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SHARING PHOTOS

CROSS REFERENCE TO RELATED APPLICATIONS
[001] The present application claims priority to U.S. Patent Application No. 13/723,068,

filed on 20 December 2012, which is hereby incorporated by reference in its entirety.

BACKGROUND
[002] Digital cameras have made taking photos easy and convenient, and various
applications have made sharing photos easy and convenient. For example, some applications
enable a person to instantly upload photos to a social network system as photos are captured.
Many people capturing photos of the same object are often positioned in the same or similar
location. Accordingly, in many situations, numerous photos of the same object are captured,

where the photos are substantially the same or are slight variations of each other.

SUMMARY
[003] Implementations generally relate to sharing photos. In some implementations, a
method includes collecting photos associated with one or more objects, where the photos are
collected from a plurality of users. The method also includes collecting attention information
associated with the one or more objects. The method also includes generating an attention
map based on the attention information. The method also includes grouping the one or more
photos into groups of photos based on the attention map. The method also includes causing
the groups of photos to be displayed to a target user based on one or more predetermined
criteria.
[004] With further regard to the method, one or more of the photos are captured using
one or more respective devices that are operable to track a gaze of a user. In some
implementations, the attention information is based on tracking gazes of the plurality of
users. In some implementations, the method further includes enabling the plurality of users
to have access to the groups of photos. In some implementations, at least one group of
photos includes photos of at least one object from different perspectives. In some
implementations, at least one group of photos includes photos that receive a level of attention
that meets a predefined attention threshold. In some implementations, at least one group of
photos includes one or more photos of at least one person who is socially connected to the

target user in a social network. In some implementations, at least one group of photos
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includes photos of at least one object that the target user has captured. In some
implementations, the attention map is based on tracking gazes of one or more of the plurality
of users. In some implementations, the generating of the attention map includes: receiving
gaze information; identifying the one or more objects; associating the gaze information with
each of the one or more objects; and determining an attention value for each of the one or
more objects based on the gaze information.

[005] In some implementations, a method includes collecting photos associated with one
or more objects, where the photos are collected from a plurality of users, and where one or
more of the photos are captured using one or more respective devices that are operable to
track a gaze of a user. In some implementations, the method further includes collecting
attention information associated with the one or more objects, where the attention
information is based on tracking gazes of the plurality of users. In some implementations, the
method further includes generating an attention map based on the attention information. In
some implementations, the method further includes grouping the one or more photos into
groups of photos based on the attention map, where at least one group of photos includes
photos that receive a level of attention that meets a predefined attention threshold. In some
implementations, the method further includes causing the groups of photos to be displayed to
a target user based on one or more predetermined criteria.

[006] In some implementations, a system includes one or more processors, and logic
encoded in one or more tangible media for execution by the one or more processors. When
executed, the logic is operable to perform operations including: collecting photos associated
with one or more objects, where the photos are collected from a plurality of users; collecting
attention information associated with the one or more objects; generating an attention map
based on the attention information; grouping the one or more photos into groups of photos
based on the attention map; and causing the groups of photos to be displayed to a target user
based on one or more predetermined criteria.

[007] With further regard to the system, one or more of the photos are captured using
one or more respective devices that are operable to track a gaze of a user. In some
implementations, the attention information is based on tracking gazes of the plurality of
users. In some implementations, the logic when executed is further operable to perform
operations including enabling the plurality of users to have access to the groups of photos. In
some implementations, at least one group of photos includes photos of at least one object

from different perspectives. In some implementations, at least one group of photos includes
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photos that receive a level of attention that meets a predefined attention threshold. In some
implementations, at least one group of photos includes one or more photos of at least one
person who is socially connected to the target user in a social network. In some
implementations, at least one group of photos includes photos of at least one object that the
target user has captured. In some implementations, the attention map is based on tracking

gazes of one or more of the plurality of users.

BRIEF DESCRIPTION OF THE DRAWINGS
[008] FIG. 1 illustrates a block diagram of an example network environment, which may
be used to implement the implementations described herein.
[009] FIG. 2 illustrates an example simplified flow diagram for sharing photos among
users, according to some implementations.
[0010] FIGS. 3A, 3B, 3C, and 3D illustrate example simplified photos of objects from
different vantage points.
[0011] FIG. 4 illustrates an example diagram of an eye tracking device that tracks the
gaze of a user, according to some implementations.
[0012] FIG. 5 illustrates an example simplified flow diagram for generating an attention
map, according to some implementations.
[0013] FIG. 6 illustrates an example diagram of an attention map, according to some
implementations.
[0014] FIG. 7 illustrates an example simplified flow diagram for grouping photos based
on an attention map, according to some implementations.
[0015] FIG. 8 illustrates a block diagram of an example server device, which may be used

to implement the implementations described herein.

