that Device € Sharing Group then
2.1.1.1  Add the Device to Sharing Group
2.2 Else (Device € Sharing Group on the last cycle)
2.2.1 If the device is still meets the Sharing Group
conditions
2.2.1.1  Continue
2.2.2 Else
2221 Deviceis a SSG

[0051] Returning now to FIG. 5, a description of the flow of cycling GPS
computations among three computing devices according to an example of the
present disclosure will now be provided. In this example, the members of a
device group are determined to be the first computing device 20, second
computing device 24 and third computing device 28. At a first point P1 within
cycle 504, at 510 the server 50 instructs the first computing device 20 to
compute its first location data. At 512 the server 50 instructs the second
computing device 24 to refrain from computing its second location data. At 514
the server 50 instructs the third computing device 28 to refrain from computing
its third location data.

[0052] At 516 the first computing device 20 utilizes GPS data to compute
its first location data. At 520 the first computing device provides the first location
data to the server 50. After receiving the first location data, at 522 the server 50
transmits the first location data to the second computing device 24, and at 524
transmits the first location data to the third computing device 28.

[0053] At a second point P2 within cycle 504, at 530 the server 50
instructs the second computing device 24 to compute its second location data.

At 532 the server 50 instructs the first computing device 20 to refrain from
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computing its first location data. At 534 the server 50 instructs the third
computing device 28 to refrain from computing its third location data.

[0054] At 536 the second computing device 24 utilizes GPS data to
compute its second location data. At 538 the second computing device
provides the second location data to the server 50. After receiving the second
location data, at 540 the server 50 transmits the second location data to the first
computing device 20, and at 542 transmits the second location data to the third
computing device 28.

[0055] At a third point P3 within cycle 504, at 550 the server 50 instructs
the third computing device 28 to compute its third location data. At 552 the
server 50 instructs the first computing device 20 to refrain from computing its
first location data. At 554 the server 50 instructs the second computing device
28 to refrain from computing its second location data.

[0056] At 556 the third computing device 28 utilizes GPS data to compute
its third location data. At 558 the third computing device provides the third
location data to the server 50. After receiving the third location data, at 560 the
server 50 transmits the third location data to the first computing device 20, and
at 562 transmits the third location data to the second computing device 24.
[0057] After the third point P3 at an endpoint 564 of the cycle 504, the
server 50 may return to 508 and again determine which computing devices are
members of the device group. For example the server 50 may determine
whether each of the first computing device 20, second computing device 24,
third computing device 28, and at least one other computing device are
members of the device group. The server 50 may then proceed to cycle GPS
computations among the members of the device group as described above.
[0058] In other examples, the order in which the computing devices are
instructed to compute their locations may be varied. For example, in the
example of FIG. 5 at point P1 the second computing device 24 may be
instructed to compute its location data, while the first computing device 20 and
third computing device 28 are each instructed to refrain from computing their

location data.



WO 2016/122542 PCT/US2015/013587
17

[0059] Accordingly and as described above, by repeatedly determining
members of a device group and cycling GPS computations among the
members, the server 50 of the present disclosure may enable such devices to
reduce power consumption and conserve battery life. Alternatively expressed,
by instructing each device of a device group to perform a single GPS
computation in each cycle, the number of GPS computations performed by each
computing device may be reduced, and the corresponding power efficiency and
battery life of each device may be improved.

[0060] In some examples, the server 50 may instruct at least one
computing device of a device group to refrain from performing any GPS
computations during at least one cycle. For example, the server 50 may instruct
a computing device to refrain from performing a GPS computation during a
cycle based on an operational parameter of the device. In some examples, the
operational parameter may be a battery level of the device. In one example, if
the battery level of a computing device is below a threshold battery level, then
the server 50 may instruct the device to refrain from performing any GPS
computations until the battery level of the device increases to reach the
threshold battery level. In various examples, a threshold battery level may be
3%, 5%, 7%, 10% or any suitable level.

