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METHODS AND APPARATUS FOR FALSE POSITIVE MINIMIZATION IN
FACIAL RECOGNITION APPLICATIONS

Cross-Reference to Related Application

{1001 This application claims priority to and the benefit of U S, Provisional Application
Serial No. 62/244,419, filed October 21, 2015, and entitled “"METHODS AND APPARATUS
FOR  FALSE  POSITIVE  MINIMIZATION IN  FACIAL  RECOGNITION
APPLICATIONS.” The entire contents of the aforementioned application are herein

expressly incorporated by reference.

Rackground

{1662} The embodiments descrnibed herein relate generally to facial recogmition and vidso
analytics, and more particolarly, to apparatus and methods for {alse positive minimization

facial recognition applications.

{1003} Increases in the availability and capability of clectronic devices such as cameras,
tablets, smartphones, eic. have allowed some people to take pictures and/or capture video of
their expeniences. For example, the jnclusion and mmprovement of cameras in smartphones,
tablets, and/or other similar devices have led to increases m those devices being used to take
pictures {e.g., photographic data, mmage data, ¢tc.) and videos {(e.g., video stream data}.
While, i has become casier for some people to take pictures and/or videos of their
gxperiences, i some instances, there can still be challenges m mcloding the desired partics
(including the person who would otherwise be taking the picture or video) Morsover, a
person gencrally has to remember and/or have the chance to take the picture and/or video,

and failing to do can result in a lost opportumnty.

{1084] In some mstances, venues and/or events such as sporting events, concerts, rallies,
gracuations, and/or the like have cameras that can take pictores and/or video of those in
attendance. In some instances, however, analvzing, parsing, and/or otherwise making the
pictures and/or video stream availabic can use a relatively large amount of resources, can be
maceurate, and/or can fail to provide associated contexiual data or the bke  More

specifically, i some mstances, it can be difficult to venfy that a particular person detected
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a picture, was actually i the location captired 1 the picture, due to false positives obtained

from using facial recognition alone to dentify people in pictures.

| 1008) Thus, a need exists for tuproved apparatus and methods for using contextual and

location data for roininuzing false positives at, for example, public events.

Summnary

{L006] In some mmplementations, ao apparatus can include a memory and a processor
operatively coupled to the memory. The processor can, at a first time, receive location data
from a user devicg, and can store the location data in a user profile data structure. The user
profife data structure can include facial recognition data of a user of the wvser deviee
associated with the user based on at least one of two~dimensional facial recognition analviics,
three-dimensional facial recognition amalvtics, or convolutional neural nets {CNN}. The
PEOCESSOr can recetve, at a second time different from the first time, at keast one image from
an image capture device. The processor can identify a location based at least in part on a sot
of characteristics within the received at least one fmage, and can retrieve, from a database,
multiple of user profile data structures mchuding the user profile data stracture. The processor
can, for cach oser profile data strocture from the multiple user profile data structures,
compare location data 1 that user profile data structure to the location. The processor can,
when the location data of the user profile data structure and the location are within a
predetermined distance of each other. determune whether the user associated with the user
profile data structure can be identified m the at least one image. For example, the processor
can analvze the at least one 1mage with respect to the facial recogrition data of the user based
on at least one of the two-dimensional facial rocognition analviics, the three-dimensional
facial recognition analytics, or the UNN to identify a facial recognition confidence score. The
processor can then associate the at least one image with the user profile data structure based

on the facial recognition confidence score meeting a predetermined eriterion.

Srief Description of the Drawings
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{1667} FIG. 1A 1s a schematic dlustration of a recognition system according (o an

embodiment.

1008] FIG. 1B is a schematic iilustration of a recoguition systent according to another

embodiment.

{1609] FIG. 2 is a schematic illustration of a host device mcluded in the recognition

systern of FIG. 1

[1610] FIG. 3 13 a flowchart dlustrating a method of using a video recogaition systom

according 1o an embodunent.

{1011} FIG. 4 18 a flowchart iliusirating a method of using a video recognition system

according to another embodiment.

{1612} FIG. 5 15 a dlustration of an image capture dovice capturing contextual

mformation in media, according to an embodiment.

{1013} FIG. 6 15 a logic flow diagram tHustrating using contextual information in media,

and location data, to identify a user in the media, according to an embodiment.