DETAILED DESCRIPTION
[0016] Implementations described herein facilitate the sharing of photos among multiple
people. In various implementations, the system facilitates the sharing of the photos based on
an attention map. For example, the system may group and present collected photos of objects
based on how much attention particular objects have received relative to other objects. This
facilitates the overall photo sharing process among users, in that the system informs users of

how popular particular objects are in the photos.
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[0017] In some implementations, the system collects photos from multiple users, where
one or more of the photos are captured using one or more respective devices that are operable
to track a gaze of a user. The system then collects attention information associated with the
one or more objects, where the attention information is based on tracking gazes of the users.
The system then generates an attention map based on the attention information. In various
implementations, the attention map shows how much attention particular objects have
received relative to other objects.

[0018] As indicated above, the system facilitates the sharing of the photos based on an
attention map. More specifically, the system groups one or more photos into various groups
of photos based on how much attention particular objects have received relative to other
objects. Tor example, the system may group photos based on different levels of attention that
objects have received. In some implementations, the system may group photos of objects that
have received a particular level of attention from one or more people with whom a target user
is socially connected in a social network. In some implementations, the system displays
groups of photos to the target user based on various criteria associated with attention levels.
The system then enables the target user to have access to the groups of photos.

[0019] FIG. 1 illustrates a block diagram of an example network environment 100, which
may be used to implement the implementations described herein. In some implementations,
network environment 100 includes a system 102, which includes a server device 104 and a
social network database 106. The term system 102 and phrase “social network system” may
be used interchangeably. Network environment 100 also includes client devices 110, 120,
130, and 140, which may communicate with each other via system 102 and a network 150.
[0020] For ease of illustration, FIG. 1 shows one block for each of system 102, server
device 104, and social network database 106, and shows four blocks for client devices 110,
120, 130, and 140. Blocks 102, 104, and 106 may represent multiple systems, server devices,
and social network databases. Also, there may be any number of client devices. In other
implementations, network environment 100 may not have all of the components shown
and/or may have other elements including other types of elements instead of, or in addition
to, those shown herein.

[0021] In various implementations, users U1, U2, U3, and U4 may communicate with
each other using respective client devices 110, 120, 130, and 140. Users U1, U2, U3, and U4
may also use respective client devices 110, 120, 130, and 140 to take photos. In various

implementations, client devices 110, 120, 130, and 140 may include any types of electronic
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devices such as mobile phones (e.g., smart phones), tablets, notebook computers, desktop
computers, digital cameras, etc. Such client devices 110, 120, 130, and 140 that are not
dedicated digital cameras may include integrated digital cameras.

[0022] In various implementations, system 102 may utilize an eye tracking device for
collecting attention information, where the eye tracking device may be used in conjunction
with a camera device, which may be a dedicated digital camera or a digital camera integrated
with an electronic device (e.g., any of client devices 110, 120, 130, 140, etc.). The eye
tracking device may itself be integrated with any one or more of client devices 110, 120, 130,
140, etc. As described in more detail below, such an eye tracking device may be any suitable
eye tracking device that measures eye positions such as the point of gaze (e.g., the user's line
of sight) and/or measures eye movement.

[0023] In some implementations, client devices 110, 120, 130, and 140 may include
wearable computing devices, including any hands-free devices. For example, in some
implementations, one or more client devices may include devices that operate with a head-
mounted camera, head-mounted eye tracking device, and/or head-mounted display.

[0024] FIG. 2 illustrates an example simplified flow diagram for sharing photos among
users, according to some implementations. Referring to both FIGS. 1 and 2, a method is
initiated in block 202, where system 102 collects photos associated with one or more objects,
where the photos are collected from multiple users. For example, system 102 may collect
photos of the same object from many different people, from many different vantage points.
[0025] FIGS. 3A, 3B, 3C, and 3D illustrate example simplified photos of objects from
different vantage points. FIG. 3A shows two pyramids 304 and 306 in a desert setting. FIG.
3B shows the same two pyramids 304 and 306 from a further distance as shown in FIG. 3A.
FIG. 3B also shows a tree 302. FIGS. 3C and 3D show two pyramids 304 and 306 from
different vantage points.