[0061] Turning now to FIG. 8, a flow chart of a method 800 for cycling
GPS computations according to another example of the present disclosure is
provided. As noted above with respect to FIGS. 1-3, in some examples at least
one processor 330 of server 50 may execute GPS computation cycling
instructions 320 to determine members of a device group that may comprise
three computing devices. Such instructions also may be executed to cycle GPS
computations among the three devices. As described in more detail below, the
example method of FIG. 8 may cycle GPS computations among a number N of
computing devices, where N is any suitable number of computing devices.
[0062] The following description of method 800 is provided with reference
to the software and hardware components described above and shown in FIGS.
1-7. The method 800 may be executed in the form of instructions encoded on a

non-transitory machine-readable storage medium that is executable by a
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processor. It will be appreciated that method 800 may also be performed in
other contexts using other suitable hardware and software components.

[0063] With reference to FIG. 8, at 804 the method 800 may include, at a
beginning of a cycle, determining that N computing devices are members of a
device group. In the examples of FIGS. 1-3 the number N = 3, corresponding to
the first computing device 20, second computing device 24 and third computing
device 28. In other examples, N may be any suitable number of computing
devices. At each of N points within the cycle, the method 800 may include, at
808 instructing a target device of the N computing devices to compute its target
location data; at 812 instructing another member of the device group to refrain
from computing its other location data; at 816 receiving the target location data
from the target device; and at 820 transmitting the target location data to each
other member of the device group.

[0064] It will be appreciated that method 800 is provided by way of
example and is not meant to be limiting. Therefore, it is to be understood that
method 800 may include additional and/or other steps than those illustrated in
FIG. 8. Further, itis to be understood that method 800 may be performed in any
suitable order. Further still, it is to be understood that at least one step may be
omitted from method 800 without departing from the scope of this disclosure.
[0065] Turning now to FIGS. 9A and 9B, a flow chart of a method 900 for
cycling GPS computations according to another example of the present
disclosure is provided. The flow chart of FIGS. 9A and 9B illustrates an
example method that may cycle GPS computations among computing devices
in a manner similar to the flow shown in FIG. 5 and described above. As
described in more detail below, the example method of FIGS. 9A and 9B may
cycle GPS computations among a number N of computing devices, where N is
any suitable number of computing devices.

[0066] The following description of method 900 is provided with reference
to the software and hardware components described above and shown in FIGS.
1-7. The method 900 may be executed in the form of instructions encoded on a

non-transitory machine-readable storage medium that is executable by a
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processor. It will be appreciated that method 900 may also be performed in
other contexts using other suitable hardware and software components.

[0067] With reference to FIG. 9, at 904 the method 900 may include, at a
beginning of a cycle, determining that N computing devices are members of a
device group. As noted above, in the examples of FIGS. 1-3 the number N = 3.
In other examples, N may be any suitable number of computing devices. To
determine that the N computing devices are members of the device group, at
908 the method 900 may include analyzing route data for each of the N
computing devices. To determine that the N computing devices are members of
the device group, at 912 the method 900 may include determining a maximum
sharing route of the device group. At 916 the method 900 may include, for each
of the N computing devices, determining that a route of the computing device
overlaps the maximum sharing route. To determine that a route of the
computing device overlaps the maximum sharing route, at 920 the method 900
may include determining that the route overlaps the maximum sharing route by
at least a minimum overlap distance.

[0068] To determine that the N computing devices are members of the
device group, at 924 the method 900 may include determining, for each of the N
computing devices, at least one of (1) that a velocity of the computing device is
within a threshold velocity of an average velocity of the device group, and (2)
that a position of the computing device is within a threshold distance of a group
position of the device group.

[0069] The method 900 may include, at each of N points within the cycle:
at 928 instructing a target device of the N computing devices to compute its
target location data; at 932 instructing another member of the device group to
refrain from computing its other location data; a 936 receiving the target location
data from the target device; and at 940 transmitting the target location data to
each other member of the device group.

