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PROVIDING REAL-TIME SEGMENT PERFORMANCE
INFORMATION

CROSS REFERENCE TO OTHER APPLICATIONS

[0001] This application claims priority to U.S. Provisional Patent Application No.
61/470,238 entitled MOBILE GLOBAL POSITIONING SYSTEM (GPS) DEVICE FOR
PROVIDING REAL-TIME FEEDBACK filed March 31, 2011 which is incorporated herein

by reference for all purposes.

BACKGROUND OF THE INVENTION

[0002] Traditionally, a GPS device can record and store an athlete’s GPS location and
other data points (e.g., elevation, heart rate) during his or her physical activity (e.g., running,
biking) and the GPS device may be capable of uploading these data points to a remote server

at increments during the performance of such physical activity.

BRIEF DESCRIPTIONS OF THE DRAWINGS

[0003] Various embodiments of the invention are disclosed in the following detailed

description and the accompanying drawings.

[0004] FIG. 1 is a system for defining and matching segments in accordance with

some embodiments.

[0005] FIG. 2A is a diagram showing an embodiment of a segment matching server in

accordance with some embodiments.

[0006] FIG. 2B is a diagram showing an example of efforts stored in a table at the

efforts database in accordance with some embodiments.

[0007] FIG. 3 is a flow diagram showing an embodiment of a process for segment

matching in accordance with some embodiments.

[0008] FIG. 4 is a flow diagram showing an embodiment of the process of defining a

segment based on an effort in accordance with some embodiments.
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[0009] FIG. 5 is a diagram showing an example of a user interface for defining a

segment based on an effort in accordance with some embodiments.

[0010] FIG. 6 is a diagram showing an example of a user interface showing a

selection of a start point for a segment in accordance with some embodiments.

[0011] FIG. 7 is a diagram showing an example of a user interface showing a

selection of a finish point for a segment in accordance with some embodiments.

[0012] FIG. 8 is a diagram showing an example of a user interface for defining a

segment using a series of selections on a map in accordance with some embodiments.

[0013] FIG. 9 is a flow diagram showing an embodiment of converting a series of
GPS information into a set of minimum bounding rectangles (MBRs) in accordance with

some embodiments.

[0014] FIG. 10A is a diagram showing an example of converting a series of GPS

information into a set of MBRs in accordance with some embodiments.

[0015] FIG. 10B is a diagram showing an example of entries of a database table for

storing segment information in accordance with some embodiments.

[0016] FIG. 11A is a flow diagram showing an embodiment for the process of
searching for matching segments at a segments database in accordance with some

embodiments.

[0017] FIG. 11B is a flow diagram showing an embodiment of matching an effort to a

segment in accordance with some embodiments.

[0018] FIG. 12 is a diagram showing an example of creating a virtual start line in

accordance with some embodiments.

[0019] FIG. 13 is a flow diagram showing an embodiment of a process of determining

matching efforts in accordance with some embodiments.

[0020] FIG. 14 is a diagram showing an example of a display of analyzed data for

matched efforts in accordance with some embodiments.

[0021] FIG. 15 is a diagram showing an embodiment of a system for providing real-
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time feedback during a current activity associated with a segment in accordance with some

embodiments.

[0022] FIG. 16 is a diagram showing a user performing using system 1500 while

performing an activity in accordance with some embodiments.

[0023] FIG. 17 is a diagram showing an embodiment of a segment matching server in

accordance with some embodiments.

[0024] FIG. 18 is a flow diagram showing an embodiment of a process for providing
real-time feedback during a current activity associated with a segment in accordance with

some embodiments.

[0025] FIG. 19 is a flow diagram showing an embodiment of a process for
configuring parameters associated with sending information recorded at a device to a remote

segment matching server in accordance with some embodiments.

[0026] FIG. 20 is a flow diagram showing an embodiment of a process for pre-
fetching segment data from the server and generating real-time feedback at the device in

accordance with some embodiments.

[0027] FIG. 21 is a flow diagram showing an embodiment of a process for
configuring parameters associated with filters on data to obtain and to be compared against

the performance data of the user’s current activity.

[0028] FIG. 22 is a flow diagram showing an embodiment of a process for matching a

segment to a user’s current activity in accordance with some embodiments.

[0029] FIG. 23 is a flow diagram showing an embodiment of a process for

determining a progress of a user along a segment in accordance with some embodiments.

[0030] FIG. 24 is a flow diagram that shows an embodiment of a process for
communicating real-time performance information associated with a user’s current activity in

accordance with some embodiments.

[0031] FIG. 25 is a diagram showing a user interface screenshot of a leader board
associated with the completed efforts on the “Marincello Trail” segment in accordance with

some embodiments.
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[0032] FIG. 26 is a diagram showing a user interface screenshot of a list of detected
segments (“climbs”) that are proximate to the user’s current location in accordance with some

embodiments.

[0033] FIG. 27 is a diagram showing a user interface screenshot of a map of detected
segments (“climbs”) that are proximate to the user’s current location in accordance with some

embodiments.
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DETAILED DESCRIPTION

[0034] The invention can be implemented in numerous ways, including as a process;
an apparatus; a system; a composition of matter; a computer program product embodied on a
computer readable storage medium; and/or a processor, such as a processor configured to
execute instructions stored on and/or provided by a memory coupled to the processor. In this
specification, these implementations, or any other form that the invention may take, may be
referred to as techniques. In general, the order of the steps of disclosed processes may be
altered within the scope of the invention. Unless stated otherwise, a component such as a
processor or a memory described as being configured to perform a task may be implemented
as a general component that is temporarily configured to perform the task at a given time or a
specific component that is manufactured to perform the task. As used herein, the term
‘processor’ refers to one or more devices, circuits, and/or processing cores configured to

process data, such as computer program instructions.

[0035] A detailed description of one or more embodiments of the invention is
provided below along with accompanying figures that illustrate the principles of the
invention. The invention is described in connection with such embodiments, but the
invention is not limited to any embodiment. The scope of the invention is limited only by the
claims and the invention encompasses numerous alternatives, modifications and equivalents.
Numerous specific details are set forth in the following description in order to provide a
thorough understanding of the invention. These details are provided for the purpose of
example and the invention may be practiced according to the claims without some or all of
these specific details. For the purpose of clarity, technical material that is known in the
technical fields related to the invention has not been described in detail so that the invention

is not unnecessarily obscured.

[0036] Defining segments and matching efforts to segments are disclosed herein. As
used herein, a segment refers to a geographical track that is of interest and can be used as a
reference (e.g., for comparison of athletic performance along that track and/or for other
applications). For example, a segment can be used to identify a popular hill climb for
cyclists. As used herein, an effort refers to a recorded series of GPS information with
timestamps (e.g., which can represent an instance of athletic performance). In some
embodiments, an effort is stored with associated data (e.g., metrics of the activity with which

the effort is associated). In some embodiments, one or more segments are derived from a
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stored effort. In some embodiments, a user can define a segment. In some embodiments, a
visual representation of an effort is presented at a user interface and a user defines a segment
using the visual representation. In some embodiments, a map is presented at a user interface
and a user defines a segment by indicating a track on the map. In various embodiments, a
series of GPS information is converted into a set of geographical abstractions prior to storing
it as a segment. In some embodiments, a segment is stored with the associated data of efforts

that have been determined to match the segment.

[0037] In various embodiments, an effort is matched against stored segments. In
various embodiments, two levels of matching can be performed using the effort and the
stored segments. In the first level of matching, if a percentage of match of the effort to one of
the stored segments exceeds a first threshold, then a first determination is made (e.g., the
effort is a loose match to the segment). In the second level of matching, if a percentage of
match of the effort to one of the stored segments exceeds a second threshold (that is greater
than the first threshold), and in addition, the effort also crosses the start and finish lines
associated with the segment (or if the segment forms a loop and it is determined that the
effort crosses its entry point at the loop segment for a second time), then a second
determination is made (e.g., the effort is a tight match to the segment). In some
embodiments, it can be determined that an effort is a loose match to one or more stored
segments and the effort is also a tight match to one or more stored segments. In some
embodiments, if an effort matches (e.g., either as a loose or tight match) to a segment, the
associated data of the effort is compared against the associated data stored with the matched
segment. In some embodiments, if an effort matches to a segment, the associated data of the

effort is also compared against the associated data of other efforts that match the segment.

[0038] FIG. 1 is a system for defining and matching segments in accordance with
some embodiments. System 100 includes device 102, network 104, and segment matching
server 106. Network 104 includes various high-speed data networks and/or
telecommunications networks. Device 102 communicates to segment matching server 106
through network 104. In some embodiments, system 100 may include more or fewer

components than what is shown in the example of FIG. 1.

[0039] Device 102 is a device that can record GPS information and/or other data
associated with a physical activity. Device 102 can also be a device to which GPS

information and/or other data associated with a physical activity can be uploaded or
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transferred. Examples of device 102 includes, but is not limited to: a GPS device (e.g.,
Garmin Forerunner and Edge devices, including Garmin Forerunner 110, 205, 301, 305,
310XT, 405, 405CX, and Garmin Edge 305, 605, 705, 500), a mobile phone, such as a smart
phone (e.g., an Android based device or Apple iPhone device) including a GPS recording
application (e.g., MotionX, Endomondo, and RunKeeper), a computer, a tablet device, and/or
other general purpose computing devices and/or specialized computing devices, which
typically include a general processor, a memory or other storage component(s), a network or
input/out (I/O) capability, and possibly integrated GPS functionality or support or an

interface for a GPS device or GPS functionality.

[0040] In various embodiments, device 102 (or an application thereof) is configured
to record GPS information and data associated with a physical activity during the activity. In
some embodiments, device 102 is configured to receive recorded GPS information and data
associated with a physical activity subsequent to the completion of the activity (e.g., such
information is uploaded to device 102). In some embodiments, the recorded GPS
information and the associated data is referred to as an “effort.” Put another way, an effort is
an instance of a physical activity and can be represented through its geographical information
as well as other metrics related to athletic performance. Examples of a physical activity
include cycling, running, and skiing. In some embodiments, GPS information includes a
series of consecutive and discrete GPS data points (e.g., longitudinal and latitude coordinates)
with a timestamp for each point. In some embodiments, associated data includes, but is not
limited to, elevation, heart rate, power/watts (e.g., energy expended), time, speed (e.g.,
average and/or maximum speed per segment and/or route, in which average speed, for
example, can be derived from time and GPS information), and/or cadence. Associated data
can be recorded at various granularities. For example, associated data can correspond to each
GPS data point, the entire activity (e.g., the associated data includes averages of the metrics),
or portions of the activity. As an example, one can use device 102 on a bike ride. At the end
of the bike ride, the user can review his performance with the recorded GPS information
(e.g., through a user interface of device 102) to observe the geographical track that he
traversed, how much he energy he expended along the ride, how fast he finished it in, average
speed, elevation based metrics, and/or other metrics. In some embodiments, device 102 is
configured to store the recorded GPS information and the associated data (e.g., effort) and/or
send the effort information to server 106. In some embodiments, device 102 is configured to

present an interactive user interface. The user interface may display GPS information and
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receive selections (e.g., made by a user) with respect to the displays. In some embodiments,

device 102 sends the selections that it receives to segment matching server 106.

[0041] In various embodiments, segment matching server 106 is configured to
support and present a user interface at device 102. In some embodiments, segment matching
server 106 is configured to receive a user defined segment at the user interface using a
recorded effort. A segment refers to a geographical track that is of interest and can be used as
a reference for comparisons of athletic performance along that geographical track. Segment
matching server 106 is configured to receive a series of GPS information and associated data
(e.g., effort). In some embodiments, segment matching server 106 is configured to display a
visual representation of the GPS information at the user interface using a map software
application. The visual representation can be, for example, a series of flags or a continuous
line marked on a graphical map. In some embodiments, segment matching server 106 is able
to support a map at the user interface by including logic configured to interact with the
Application Programming Interface (API) of a map software/application (e.g., Google Maps,
MapQuest, Bing maps, and/or another mapping application/service). In some embodiments,
a user may define a segment using the visual representation of the GPS information. In some
embodiments, a start point and a finish (e.g., end) point along the visual representation of the
GPS information are selected on the graphical map to define a segment. For example, a user
may select (e.g., by dropping a marker or clicking) the start and/or finish points along the
geographical track that he or she just traversed during a physical activity. The portion of the
geographical track between the selected start and finish points is thus defined as a segment.
In some embodiments, the start and finish points are stored with the defined segment. In
some embodiments, the portion of the geographical track between the selected start and finish
points are converted into an abstracted form and then stored in a database for storing
segments. In some embodiments, the associated data that correspond to the defined segment

is also stored with the segment at the database.

[0042] In some embodiments, segment matching server 106 is configured to receive a
user defined segment at the user interface using selections on a map. In some embodiments,
segment matching server 106 presents a graphical map (e.g., Google Maps, MapQuest) and
receives a series of selections of points on the map to indicate the course of a segment. This
series of selections of points on the map need not be based on a recorded effort and can be

merely be any geographical track that is of interest. For example, the selected segment can
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be a track that a cyclist has rode over before but has not documented the ride or the selected
the segment can be a track that the cyclist would like to ride on in the future. The series of
selections of points on the map can be converted into a series of GPS information (e.g.,
coordinates). In some embodiments, the series of GPS information is converted into an

abstracted form and then stored as a segment.

[0043] In some embodiments, subsequent to a definition of a segment at the user
interface, stored efforts (e.g., sets of GPS information from past physical activities) are
compared to the defined segment. In some embodiments, when an effort is compared against
this defined segment, it is determined whether the effort matches the segment in part by
checking whether the GPS information of the effort indicates that the start and finish points
of the segment have been crossed. Once one or more efforts are determined to match the
segment, the data associated with the efforts are retrieved and analyzed. In some
embodiments, the data associated with the newly defined segment is also included in the
analysis. For example, the data can be compared to determine which effort matching the

segment has the fastest time of completing the segment.