Detailed Description

[1014] in some mmplementations, an apparatus can inclode a memory and a progessor
operatively coupled to the memory. The processor can, at a first time, receive location data
from a user device, and can store the location data 1 a user profile data stracture. The user
profile data structure can inclode facial recogaition data of a user of the user dovice
associated with the user based on at least one of two-dimensional facial recognition analviics,
three~dimensional facial recognition analyuies, or convolutional neural nets (ONN). The
processor can receive, at a second time different from the first time, at keast one 1mage from
an image capiure device. The processor can identify a location based at least in part on a set
of charactenistics within the received at lcast one mmage, and can retrieve, from a database,
multiple user protile data structures including the user profile data structure. The processor
can, for cach wser profile data structure from the multiple user profile data stroctures,
compare location data in that user profile data structure to the loecation, The processor can,

when the location data of the user profile data structure and the location are within a

(%
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predetermined distance of each other, determing whether the user associated with the user
profile data structure can be identified i the at least one image. For example, the processor
can analvze the at least one image with respect to the facial recognition data of the user based
on at least one of the two-dimensional facial recognition analviics, the three-dimensional
facial recognition analytics, or the CNN to identify a facial recognition confidence score. The
processor can then associate the at least one tmage with the user profile data strnucture based

on the facial recoguition confidence score meeting a predetermuned criterion

{1015] The embodiments described herein relate o detecting a user in media based on
facial recogmition data and location information.  In some embodiments, a method of image
analysis includes receiving, at a host deviee and from a chent device via a network, a signal
mdicative of user check-ins at a location. The user can check in via her mobile device. An
mnage capture device can capture media {e.g., photographs, videos, audio, and/or similar
content) that may include the user. The host device can use the scenery and/or other
background mformation in the media {¢.g., after processing the media via fmage processing
techniques) to determine a particular tocation at which the media was captured. The host
device can also recetve location mformation for the mmage capture deviee, e.g., to vendy the
location of the image capture device and/or the location the media detocts. The host device
can match the location detected m the media, with focation data of users who have checked
i, to deternune which users have checked mn at a location close to where the media was
captured. The host device can then perform image processing on the media {o determine
whether the users who checked in close to the location in the media appear in the media. The
host device can send notifications to users who the host device detects in the media. {n thus
manner, the host device can reduce the number of users to search for m a particular media
file, and reduce false positives by tying both the user’s location and the user’s appearance {0

the data obtained from the media..

{1616} As used o this specification, the smngular forms “a,” “an”™ and “the” mnclade plaral
referents unless the context clearly dictates otherwise.  Thus, for example, the term “a
module” 18 mtended to mean a single wodule or a combimation of modules, “a network” 18

B

mitended to mean one or more networks, or a combination thereof

{1617} As used heremm the term “module” refers (o any assembly and/or set of
operatively-coapled clectrical components that can include, for example, a memory, a

processor, electrical traces, optical connectors, software {executing in hardware), and/or the
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hke. For example, a module executed in the processor can be any combination of hardware-
based module {c.g., a ficld-programmable gate array (FPGA), an application specific
mtegrated circuit (ASIC), a digital signal processor {BSPY) and/or software-based madule
{c.g., a module of computer code stored 1n memory and/or executed at the processor) capable

of performing one or more specific functions associaied with that module.

{1618§] The embodiments and methods described herein can use facial recognition data to
{1} search for one or more mnages of a registered user {e.g., a person who’s facial recognition
data 1s predetermined) 1n a video stream and (2} provide a video stream inchiding contextual
data to a chent device associated with the user {¢.g., a smariphone, tablet, computer, wearable
glectronig device, ¢tc.}. Facial recognition generally mnvolves analyzing one or more images
of a person’s face to deteomine, for example, salient features of his or ber facial structure
{c.g., chockbones, chin, cars, eves, jaw, nose, hairline, ¢t} and then defining a qualitative
and/or quantitative data set associated with and/or otherwise representing the salient features,
One approach, for cxample, includes extracting date associated with salient features of a
person’s face and defiung a data st including gorometric and/or coordinate based information
{c.g., a three dimensional (3-I3} analvsis of facial recognition data).  Another approach, for
example, inchudes distitiing 1mage data mto qualitative values and comparing those values o
templates or the ke (o.g., a two dimensional (2-D) analysis of facial recogmition data). In
some 1nstances, another approach can nclude any suitable combination of 3-I3 analvtics and

2-13 analytics.

{1019] Some facial recognition methods and/or algorithms include Principal Component
Analysis using Eigenfaces {e.g., Eigenvector associated with facial recognition), Linear
Dhscriminate Analvsis, Elastic Buooch Graph Matching using the Fisherface algornithm,
Hidden Markov model, Multilinear Subspace Learning using tensor represendation, neuronal
motivated dynamic link matching, convolufional neural nets {UNN), and/or the like or
combination thereof. Any of the embodiments and/or methods deseribed herein can use
and/or mnplement any switable facial recognition method and/or algorithm or combination

thereof such as those described above.