[0026] For ease of illustration, FIGS. 3A, 3B, 3C, and 3D show four different vantages
points, and these vantage points are significantly distinct. Many other vantage points are
possible, depending on the particular scenario. Furthermore, many people capturing photos
of the same object are often positioned in the same or similar location. For example, two
people could be standing next to each other while capturing photos of the same object. In
another example, two people could take turns standing in the same spot to capture photos of
the same object. Accordingly, in many situations, numerous photos of the same object are

substantially the same or slight variations of each other. Such variations in photos may be
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due to gaze differences (e.g., differences in height among people, etc.), camera differences
(e.g., differences in quality, settings, etc.), lighting differences (e.g., differences in time of
day, weather, etc.), background and environmental differences (e.g., variations in the sky,
clouds, airplanes, etc.), foreground differences (e.g., people, friends, family, etc.), etc.

[0027] In block 204, system 102 collects attention information associated with the one or
more objects. The one or more objects may be set in any given visual context. For example,
a given object may be a pyramid in a desert setting, as shown in the examples of FIGS. 3A,
3B, 3C, and 3D. Other examples may include a statue in a plaza, a particular person'’s face in
a group of people, etc.

[0028] In various implementations, attention information characterizes the attention (e.g.,
focus, fixation points, etc.) of a given user with respect to a particular object during any given
point in time. In various implementations, attention information may include any
combination of attention values, attention parameter values, and gaze information, which are
described in more detail below.

[0029] In some implementations, gaze information may include various gaze parameter
values associated with pitch, yaw, roll, line of sight, field of view, etc. In various
implementations, one or more of the photos are captured using one or more respective
devices that are operable to track the gaze (e.g., line of sight) of a user. Devices that are
operable to track a gaze facilitate system 102 in determining values of gaze parameters such
as pitch, yaw, roll, line of sight, field of view, etc. For example, a given device while
capturing photos may also capture gaze information. Such an eye tracking device may be any
suitable eye tracking device that measures the point of gaze (e.g., the user's line of sight).
Example implementations of a device that is operable to track the gaze of a user are described
in more detail below in connection with FIG. 4.

[0030] For ease of illustration, some implementations are described herein in the context
of the gaze of a single user. These implementations and others also apply to gazes of
multiple users. For example, for a given object (e.g., a pyramid), system 102 may track, log,
and aggregate the gaze information of multiple users. As such, in some implementations,
attention information is based on tracking gazes of one or more users. Example
implementations involving attention information are described in detail below in connection
with FIG. 5.

[0031] In block 206, system 102 generates an attention map based on the attention

information. The attention map shows how much attention particular objects have received
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relative to other objects. In various implementations, the attention map is based on various
aspects of attention information. For example, the attention map may be based on tracking
gazes of one or more of the users relative to one or more objects (e.g., gaze information),
and/or based on any other aspect of attention information such as attention values, attention
parameter values, etc.). Example implementations directed to generating an attention map
are described in more detail below in connection with FIG. 5.

[0032] In block 208, system 102 groups the one or more photos into groups of photos
based on the attention map. For example, system 102 may group photos of a given object
(e.g., a monument) or portion of an object that is popular among tourists (e.g., receiving high
attention from different people). Example implementations directed to grouping photos into
groups of photos based on an attention map are described in more detail below in connection
with FIG. 7.

[0033] In block 210, system 102 causes the groups of photos to be displayed to a target
user based on one or more predetermined criteria. For example, system 102 may cause the
groups of photos to be displayed on the display screen of the user's mobile device. In various
implementations, the criteria may be based on attention thresholds. For example, in some
implementations, system 102 may display groups of photos of objects that have an attention
level that meets a predetermined attention threshold. In other words, system 102 may display
to the target user groups of the most popular photos. In another example, the criteria may be
based on social network aspects. For example, in some implementations, system 102 may
display to the target user groups of photos taken by users who are socially connected to the
target user. In another example, the criteria may be based on objects themselves. For
example, system 102 may display groups of photos showing objects that the target user has
also captured in photos. In various implementations, system 102 enables users to have access
to the groups of photos, where a given target user may view different groups of photos to
select photos to access.