[0044] Segment matching server 106 is also configured to match efforts (e.g., sets of
GPS information) to segments. In some embodiments, the effort is converted into the same
abstracted form of a stored segment prior to determining matches for the effort. One purpose
of matching efforts to segments is to find stored instances of physical activities that have
occurred across the same demarcated tracks of interest (i.e., segments). Put another way, an
effort that matches a segment refers to an instance of a physical activity that has taken place
along a defined track. Once the instances of physical activities that have occurred over the
same segment are found, their associated information (e.g., time of completion, speed, heart
rate, and/or watts) can be compared to produce certain statistics (e.g., fastest time, highest
watts) regarding athletic performance by one or more individuals across the same track. In
some embodiments, for a newly defined segment, segment matching server 106 is configured
to compare stored efforts to the segment. In some embodiments, the associated data of
efforts are stored with the segments the efforts have been determined to match. In some
embodiments, segment matching server 106 is configured to receive an effort (e.g., from
device 102) and to compare the effort to stored segments to find match(es). In various
embodiments, once an effort is found to match a segment, their associated data are compared

(e.g., the associated data of all efforts that match the segment are compared).
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[0045] FIG. 2A is a diagram showing an embodiment of a segment matching server in
accordance with some embodiments. In some embodiments, segment matching server 106
can be implemented with the example of FIG. 2A. In the example shown, segment matching
server 106 includes segments database 202, efforts database 204, definition engine 206, and
matching engine 208. However, segment matching server 106 can include more or fewer
components. In some embodiments, a segment matching server is implemented using
commercially available general purpose computing hardware (e.g., using a hosted service
provider, such as Amazon’s EC2 cloud executing a Linux operating system on commercially

available servers, such as HP BladeSystem blade servers).

[0046] Segments database 202 is configured to store defined segments. While
segments database 202 is shown to be one database in the example, a segments matching
server may contain more than one database to store defined segments. In some embodiments,
segments database 202 includes segments that are defined by users uploading a stored effort
and indicating a start point and a finish/end point along a visual representation of the effort at
a user interface. In some embodiments, segments database 202 includes segments defined by
users making a series of selections along a track on a map at a user interface. In some
embodiments, segments database 202 includes segments that are predefined (e.g., by
administrators of segments server 106) based on known characteristics (e.g., information that
is provided by professional associations) of various tracks or climbs. In some embodiments,
segments are stored in segments database 202 in an abstracted form (e.g., as sets minimum
bounding rectangles). One reason to store to store a segment in an abstracted form is so that
a search query of similar segments or efforts that match segments can be efficiently
performed. In some embodiments, segments data base 202 is organized based on the R-Tree
index. In some embodiments, segments are stored in segments database 202 as sets of GPS
data points. In some embodiments, each segment in the segments database 202 is stored with
the identifiers of efforts from efforts database 204 that have been determined to match the
segment. In some embodiments, each segment in the segments database 202 is stored with

the associated data of the efforts that have been found to match the segment.

[0047] Efforts database 204 is configured to store efforts as sets of GPS information
and timestamps. While efforts database 204 is shown to be one database in the example, a
segments matching server may contain more than one database to store efforts. In some

embodiments, effort database 204 includes efforts that are recorded and uploaded from

10
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devices (e.g., device 102). An effort stored at efforts database 204 includes at least GPS
information, timestamps corresponding to the GPS information and metrics (e.g., associated
data) related to the athletic performance of the effort. In some embodiments, the timestamps
are included in the GPS information (e.g., the GPS information includes latitude and
longitude coordinates with corresponding timestamps). In some embodiments, an effort is
stored with an identifier for the athlete who performed the effort (e.g., the user of device
102). In some embodiments, each effort of efforts database 204 is stored with the identifiers

of the segments of segments database 202 to which it has been determined to match.

[0048] Definition engine 206 is configured to receive definitions of segments.
Definition engine 206 may be implemented with hardware and/or software. In some
embodiments, definition engine 206 is configured to present a user interface (e.g., at a
device). In some embodiments, the user interface displays a visual representation of an effort
(e.g., recorded by the device) at the user interface. In some embodiments, definition engine
206 is configured to interact with third party map applications (e.g., Google Maps,
MapQuest) through an API to obtain map services (e.g., displaying a map, receiving GPS
coordinates of a selection on a displayed map, and/or other map services). A selection of'a
start point and a finish point are made at the user interface and received at definition engine
206. Then, definition engine 206 stores the track demarcated by the start and finish points as
a segment at segments database 202. In some embodiments, a track (e.g., indicated as a
series of selections) on a map displayed by the user interface is received at definition engine
206. Then, definition engine 206 stores the track that is marked on the map as a segment at
segments database 202. In some embodiments, definition engine 206 converts a segment into
an abstracted geographical form (e.g., as a set of minimum bounding rectangles) before

storing it.

[0049] In some embodiments, definition engine 206 is configured to compare a newly
defined segment to stored segments at segments database 202 to determine whether any
existing segments are similar to the newly defined segment. In some embodiments, if it is
determined that existing segments are similar to a newly defined segment, a display may alert
the creator of the segment of the already existing segments. In some embodiments, the
creator of the new segment may opt to forgo saving the new segment since similar ones have

already been defined.

11
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[0050] In some embodiments, definition engine 206 is configured to (e.g.,
periodically) compare the segments stored at segments database 202 to determine whether
groups of two or more segments are similar. In some embodiments, for segments that are
found to be similar, a display is presented with the segments so that only one may be chosen
(e.g., crowd sourced by using a voting process with a community of users who use devices
such as device 102) to remain in the database. The segments that are not chosen can be
discarded from the database in order to free up space by removing redundant segments or
demoting them so that they are not displayed as a public segment but may be retained for
private use by the submitting user. In some embodiments, definition engine 206 is
configured to determine that similar segments include segments that are entirely included by
other segments (i.c., sub-segments and super segments). In some embodiments, a
relationship between a segment and its super or sub segment is noted at segments database

202.

[0051] Matching engine 208 is configured to determine efforts that match to one or
more segments (e.g., of segments database 202). In some embodiments, matching engine 208
is configured to access efforts stored at efforts database 204. In some embodiments,
subsequent to a user definition of a segment (e.g., based on an uploaded effort or markings on
a map), matching engine 208 accesses stored efforts to match the newly defined segment.

For example, a user (e.g., a cyclist) can define a segment (and optionally, publicly share the
segment for other users to see) and then receive information on past activities (e.g., past rides
by the cyclist himself or other cyclists) that have traversed the defined segment. In some
embodiments, matching engine 208 is configured to access segments stored at segments
database 204. In some embodiments, in response to a received effort (e.g., sent by device
102), matching engine 208 determines whether the received effort matches any segments
stored at segments database 202. For example, a user (e.g., a cyclist) can check whether a
recently recorded effort (e.g., a bike ride) included one or more already defined segments. If
it is determined that the effort includes a segment, then the associated data (e.g., athletic
performance data) of the segment is accessed and compared to the associated data of the
effort. This way, a user can benefit from an already defined segment by automatically being
able to check for whether he has traversed the segment, without needing to manually

determine where the segment begins or ends.

12
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[0052] In some embodiments, matching engine 208 is configured to convert an effort
(e.g., a set of GPS coordinates) into the same abstracted form (e.g., a set of minimum
bounding rectangles) in which a segment is stored prior to performing a match against the
stored segments (e.g., via querying the segments database). In some embodiments, two types
of determinations (e.g., the effort is a loose match, the effort is a close match) can be made
based on performing a match between an effort and the stored segments. An effort can be
determined to be a loose match to a stored segment if their percentage of match exceeds a
first threshold (e.g., 65% or greater). In some embodiments, an effort that is a loose match to
a stored segment may entail that the recorded physical activity approximately traversed the
same track as the matched segment. An effort can be determined to be a tight match to a
stored segment if their percentage of match exceeds a second threshold (e.g., 80%) and in
addition, the effort crosses the start and finish lines associated with the stored segment. In
some embodiments, an effort that is a tight match to a stored segment may entail that the
recorded physical activity closely traversed the same track as the matched segment. In
various embodiments, determining a percentage of match for the two determinations (e.g.,
loose match and tight match) is performed in the same manner. In some embodiments, an
effort can be determined to be a loose match to one or more segments and the effort can also
be determined to be a tight match to one or more (of the same or different) segments. For
example, an effort can be determined as a loose match to a segment and it can also be
determined to be a tight match to the same segment. In another example, an effort can be
determined as a loose match to one segment and a tight match to a different segment. In
some embodiments, a determination of an effort as a loose match is made to one or more
segments stored in a first database and a determination of the effort as a tight match is made

to one or more segments stored in a second, different database.

[0053] In some embodiments, in the event that an effort is determined to match a
segment (e.g., either as a loose match or tight match), then the associated data of the segment
(e.g., associated data of stored efforts that have been determined to match the segment) is
accessed to be compared against the associated data for the effort. In some embodiments,
multiple stored efforts are determined to match a newly defined segment and the associated
data for the matched segments are accessed, aggregated and analyzed. In some embodiments,
matching engine 208 is configured to produce analysis results based on the retrieved data. In
some embodiments, matching engine 208 sends the analyzed results to device 102 (e.g., for

display as a user interface).

13
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[0054] For example, a user can define a segment and all the stored efforts that match
the segment can be aggregated and analyzed to produce a list of users who have traversed the
segment in the fastest times or highest power (i.c., a leader board). In another example, a
user can produce an effort and the segment matching server can determine whether the effort
has traversed across any defined segments. Ifit is determined that the effort has traversed
across a defined segment, then the data associated with that effort can be compared with the
history of all efforts that have been determined to have traversed the defined segment. In this
way, the user can determine how his athletic performance on the segment compares to all
other efforts across the same geographical track (as represented by the segment).
Furthermore, the user need not know (e.g., as he is on his bike ride) where exactly the

segment begins or ends.

[0055] In some embodiments, device 102 may include segments database 202, efforts
database 204, definition engine 206 and matching engine 208 or equivalent functionalities
such that device 102 can store segments, store efforts, define segments, and match an effort to
segments at device 102 (without needing to send or receive information from segments
matching server 106). In some embodiments, an efforts database at device 102 includes only

the efforts produced by the user of the device.

[0056] FIG. 2B is a diagram showing an example of efforts stored in a table at the
efforts database in accordance with some embodiments. In some embodiments, the efforts
stored at efforts database 204 can be stored in a manner similar to the example of FIG. 2A.
However a table of efforts at a database can include more or fewer columns than the ones
shown in the example. In the example, each effort is stored with an effort ID, its series of
GPS information (e.g., GPS coordinates with respective timestamps), an identifier associated
with the user who recorded the effort, the date the effort was recorded, and associated data
including speed (km/h), heart rate (beats per minute), power (watts), and time (hours:
minutes). In some embodiments, when an effort is compared to a segment, the GPS
information (e.g., the series of GPS coordinates with timestamps) of the effort is accessed and
used for the comparison. In some embodiments, when an effort is determined to match a
segment, the associated data (e.g., speed, heart rate, power, time, elevation, grade) for the
effort is aggregated with the associated data of other efforts (if any) that also match the
segment. The aggregated data is then analyzed (e.g., to produce displays that summarize the

aggregated data).
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[0057] FIG. 3 is a flow diagram showing an embodiment of a process for segment
matching in accordance with some embodiments. In some embodiments, process 300 is

implemented on system 100.

[0058] At 302, a segment is defined. In some embodiments, a segment is defined by
a user at a user interface by selecting a start and end point along a visual representation of an
effort (e.g., series of GPS information with timestamps). In some embodiments, the effort is
recorded by a device equipped with a GPS-tracking functionality. In some embodiments, a
segment is defined by a user at a user interface by selecting a series of points on a map (e.g.,
supported by a third party map software such as Google Maps). In some embodiments, a
segment is defined (e.g., by administrators of a segments matching server) using known
characteristics (e.g., elevation and average grade) of a geographical track. Defined segments
are stored in one or more databases. In some embodiments, a defined segment is converted
into an abstracted form (e.g., as a set of minimum bounding rectangles) and stored in their
abstracted forms. In some embodiments, a database in which segments are stored is

organized based on the R-Tree index.

[0059] At 304, a matching effort to the segment are determined. In some
embodiments, for a defined segment, information regarding stored efforts are accessed and
compared against the segment. In some embodiments, efforts are stored as sets of GPS
information with timestamps (and with associated data such as various metrics of athletic
performance). In some embodiments, the GPS information of the stored efforts are accessed
and converted into whichever form the segment is in (e.g., minimum bounding rectangles)
before the comparisons are made. In some embodiments, stored efforts are compared against
the segment to determine a subset of stored efforts that match the segment. The associated
data for the subset of stored efforts that are found to match the segment is accessed (e.g.,
from the same database that stores the efforts) and aggregated. The aggregated associated
data is analyzed and in some embodiments, the result(s) of the analysis is presented in

table(s) (e.g., leader boards) and/or visual(s).

[0060] FIG. 4 is a flow diagram showing an embodiment of the process of defining a
segment based on an effort in accordance with some embodiments. In some embodiments,
process 400 can be implemented using system 100. In some embodiments, process 400 can

be used to implement 302.
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[0061] At 402, a visual representation of an effort is presented. In some
embodiments, the effort is a series of GPS information with timestamps that is recorded by a
device equipped with GPS-tracking functionality. In some embodiments, the visual
presentation is presented at a user interface. For example, the GPS coordinates can be
displayed as a continuous line on a map or a series of markers on a map (e.g., supported by a
map application such as Google Maps). In some embodiments, even though a series of GPS
information is a set of discrete geographical coordinates, the points in between two
coordinates can be extrapolated in producing a visual representation that is in the form a

continuous line.