[0070] With reference now to FIG. 9B, the method 900 may include, at
one of the N points within the cycle, instructing the target device to refrain from
computing its target location data based on an operational parameter of the

target device. At 948, the method 900 may include wherein the operational
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parameter is a battery level of the target device. At 952 the method 900 may
include, at an endpoint of the cycle, determining whether each of the N
computing devices are members of the device group.

[0071] It will be appreciated that method 900 is provided by way of
example and is not meant to be limiting. Therefore, it is to be understood that
method 900 may include additional and/or other steps than those illustrated in
FIG. 9. Further, itis to be understood that method 900 may be performed in any
suitable order. Further still, it is to be understood that at least one step may be

omitted from method 900 without departing from the scope of this disclosure.
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CLAIMS:

1. A method for cycling GPS computations, comprising:

at a beginning of a cycle, determining that N computing devices are
members of a device group; and

at each of N points within the cycle:

instructing a target device of the N computing devices to compute its
target location data;

instructing another member of the device group to refrain from computing
its other location data;

receiving the target location data from the target device; and

transmitting the target location data to each other member of the device

group.

2. The method of claim 1, wherein determining that N computing
devices are members of the device group comprises analyzing route data for

each of the N computing devices.

3. The method of claim 1, wherein determining that N computing
devices are members of the device group comprises:

determining a maximum sharing route of the device group; and

for each of the N computing devices, determining that a route of the

computing device overlaps the maximum sharing route.

4. The method of claim 3, wherein determining that a route of the
computing device overlaps the maximum sharing route comprises determining
that the route overlaps the maximum sharing route by at least a minimum

overlap distance.

5. The method of claim 1, wherein determining that the N computing
devices are members of the device group comprises, for each of the N

computing devices, determining at least one of (1) that a velocity of the
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computing device is within a threshold velocity of an average velocity of the
device group, and (2) that a position of the computing device is within a

threshold distance of a group position of the device group.

6. The method of claim 1, comprising at an endpoint of the cycle,
determining whether each of the N computing devices are members of the

device group.

7. The method of claim 1, comprising:
at one of the N points within the cycle, instructing the target device to
refrain from computing its target location data based on an operational

parameter of the target device.

8. The method of claim 7, wherein the operational parameter is a

battery level.

9. A server, comprising:
a processor;
a storage coupled to the processor;
a communication component to receive location data from computing
devices; and
the processor to:
at a beginning of a cycle, determine that a first computing device
and a second computing device are members of a device group;
at a first point within the cycle:
instruct the first device to compute its first location data;
receive the first location data from the first device without
receiving other location data from the second device or other
members of the device group; and
transmit the first location data to at least the second device;
and

at a second point within the cycle:
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instruct the second device to compute its second location
data;

receive the second location data from the second device
without receiving other location data from the first device or other
members of the device group; and

transmit the second location data to at least the first device.

10. A server in accordance with claim 9, wherein to determine that the
first device and the second device are members of the device group, the

processor analyzes route data for the first device and the second device.

11. A server in accordance with claim 9, wherein to determine that the
first device and the second device are members of the device group, the
processor:

determines a maximum sharing route of the device group; and

for each of the first device and the second device, determines that a

route of the device overlaps the maximum sharing route.

12. A server in accordance with claim 11, wherein to determine that a
route of the device overlaps the maximum sharing route, the processor
determines that the route overlaps the maximum sharing route by at least a

minimum overlap distance.

13. A server in accordance with claim 9, wherein to determine that the
first device is a member of the device group, the processor determines at least
one of (1) that a velocity of the first device is within a threshold velocity of an
average velocity of the device group, and (2) that a position of the first device is

within a threshold distance of a group position of the device group.

14. A server in accordance with claim 9, comprising the processor to:
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at a third point within the cycle, instruct a third computing device of the
device group to refrain from computing its third location data based on a battery

level of the third device.