[1624] FIG. 1A 15 a schematic dlustration of a video recognition svstem 100 according to
an embodiment. In some instances, the video recognition system 100 {also referred to herem
as “system”3 can be used to present a video stream of a user based at least i part on facial

recognition data. At feast a porfion of the system 100 can be, for example, represented and/or

(¥4
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described by a set of mstractions or code stored i a memory and exgcuted in a processor of
an glectronic device {e.g., a host device, a server or group of servers, a personal computer
{PC), a nevwork device, ¢ic) and/or the like. For example, m some embodiments, a host
device can receive a signal associated with a request (o register facial recognition data
assoctated with a user and 1n response, can store the facial recognition data m a database.
Similarly, the host device can receive a signal associated with video stream data. In some
mstances, one or more processors of the host dovice can then exccute a set of instructions or
code, stored i a memory of the host device, associated with analvzing the video stream data
to determine if ong or more images of the user are present 1 the video stream based at loast
i part on the facial recognition data and/or [ocation nformation {such as landmark data). if
mmages are found 1 the video stream data, the one or more processors can isolate an
associated portion of the video siream data.  Morcover, the one or more processors can
gxecute a set of instructions or code to (1) associate contextual data such as time, location,
event, cte. with video stream data and (2) define a contextual video stream of the user. The
one or more processors can then send, to a client device associated with the user, a signal
mdicative of an instroction (o present the contextual video stream of the user on a display of
the client device {e.g., by graphically rendering the contextual video stream in an imterface

mstantiated on the client device).

{1621} The system 100 includes a host device 110 in convmunication with a database 140,
a chignt device 150, and an mmage capture system 160, The host device 110 can be any
suitable host device such as a server or group of servers, a network management device, a
personal conputer (PC), a processing unit, and/or the like in electronic convnunication with
the database 140, the chient device 1590, and the wmage capture system 160, For example, in
this embodimoent, the host device 110 can be a server or group of servers {disposed
substantially the same location and/or facility or distributed in more than one location} in
clectronic convmunication with the database 140, the chient device 130, and the image capture

sysiem 160 via a network 105, as described in further detail heremn.

{1023] The chient device 150 can be any suitable device such as a PC, a laptop, a
convertible laptop, a tablet, a personal digital assistant {(PDA), a smartphone, a wearable
glectronie device {e.g., a smart watch, etc ), and/or the ike. Although not shown in FIG. 1, m
some embodiments, the cliont device 130 can be an electromce device that meludes at least a

MEmory, a Processor, a conununication mierface, a display, and one or more wputs. The
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memory, the processor, the commumcation mwierface, the display, and the input{s} can be
connected and/or electrically coupled to cach other such as to allow signals to be sent
thercbetween,  For example, in some embodiments, the memorv can be a random access
memory (RAM), a memory baffer, a hard drive, a read-only memory (ROM), an crasable
programmable read-only memory (EPROM), and/or the like. The processor can be any
suttable processing device configured o run or oxecuie a set of instructions or code {e.g.,
stored in the memory} such as a general-purpose processor {GPP), a ceniral processing unit
{CPU), an accelerated processing unit {APU)Y, a graphics processor unit {GPU}, an
Application Specific Integrated Cireuit (ASIC), and/or the ke, Such a processor can run or
execute a set of instructions or code stored o the memory associated with using a PC
application, a mobile application, an internet web browser, a cellular and/or wireless
communcation (via a network), and/or the like. More specifically, the processor can execute
a sot of instructions or code stored in the memory asseciated with sending facial recognition
data to and/or recetving facial recognition data and/or contextual video stream data from the

host device 110, as described i further detail herein,

{1023] The communication interface of the client device 150 can be any suitable module
and/or device that can place the resource 1n communication with the host device 110 such as
one or more network mnterface cards or the like. Such a network interface card can mclude,
for example, an Fithermnet port, a WiFi® radio, a Bluctooth® radio, a ncar field
communication (NFC) radio, and/or a celhudar radio that can place the chent device 150 in
communication with the host device 119 via a network {e.g., the nctwork 105} or the like. As
such, the commusnication nterface can send signals to and/or receive signals from the
processor associated with clectronically communicating with the host device 110 via the