[0062] For example, a user (e.g., a cyclist) has completed a bike ride and would like
to designate at least a portion of the ride as a segment. This way, the cyclist or other cyclists
may be able to track and compare their performances across the geographical track that is

referenced by the segment.

[0063] At 404, a selection of a start point is received. In some embodiments, a user
selects a point along the visual presentation at the user interface to be the start point of the
segment. In some embodiments, if the selected point has been crossed more than once in the
effort, then a display is generated to indicate each of the times along the effort that the
selected start point was crossed. The user may then select the time corresponding to the
desired instance that he or she would like to represent as the start point. In some
embodiments, the selected start point is stored as its corresponding GPS coordinates (e.g., as
returned by an API associated with the map application). In some embodiments, the selected
start point is stored with a virtual starting line that is derived based on the selected start point

and other point(s) of the effort.

[0064] Returning to the previous example, the cyclist can select a point along his ride
to designate as the starting point of the segment. The start point need not be at the starting
point of the entire segment, but can be any point along the ride. The start point can be
thought of as the starting line for a race. When it is later determined whether another cyclist
(or the same cyclist on a different occasion) has rode over the segment, it is determined

whether the subsequent ride (i.e., effort) has crossed the starting point.

[0065] At 406, a selection of a finish point is received. In some embodiments, a user

selects a point along the visual presentation at the user interface to be the finish or end point
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of the segment. In various embodiments, the technique for selecting and storing a finish
point is the same as that is used for a start point. For example, a selected finish point can be

stored as its corresponding GPS coordinates and /or with a derived virtual finish line.

[0066] Returning to the example, the cyclist can select a point along his ride to
designate as the finish point of the segment. The finish point need not be at the very end of
the ride, but can be any point that is subsequent to the start point. The finish point can be
thought of as a finish line for a race. When it is later determined whether another cyclist (or
the same cyclist on a different occasion) has rode over the segment, it is determined whether
the subsequent ride (i.e., effort) has also crossed the finish point. In some embodiments, if
the segment to be defined comprises a loop, then the selected start and end points can be the

same set of GPS coordinates.

[0067] At 408, the defined segment is optionally stored. In some embodiments, if the
defined segment is determined to be similar to already existing segments (e.g., in a data store
that includes predefined and/or user defined segments, such as a segment database), then the
user is prompted with a corresponding display. In some embodiments, the user can review
the existing segments and/or choose to discard the newly defined segment in light of the
existing, overlapping segments. In the event that the user chooses to discard the newly
defined segment, he or she can choose to associate his effort with an existing segment and
store the data associated with his effort with the existing segment. In some embodiments, if
the user defined segment matches an existing segment, then the matched existing segment is
already stored (e.g., in a data store that includes predefined and/or user defined segments,
such as a segment database). If there are no existing similar segments or if the user chooses
to store the newly defined segment anyway despite a possible overlap, the newly defined
segment is stored. In some embodiments, the segment is converted into an abstracted form
(e.g., as a set of minimum bounding rectangles) and then stored. In some embodiments, the
newly defined segment can be saved with a name and/or one or more tags (e.g., that are
chosen by the user). In some embodiments, stored efforts are accessed to match against this
segment. If/when matching efforts are found; the data associated with the matching efforts

are combined and compared.

[0068] Returning to the example, the cyclist can use the user interface to create the
segment. The cyclist can also input the segment name as “Old La Honda” to associate the

segment with the name of the road along which the segment exists. The cyclist can also
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receive feedback on past rides that have occurred on the “Old La Honda,” (e.g., as
determined by segment matching) such as which users have rode on the segment, when, who
had the fastest time, who expended the most amount of energy in completing the segment.
The cyclist can also see how his own performance over the “Old La Honda” fares in
comparison to past rides (e.g., where the user’s performance ranks among the history of rides
over the segment). Subsequent users can also search for this segment by entering in “Old La
Honda” at a user interface that supports searching through a segments database. Subsequent
users can also check to see if they have ridden over “Old La Honda” by recording a ride and
sending the ride to be checked for matching segments. If it is determined (e.g., as determined
by segment matching), that the ride includes the “Old La Honda” segment, then the
subsequent user’s performance during the ride for the length of the segment can be compared

to the historical performance of the other users who have ridden over the segment.

[0069] FIG. 5 is a diagram showing an example of a user interface for defining a
segment based on an effort in accordance with some embodiments. In some embodiments,
402 is implemented using the example of FIG. 5. In the example shown, the dark line located
on the map is visual presentation 502 that is rendered from, for example, an effort (e.g., a
series of GPS information with timestamps) recorded by a GPS device. As shown in the
example, the name of the effort from which a segment is to be selected is indicated in area
504 as “Easy Ride around Lake Fairley.” In some embodiments, the map used in the user
interface is supported by a map application such as Google Maps. The map application can

be interacted through an associated APL

[0070] FIG. 6 is a diagram showing an example of a user interface showing a
selection of a start point for a segment in accordance with some embodiments. In some
embodiments, 404 is implemented using the example of FIG. 6. In the example shown, the
map showing visual presentation 502 is zoomed in on an area in which the start point is to be
selected. In some embodiments, the start point can be selected through clicking on a location
of the map. In the example shown, marker 602 indicates the selected start point along the
effort. In the example shown, the selected start point was crossed at three different times
(604, 606, and 608) along the effort. The user is prompted to select the desired time to set as
the start point. In some embodiments, the user is prompted to select one of multiple possible
start points because the length of the defined segment is determined based on the length of

the effort in between the start and finish points. In some embodiments, the selected start
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point is stored as a set of GPS coordinates. In some embodiments, the selected start point is

stored with a virtual starting line derived in part from the start point.

[0071] FIG. 7 is a diagram showing an example of a user interface showing a
selection of a finish point for a segment in accordance with some embodiments. In some
embodiments, 406 is implemented using the example of FIG. 7. In some embodiments, a
finish point is selected and also stored by the same techniques used for a start point. In the
example shown, marker 703 indicates the selected finish (e.g., end) point of the segment. In
some embodiments, the selected finish point is stored as a set of GPS coordinates. In some
embodiments, the selected finish point is stored with a virtual finish line derived in part from

the finish point.

[0072] FIG. 8 is a diagram showing an example of a user interface for defining a
segment using a series of selections on a map in accordance with some embodiments. In
some embodiments, the example shown can be used to implement 302. In some
embodiments, a segment can be defined through directly making selections on a map at a user
interface. As opposed to the technique of defining a segment as shown in FIGs. 5, 6, and 7,
the technique of defining a segment in the example of FIG. 8 does not require a recorded
effort. In the example shown, a user has sequentially dropped markers 802 to 818 along a
track (e.g., “Montebello Rd”) on the map to indicate a segment. The set of geographical
information of markers 802 to 818 can be obtained from the map application (e.g., Google
Maps) and stored as a segment. In some embodiments, the first dropped marker for the
segment is considered to be the start point and the last dropped marker is considered to be the

finish point.

[0073] FIG. 9 is a flow diagram showing an embodiment of converting a series of
GPS information into a set of minimum bounding rectangles (MBRs) in accordance with
some embodiments. In some embodiments, a series of GPS information (e.g., used to define
a segment based a recorded effort, for a series of selections on a map supported by a map
application) are converted into a set of minimum bounding rectangles (MBRSs) to be stored
for a segment. In some embodiments, a series of GPS information are converted into a set of
MBRs to be used for querying a R-Tree indexed database of segments that are stored as sets

of MBRs.
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[0074] One reason to convert a series of GPS information into a sct of MBRSs is that
in various embodiments, MBRs can be used to perform an efficient bounding box query on
an R-Tree indexed database of MBRs. In some embodiments, a search input for a query of a
R-Tree database (e.g., for defined segments) is a MBR (e.g., associated with an effort) and
the query returns MBRs (e.g., associated with segments) that overlap the input MBR. In
some embodiments, whether an effort is similar to (e.g., matches) a segment depends on the
extent that their MBRs are found to overlap using the bounding box query. In some
embodiments, whether one segment is similar to another segment also depends on the extent

that their MBRs overlap.

[0075] At 902, a series of GPS information is mapped on to a set of tiles. In some
embodiments, the series of GPS information is from an effort recorded by a device equipped
with GPS-tracking functionality. In some embodiments, the series of GPS information

corresponds to a segment (e.g., defined at a user interface).

[0076] A known technique of universal tiling is used to divide an area of geography
that is of interest into generally uniform tiles. For example, each tile can be 20 meters by 20
meters. This universal tiling scheme is applied to the series of GPS information to result in a
set of corresponding tiles. For example, each tile that contains a GPS coordinate (and also
any tiles in between two such tiles) is included in the set of tiles. In some embodiments, any
two geographic tracks covering roughly the same terrain will map to the same set of universal

tiles despite small differences in their respective sets of GPS information.

[0077] At 904, optionally, tiles are added to fill in tiles to provide a path between the
GPS points that includes a contiguous set of tiles. For example, if two consecutive GPS
points do not map to adjacent tiles, then any tiles traversed by the line connecting the
consecutive GPS points can be added to the set of tiles (e.g., filling in the tiles between the

GPS points before expansion).

[0078] At 906, optionally, the set of tiles is expanded. In some embodiments, the set
of tiles can be expanded to encompass adjacent tiles to compensate for differences in GPS
data. For example, the adjacent eight tiles of each tile in the set of tiles produced at 902 can
be included in the set of tiles, if they are not already included. However, the set of tiles can

be expanded in other appropriate ways as well.
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[0079] At 908, the set of tiles are grouped into a set of MBRs. In some embodiments,
tiles in the set that are close to each other are grouped into one MBR. In some embodiments,
each dimension (e.g., height, width) of a MBR is a one or more entire tiles. For example, to
group a set of tiles into a set of MBRs, the tiles of the set are first merged into a set of non-
overlapping rectangular boxes. In one approach, cells that adjoin horizontally are merged
into a set of wide boxes, each one tile tall. Next, each box is then compared to the boxes on
the row below, and if there is a box of the same width and horizontal position, they are
merged. The resulting set of boxes is the desired set of MBRs. However, grouping the set of

tiles into a set of MBRs is not limited to only the previous example.

[0080] In some embodiments, each MBR is identified by the coordinates of its four
respective corners (e.g., on the tiling scheme). In some embodiments, the set of MBRs is
stored at a database for segments. For example, the MBRs of the set can be stored in rows of
a R-Tree indexed database table. The MBRs of the set can also be stored with an identifier

associated with the segment they represent.

[0081] However, in some embodiments, a segment can be stored as the corresponding

set of GPS data points (as opposed to being converted into MBRs and then stored).

[0082] FIG. 10A is a diagram showing an example of converting a series of GPS
information into a set of MBRs in accordance with some embodiments. In some
embodiments, the example of FIG. 10A is a result of applying process 900 to a series of GPS
information. In the example shown, a recorded bike ride includes a set of GPS coordinates,
which are represented by the small, black circles. Each tile of the universal tiling scheme that
includes a GPS coordinate is included in the set of tiles to which the GPS information is
mapped as well as any tiles traversed by line segments that connect consecutive GPS points.
In the example shown, a tile included in the set of tiles is shaded in. The adjacent eight tiles
of each tile in the set are also included in the expanded set of tiles (if the tiles have not been
previously included). The expanded set of tiles is then grouped into four MBRs (which are
identified by MBR 1, MBR 2, MBR 3, and MBR 4). In the example shown, cach MBR is
outlined by a dark border. Each MBR can be identified by the set of coordinates (x1, x2, y1,
y2) (e.g., of the tiling scheme) that represent its four corners. If the series of GPS
information is intended to define a segment, then the corresponding set of MBRs can be
stored, in some embodiments, in a table at a R-Tree indexed database with the identifier of

the segment.
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[0083] FIG. 10B is a diagram showing an example of entries of a database table for
storing segment information in accordance with some embodiments. In some embodiments,
the database is a R-Tree indexed database. For example, the database can be MySQL,
Oracle, or Postgres. In some embodiments, the example of FIG. 10B includes the stored set
of MBRs created in the example of FIG. 10A. In some embodiments, each segment in a
segments database is stored with an alphanumeric identifier. Assume that the example of
FIG. 10A created a set of MBRs for the segment with the identifier of “Old La Honda.” As
shown in the example of FIG. 10B, each MBR is stored with its segment identifier, its four
coordinates, and a fill ratio. In the example shown, a fill ratio refers to the number of tiles
associated with the segment that are included in the MBR over the total number of tiles
associated with the segment. In some embodiments, the fill ratio can be represented as a
percentage. For example, as shown in FIG. 10A, there were 26 shaded-in tiles and thus 26
tiles associated with the segment “Old_La Honda.” Since there are six of those 26 tiles

enclosed within MBR1, the fill ratio entry for MBR1 in the database is “6/26.”

[0084] While the example of FIG. 10B includes only four entries (for each of the
MBRs in the set) for a segment, an actual segment may include thousands of entries at the
database, depending on the length of the track. In some embodiments, entries of a database
for storing segment information can include more or fewer columns than the ones shown in
the example of FIG. 10B. In some embodiments, a set of information for a segment stored at
a database includes all the efforts (e.g., from an efforts database) and their associated data
that have been determined to match the segment. That way, when a segment is retrieved
from a database, a history of athletic performance (e.g., as represented by the matched efforts

and their associated data) can be quickly accessed as well.

[0085] FIG. 11A is a flow diagram showing an embodiment for the process of
searching for matching segments at a segments database in accordance with some

embodiments.

[0086] In some embodiments, a segment is stored as a set of MBRs in a R-Tree
indexed database. In some embodiments, a segment is stored as a set of GPS data points in a

database.

[0087] In some embodiments, a segments database is queried to determine whether

the query input (e.g., a geographical track that is represented by a series of GPS data points)
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matches to a defined segment at the database. As used herein, a series of GPS information
(e.g., belonging to an effort) matches to another series of GPS information (e.g., belonging to

a segment) when their percentage of match exceeds a certain threshold.