15. A non-transitory machine-readable storage medium encoded with
instructions executable by a processor, the machine-readable storage medium
comprising:

device group member determining instructions to determine, at a
beginning of a cycle, that N computing devices are members of a device group;

instruction distribution instructions to distribute, during the cycle,
instructions among the N computing devices that cause each of the N devices to
perform one GPS computation;

location data receiving instructions to receive, during the cycle, first
location data computed by a first device of the device group; and

location data transmitting instructions to transmit, during the cycle, the

first location data to a second device of the device group.



PCT/US2015/013587

WO 2016/122542

1/10

l "Old

h 02€ SNOILONYLSNI u
0G ¥3AY3S

v
C
&

AN

\
/( ®a3omaa N ﬁm.m.
7 AONILNANOD st |\
1/ \

¥ \ 074
/! !

/! __
/| — _
— _ ¥¢ 301A3a !
89" \ar ONILNAINOD ane I
||||| HYOMLAN Y _
X / 9¢
\\

e

¥

C

011 ¥1va 3Lnoy

)

01 JOIAY3S NOILYOIAVN

¢l W3ALSAS ONILNANOD

N

AN — J
//ﬁ 0¢ 30IA3a w ;
v | ONILNAWOD =} | 7
\ / C
D <&
0L -~

ﬁ.ﬁ. A; 4



WO 2016/122542 PCT/US2015/013587

2/10

4 )

COMPUTING DEVICE 200

OPERATING SYSTEM&)

STORAGE 240

GPS DATA ANALYSIS
INSTRUCTIONS 244

(' PROCESSOR210 )

(GPS COMPONENTS 230)

COMMUNICATION
COMPONENT 220

FIG. 2



PCT/US2015/013587

WO 2016/122542

3/10

€ Old

0F€ LNINOdWOD
NOILYOINNWINOD

@D

NOILVLNdNOD SdO

1€ 3OVH0LS

ﬁﬂ SNOILONYLSNI @z:oéw

[CR<EIE R

0GE SNOILONYLSNI
NOILYLNdNOD Sd9

09€ v1va

30I1A3d

89
MHOML3IN



WO 2016/122542 PCT/US2015/013587

4/10

MACHINE-READABLE STORAGE MEDIUM 400

DEVICE GROUP MEMBER DETERMINING INSTRUCTIONS TO DETERMINE, AT A
BEGINNING OF A CYCLE, THAT N COMPUTING DEVICES ARE MEMBERS OF A DEVICE
GROUP 404

INSTRUCTION DISTRIBUTION INSTRUCTIONS TO DISTRIBUTE, DURING THE CYCLE,
INSTRUCTIONS AMONG THE N COMPUTING DEVICES THAT CAUSE EACH OF THE N
DEVICES TO PERFORM ONE GPS COMPUTATION 408

—

N N

LOCATION DATA RECEIVING INSTRUCTIONS TO RECEIVE, DURING THE CYCLE, FIRST
LOCATION DATA COMPUTED BY A FIRST DEVICE OF THE DEVICE GROUP 412

—

)