[0034] FIG. 4 illustrates an example diagram of an eye tracking device 400 that tracks the
gaze of a user, according to some implementations. In some implementations, eye tracking
device 300 may be positioned in the head area of the user. For example, as shown, eye
tracking device 300 may be positioned relatively close to an eye of the user.

[0035] In various implementations, eye tracking device 400 may use suitable eye tracking
technologies, including any suitable eye-tracking hardware components and algorithms, to

measure eye positions and eye movement. For example, eye tracking device 400 may use
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any suitable eye tracking technologies to measure the gaze of the user (e.g., the user's line of
sight) or the motion of an eye relative to the head. For example, eye tracking device 400 may
use a laser and laser technology to measure eye positions and eye movement relative to
objects in the environment.

[0036] In some implementations, eye tracking device 400 may track the gaze of the user
by tracking one or more parameters such as pitch, yaw, roll, line of sight, field of view, etc.
FIG. 4 shows a pitch axis, yaw axis, and roll axis to illustrate how eye tracking device 400
may move depending on eye movement and/or head movement of the user, as the attention
that the user places on particular objects would influence and correlate to both eye movement
and head movement of the user.

[0037] FIG. 4 shows example objects 302, 304, and 306, where object 302 is a tree,
object 304 is a large pyramid, and object 306 is a small pyramid. As shown, objects 302,
304, and 306 are in user's line of site 408 and in the user's field of view 410. For ease of
illustration, FIG. 4 shows three objects 302, 304, and 306. Any given scene in the user's field
of view 410 may include any number of objects, including people.

[0038] In some implementations, system 102 may receive gaze information (e.g.,
parameter values associated with tracked parameters) directly from eye tracking device 400
or from any other one or more suitable storage locations. For example, in some
implementations, eye tracking device 400 may send gaze information to system 102 as the
user gazes at particular objects. In some implementations, when used with a camera device,
eye tracking device 400 may send gaze information to system 102 as a camera device sends
photos to system 102 (e.g., as the photos are captured). In some implementations, eye
tracking device 400 may store gaze information local to the user's client device (e.g., if used
with a dedicated digital camera, or if used with a mobile phone or other electronic device that
has an integrated digital camera, etc.).

[0039] FIG. 5 illustrates an example simplified flow diagram for generating an attention
map, according to some implementations. Referring to FIGS. 1, 4, and 5, a method is
initiated in block 502, where system 102 receives gaze information. In some
implementations, the gaze information associated with a given user may also be referred to as
the gaze pattern of the user, or the gaze of the user. As indicated above, the gaze information
may include one or more parameter values associated with gaze parameters such as pitch,

yaw, roll, line of sight, field of view, etc.
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[0040] In some implementations, where photos are provided by users and where the
photos are associated with the gaze information, system 102 may also associate geotags with
both the photos and gaze information. System 102 may include such geotags in the gaze
parameters. In some implementations, where photos are not provided, system 102 may
include geographical coordinates from gaze information, and include such geographical
coordinates with the gaze parameters

[0041] In block 504, system 102 identifies objects based on the gaze information. In
some implementations, system 102 may receive one or more photos of one or more objects.
System 102 may then identify objects in each photo via any suitable object identification
algorithm.

[0042] In some implementations, system 102 may also recognize the identified objects.
For example, after system 102 identifies an object such as a monument or face, system 102
may then apply a suitable recognition algorithm to recognize an identity associated with the
particular object (e.g., monument or particular person). Example implementations directed to
object recognition are described in more detail below.

[0043] In some implementations, system 102 may receive gaze information
independently of photos being captured. In some implementations, system 102 may also
identify a given object based on the gaze information even before the user captures a photo of
the object or even if the user does not ultimately capture a photo of the object. Accordingly,
system 102 may capture gaze information even if the user is not concurrently capturing
photos. In various implementations, system 102 may track only gaze information without
recognizing which user is providing the gaze information. In other words, gaze information
may be anonymous. In some implementations, a given user may want system 102 to
recognizing the given user as the user providing the gaze information in order to enable
system 102 in providing individual and/or customized services for the user. As described in
more detail below, system 102 enables users to specify and/or consent to the use of personal
information, including gaze information.