[0088] At 1102, a series of GPS information is converted, if appropriate. In some
embodiments, the series of GPS information is extracted from an effort (e.g., recorded by a
GPS-enabled device). In some embodiments, the GPS information is a series of consecutive
GPS data points. In some embodiments, the segments are stored in an abstracted form such
as a set of MBRs. If the segments are stored as sets of MBRs, then the series of GPS
information is also converted into a set of MBRs. In some embodiments, segments are stored
as set of GPS data points so the GPS information does not need to be converted into another

form.

[0089] At 1104, the segments database is queried using the GPS information. In
some embodiments, a query of the database returns portions (e.g., GPS data points, MBRs) of

segments that are similar to the series of GPS information.

[0090] In some embodiments, the segments are stored as sets of MBRs at a R-Tree
indexed database. For example, to search at the database, the MBRs converted from the GPS
information are used to perform a bounding box query on the R-Tree indexed database. The
query returns MBRs that overlap with the input MBRs. Overlapping MBRs are considered to
be similar. For overlapping MBRs, their respective entries from a table (e.g., table 1000 of
FIG. 10B) at the database can be returned. Referring to table 1000, in this example, assume
that MBR1, MBR2, and MBR3 (which all belong to segment “Old_La Honda”) have been
found to overlap. Thus, the respective rows for MBR 1, MBR2, and MBR3 can be returned
so that their entries may be analyzed (e.g., to determine whether the set of input MBRs
matches to the segment of “Old La Honda”). In some embodiments, overlapping MBRs

associated with more than one segment may be returned.

[0091] In some embodiments, the segments are stored as sets GPS data points at a
database. Various search techniques for determining similar series of GPS data points (e.g.,
within a tolerance) may be employed to find similar segments at the database. In one
example technique, each GPS data point at the database is assumed to include a tolerance
zone that is indicated by a radius of a selected length (e.g., 50 meters). Each point in the

series of GPS information is also assumed to include a tolerance zone that is indicated by a

23



WO 2012/135602 PCT/US2012/031415

radius of a selected length, which can be the same length as the radius of a point at the
database. As aresult, each GPS data point can be thought of as spanning a circle of area.
Subsequently, the circular area of each point in the series of GPS information is used to
search for an overlapping circle associated with a GPS data point (associated with a segment)
at the database. In some embodiments, GPS data points of the database that correspond to the
overlapping circles can be returned. In some embodiments, GPS data points associated with

more than one segment may be returned.

[0092] In some embodiments, searching for similar segments using a series of GPS
data points requires more computational time and/or resources than is needed for using

MBRs and a R-Tree indexed database.

[0093] 1106, the query results are analyzed. In some embodiments, the query results
are used to determine whether the series of GPS information matches any segments at the
database. In some embodiments, a calculation is performed to determine the percentage of
match between the series of GPS information and the returned (portions of) one or more

segments.

[0094] In some embodiments, when the segments are stored as MBRs, the percentage
of match is determined using the returned MBRs. In some embodiments, the percentage of
match of a series of GPS information to a segment is calculated based on the ratio between
the number of overlapped MBRs of the segment to the total number of MBRs for the
segment. If the ratio exceeds a threshold, then the geographical track represented by the
series of GPS information is considered to match the segment. In some embodiments, the
similarity of a series of GPS information to a segment is calculated based on the sum of the
fill ratios of the returned MBRs. If the sum of the fill ratios exceeds a threshold, then the
geographical track represented by the series of GPS information is considered to match the
segment. In some embodiments, MBRs returned as a result of the query (e.g., 1104) include
their respective rows from a table at the database. Referring to the table of FIG. 10B, in this
example, assume that that MBR1, MBR2, and MBR3 (all belonging to segment

“Old_La Honda”) have been found to overlap. Thus, the respective rows for MBR1, MBR2,
and MBR3 are returned. In this example, the similarity between the series of GPS
information and the “Old_La Honda” segment is calculated based on the sum of the fill
ratios for the overlapped MBRs. Since MBR1, MBR2, and MBR3 are overlapped, the sum
of their respective fill ratios (i.e., 6/26 + 4/26 + 10/26) is 20/26 or about 76.9%. If the
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threshold percentage for a match is 65%, then the series of GPS information is considered to
match the “Old_La Honda” segment. In some embodiments, MBRs can be returned for

more than one segment and the similarity to each of those segments can be determined.

[0095] In some embodiments, when the segments are stored as sets of GPS data
points, the percentage of match is determined based on the number of GPS data points that
are returned by the query. In some embodiments, if the ratio of the number of GPS data
points returned by the query to the total number of GPS data points associated with the
segment exceeds a certain threshold, then the geographical track represented by the series of
GPS information is considered to match the segment. In some embodiments, GPS data points
can be returned for more than one segment the percentage of match to each of those segments

can determined

[0096] In some embodiments, if the percentage of match between the series of GPS
information falls below a threshold (e.g., 65%), then the geographical track is considered to
not match the segment. In some embodiments, there are multiple thresholds for which a
series of GPS information can match a segment. In some embodiments, a series of GPS
information can match a segment at lower threshold (e.g., between 65% to 79%) and be
considered as a loose match of the segment. In some embodiments, a series of GPS
information can match a segment at a higher threshold (e.g., between 80% and 100%) and be
considered as a candidate to be a close match of the segment. In some embodiments, to be
considered to a close match of the segment, not only does the series of GPS information need
to match the segment at a higher threshold, but the series of GPS information also needs to
cross the virtual start and finish lines of the segment. When a series of GPS information is
considered to be a loose match to a segment, it implies that the geographical track (e.g.,
effort) associated with the GPS information does not closely follow the track referenced by
the segment. For example, a cyclist who intends to take a leisurely bike ride along the
general terrain demarcated by a segment can deviate somewhat from the exact segment.
When a series of GPS information is considered to be a tight match of the segment, it implies
that the geographical track associated with the GPS information has closely followed the
track referenced by the segment. For example, a cyclist who intends to compete his time (or
another performance metric) across a segment against his own record or the performances of
others would need to follow more closely to the region demarcated by a segment. Also, the

cyclist who aims to compete his time would need to cross the virtual start and finish lines of
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the segment (or if the segment forms a loop and then the cyclist would need to cross his or
her entry point at the loop segment for a second time) to ensure that the full length of the

segment (rather than only a portion thereof) was traveled.

[0097] FIG. 11B is a flow diagram showing an embodiment of matching an effort to a
segment in accordance with some embodiments. In some embodiments, process 1150 is used

to implement 1106 in accordance with some embodiments.

[0098] At the start of process 1150, assume that 1104 has been performed and the
query has returned similar portions (e.g., overlapped MBRs or GPS data points that are

within a given tolerance) for a segment.

[0099] In some embodiments, matching an effort to a segment includes 1152 and
ends after 1154 (e.g., determination of a loose match), but not a determination of a tight
match. In some embodiments, matching an effort to a segment includes 1155 to 1160 (e.g.,
determination of a tight match), but not a determination of a loose match. In some
embodiments, matching an effort includes both the determination of a loose match and a tight

match of an effort to a stored segment.

[00100] At 1152, it is determined whether the percentage of match between an effort
and the segment exceeds a first threshold. If the percentage of match is below the first
threshold (e.g., the percentage of match is below 65%), then the effort is deemed to not match
the segment and process 1150 ends. If the percentage of match exceeds the first threshold
(e.g., the percentage of match is above 65%), then the effort is deemed to be a loose match to

the segment at 1154 and control passes to 1155.

[00101] At 1155, it is determined whether the percentage of match between an effort
and the segment exceeds a second threshold. If the percentage of match exceeds the second
threshold (e.g., the percentage of match is above 80%) then the effort is deemed be a
candidate to be a tight match of the segment and control passes to 1156. If the percentage of
match is below the second threshold (e.g., the percentage of match is between 65% to 79%),
then the effort is deemed not to be a tight match (and only a loose match) and the process

ends.

[00102] At 1156, it is determined whether the effort crosses the start and finish lines of
the segment. If both the start and the finish lines are crossed, then the effort is deemed to be a
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tight match of the segment at 1160. However, if one or both of the lines are not crossed, then

the process ends and the effort is deemed not to be a tight match (and only as a loose match).

[00103] In some embodiments, where the effort is being compared to a segment that
forms a loop (e.g., a segment that comprises a perimeter around New York City’s Central
Park), neither a start line nor a finish line are created for the loop segment and so 1156 may
not be performed. Instead, in some embodiments, for an effort that has been deemed to be a
candidate to be a tight match of the loop segment, an entry point associated with where the
effort first crosses the loop segment is first determined. Then, if the effort is determined to
cross the determined entry point of the loop segment a second time, then the effort would be

deemed to be a tight match of the loop segment.

[00104] FIG. 12 is a diagram showing an example of creating a virtual start line in
accordance with some embodiments. In some embodiments, a virtual start line is a created
for a defined segment. In some embodiments, when a segment is defined using a recorded
effort (e.g., by process 400), the virtual start line is derived from the GPS information and the
selected start point. In some embodiments, if a segment forms a loop, then neither a start line

nor a finish line is created for the segment.

[00105] In the example of FIG. 12, the recorded effort is represented by the series of
consecutive GPS coordinates P1(t0), P2(t1), P3(t2), P4(t3) and P5(t4). Point P1(t0) was
passed earlier in time than P2(tl), and P2(t1) was passed earlier in time than P3(t2), and so
forth. The start point is selected at location 1202. The selected start point takes place after
P1(t0) was passed but before P1(t1) was also passed. Since the next GPS coordinate of the
series is P2(t1) that is not passed, linear path 1208 is drawn from P2(tl) to the selected start
point. Virtual start line 1206 is selected to be in a position such that its center crosses with
the center of linear path 1208 between the selected start point and P2(t1). In the example,
virtual start line 1206 crosses with linear path 1208 at a 90 degree angle, although the two can
cross at a different angle as well. The length of virtual start line can be selected to any
appropriate length (e.g., 100 meters). In some embodiments, the virtual start line can be
stored at the segments database with its associated segment. In some embodiments, the
virtual start line can be stored as only the coordinates of the two ends of the line (e.g.,
because the line can be recreated by drawing a straight line between the two coordinates). In
some embodiments, the virtual start line can be stored as a close series of consecutive GPS

coordinates along the line.
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[00106] In some embodiments, a finish line can be created and stored in a similar

manner as the previous technique.

[00107] In some embodiments, a start (or finish) line is considered to be crossed when
the series of GPS information of an effort can be determined to intersect the line. For
example, even though a series of GPS information is made of discrete points, if two
consecutive points are found to be on different sides of the line, then the associated track is
considered to have crossed the line. In some embodiments, if a point in a series is found to
be close (e.g., within a given distance) from the line, then an extrapolation of the series of
GPS information can be made based on the associated data (e.g., speed, grade, heart rate) that
is known about the effort to determine whether if the actual physical activity had cross the
virtual line, even if the corresponding recording did not indicate this. For example, some
GPS-enabled devices records GPS information at different frequencies than others. As such,
some discrepancies may occur between the recorded GPS information depending on the type
of recording device used. However, by extrapolating GPS information based on other known
data, at least some discrepancies may be compensated for to better ensure that an athlete who

has actually crossed a line is given such credit.

[00108] FIG. 13 is a flow diagram showing an embodiment of a process of determining

matching efforts in accordance with some embodiments.

[00109] At 1302, an effort is compared to a segment. In some embodiments, the
segment is already defined. In some embodiments, the segment is stored at a database. In
some embodiments, the segment is stored as a set of MBRs. In some embodiments, the
segment is stored as a series of GPS data points. In some embodiments, the effort is accessed

from a database of stored past efforts.

[00110] In various embodiments, the effort is compared to a segment to determine to a
percentage of match. In some embodiments, the GPS information associated with the effort
is accessed (e.g., from a database). In some embodiments, if the segment is stored as a set of
MBRs, then the GPS information of the effort is also converted into a set of MBRSs and then
compared. In some embodiments, if the segment is stored as a set of GPS information, then

GPS information of the effort need not be converted.

[00111] In some embodiments, if the percentage of match is beyond a threshold, then

the effort is deemed to match the segment. In some embodiments, an effort can match a
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segment at two different levels (e.g., loose match and tight match). If the effort matches a
segment at the lower threshold, then it is determined that the effort is a loose match, which
implies a lower degree of similarity between geographical tracks of the effort and the
segment. If the effort matches a segment at the higher threshold, and additionally, it is
determined that the effort crosses both the start and finish lines of the segment (or if the
segment forms a loop and it is determined that the effort crosses its entry point at the loop
segment for a second time), then it is determined that the effort is a tight match. In some
embodiments, a tight match implies a high degree of similarity between the geographical
tracks between (at least a portion) of the effort and the segment. In some embodiments, an
identifier associated with the effort that matches a segment is stored with the segment. In
some embodiments, an identifier for a segment that matches the effort is stored with the

effort.

[00112] At 1304, it is determined whether there are more efforts to compare to the
segment. In some embodiments, all the stored efforts are compared to the segment. In some
embodiments, only a subset of the stored efforts is compared to the segment. In some
embodiments, all the efforts compared to the segment is associated with one user. In some
embodiments, the efforts that are compared to the segment are associated with more than one

uscr.

[00113] At 1306, the data associated with the matched efforts are aggregated. In some
embodiments, for the efforts that have been deemed to match the segment (e.g., as
approximate matches and or close matches), their associated data (e.g., heart, speed, heart
rate, power, time) are accessed (e.g., at the efforts database) and aggregated. For example,

the aggregated data may be temporarily stored in another database.