network 105,

{1624} The display of the chent device 150 can be, for example, a cathode ray tube
{CRT) monitor, a liguid crystal display (ECD) monitor, a light enutting diode (LED) monttor,
and/or the like that can graphically represent any suitabie portion of the system 100 ez, a
grapiucal user interface (GUI associated with a webpage, PO application, mobile apphication,
and/or the like). In some cmbodiments, such a display can be and/or can mclude a touch
screen configured to receive a haptic user mput. In some instances, the display can be
configured o graphically represent data associated with a facial recogrition process and/or

data associated with a video stream, as described in further detail herom.
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{1625] The mpui(s) of the client device 130 can be any swtable module and/or device that
can receive ong of more mpuis {¢.g., user toputs) and that can send signals to and/or receive
signals from the processor associated with the one or more mpuis. In some embodiments, the
mput{s) can be and/or can mclude ports, plugs, and/or other interfaces configured 1o be
placed in electronic communication with a device. For example, such an input can be a
wniversal serial bus {(USB) port, an Institute of Electrical and Electronics Hogineers (IEEE)
1394 {FireWire) port, a Thunderbolt port, a Lightning port, and/or the hke. In some
embodiments, the dispiay can be included n a touch screen or the like configared to receive a

haptic user wput.

1626] In some embodiments, an input can be a camera and/or other imaging device. For
exarnple, in some embodiments, such a camera can be infegrated into the chient device 150
{c.g.. as in smartphones, tablets, laptops, ¢tc.} and/or can be in commumnication with the client
device 130 via a port or the like (e g, such as those described above}l. The camera can be any
suitable tmaging device such as, for cxample, a webcam or a forward facing camera included
i a smartphone or tablet (e.g., a camera poimnted substantially v the same direction as the
display}. In this manner, the user can manipulate the client device 150 to cause the camerato
captare an image {¢.g., a photo) or 3 video. Morcover, in some nstances, the display can be
configured to graphically render data associated with an image capiured by the camera. By
way of cxample, in some embodiments, the chient device 150 can be a smartphone, tablet, or
wearable electronic device that mcludes a forward facimg camera. In some mstances, a user
can manipulate the client device 150 to take a picture or video of himself or herself via the

camera {e.2., also known as a “seific”).

J1027) In some instances, a camera {e.g., an nput} wncluded m the client device 130 can
be used to capture an image of a user’s face, which m turn, can be used to regisier facial
recognition data associated with the user. Specifically, the user can manipulate the chient
device 150 such that the camera captires an image of the user’s face. In some instances, the
display can be configured to graphically render an indication, frame, boundary, puude, and/or
any other suitable graphical representation of data, which can provide an indication t© a user
associated with a desired alignment for the image of the sser’s face. Once the camera
captores the destred mmage, the processor can receive and/or retrieve data associated with the
mmage of the user’s face and, m tum, can execute a set of instructions or code {¢.g., stored m

the memory} associated with at least a portion of a facial recogunition process. For example,

o
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i some nstances, the processor can excente a set of nstractions or code associated with
verifying an alignment between the indication, frame, boundary, ¢tc. graphically rendered on
the display and the captured image of the user’s face. In some instances, the client device
150 can be contfigured to send, via the network 103, a signal associated with data representing
the image of the user io the host deviee 110 when the alignment 1s venified, and i response,
the host device 116 can perform any soitable facial recognition process or processes on the

data, as described 1n further detadd heren.

{1028] The image capture system 160 can be and/or can mclude any suitable device or
devices configured to capture image data. For example, the image capture systern 160 can be
and/or can mchide one or more cameras and/or image recording devices configured to
captore an image (¢.g., a photo} and/or record a video stream.  In some cwibodiments, the
1mage capture system 160 can include vwltple camcras 1 conununication with a central
computing device such as a server, a personal computer, a data storage device (e.g., a
network  attached storage (NAS) device, a database, etc), and/or the ke In such
embodiments, the cameras can be autonomous {e.g., can capture image data without user
prompting and/or input}, and can each send image data to the central computing device {e.g.,
via 3 wired or wireless connection, a port, a senal bus, a network, and/or the like), which in
turn, can store the image data in a memory and/or other data storage device. Morgover, the
condral computing device can be in communication with the host dovice 110 (e.g., via the
network 103} and can be configured (o send at least a portion of the tmage data to the host
device 11, Although shown in FIG. 1 as being 1 communication with the host device 110
via the network 105, 1o other embodiments, such a contral computing device can be included
m, a part of, and/or otherwise coupled to the host device 110, In still other embodiments, the
cameras can be in communication with the host device 110 {e.g., via the network 1053

without such a central computing device.