[0044] In block 506, system 102 associates the gaze information with each of the one or
more objects receiving the attention of the user. For example, in some implementations, the
gaze information (e.g., the combination of gaze parameter values) characterizes the gaze of
the user. System 102 may determine, from the gaze information, fixation points on one or

more objects in a given photo, including fixation points at particular portions of such objects.
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[0045] Note that a photo need not necessarily be provided by the user associated with the
gaze information. System 102 may determine an appropriate photo based on geolocation
information, other photos provided by the user associated with the gaze information, etc. In
some implementations, where system 102 aggregates gazes from multiple users, system 102
may associate the gaze information from the different users with the same one or more
objects. For example, referring to FIG. 4, if multiple users gaze at object 304, system 102
may associate the gaze information associated with all of such users with the same object
304.

[0046] In block 508, system 102 determines an attention value for each of the one or
more objects based on the gaze information. In some implementations, the attention value
may be based on one or more attention parameter values. Such attention parameters may
include, for example, the amount of time a given user gazed at a given object. In some
implementations, such attention parameters have corresponding attention subvalues that
system 102 may aggregate in order to derive a given attention value. In various
implementations, the phrase “attention parameter value” may be use interchangeably with the
phrase “attention subvalue.”

[0047] In some implementations, system 102 may assign an attention subvalue that is
proportional to the total amount of time that the user gazed at the object. For example,
system 102 may assign a higher attention subvalue if the user gazed at the object for 10
minutes versus only 2 minutes.

[0048] In some implementations, system 102 may assign an attention subvalue that is
proportional to the total number of times that the user gazed at a given object. For example,
system 102 may assign a higher attention subvalue if the user gazed at the object 5 different
times versus a single time.

[0049] In some implementations, system 102 may assign an attention subvalue that is
proportional to the total size and/or percentage of a given object at which the user gazed. For
example, system 102 may assign a higher attention subvalue if the user gazed at 75% of the
object versus 25% of the object.

[0050] In some implementations, system 102 may assign an attention subvalue that is
proportional to the total number of people who gazed at a given object. For example, system
102 may assign a higher attention subvalue if 1,000 people gazed at the object versus 5
people. Other attention parameters are possible, and the particular number of attention

parameters and the types of parameters will depend on the particular implementation.
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[0051] In block 510, system 102 generates an attention map based on the attention values.
As indicated above, the attention map may be based on attention information in that the
attention information may in turn be based on attention values. An example attention map is
described in more detail below in connection with FIG. 6.

[0052] FIG. 6 illustrates an example diagram of an attention map 600, according to some
implementations. As indicated above, an attention map shows how much attention particular
objects have received relative to other objects. As shown, objects 302, 304, and 306 are
shown with Xs overlaid, where the number of Xs is proportional to the attention value. In
some implementations, objects 302, 304, and 306 may each be shown with an actual attention
value. For example, as shown in this example implementation, object 302 has an attention
value of 9, object 304 has an attention value of 97, and object 306 has an attention value of
85. The range of attention values may vary (e.g., 0 to 1.0; 0 to 100; 1 to 1,000, etc.), and the
particular range and/or numbering scheme will depend on the particular implementation.
[0053] In some implementations, system 102 may assign a color to each object, where the
particular color may correspond to the size of the attention value. For example, an object
associated with yellow may have a relatively higher attention value than an object associated
with blue; an object associated with orange may have a relatively higher attention value than
an object associated with yellow; an object associated with red may have a relatively higher
attention value than an object associated with orange. The particular color scheme will vary,
depending on the particular implementation.

[0054] FIG. 7 illustrates an example simplified flow diagram for grouping photos based
on an attention map, according to some implementations. As described in more detail below,
system 102 group photos into various groups of photos based on the attention map in order to
facilitate users in sharing photos with each other.

[0055] In some implementations, a method is initiated in block 702, where system 102
determines one or more attention thresholds. System 102 may associate predetermined
attention thresholds proportionally with levels of attention. For example, system 102 may
associate a relatively lower attention threshold with a relatively lower level of attention.
Conversely, system 102 may associate a relatively higher attention threshold with a relatively
higher level of attention. The actual number of predetermined thresholds may vary, and will

depend on the particular implementation.
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[0056] In block 704, system 102 determines an attention value for each of the one or
more objects. Various implementations directed to attention values are described above in
connection with FIG. 5.