[00114] At 1308, the aggregated data is analyzed. In some embodiments, calculations
are performed using the aggregated data of the matched efforts. For example, the average
heart rate, average speed, average time, average power, and/or average grade can be
calculated. In some embodiments, the set of associated data for each effort is compared to
the sets of associated data for each other effort to create a sorted list of matched efforts (e.g.,
the list can be sorted based on any one metric of the associated data). For example, a sorted
list can include a descending list of efforts with the fastest time. Or, in another example, a
sorted list can include an ascending list of efforts with the highest power. For example a

sorted list can include a list of the most recently recorded efforts. In some embodiments, the
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analysis of the aggregated data can be displayed (e.g., at a user interface). The display can

include tables and/or visuals.

[00115] FIG. 14 is a diagram showing an example of a display of analyzed data for
matched efforts in accordance with some embodiments. In some embodiments, the example
of FIG. 14 is displayed for a selected segment for which matching efforts have been
determined. Put another way, each effort that has been matched to the segment implies that
each effort has been deemed to have traversed the geographical track referenced by the
segment. The example of FIG. 14 can be displayed at a user interface (e.g., at a device). In
the example, the physical activity associated with the efforts is cycling so each effort is
referred to as aride. Section 1402 includes a list of the most recent rides including the users,
times, heart rates, power and time. Section 1404 includes a list of rides sorted by time, where
the fastest time to complete the segment is listed first. The list of section 1402 is an example

of a “leader board.”

[00116] By defining a geographical track as a segment, it can be easily referenced for
comparisons of athletic performance over the track. In some embodiments, a user can define
a segment at a user interface using recorded GPS data from his or her own physical activity.
In some embodiments, a user can define a segment at a user interface by making selections
on a map. However a segment is defined, once it has been defined, a stored history of
athletic performance (e.g., efforts) can be accessed to match the segment. The associated
data of the matching efforts can be aggregated and presented in a table or visual that
represents all or a subset of all athletic performance associated with the segment. In some
embodiments, the same user or another user can subsequently check if his or her recorded
activity included or matched a defined segment. In this subsequent check, the user can
benefit from the automatic match of his or her recorded activity against defined and stored

segments, without needing to know exactly where a segment begins or ends.

[00117] Using traditional systems, analysis based on an user’s GPS location and other
data points for the user is not capable of supporting real-time feedback comparisons with
other users during the performance of a physical activity because such analyses have
previously not been calculable until the GPS device of the user can be connected to a

computer
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[00118] Providing real-time feedback for a current activity associated with a segment
is disclosed. In various embodiments, the defined and stored segments can be used to
gencrate feedback in real-time for a user while the user is performing a current activity (e.g.,
cycling, running) that matches one or more segments. In some embodiments, “real-time”
includes providing feed-back or communication to a user at a device while the user is still
progressing along a current activity (i.e., the feedback is provided to a user while the current
activity is ongoing). In various embodiments, feedback is provided to the user during the
user’s current activity without requiring an input by the user requesting for the feedback.
Instead, parameters can be configured by the user or by default settings at the device that
indicate when, in response to which event, what type of content, and so forth, feedback is to
be provided during an activity of the user. Examples of types of feedback can include
comparisons of the user’s current performance so far on the matched segment versus the
user’s own historical performance data or other users’ historical performance data on the
segment, detection of nearby users and/or segments, and indications of the user’s personal
achievement with respect to the user’s performance on the segment so far. As a result, the
user can enjoy feedback based on the user’s current performance on the matched segment(s)
as well other information regarding the matched segments without needing to actively initiate
segment matching/discovery or comparisons, etc., as the user is currently in the middle of
performing an activity. For example, during a physical activity, a user may not have the
interest or it may not be practical for the user to manually initiate the reception of feedback

regarding the user’s current activity.

[00119] FIG. 15 is a diagram showing an embodiment of a system for providing real-
time feedback during a current activity associated with a segment in accordance with some
embodiments. In the example, system 1500 includes device 1502, device 1504, network
1506, and segment matching server 1508. Network 1506 includes various high-speed data
networks and/or telecommunications networks. In some embodiments, system 1500 includes
at least the components of system 200 in addition to further components and/or

functionalities.

[00120] In some embodiments, a user can bring one or both of device 1502 and device
1504 with him or her while the user is performing a physical activity. For example, either or
both devices can be worn on the user’s body (e.g., strapped to a user’s arm) or attached to a

vehicle (e.g., such as a bicycle) that is employed by the user during the physical activity.
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[00121] Either one of both of device 1502 and device 1504 can record location
information (e.g., GPS data) and/or other data associated with a physical activity (e.g., speed,
heart rate). Examples of device 1502 and/or device 1504 include a GPS device (e.g., Garmin
Forerunner and Edge devices, including Garmin Forerunner 110, 205, 301, 305, 310XT, 405,
405CX, and Garmin Edge 305, 605, 705, 500), a mobile phone, such as a smart phone (e.g.,
an Android based device or Apple iPhone device) including a GPS recording application
(e.g., MotionX, Endomondo, and RunKeeper), a computer, a tablet device, and/or other
general purpose computing devices and/or specialized computing devices, which typically
include a general processor, a memory or other storage component(s), a network or input/out
(I/O) capability, and possibly integrated GPS functionality or support or an interface for a
GPS device or GPS functionality.

[00122] In some embodiments, device 1502 does not include the functionality to send
and receive data over network 1506 to a remote server such as segment matching server 1508
but does include the functionality to communicate device 1504. For example, device 1502
can communicate with device 1504 using a close range protocol for wireless communication
such as Bluetooth or otherwise, using a wired connection. In such embodiments, device 1504
does include the functionality to send and receive data over network 1506 to segment
matching server 1508. As such, device 1502 can send and receive data from segment
matching server 1508 via device 1504. For such embodiments, device 1502 can be a non-
networked device that records a user’s location information and/or other data associated with
a physical activity and then sends the recorded information to device 1504. For example,
device 1504 can be a networked device such as a smart phone or a tablet device that can
receive the recorded information from device 1502 (e.g., using an installed application) and
can in turn send the recorded information to segment matching server 1508. Furthermore,
information that is sent from segment matching server 1508 (e.g., feedback data) is received

by device 1504 and then sent to device 1502.

[00123] In some embodiments, device 1502 does include the functionality to send and
receive data over network 1506 (i.e., device 1502 is a networked device) and device 1504 is
optionally included in the system. In embodiments where device 1502 can record location
information and/or other data associated with a physical activity and also send and receive

data over network 1506, device 1502 can send, for example, recorded information to segment
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matching server 1508 and receive, for example, analyses of recorded information from

segment matching server 1508 without the aid of device 1504.

[00124] While more than one device can be used to record information associated with
a physical activity and communicate with segment matching server 1508 (such as the
combination of device 1502 and device 1504 as described in the example above), for
illustrative purposes, using only one device, device 1502 with network-ready capabilities, to
record information and communicate with segment matching server 1508 is described in the

figures and descriptions below.

[00125] In various embodiments, device 1502 (or an application thereof) is configured
to record location information (e.g., GPS data) and/or other data associated with a physical
activity during a user’s performance of the physical activity. In some embodiments, a
physical activity in which a user is currently participating is referred to as a “current activity.”
Examples of a physical activity include cycling, running, and skiing. In some embodiments,
GPS information includes a series of consecutive and discrete GPS data points (e.g.,
longitudinal and latitude coordinates) with a timestamp for each point. In some
embodiments, associated data includes, but is not limited to, elevation, heart rate,
power/watts (e.g., energy expended), time, speed (e.g., average and/or maximum speed per
segment and/or route, in which average speed, for example, can be derived from time and
GPS information), and/or cadence. In some embodiments, at least a portion of the associated
data is referred to as “performance data.” Associated data can be recorded at various
granularities. For example, associated data can correspond to each GPS data point, the entire

activity (e.g., the associated data includes averages of the metrics), or portions of the activity.

[00126] In some embodiments, prior to using device 1502 on a physical activity,
parameters of device 1502 (or a user’s account associated with an application at device 1502)
are configured to determine the manner in which device 1502 is to send and receive data from
segment matching server 1508 before or during a physical activity. The parameters of the
device 1502 (or a user account associated with an application at device 1502) can be
configured by a user and/or by preset settings. In some embodiments, parameters associated
with device 1502 can be configured to determine which data is to be received from segment
matching server 1508 at device 1502 before a user begins a physical activity. In some
embodiments, parameters can filter out data that is not of interest to the user or identify the

types of data that are of interest to the user. For example, data obtained from segment
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matching server 1508 before a physical activity can be stored locally (e.g., cached or
otherwise temporarily stored) at device 1502 and used to process information recorded by
device 1502 during the physical activity. In some embodiments, parameters associated with
device 1502 can be configured to determine when (e.g., at what frequency) and which type of
data is sent to or received from segment matching server 1508 during a physical activity. The
parameters associated with either a device and/or user can be configured at device 1502
and/or elsewhere and downloaded to device 1502, for example. A copy of the configured
parameters, in some embodiments, is also sent to and maintained at segment matching server
1508. For example, data to be sent from device 1502 during a physical activity can include
recorded GPS data and other data associated with the user’s current activity so far. Also for
example, data to be received at device 1502 from segment matching server 1508 includes
various types of real-time feedback data that is based at least in part on processing the
recorded GPS data and other data sent from device 1502. In some embodiments, as device
1502 continuously (e.g., periodically) sends new and/or updated recorded information to
segment matching server 1508 and segment matching server 1508 can continuously send
updated feedback data back to device 1502. In some embodiments, the feedback data
includes one or more segments that the recorded information associated with the user’s
current activity are determined to match or are determined to be proximate to. In some
embodiments, the feedback data includes comparison results between the user’s performance
in the current activity with historical or concurrent performance information (e.g., of the
user’s or of other users’) stored for the one or more segments for which the user’s current
activity are determined to match. In some embodiments, the feedback data includes alerts
and invitations associated with concurrent activities of other users and/or personal
achievements indications for the user. Feedback data types other than the ones described
above may be received at device 1502. In some embodiments, at least a portion of the
received data (e.g., feedback data) at device 1502 is presented to the user in real-time in a
graphic, textual, and/or audio visual manner. For example, a user interface at device 1502
can display a comparison result from the feedback data while an audio output of device 1502

can output an audio articulation of the comparison result.

[00127] In various embodiments, segment matching server 1508 includes the
functionalities of segment matching server 106 but also additional functionalities. In some
embodiments, segment matching server 1508 is configured to determine whether GPS data

received from device 1502 matches one or more defined segments. For example, segment
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matching server 1508 can determine that the received GPS data matches a segment based on
a determination that at least a portion of the GPS data received from device 1502 so far
crosses at least a portion of the segment (e.g., the GPS data indicates that the user in the
current activity has crossed a designated start line associated with the segment). In some
embodiments, when it is determined that the location information recorded for a user’s
current activity matches a segment, it is presumed that the user is on (i.e., traveling along) the
matched segment. In some embodiments, once a matching segment is determined, segment
matching server 1508 is configured to retrieve stored historical or concurrent performance
data associated with the matched segment to use to compare against the current performance
data received from device 1502 based on the user’s current activity. Segment matching
server 1508 is configured to send at least a portion of the comparison results to device 1502
as part of feedback data. In some embodiments, segment matching server 1508 is configured
to generate other types of feedback (e.g., alerts and invitations associated with concurrent
activities of other users and/or personal achievements indications for the user data) based at
least in part on the segment(s) matched to the received GPS data on the user’s current activity
so far. In some embodiments, segment matching server 1508 is configured to perform
segment matching and/or generate feedback data for a user based on configured parameters
associated with that user. In some embodiments, segment matching server 1508 is
configured to update its generated feedback data based on updated GPS data and other data

associated received from device 1502 over time.

[00128] FIG. 16 is a diagram showing a user performing using system 1500 while
performing an activity in accordance with some embodiments. In the example, user 1600 is
performing a cycling activity. Assume that user 1600 is using device 1502 of system 1500 as
user 1600 is cycling. Prior to beginning the activity, user 1600 has already configured
parameters of device 1502 with respect to sending data and receiving feedback data from a
remote server or generating feedback locally at the device during an activity, to conform with
the segments, other users, type of comparisons, etc, based on the user’s interests. As user
1600 cycles along a path, user 1600 does not need to know if he or she is traversing along a
segment or where a segment is located relative to user 1600’s cycling path. However, by
virtue by using device 1502, user 1600 can be presented feedback at device 1502 during user
1600’s activity. For example, as shown in the diagram, user 1600 can be presented feedback
data at device 1502 that indicates which segment user 1600 is currently riding on (“Old La

Honda”) and where user 1600 currently is along in the segment (“You have completed 25%
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of segment ‘Old La Honda’””). User 1600 can receive updated feedback and other types of
feedback data (e.g., “You are riding at your lowest heart rate on ‘Old La Honda’ ever!”)
continuously (e.g., periodically and/or at configured events) as user 1600 progresses along
the segment, without needing to initiate or query for feedback during the activity. Feedback
that user 1600 receives during the physical activity can, sometimes, motivate or otherwise
cause user 1600 to change his or her performance along the remainder of the segment. For
example, if user 1600 receives a feedback such as “You are just 3 seconds ahead of the leader
of Old La Honda,” then user 1600 could be motivated to ride faster to catch up with or
surpass the leader of the segment, if that is user 1600’s goal. As shown in the example, the
use of system 1500 during a user’s current activity can help inform the user, in real-time,
information regarding the user’s performance that the user might have otherwise not known

until after the completion of an activity.

[00129] FIG. 17 is a diagram showing an embodiment of a segment matching server in
accordance with some embodiments. In some embodiments, segment matching server 1508
is implemented with the example of FIG. 17. As shown in the example, segment matching
server 1508 includes some of the same components (segments database 202 and definition
engine 206) as segment matching server 106 as described above but also includes additional
components such as configured parameters database 1702, feedback engine 1704, efforts and

current activity database 1703, and matching engine 1708.