FIRST LOCATION DATA COMPUTED TO A SECOND DEVICE OF THE DEVICE GROUP 416

LOCATION DATA TRANSMITTING INSTRUCTIONS TO TRANSMIT, DURING THE CYCLE,

——

FIG. 4




WO 2016/122542 PCT/US2015/013587
5/10
504 20 24 28
50 '/ '/ '/
V/ 1st Computing 2rd Computing 3rd Computing
SERVER device device device
l
Determine Device |,——508
Group Members _—510
7T~ [Compute location |
_—512
| Refrain from computing Iocationl> _—514
| Refrain from computing|location | -
P 1< Compute 1st —516
_—520 location data
< | 1st Location datal 522
| 1st Location data | >
_A 1st Location data| q
4
N 524 530
—
T 532 [Compute location| i -
_—
Refrain from computing Compute 2d
location > _—534 location data
P2< _538 | Refrain from computing location | >
14
| 2nd Location data |
//I 2 | ocation data | > _—542
540 | 2nd Location data | q
\—
/‘550
T 552 [Compute location| q
Refrain from computing
, Compute 3
Qe > : 0% 55€_ IocatiFt))n data
P3 < 558 | Refrain from computing location | ul
[
[ 31 Location data |
<
| 31 Location data | _—562
\-560 [ 31 Location data |
>
(N
/“564
Return to 508
I

FIG. 5




PCT/US2015/013587

WO 2016/122542

6/10

9 'Ol

v Aipol




PCT/US2015/013587

WO 2016/122542

7710

—— p——

>
06,
4 0L
- /
\\“ II”.PI
et @_\omm
vom\
A — ——— — — —
AN Zl9

-




WO 2016/122542 PCT/US2015/013587

8/10

800
\

(. START )

(AT BEGINNING OF CYCLE, DETERMINE THAT N COMPUTING DEVICES ARE MEMBERS OF DEVICE GROUP‘
804

\. .

'

AT EACH OF N POINTS WITHIN CYCLE:

INSTRUCT TARGET DEVICE TO COMPUTE ITS TARGET LOCATION DATA 808

INSTRUCT ANOTHER DEVICE GROUP MEMBER TO REFRAIN FROM COMPUTING ITS OTHER
LOCATION DATA 812

RECEIVE TARGET LOCATION DATA FROM TARGET DEVICE 81

TRANSMIT TARGET LOCATION DATA TO EACH OTHER DEVICE GROUP MEMBER 820

FIG. 8



WO 2016/122542 PCT/US2015/013587
9/10

FIG. 9A o

(. stART )

(AT BEGINNING OF CYCLE, DETERMINE THAT N COMPUTING DEVICES ARE MEMBERS OF DEVICE GROUP‘
204

ANALYZE ROUTE DATA FOR EACH OF N DEVICES 908

DETERMINE MAXIMUM SHARING ROUTE OF DEVICE GROUP 912

FOR EACH OF N DEVICES, DETERMINE THAT A ROUTE OF THE DEVICE OVERLAPS THE MAXIMUM
SHARING ROUTE 916

[ DETERMINE THAT ROUTE OVERLAPS MAXIMUM SHARING ROUTE BY AT LEAST MINIMUM OVERLAP ]
DISTANCE 920

FOR EACH OF N DEVICES, DETERMINE THAT (1) VELOCITY OF DEVICE IS WITHIN A THRESHOLD
VELOCITY OF AVERAGE VELOCITY OF DEVICE GROUP, AND/OR (2) POSITION OF DEVICE IS WITHIN A
THRESHOLD DISTANCE OF GROUP POSITION OF DEVICE GROUP 924

'

AT EACH OF N POINTS WITHIN CYCLE:

INSTRUCT TARGET DEVICE TO COMPUTE ITS TARGET LOCATION DATA 928

f INSTRUCT ANOTHER DEVICE GROUP MEMBER TO REFRAIN FROM COMPUTING ITS OTHER
LOCATION DATA 932

RECEIVE TARGET LOCATION DATA FROM TARGET DEVICE 93

TRANSMIT TARGET LOCATION DATA TO EACH OTHER DEVICE GROUP MEMBER 240

'
(‘coTOFIG.98 )




WO 2016/122542 PCT/US2015/013587

10/10

FIG. 9B

(' FROMFIG.9A )
I

[ AT ONE OF N POINTS WITHIN CYCLE, INSTRUCT TARGET DEVICE TO REFRAIN FROM COMPUTING ITS )

OTHER LOCATION DATA BASED ON OPERATIONAL PARAMETER OF DEVICE 944

!