[0057] In block 706, system 102 compares the attention value for each object against one
or more predetermined attention thresholds.

[0058] In block 708, system 102 determines if the attention value for each object meets
one or more of the predetermined attention thresholds. In some implementations, an attention
value meets a given attention threshold if the attention value is greater than the attention
threshold. In some implementations, an attention value meets a given attention threshold if
the attention value is greater than or equal to the attention threshold. Also, a given attention
value may meet multiple attention thresholds. In some implementations, system 102 may
associate the attention value with the highest attention threshold met for the purposes of
grouping photos for sharing among users. The particular criteria for meeting an attention
threshold may vary and will depend on the particular implementation.

[0059] In block 710, system 102 groups the photos based on the attention map. More
specifically, system 102 groups one or more photos into various groups of photos based on
how much attention particular objects have received relative to other objects. In some
implementations, system 102 may group photos based on different levels of attention that
objects in the photos have received. For example, a given group of photos may include
photos that receive a level of attention that meets a first predefined attention threshold (e.g.,
very popular). Another group of photos may include photos that receive a level of attention
that meets a second predefined attention threshold (e.g., somewhat popular).

[0060] In some implementations, system 102 may group photos of one or more objects
that have received a particular level of attention, where the photos show the one or more
objects from different perspectives. In some implementations, the system may group photos
of objects that have received a particular level of attention from one or more people with
whom the target user is socially connected in a social network.

[0061] In some implementations, the system may group photos of objects that have
received a particular level of attention, where the photos include objects that the target user
has captured in photos.

[0062] In various implementations, system 102 may create multiple predetermined
attention thresholds corresponding with multiple levels of attention (e.g., levels of popularity)

among users. As such, system 102 may group photos into different groups associated with
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different levels of popularity for the user to consider when accessing photos. As a result,
system 102 enables users to access a large pool of photos of the same object(s) based on
various attention levels associated with the object(s).

[0063] Although the steps, operations, or computations described herein may be
presented in a specific order, the order may be changed in particular implementations. Other
orderings of the steps are possible, depending on the particular implementation. In some
particular implementations, multiple steps shown as sequential in this specification may be
performed at the same time. Also, some implementations may not have all of the steps
shown and/or may have other steps instead of, or in addition to, those shown herein.

[0064] While system 102 is described as performing the steps as described in the
implementations herein, any suitable component or combination of components of system
102 or any suitable processor or processors associated with system 102 may perform the steps
described.

[0065] In various implementations, system 102 may utilize a variety of recognition
algorithms to recognize faces, landmarks, objects, etc. in photos. Such recognition
algorithms may be integral to system 102. System 102 may also access recognition
algorithms provided by software that is external to system 102 and that system 102 accesses.
[0066] In various implementations, system 102 enables users to specify and/or consent to
the use of personal information. Use of personal information may include, for example,
system 102 using their faces in photos or using their identity information in recognizing
people identified in photos, and may also include system 102 tracking the gaze of a user even
when the user is not capturing photos. In some implementations, system 102 may provide
users with multiple selections directed to specifying and/or consenting to the use of personal
information. For example, selections with regard to specifying and/or consenting may be
associated with individual photos, all photos, individual photo albums, all photo albums, etc.
The selections may be implemented in a variety of ways. For example, system 102 may
cause buttons or check boxes to be displayed next to various selections. In some
implementations, system 102 enables users to specify and/or consent to the use of using their
photos for facial recognition in general. Example implementations for recognizing faces and
other objects are described in more detail below.

[0067] In various implementations, system 102 obtains reference images of users, where
each reference image includes an image of a face that is associated with a known user. The

user is known, in that system 102 has the user's identity information such as the user's name
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and other profile information. In some implementations, a reference image may be, for
example, a profile image that the user has uploaded. In some implementations, a reference
image may be based on a composite of a group of reference images.

[0068] In some implementations, to recognize a face in a photo, system 102 may compare
the face (i.e., image of the face) and match the face to reference images of users. Note that
the term “face” and the phrase “image of the face” are used interchangeably. For ease of
illustration, the recognition of one face is described in some of the example implementations
described herein. These implementations may also apply to each face of multiple faces to be
recognized.