[00130] In some embodiments, configured parameters database 1702 is configured to
store sets of configured parameters associated with various devices and/or users. In some
embodiments, a set of parameters associated with the manner in which data (e.g., recorded
GPS data and associated data) is to be sent to segment matching server 1508 and the manner
in which data (e.g., feedback) is to be received from segment matching server 1508 is
configured by a user for the particular user and/or a particular device. In some embodiments,
a set of parameters includes user configured parameters and also preset parameters (e.g.,
parameters that are determined by the manufacturer of a device such as device 1502).
Examples of parameters can include if and when data associated with a segment is to be
downloaded to a device, identifiers associated with segments that a particular user is
interested in, identifiers associated with other users whose performance data (e.g., historical
or concurrent) that the particular user is interested in comparing the user’s own performance

to, types of comparisons between the user’s performance data associated with a current
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activity and another set of performance data, the frequency at which recorded GPS and other
data is sent from the device, one or more triggers to send recorded GPS and other data to be
sent from the device, a degree of interest associated with the conservation of battery life of
the device, which types of personal achievements that the user is interested in, if and when
performance of the particular user should be shared at one or more social media/network
platforms, and a definition of a window of time associated with concurrency between
multiple users (e.g., the definition indicates a window of time or distance in which at least
two users participating in physical activities are considered to be concurrent with one
another). In some embodiments, a set of parameters is stored with an identifier associated

with the user and/or device for which it is configured.

[00131] In some embodiments, efforts and current activity database 1703 includes the
functionalities of efforts database 204 but also additional functionalities. In some
embodiments, in addition to the storing data of recorded efforts as described for efforts
database 204, efforts and current activity database 1703 also stores the GPS data and
associated data recorded for current activities (i.c., ongoing activities) of users. In various
embodiments, the GPS data and associated data recorded for a user’s current activity is
refreshed and/or added to with new and/or updated GPS data and associated data recorded for
that user’s current activity over time as the user progresses further along in that current
activity. For example, during user Barry’s current running activity, the GPS data and
associated data recorded by time t0O can be sent to segment matching server 1508 and stored
at an entry of efforts and current activity database 1703. Then, the GPS data and associated
data recorded by later time t1 for Barry’s current running activity (or only the data recorded
after time t0 until time t1) is sent to segment matching server 1508 and added to the

corresponding entry of efforts and current activity database 1703.

[00132] In some embodiments, matching engine 1708 includes the functionalities of
matching engine 208 but also additional functionalities. In some embodiments, matching
engine 1708 is configured to continuously (e.g., periodically and/or at various configured
trigger events) receive new or updated GPS data and other data recorded at a device such as
device 1502 over time as a user progresses in a physical activity. In some embodiments,
matching engine 1708 uses the GPS data received from a device so far to determine whether
the GPS data traverses at least a portion of one or more defined segments. For example,

matching engine 1708 can make a determination that the GPS data recorded for a current
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activity matches a segment (meaning that the user is on the path of the segment or very near
to the segment) if the GPS data indicates that at least a portion the recorded GPS data has
crossed the virtual start line that has been defined for the segment. Defining a virtual start
line for a segment and determining whether the virtual start line has been crossed can be
performed using the technique described above with FIG. 12, for example, where instead of
using GPS information associated with a recorded effort, the GPS data recorded for the
current activity so far is used to determine whether two consecutive points have found to be
on different sides of the virtual start line. If so, then the current activity is determined to have
crossed the virtual start line of a segment and therefore, the current activity is determined to
match that segment. In another example where the segment forms a loop, then instead of
defining a virtual start line for the loop segment, GPS data recorded for the current activity
can be used to determine whether the current activity has entered the loop (e.g., by at least
having crossed at least a portion of the loop segment). If the GPS data recorded for the
current activity is determined to have crossed at least a portion of the loop segment, then the
current activity is determined to match that loop segment. In some embodiments, one or
more segments can be found to match the GPS data recorded for a current activity. In some
embodiments, as more new and/or updated GPS data recorded for a current activity is
received over time, matching engine 1708 can use the new and/or updated GPS data to
determine whether the GPS data associated with the user’s current activity still matches (i.e.,
the user is still on the path associated with) a segment that the current activity was previously
determined to match. Ifit is determined that the user’s current activity still matches the
segment, then matching engine 1708 can determine how far the user is along the segment.
For example, based on the GPS data recorded for the user’s current activity received so far,
matching engine 1708 can determine that a user has completed 70% of the segment. In some
embodiments, matching engine 1708 is configured to use a set of configured parameters
(retrieved from configured parameters database 1702) associated with the user currently
performing an activity to determine the one or more segments identified by the user as
segments that he or she is interested in matching. Then, matching engine 1708 can match the
GPS data of the user’s current activity with only those segments of interest to the user, rather
than against of all available/defined segments in the database. In some embodiments,
matching engine 308 is configured to send identifiers associated with the matched segment(s)

to feedback engine 1704.
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[00133] Feedback engine 1704 is configured to use a set of configured parameters
associated with a user and data associated with at least a segment matched by a user’s current
activity to determine the type of feedback data to send to a device used by the user. In some
embodiments, feedback engine 1704 retrieves the set of configured parameters associated
with an identifier of the user from configured parameters database 1702. In some
embodiments, feedback engine 1704 receives an identifier associated with a segment that
matches the user’s current activity from matching engine 1708. In some embodiments, using
the received identifier associated with the matched segment, feedback engine 1704 is
configured to retrieve historical data associated with efforts of the user and/or other users that
also matched that segment from efforts and current activity database 1703. In some
embodiments, feedback engine 1704 is configured to retrieve concurrent data associated with
current activities of other users that also matched that segment from efforts and current
activity database 1703. For example, the data of current activities of other users can be
determined as being concurrent to the user based on a definition for concurrency in the
retrieved set of configured parameters. In some embodiments, feedback engine 1704 uses the
retrieved set of configured parameters to determine at least which subset of the retrieved data
associated with the matched segment that the user is interested in comparing the associated
data (or sometimes referred to as performance data) of the user’s current activity against. For
example, the user’s configured parameters can indicate that the user wishes to compare the
user’s performance data associated with the user’s current activity with the historical or
concurrent performance data of his friends Carrie, Daniel, and Eric on the matched segment.
In some embodiments, feedback engine 1704 can use the retrieved set of configured
parameters to determine which types of comparisons are to be generated with the retrieved
historical and/or concurrent data. For example, the user’s configured parameters can indicate
that the user wishes to receive feedback data associated with a leader board that includes his
own performance data as well as the performance data associated with his friends of Carrie,
Daniel, and Eric. In some embodiments, feedback engine 1704 is configured to send alerts
associated with detecting a segment and/or another user that the user is interested in (as
indicated in the retrieved set of configured parameters) as being nearby. In some
embodiments, feedback engine 1704 is configured to communicate to a third party operated
social network to post an indication on the social network’s platform associated with a certain
performance of the user that the user has attained in a current activity and/or updated progress
reports of the user’s current activity. In some embodiments, feedback engine 1704 can also

be configured to provide feedback data other than the types described above.
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[00134] In some embodiments, device 1502 may store at least some portion of
segments database 202, definition engine 206, efforts and current activity database 1703,
matching engine 1708, configured parameters database 1702, and feedback engine 1704 or
equivalent functionalities such that device 1502 can provide real-time feedback at device
1502 without needing to send or receive information from segments matching server 1708
during an activity of a user. In some embodiments, device 1502 pre-fetches and locally
stores segment data from segment matching server 1508 prior to a physical activity is
performed by a user such that during the performance of the activity, feedback data (e.g., that

involve at least a matched segment) can be generated based on the pre-fetched data.

[00135] FIG. 18 is a flow diagram showing an embodiment of a process for providing
real-time feedback during a current activity associated with a segment in accordance with
some embodiments. In some embodiments, process 1800 is implemented at system 1500. In

some embodiments, process 1800 is implemented at device 1502 of system 1500.

[00136] At 1802, a segment associated with a user’s current activity is determined
based at least in part on at least a portion of location information recorded so far. In some
embodiments, location information (e.g., GPS data) is recorded for a user’s current activity
(e.g., cycling or running) during the user’s performance of the activity. In some
embodiments, associated data of the user’s current activity is also recorded during the user’s
performance of the activity. At least a portion of the associated data (e.g., speed, heart rate,
power/watts, cadence) is associated with the user’s performance during the current activity.
Over time, more GPS data and associated data are recorded for the user’s current activity. At
some point during the user’s current activity, at least a portion of the recorded GPS data is
used to determine a segment associated with the user’s current activity. In some
embodiments, the segment associated with the user’s current activity is one which at least a

portion of the location information recorded so far for the user’s current activity matches.

[00137] At 1804, real-time segment performance information associated with the
user’s current activity on the segment is communicated. In some embodiments, the type and
manner of performance information to be communicated is determined based on a set of
configured parameters associated with the user and/or or a device from which the location
information was generated. In some embodiments, once a segment is determined (e.g.,
through segment matching), data stored associated with that segment is retrieved. In some

embodiments, the retrieved data can include historical performance data on the associated
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(e.g., matched) segment of users (including the user performing the current activity and other
users) and concurrent performance data on the associated segment of other users currently on
the segment. In some embodiments, the performance data recorded for the user’s current
activity on the determined segment so far is compared to corresponding portions of the
retrieved data associated with the determined segment and the results of the comparisons
comprise performance information that is communicated. For example, comparison results
can be generated by comparing the historical performance data of the user on the determined
segment to the performance data of the user’s current activity on the segment. In some
embodiments, the performance information includes a current progress of the user along the
segment and is determined based at least in part on the location information recorded so far
and data identifying the geographic points along the segment. In some embodiments,
performance information includes an indication associated with a personal achievement
attained based on the recorded location information and associated data for the user’s current
activity. In some embodiments, performance information (alternative or in addition to other
information) associated with the user’s current activity on the determined segment is
communicated through a display or an audio and/or visual output of a user interface (e.g., at

the device from the location information and associated data was generated).

[00138] In some embodiments, information associated with segments proximate
to/nearby the current location of the user’s current activity is also communicated. In some
embodiments, a segment that is nearby or proximate to a user’s current location comprises a
segment that does not match the user’s current activity but is within a designated proximity to
the user’s current location. For example, the user may be interested in being recommended
segments close to (e.g., within a designated proximity such as within a 10 miles radius of) the
user’s current location and/or the segment that the user is currently progressing along.
Notifying the user of nearby segments can help the user discover segments that the user did
not know existed or did not know that existed nearby to the user’s current location. In some
embodiments, parameters of a filter for detecting/notifying/recommending a user regarding
nearby segments can be configured such that only segments that fit one or more criteria are
detected and recommended to the user. For example, criteria associated with detecting
nearby segments can include one or more of the following: segments within a certain
proximity to a user’s current location, segments that are indicated by the user to be of interest,
segments that are determined to be similar (e.g., based on geographic, distance, elevation,

and/or other criteria) to segments that are indicated by the user to be of interest, and/or
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segments that are determined to be popular among one or more other users. In some
embodiments, detection of nearby segments can be performed periodically and/or at other
events throughout a user’s current activity because as the user performs the current activity,
his or her current location also changes. For example, as the user progresses along a current
activity, he or she may enter new and/or different geographic areas in which different sets of
nearby segments can be detected and recommended for the user. In some embodiments, an
event can be configured such that at the occurrence of each such event during the user’s
current activity a determination of nearby segments can be made based on the configured
criteria and the user’s updated current location. For example, the event can be a time period
of 10 minutes since the previous determination or a distance of 5 miles traveled since the

previous determination.

[00139] FIG. 19 is a flow diagram showing an embodiment of a process for
configuring parameters associated with sending information recorded at a device to a remote
segment matching server in accordance with some embodiments. In some embodiments,
process 1900 is implemented at system 1900. In some embodiments, process 1900 is

implemented prior to a performance of process 1800.

[00140] Process 1900 can be used to configure parameters associated when recorded
GPS data and associated data (e.g., performance data) are to be sent from the device at which
it was recorded to a segment matching server such as segment matching server 1508 so that
the server can perform analysis on the received data. In some embodiments, the selections of
process 1900 can be input by a user at a user interface associated with a device such as device
1502. In some embodiments, the parameters configured with process 1900 can be stored and
used during a user’s activity. In some embodiments, the parameters for data transmission can
include more or fewer than those shown in the example. In some embodiments, based on the
configured parameters, the frequency at which the device sends recorded data to the segment
matching server can be dynamic throughout the user’s current activity. In some
embodiments, if the configured parameters of data transmission define more frequent
transmissions of data, the returned results of analysis of the data (i.e., the feedback data) from
the server may be more frequent/nuanced but would incur greater device power consumption.
However, less frequent transmissions of data could entail fewer/less frequent feedback data

from the server but incur less device power consumption.
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[00141] At 1902, it is determined whether an event that triggers the transmission of
data is to be configured. In the event that a trigger event is to be configured, control passes to
1904. Otherwise, control passes to 1906. At 1904, definitions of one or more trigger events
are received. For example, a trigger event can be associated with a pause in the user’s current
activity that could indicate that the user is taking a break and/or something abnormal is

occurring with respect to the user’s current activity.

[00142] At 19006, it is determined whether the transmission of data is to occur on a
periodic basis. In the event that the data is to be transmitted on a periodic basis, control
passes 1908. Otherwise, control passes to 1910. At 1908, a time period definition is

received. For example, a time period can be that data is sent to the server every 10 seconds.

[00143] At 1910, it is determined whether the transmission of data depends on a degree
of interest associated with the conservation of battery life of the device. In the event that the
transmission of data is to depend on a degree of interest associated with the conversation of
battery life, control passes 1912. Otherwise, control passes to 1914. At 1912 one or more
definitions associated with battery life conservation are received. For example, several levels
of interest in conserving battery life (e.g., ranging from a strong desire to save battery life to a
low interest for saving battery life) of the device can be defined with corresponding settings
for the frequency at which recorded data is sent to the server. So, for example, a strong
interest in conserving battery life could be associated with a relatively infrequent basis for
sending data to the server whereas a low interest in conserving battery life could be

associated with a relatively frequent basis for sending data to the server.