[ OPERATIONAL PARAMETER IS BATTERY LEVEL 948 ]

'

[ AT ENDPOINT OF CYCLE, DETERMINE WHETHER EACH OF N DEVICES ARE MEMBERS OF DEVICE ]

GROUP 952

'
( RETURN )




ATIONAL SEARC (8) International application No.
[NTERRATIONAL SEARCH REPORT PCT/US2015/013587

A. CLASSIFICATION OF SUBJECT MATTER
GO1S 19/01(2010.01)i

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
GO1S 19/01; HO4B 7/00; GO1S 5/14, H04Q 7/20, HO4B 1/16; HO4W 4/02; GO1S 1/00;, HO4B 1/38

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electromic data base consulted during the international search (name of data base and, where practicable, search terms used)
¢KOMPASS(KIPO internal) & keywords: ROI, image, position, electric wave

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2005-0288036 Al (BREWER et al.) 29 December 2005 9-13,15
See abstract, paragraphs [0018]-[0028]1, claims 1, 13 and figures 1-3.
Y 1-8,14
Y US 2005-0275587 Al (SIEGEL et al.) 15 December 2005 1-8,14

See abstract, paragraph [0026], claim 1 and figures 1-3.

A US 2013-0005362 A1l (BORGHEI) 03 January 2013 1-15
See claims 1-12 and figures 2A-10.

A US 20090278738 A1l (GOPINATH) 12 November 2009 1-15
See figures 1-7.

A US 2009-0054078 A1 (GOLDS) 26 February 2009 1-15
See figures 1-4.

. . . . N7 .
|:| Further documents are listed in the continuation of Box C. See patent family annex.
* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E"  earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priotity claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O"  document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
26 October 2015 (26.10.2015) 26 October 2015 (26.10.2015)
Name and mailing address of the ISA/KR Authorized officer

International Application Division

Korean Intellectual Property Office

189 Cheongsa-1o, Seo-gu, Dagjeon Metropolitan City, 35208,
Republic of Korea

Facsimile No, +82-42-472-7140 Telephone No.  +82-42-481-8405
Form PCT/ISA/210 (second sheet) (January 2015)

&

KANG, Sung Chul




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/US2015/013587
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2005-0288036 Al 29/12/2005 AR 049947 Al 20/09/2006
BR PI0512539 A 25/03/2008
CA 2572234 Al 02/02/2006
CN 101006742 A 25/07/2007
CN 101006742 B 18/08/2010
EP 1774820 Al 18/04/2007
IL 180282 DO 04/07/2007
JP 2008-504742 A 14/02/2008
KR 10-2007-0026861 A 08/03/2007
KR 10-2009-0024835 A 09/03/2009
MX 2007000277 A 02/04/2007
RU 2007102703 A 27/07/2008
US 2014-018102 Al 16/01/2014
US 8655370 B2 18/02/2014
WO 2006-0122568 Al 02/02/2006
US 2005-0275587 Al 15/12/2005 AU 2005-202222 Al 15/12/2005
AU 2005-202222 B2 22/03/2007
GB 0510418 DO 29/06/2005
GB 2422063 A 12/07/2006
GB 2422063 B 14/03/2007
US 7256731 B2 14/08/2007
US 2013-0005362 Al 03/01/2013 US 2012-008526 Al 12/01/2012
US 8284748 B2 09/10/2012
US 2009-0278738 Al 12/11/2009 CN 101999083 A 30/03/2011
CN 101999083 B 18/12/2013
EP 2291674 A2 09/03/2011
JP 2011-520131 A 14/07/2011
KR 10-1194212 B1 31/10/2012
KR 10-2011-0009695 A 28/01/2011
US 8072379 B2 06/12/2011
WO 2009-140168 A2 19/11/2009
WO 2009-140168 A3 03/06/2010
US 2009-0054078 Al 26/02/2009 US 8543130 B2 24/09/2013

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




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - wo-search-report
	Page 37 - wo-search-report