[0069] In some implementations, system 102 may search reference images in order to
identify any one or more reference images that are similar to the face in the photo. In some
implementations, for a given reference image, system 102 may extract features from the
image of the face in a photo for analysis, and then compare those features to those of one or
more reference images. For example, system 102 may analyze the relative position, size,
and/or shape of facial features such as eyes, nose, cheekbones, mouth, jaw, etc. In some
implementations, system 102 may use data gathered from the analysis to match the face in the
photo to one more reference images with matching or similar features. In some
implementations, system 102 may normalize multiple reference images, and compress face
data from those images into a composite representation having information (e.g., facial
feature data), and then compare the face in the photo to the composite representation for
facial recognition.

[0070] In some scenarios, the face in the photo may be similar to multiple reference
images associated with the same user. As such, there would be a high probability that the
person associated with the face in the photo is the same person associated with the reference
images.

[0071] In some scenarios, the face in the photo may be similar to multiple reference
images associated with different users. As such, there would be a moderately high yet
decreased probability that the person in the photo matches any given person associated with
the reference images. To handle such a situation, system 102 may use various types of facial
recognition algorithms to narrow the possibilities, ideally down to one best candidate.

[0072] For example, in some implementations, to facilitate in facial recognition, system
102 may use geometric facial recognition algorithms, which are based on feature

discrimination. System 102 may also use photometric algorithms, which are based on a
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statistical approach that distills a facial feature into values for comparison. A combination of
the geometric and photometric approaches could also be used when comparing the face in the
photo to one or more references.

[0073] Other facial recognition algorithms may be used. For example, system 102 may
use facial recognition algorithms that use one or more of principal component analysis, linear
discriminate analysis, elastic bunch graph matching, hidden Markov models, and dynamic
link matching. It will be appreciated that system 102 may use other known or later developed
facial recognition algorithms, techniques, and/or systems.

[0074] In some implementations, system 102 may generate an output indicating a
likelihood (or probability) that the face in the photo matches a given reference image. In
some implementations, the output may be represented as a metric (or numerical value) such
as a percentage associated with the confidence that the face in the photo matches a given
reference image. For example, a value of 1.0 may represent 100% confidence of a match.
This could occur, for example, when compared images are identical or nearly identical. The
value could be lower, for example 0.5 when there is a 50% chance of a match. Other types of
outputs are possible. For example, in some implementations, the output may be a confidence
score for matching.

[0075] For ease of illustration, some example implementations described herein have
been described in the context of a facial recognition algorithm. Other similar recognition
algorithms and/or visual search systems may be used to recognize objects such as landmarks,
logos, entities, events, etc. in order to implement implementations described herein.

[0076] Implementations described herein provide various benefits. For example,
implementations described herein provide users with a large pool of photos for a given
object. Implementations also increase the size of the pool and evolve the pool by guiding
users to capture particular photos based on an attention map.

[0077] FIG. 8 illustrates a block diagram of an example server device 800, which may be
used to implement the implementations described herein. For example, server device 800
may be used to implement server device 104 of FIG. 1, as well as to perform the method
implementations described herein. In some implementations, server device 800 includes a
processor 802, an operating system 804, a memory 806, and an input/output (I/O) interface
808. Server device 800 also includes a social network engine 810 and a media application

812, which may be stored in memory 806 or on any other suitable storage location or
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computer-readable medium. Media application 812 provides instructions that enable
processor 802 to perform the functions described herein and other functions.

[0078] For ease of illustration, FIG. 8 shows one block for each of processor 802,
operating system 804, memory 806, I/O interface 808, social network engine 8§10, and media
application 812. These blocks 802, 804, 806, 808, 810, and 812 may represent multiple
processors, operating systems, memories, I/O interfaces, social network engines, and media
applications. In other implementations, server device 800 may not have all of the
components shown and/or may have other elements including other types of elements instead
of, or in addition to, those shown herein.

[0079] Although the description has been described with respect to particular
embodiments thereof, these particular embodiments are merely illustrative, and not
restrictive. Concepts illustrated in the examples may be applied to other examples and
implementations.

[0080] Note that the functional blocks, methods, devices, and systems described in the
present disclosure may be integrated or divided into different combinations of systems,
devices, and functional blocks as would be known to those skilled in the art.