[00144] At 1914, it is determined with other rules are to be set. In the event that other
rules are to be set, control passes 1916. Otherwise, process 1900 ends. For example, rules

other than the examples described at 1902, 1906, and 1910 can be defined.

[00145] FIG. 20 is a flow diagram showing an embodiment of a process for pre-
fetching segment data from the server and generating real-time feedback at the device in
accordance with some embodiments. In some embodiments, process 2000 is implemented at

system 1500.

[00146] Process 2000 can be used to determine which data to pre-fetch from a segment
matching server such as segment matching server 1508 prior to the start of a user’s physical

activity and to store such data on the device so that real-time feedback can be generated
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locally at the device later, during a user’s physical activity. In some embodiments, process
2000 would require the use of a networked connection during a user’s physical activity so
that the GPS data of the activity can be determined, however, process 2000 may not require
the repeated transmission of recorded GPS data and other data to the remote segment
matching server because analysis for generating feedback data can be performed locally using
the data pre-fetched from the segment matching server. In some embodiments, process 2000
may consume battery life slower and provide feedback data faster than a process that requires

numerous communications back and forth with a remote segment matching server.

[00147] At 2002, optionally, one or more selections associated with segments are
received. In some embodiments, such selections can be input by a user at a user interface
associated with the device. In some embodiments, 2002 gives the user the opportunity to
choose only the segments to which the user is interested in matching prior to the user
engaging in a physical activity (or perhaps, in preparation of the user going on a physical
activity). So, the selections associated with segments received at 2002 can be used to

determine data with only those segments as opposed all segments for which data is stored.

[00148] In some embodiments, such as one or more sclections can also be associated
with segments that are of interest to the user to be detected when a user is in proximity to
(e.g., within a designated proximity such as within a 10 miles radius of) them while engaging
in a physical activity. For example, the user can select segment data to pre-fetch from the
segment matching server that are associated with segments that are of interest to the user such
that the user would like to be informed of when he or she is nearby such segments during a
physical activity. For example, later, when the user is engaging in a physical activity, the
pre-fetched data loaded on the device from the segment matching server can be used to
determine (e.g., periodically and/or every X number of miles that the user has traveled)
whether the user’s current activity matches a segment and/or whether there are any segments

nearby the user’s current location.

[00149] At 2004, data associated with the segments is obtained from a server based at
least in part on the one or more selections. In some embodiments, data associated with the
segments identified by the selections includes one or both of: historical performance data of
efforts that were determined to match the segments and geographic information (e.g., a set of

tiles or MBRs) that define each of the segments.
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[00150] In some embodiments, additional segment data associated with segments other
than only those identified by the one or more selections can be obtained. For example, data
associated with segments that are determined to be similar to the segments of the selections

can also be obtained.

[00151] At 2006, the obtained data is stored locally. The data that is obtained prior to
the start of a user’s physical activity can be stored in either temporary or persistent storage at
the device, so that it can be used later, during a user’s physical activity, so that the remote
segment matching server will not be needed to determine a matching segment and/or any

nearby segments for the user while he or she is currently performing a physical activity.

[00152] At 2008, the location information and performance information associated
with the user’s current activity are compared against the stored data. For example, at least a
portion of the GPS data recorded for the user’s current activity so far can be used to match a
segment for which data, including the data that was pre-fetched from the segment matching
server prior to the start of the user activity, is stored locally. Also, for example, the historical
performance data of efforts that were determined to match a segment matched to the user’s
current activity can be used to compare against the performance data recorded for the user’s
current activity so far. In some embodiments, other determinations can be made using the
location information and performance information associated with the user’s current activity
and the locally stored data. For example, whether any segments are nearby/proximate to the

user’s current location can be determined using the locally stored data.

[00153] FIG. 21 is a flow diagram showing an embodiment of a process for
configuring parameters associated with filters on data to obtain and to be compared against
the performance data of the user’s current activity in accordance with some embodiments. In

some embodiments, process 2100 is implemented at system 1500.

[00154] Process 2100 can be used to configure parameters that identify types of data
that the user is interested in (e.g., to be obtained from a segment matching server such as
segment matching server 1508 during a user’s current activity), which can be used to filter
out data that the user is not interested in. In some embodiments, the selections and
definitions of process 2100 can be input by a user at a user interface associated with the
device for example. In some embodiments, process 2100 is used to identify the subset of

segments that a user is actually interested in potentially matching or detecting if they are
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nearby during a current activity (e.g., because the user could be traversing a geographic arca
that includes numerous segments, many of which the user is not interested in), the subset of
performance data associated with other users (e.g., because the user could be interested in
comparing his or her performance only against certain other users that he or she is friends
with), and a user desired definition of window of concurrency between at least two users
(e.g., because the user would like to compare his or her performance data against that of a
“concurrent” user and would like to define the window of concurrency to include only those
users that he or she feels that are temporarily or spatially close enough such that their
performance data can be compared as concurrent users on the same segment). By
configuring parameters that can act as filters such as those shown in the example, data can be
retrieved from the segment matching server in a focused and efficient manner, without
retrieving what could be a large amount of large data by a device, most of it potentially

undesired by a user using the device.

[00155] At 2102, one or more selections associated with one or more segments to
match or to detect if the segments are nearby are received. In some embodiments, the
selections associated with segments can either be an identifier that corresponds with the name
of the segment (e.g., “Old La Honda”) or the selections can describe characteristics of one or
more segments (e.g., length = 30+ miles, difficulty = moderate, highest number of inclines
within the segment = 5). The selections can then be used to search for one or more segments
that correspond to the descriptions included in the selections and the found segments will be
the ones for which the recorded GPS data of a user’s current activity will be compared
against to determine if the user’s current activity matches with or are otherwise nearby any
one or more of the found segments. Put another way, only the segments that correspond to
the selections will be used to determine if any one of them is the segment on which a user’s

current activity is taking place and/or is nearby to the user’s current location.

[00156] At 2104, one or more selections associated with one or more other users to
detect are received. In some embodiments, the selections associated with other users are used
to determine at least which other users’ performance data on a segment matched by the user’s
current activity against which the user potentially wishes to compare his or her performance
data on the same segment. For example, user Barry may only want to compare his
performance data against those of his friends. In some embodiments, the selections

associated with other users determine which other users the user wishes to detect when the
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user is performing an activity. For example, user Barry can configure when to receive
notifications regarding when his friend Carrie (who is also using an instance of a device such
as device 1502) is also performing a physical activity in the vicinity, such as on the same
segment or a nearby segment as Barry when Barry is out cycling. In some embodiments,
selections associated with other users to detect include identifiers associated with the other
users, such as, for example, the user’s actual names or monikers that are associated with the
user’s accounts at the segment matching server. In some embodiments, selections associated
with other users to detect include one or more physical characteristics such as, for example,
an age range, a gender, and an associated experience level. For example, user Barry may
want to detect users (with whom he may or may not already be friends) while he is out
performing a physical activity with similar physical characteristics as him so that a
comparison between his performance data with theirs can be determined during Barry’s

activity to give Barry an idea of his performance relative to similar individuals.

[00157] At 2106, a definition of a window of concurrency between at least two users is
received. In some embodiments, the definition of a window of concurrency could be a
temporal or distance window that would label two or more users within that window as being
concurrent. For example, two users can be cycling along the same segment, but may have
started at different times and as a result, are each at different points along the segment at a
given time. However, a user may still wish to deem another user who is on the same segment
as being concurrent to him or her, even though the two users did not start the segment at the
same time and/or are not cycling side by side. So, for example, a user can define a window
of concurrency as being 10 miles apart between two users or a difference of two minutes in
start time between two users. That way, the user can potentially receive feedback data on
another user who is currently on the same segment but had crossed the virtual start line of the
segment 1 minute before the user did. The user can then be motivated to catch up or surpass

the other concurrent user once he receives knowledge of this concurrent user.

[00158] FIG. 22 is a flow diagram showing an embodiment of a process for matching a
segment to a user’s current activity in accordance with some embodiments. In some

embodiments, process 2200 is implemented at device 1502.

[00159] Process 2200 is one example of a technique for determining when a user has
matched a segment (i.e., the user is performing the activity on a segment) during the user’s

current activity.
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[00160] At 2202, location information associated with a user’s current activity is
recorded. In some embodiments, location information includes GPS data. In some
embodiments, the location information of the user’s current activity is recorded at a
frequency configured by a user or by a default setting of a device such as device 1502
recording the information. In some embodiments, the recorded location information is sent to

a remote segment matching server such at remote segment matching server 1508.

[00161] At 2204, it is determined whether a virtual start line of a segment has been
crossed. In some embodiments, at least a portion of the location information recorded so far
during the user’s current activity is used to determine whether the geographic path of the
activity has crossed a virtual start line defined for a stored segment. For example, the
determination of whether a virtual start line has been crossed can be made based on the
technique described with FIG. 12. In some embodiments, the determination of 2204 is made
at the segment matching server. In some embodiments, the determination of 2204 is made at
the device if segment data (e.g., sets of data that define segments and their virtual start lines)
is stored locally at the device. In the event that it is determined that a virtual start line has
been crossed, then control passes to 2206. In the event that it is determined that a virtual start
line has not yet been crossed, then control passes back to 2202, where more location

information associated with the user’s current activity is recorded over time.

[00162] At 2206, a segment associated with the crossed start line is determined to
match the user’s current activity. In some embodiments, for the segment whose associated
virtual start line that the location information of the user’s current activity has been
determined to cross, the user is assumed to be on that segment. In some embodiments,
historical performance data associated with efforts that have been determined to match the
segment and/or concurrent performance data of other users’ current activities that have been
determined to also match the segment are retrieved from the segment matching server or
locally, if copies of such data are available locally at the device. The retrieved data can be
used to provide one or more types of feedback data for the user including, for example,
comparison results between the user’s current performance data with the user’s historical
performance data on the matched segment and comparison results between the user’s current
performance data with other users’ historical and/or concurrent performance data on the

matched segment.
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[00163] In some embodiments, where a stored segment forms a loop and does not have
a virtual start line defined for it, neither 2204 nor 2206 may be performed to determine
whether a user’s current activity matches such a loop segment. Instead, in some
embodiments, if the location information recorded for a user’s current activity crosses at least
a portion of a loop segment (which could indicate that the user has entered the loop), then it is

determined that the user’s current activity matches the loop segment matches.

[00164] FIG. 23 is a flow diagram showing an embodiment of a process for
determining a progress of a user along a segment in accordance with some embodiments. In
some embodiments, process 2300 is implemented at system 1500. In some embodiments,

process 1800 is implemented using process 2300.

[00165] Process 2300 can be used after it is determined (e.g., by a process such as
process 2200) that a user’s current activity matches (i.e., is on) a segment. Process 2300 can
be used to determine whether, (e.g., periodically) over time, the user’s current activity is still
traveling on the matched segment and if so, how far along the user is along the segment. In
some embodiments, if it is determined that a user is still traveling on a matched segment, then

feedback data is provided based at least in part on that determination.

[00166] At 2302, a segment associated with a user’s current activity is determined. In
some embodiments, the segment is determined as one that matches at least a portion of the
location information recorded so far for the user’s current activity using a process such as

process 2200.

[00167] At 2304, it is determined whether the user is still on the segment. In some
embodiments, 2304 is performed at a time sometime after a matched segment has been
determined. In some embodiments, at 2304, the location information recorded so far for the
user’s current activity is compared to the data defining the matched segment (e.g., a set of
MBRs) to determine whether the user’s current activity still appears to be progressing along
the segment or has deviated from the segment. For example, if the matched segment is
represented as a stored set of MBRs, then the location information recorded so far for the
user’s current activity can also be converted in a set of MBRs. Then, if it appears that the
MBRs associated with the location information recorded so far for the user’s current activity
mostly overlaps with at least a portion of the set of MBRs associated with the stored segment,

then it is determined that the user’s current activity is still on the segment. In some
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embodiments, the determination of 2304 is performed at a remote segment matching server
such as segment matching server 1508 or at a device such as device 1502 if the segment data
is stored locally at the device. In the event that it is determined that the user is no longer on
the segment, then process 2300 ends. In the event that it is determined that the user is still on

the segment, then control passes to 2306.

[00168] At 2306, a current progress along the segment is determined based at least on
in part on the location information associated with the user’s current activity so far. For
example, a percentage of the set of MBRs associated with the stored segment that overlaps
with the MBRs converted from the location information recorded so far for the user’s current
activity can be determined and this percentage be determined as the current progress of the

user along the segment.

[00169] At 2308, real-time segment performance information associated with the
user’s current activity on the segment based at least in part on the current progress is
communicated. In some embodiments, 2308 is optionally performed. In some embodiments,
the performance information feedback data that is determined based at least in part on the
determined current progress of the user on the segment is communicated. For example, the
configured parameters can be used to determine at which instances a current progress is
desired to be communicated to the user. An example instance is when the user is at a half
way point of a segment, at which some performance information (e.g., determined based on
comparisons of performance data) is communicated to the user. For example, a
communication of such feedback data to the user can appear as a display and/or an audio
output at the device that expresses that “You just passed the halfway point of Old La Honda

and you’re also 11 seconds ahead of your personal record pace.”

[00170] FIG. 24 is a flow diagram that shows an embodiment of a process for
communicating real-time performance information associated with a user’s current activity in
accordance with some embodiments. In some embodiments, process 2400 is performed at
system 1500. In some embodiments, 1804 of process 1800 is implemented using process

2400.

[00171] Process 2400 can be used as one example of determining the type of real-time

feedback that is provided to a user during the user’s current activity.
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[00172] At 2402, data associated with a segment determined to match a user’s current
activity is retrieved. In some embodiments, it has already been determined that the user’s
current activity matches a segment (e.g., based on the location information recorded so far for
the user’s current activity). In some embodiments, historical performance data associated
with efforts that have been determined to match the segment and/or concurrent performance
data of other users’ current activities that have been determined to also match the segment are

retrieved from a remote segment matching server such as segment matching server 1508.

[00173] At 2404, performance data associated with the user’s current activity so far is
compared with the retrieved data. In some embodiments, the performance data portion of the
associated data recorded by a device such as device 1502 for the user’s current activity is
compared against the retrieved data. Various types of comparisons of the data can be
determined. In some embodiments, the types of comparisons to be made are dictated by a
retrieved set of configured parameters. For example, the performance data associated with
the user’s current activity on the segment can be compared with the user’s own historical
performance data on the same segment (e.g., from previously matched efforts of the user’s).
Also for example, the performance data associated with the user’s current activity on the
segment can be compared with the historical performance data of other users’ on the same
segment (e.g., from previously matched efforts of the those other users). In another example,
the performance data associated with the user’s current activity on the segment can be
compared with the performance data of other users who are concurrently on the same

segment.

[00174] At 2406, a result determined based at least in part on the comparison is
presented. For example, the comparison results can be presented to the user at a user

interface of the device through one or more of graphics, text, video, and audio.

[00175] Below are some examples of real-time feedback data that can be determined
and presented at a device such as device 1502 while a user is still performing an activity or

soon after the user has completed the activity.

[00176] Examples of feedback data determined based on extrapolating the future
performance of the user based on the recorded performance data associated with the user’s

current activity on a segment so far include:
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[00177] “You’re 34 miles into the 80 Paradise Loop route. At your current pace,
you’ll finish in 2:15 hours, at a time of 4:30pm.”

[00178] “You’re about halfway into the Paradise Loop route. At your overall average

pace, you should finish 45 minutes.”

[00179] “You’re about halfway into the Paradise Loop route. At your current average

pace, you should finish 35 minutes.”

[00180] “You’re about halfway into the Paradise Loop route. The average rider

finishes the ride in 45 minutes.”

[00181] Examples of feedback data determined based on comparing the performance
data associated with the user’s current activity on a segment to the user’s historical

performance data on the same segment include:
[00182] “You set a new personal record on Old La Honda by 22 seconds.”

[00183] “You rode your 3" best time on Old La Honda, 13 seconds behind your

personal record set 1 month ago.”

[00184] “You are currently at the halfway point of Old La Honda and you’re 11

seconds ahead of your personal record pace.”

[00185] “You are currently at the halfway point of Old La Honda and you’re 7 seconds

behind your personal recorded pace.”

[00186] Examples of feedback data determined based on comparing the performance
data associated with the user’s current activity on a segment to the historical or concurrent

performance data of other users on the same segment include:

[00187] “You set a new record on Old La Honda, 22 seconds ahead of Mark Shaw’s
previous record.” In this example, the data associated with Mark Shaw is historical and not

concurrent with the user’s current activity on Old La Honda.

[00188] “You moved into 28" place on Old La Honda, 15 seconds behind Aaron
Foster in 27" place.” FIG. 25 is a diagram showing a user interface screenshot of a leader

board associated with the completed efforts on the “Marincello Trail” segment in accordance
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with some embodiments. The example screenshot is associated with an application at a smart
phone device. As shown in the screenshot, various users (Christian Hobbs, Aaron Foster,
Mark Shaw, Jane Mitchell, and Rich Adams) that have completed the segment are ranked in
the leader board based on their respective segment completion times. In the example, the
current user Mark Shaw who has just completed an activity on the segment is to be ranked

after the 27" place holder of Aaron Foster in the leader board.

[00189] “Current Leader Board standings: 1% Mark S. 2™ Chris D., and 3" John D.;
you are currently in 17" place and 4 minutes and 30 seconds behind the leader.” As indicated
in this example, a leader board can be determined for the user and concurrent other users on
the same segment as the user while the user is still performing a physical activity (as opposed
to determining a leader board for the user only after the user has completed a physical

activity).

[00190] “You’re currently 13 seconds ahead of Mark Shaw, who’s 300 meters behind
you.” In this example, the data associated with Mark Shaw is concurrent because Mark Shaw

is also performing an activity on the same segment as the user’s current activity.

[00191] “You’re currently 13 seconds behind Mark Shaw, who’s 300 meters behind of
you.”

[00192] “Mark is 1.0 miles away, he just finished Alpine Dam climb. If you both stay
on the Alpine Dam Mt. Tam Loop route, you’ll catch up with him in 30 minutes at your
current pace.”

[00193] “On the Paradise Loop route, 2 riders are ahead of you on the road: Mark S. by

30 seconds, Chris D. by 45 seconds. 1 rider is behind you: Pan T. at 5 minutes.”

[00194] Examples of feedback data that comprise detected nearby segments (e.g.,
segments that the user is not currently on but are close by) based on comparing the location

information data associated with the user’s current activity to stored segment data include:

[00195] “Mark Shaw is 5.0 miles away. He looks to be about halfway through the

Paradise Loop route. He’s already ridden 16 miles today.”

[00196] “It looks like you discovered a new category 2 climb, with a distance of 1.5

miles and an elevation gain of 1500 ft. Would you like to save this climb and name it?”
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[00197] FIG. 26 is a diagram showing a user interface screenshot of a list of detected
segments (“climbs”) that are proximate to the user’s current location in accordance with some
embodiments. The example screenshot is associated with an application at a smart phone.

As shown in the example, each entry in the list of nearby segments is listed with some of the

segment’s physical descriptions.

[00198] FIG. 27 is a diagram showing a user interface screenshot of a map of detected
segments (“climbs”) that are proximate to the user’s current location in accordance with some
embodiments. The example screenshot is associated with an application at a smart phone. In

the example, the purple pins indicate where each detected segment begins.

[00199] An example of feedback data that comprises sending alerts to a detected

nearby other user is as follows:

[00200] “Mark Shaw is 1.0 miles away. He just finished the Alpine Dam climb. If
you both stay on the Alpine Dam Mt. Tam Loop route, you’ll catch up with him in 30

minutes at your current pace. Would you like to send him an alert to wait?”

[00201] Examples of feedback data that comprise indications regarding meeting up

with nearby users include:

[00202] “Mark S. and Chris D. are waiting for your 10 minutes ahead at the start of the

Paradise Loop route.”

[00203] “Riders within your Favorites Riding Group are on your current segment and

about 5 minutes behind you.”

[00204] An example of feedback data that comprise sending a challenge to a detected

nearby other user is as follows:

[00205] “Mark S. is 1.0 mile away. Would you like to challenge him to a duel on Old

La Honda? His personal best is 22 seconds better than your own. Good luck!”

[00206] Examples of feedback data that comprise indications of the user’s personal

achievements include:

[00207] “You just rode your 100th mile this week, congratulations!”
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[00208] “You just rode your 200th mile this month, congratulations!”

[00209] In some embodiments, parameters configured for a user or device can
determine which feedback data provided for the user should be shared at one or more social
networks (e.g., Facebook). For example, parameters configured prior to the user starting a
physical activity can indicate that, during a user’s physical activity, if a user is currently at the
first position of a leader board for a segment, to post the story to the user’s Facebook’s wall.
For example, to communicate with a third party server such as one that supports the
Facebook platform, a segment matching server such as segment matching server 1508 can
communicate with the Facebook server using appropriate APIs and authentication
information. Once a story is shared at a social network, then friends or other users at the
social network can make a selection with respect to the story (i.e., give the user a virtual
kudos), which in turn may be sent to the device of the user to inform him of the other user’s

selection at the social network, for example.

[00210] In some embodiments, parameters configured for a user can determine
whether real-time progress of the user’s current activity can be viewed by other user(s) and if
so, which other users. For example, at a website associated with the segment matching server
and/or with a third party server such as one that supports a social network, a visual
representation of the user’s current activity can be presented and updated as the user
progresses further along a segment to which the activity had matched. The visual
representation can include markers along a graphical map and/or other data associated with
the user’s performance data on the segment. For example, prior to starting a physical
activity, a user can configure parameters to indicate that he or she would like to share his or
her real-time progress along a matched segment during an activity and also, who would be
able to view the progress. For example, the user can give only certain other users (e.g., the
user’s friends at a social network) permission to view his or her progress during an activity or
the user can select to allow any other users to view his or her progress. In some
embodiments, the other users who have permission to view the user’s real-time progress
along a segment can do so by accessing an appropriate website (e.g., associated with the
segment matching server and/or a social network) using a device (e.g., a mobile device or a
desktop computer) while the user’s activity is still ongoing. In some embodiments, the

viewing users can also make a selection with respect to the user’s real-time progress (i.c.,
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give the user a virtual kudos), which in turn may be sent to the device of the user to inform

him or her of the other user’s selection at the website, for example.

[00211] Although the foregoing embodiments have been described in some detail for
purposes of clarity of understanding, the invention is not limited to the details provided.
There are many alternative ways of implementing the invention. The disclosed embodiments

are illustrative and not restrictive.

[00212] WHAT IS CLAIMED IS:
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CLAIMS

L. A method of providing real-time segment performance information, comprising:
determining a segment associated with a user’s current activity based at least in part
on at least a portion of location information recorded so far; and
communicating real-time segment performance information associated with the user’s

current activity on the segment.

2. The method of claim 1, wherein determining the segment associated with a user’s

current activity includes determining whether the user’s current activity matches the segment.

3. The method of claim 2, wherein determining whether the user’s current activity
matches the segment includes determining whether the at least portion of location

information recorded so far crosses a virtual start line associated with the segment.

4. The method of claim 2, wherein determining whether the user’s current activity
matches the segment includes determining whether the at least portion of location

information recorded so far crosses a portion associated with the segment

5. The method of claim 1, wherein the location information includes global positioning

system (GPS) points and an associated timestamp at each GPS point.

6. The method of claim 1, further comprising receiving user-configurable selections
associated with transmission of data by a device including one or more of the following:
receiving one or more trigger event definitions, receiving a time period definition, and

receiving one or more definitions associated with battery life conservation.

7. The method of claim 1, wherein communicating real-time segment performance

information is based at least in part on feedback data sent to a device.

8. The method of claim 1, wherein communicating real-time segment performance

information is based at least in part on feedback data generated at a device.

9. The method of claim 1, wherein the segment is associated with a user selection of

segments to potentially match.

10. The method of claim 1, further comprising:
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obtaining data associated with one or more segments to potentially match to a device,
wherein the obtained segment data is to be stored locally at the device, and wherein the at
least portion of the location information and other data associated with the user’s current

activity are to be compared at the device to the locally stored data.

11. The method of claim 1, wherein the performance information includes: comparison
results between the performance data associated with the user’s current activity on the

segment and stored historical performance data associated with the segment.

12. The method of claim 11, wherein the stored historical performance data includes data

associated with one or both of the user and another user.

13. The method of claim 1, wherein the performance information includes: comparison
results between the performance data associated with the user’s current activity on the
segment and stored concurrent performance data associated with other users’ current

activities on the segment.

14.  The method of claim 1, further comprising receiving user configurable selections
associated with one or more other users whose performance data is to be compared with the

performance data associated with the user’s current activity.

15.  The method of claim 1, further comprising receiving a user configurable selection
associated with a window of concurrency in which performance data of user activity inside

the window is to be compared against each other.

16. The method of claim 1, further comprising sending at least a portion of the

performance information to a third party operated social network.

17. The method of claim 16, further comprising receiving a response from the third party
operated social network based at least in part on the sent portion of the performance

information.

18. The method of claim 1, further comprising determining a current progress associated

with the user’s current activity on the segment.

19. The method of claim 1, further comprising determining whether another segment is

nearby a current location of the user’s current activity.
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20. A system for providing real-time segment performance information, comprising:
a processor configured to:
determine a segment associated with a user’s current activity based at least in
part on at least a portion of location information recorded so far; and
communicate real-time segment performance information associated with the
user’s current activity on the segment; and
a memory coupled to the processor and configured to provide the processor with

instructions.

21.  The system of claim 20, wherein to determine the segment associated with a user’s

current activity includes determining whether the user’s current activity matches the segment.

22. The system of claim 20, wherein the processor is further configured to receive user-
configurable selections associated with transmission of data by a device including one or
more of the following: receiving one or more trigger event definitions, receiving a time
period definition, and receiving one or more definitions associated with battery life

conservation.

23. The system of claim 20, wherein to communicate real-time segment performance

information is based at least in part on feedback data sent to a device.

24, The system of claim 20, wherein to communicate real-time segment performance

information is based at least in part on feedback data generated at a device.

25. The system of claim 20, wherein the processor is further configured to:

obtain data associated with one or more segments to potentially match to a device,
wherein the obtained segment data is to be stored locally at the device, and wherein the at
least portion of the location information and other data associated with the user’s current

activity are to be compared at the device to the locally stored data.

26. The system of claim 20, wherein the performance information includes: comparison
results between the performance data associated with the user’s current activity on the

segment and stored historical performance data associated with the segment.

27. The system of claim 20, wherein the performance information includes: comparison

results between the performance data associated with the user’s current activity on the
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segment and stored concurrent performance data associated with other users’ current

activities on the segment.

28. The system of claim 20, wherein the processor is further configured to receive user
configurable selections associated with one or more other users whose performance data is to

be compared with the performance data associated with the user’s current activity.

29.  The system of claim 20, wherein the processor is further configured to receive a user
configurable selection associated with a window of concurrency in which performance data

of user activity inside the window is to be compared against each other.

30. A computer program product for providing real-time segment performance
information, the computer program product being embodied in a non-transitory computer
readable storage medium and comprising computer instructions for:

determining a segment associated with a user’s current activity based at least in part
on at least a portion of location information recorded so far; and

communicating real-time segment performance information associated with the user’s

current activity on the segment.
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