[0081] Any suitable programming languages and programming techniques may be used
to implement the routines of particular embodiments. Different programming techniques
may be employed such as procedural or object-oriented. The routines may execute on a
single processing device or multiple processors. Although the steps, operations, or
computations may be presented in a specific order, the order may be changed in different
particular embodiments. In some particular embodiments, multiple steps shown as sequential
in this specification may be performed at the same time.

[0082] A “processor” includes any suitable hardware and/or software system, mechanism
or component that processes data, signals or other information. A processor may include a
system with a general-purpose central processing unit, multiple processing units, dedicated
circuitry for achieving functionality, or other systems. Processing need not be limited to a
geographic location, or have temporal limitations. For example, a processor may perform its

LYY

functions in “real-time,” “offline,” in a “batch mode,” etc. Portions of processing may be
performed at different times and at different locations, by different (or the same) processing
systems. A computer may be any processor in communication with a memory. The memory

may be any suitable processor-readable storage medium, such as random-access memory
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(RAM), read-only memory (ROM), magnetic or optical disk, or other tangible media suitable

for storing instructions for execution by the processor.
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CLAIMS

What is claimed is:
1. A method comprising:

collecting photos associated with one or more objects, wherein the photos are
collected from a plurality of users, and wherein one or more of the photos are captured using
one or more respective devices that are operable to track a gaze of a user;

collecting attention information associated with the one or more objects, wherein the
attention information is based on tracking gazes of the plurality of users;

generating an attention map based on the attention information;

grouping the one or more photos into groups of photos based on the attention map,
wherein at least one group of photos includes photos that receive a level of attention that
meets a predefined attention threshold; and

causing the groups of photos to be displayed to a target user based on one or more

predetermined criteria.

2. A method comprising:

collecting photos associated with one or more objects, wherein the photos are
collected from a plurality of users;

collecting attention information associated with the one or more objects;

generating an attention map based on the attention information;

grouping the one or more photos into groups of photos based on the attention map;
and

causing the groups of photos to be displayed to a target user based on one or more

predetermined criteria.
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3. The method of claim 2, wherein one or more of the photos are captured using one or

more respective devices that are operable to track a gaze of a user.

4. The method of claim 2, wherein the attention information is based on tracking gazes

of the plurality of users.

5. The method of claim 2, further comprising enabling the plurality of users to have

access to the groups of photos.

6. The method of claim 2, wherein at least one group of photos includes photos of at

least one object from different perspectives.

7. The method of claim 2, wherein at least one group of photos includes photos that

receive a level of attention that meets a predefined attention threshold.

8. The method of claim 2, wherein at least one group of photos includes one or more

photos of at least one person who is socially connected to the target user in a social network.

0. The method of claim 2, wherein at least one group of photos includes photos of at

least one object that the target user has captured.

10. The method of claim 2, wherein the attention map is based on tracking gazes of one or

more of the plurality of users.

11. The method of claim 2, wherein the generating of the attention map comprises:
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receiving gaze information;

identifying the one or more objects;

associating the gaze information with each of the one or more objects; and
determining an attention value for each of the one or more objects based on the gaze

information.

12. A system comprising:

one or more processors; and

logic encoded in one or more tangible media for execution by the one or more
processors and when executed operable to perform operations comprising:

collecting photos associated with one or more objects, wherein the photos are
collected from a plurality of users;

collecting attention information associated with the one or more objects;

generating an attention map based on the attention information;

grouping the one or more photos into groups of photos based on the attention map;
and

causing the groups of photos to be displayed to a target user based on one or more

predetermined criteria.

13. The system of claim 12, wherein one or more of the photos are captured using one or

more respective devices that are operable to track a gaze of a user.
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14. The system of claim 12, wherein the attention information is based on tracking gazes

of the plurality of users.

15. The system of claim 12, wherein the logic when executed is further operable to

perform operations comprising enabling the plurality of users to have access to the groups of

photos.

16. The system of claim 12, wherein at least one group of photos includes photos of at

least one object from different perspectives.

17. The system of claim 12, wherein at least one group of photos includes photos that

receive a level of attention that meets a predefined attention threshold.

18. The system of claim 12, wherein at least one group of photos includes one or more

photos of at least one person who is socially connected to the target user in a social network.

19. The system of claim 12, wherein at least one group of photos includes photos of at

least one object that the target user has captured.

20. The system of claim 12, wherein the attention map is based on tracking gazes of one

or more of the plurality of users.
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