{1629} In some embodiments, the image capture system 160 can be assootated with
and/or owned by a venue or the like such as, for example, a sporis arena, a theme park, a
theater, and/or any other suitable venue. In other embodiments, the image capture system
160 can be used m or al a venue but owned by a different entity {¢.g., an entity hcensed
and/or otherwise authorized to use the image caphure systemm 160 in or at the venue such as,
for example, a television camera at a sporting ovent). In still other crobodiments, the image

capture system 160 can include any number of chient devices {e.g., user devices) or the ke

9
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such as smartphongs, tablets, etc, which can be used as cameras or recorders. In such
embodiments, af least some of the client devices can be in conmumunication with the host

device 110 and/or a central computing device associated with the venwe {¢.g., as described

above).
{1634 For example, m some embodiments, the camera integrated into the chent device

150 can form and/or comprise at least a portion of the image capture system 160, as shown m
FiG. 1B, In this manoer, the user can manipulate the clignt device 150 to captwre a picture
and/or video recording and i response, the client device 150 can upload and/or otherwise
send the picture {¢.g., image data, photographic data, etc) and/or video recording data to the
host device 110, In some instances, the picture and/or video recording data can be stored on
the client device 150 for any suitable time and uploaded and/or sent to the host device 110 at
a later time. Moreover, the picture and/or video recording data can be stored oun the client
device 130 after the proture and/or video recording data 1 sent to the host device 116, That s
to say, sending the picture and/or video recording data does not delete and/or remove the
picture and/or video recording data from the client device 150 {o.g., a copv of the data is semt
to the host device 110). Thus, as shown i FIG. 1B, the image capture sysiem 160 need not
be associated with a particalar event and/or venue.  In such mstances, the user can manipudate
the chient device 150 {¢.g., an application of the client device 150} o capture user gengrated
content {¢.g., pictures, image data, photographic data, video stream data, ¢ic.) via the camera
and/or recording device {e.g., the image capture system 160} integrated nto the client device

150,

1831} In some instances, the unage captare svstern 160 is configured to capture image
data associated with a venue and/or event. In other words, the image capture system 160 is
configured to capiure tmage data within a predotermined, known, and/or given context. For
example, in some mstances, the image capture systern 160 can include one or more eage
capture devices {e.g., cameras and/or video recorders) that are instalied at an arena or the like
and that are configured to captare tmage data associated with patrons, guests, performers, etc.
at the arena. fu this manner, the image capture system 160 18 configared to capture image
data within the context of the arena and/or an event occurring at the arena.  Thus, the
captored tmage data can be, for example, “contextual image data” That is to say, the image
data 1s associated with contextual data. As described in further dotail herern, the host dovice

110 can receive the image data and/or video stream data from the image capiure system 160

10
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and data associated with the context {e.g., “contextual data” associated with the arena andfor
the event occurnng at the arena, and/or any other soitable contextual and/or metadata) from
any suitable data source and/or the like; can associate the contextual data with, for example,
the 1mage data; can define a user-specific contexiual image and/or user-specific contextual
video stream associated with, for example, a user of the client device 150, and can send the
user-specific contextual tmage and/or user-specific contextual video stream associated with

the user to the client device 150,

{1032 As described above, the client device 130 and the image capture systern 160 can
be in commumnication with the host device 110 via one or more networks. For example, as
shown i FIG. 1A, the chient device 150 and the image capture system 160 can be in
communication with the host device 110 via its communication interface and the network
103, The network 103 can be any type of network such as, for example, a local area network
{LAN), a virtuad network such as a virtual local area network (VLAN), a wide area network
{WAN), a metropolifan area network (MAN}, a worldwide mteroperability for microwave
access network (WiMAX), a cellular network, the Intomet, and/or anv other suttable netwaork
mplemented as a wired and/or wireless network, By way of example, the network {05 can
be implemenied as a wircless local arca network {(WLAN) based on the Institute of Electrical
and Electronics Engineers (EEE} 802,11 standards {(also known as “Wikt ®7). Moreover,
the network 105 can melude a combination of networks of any type such as, for example, a
LAN or WLAN and the Internet. In some embodiments, the chemt device 150 can
communicate with the host device 110 and the network 105 via intermediate networks and/or
ahlternate networks {not shown), which can be a similar to or different from the network 105,
As such, the client device 150 can send data to and/or recerve data from the host device 110
using multiple communication modes {e.g., associated with any of the networks desenibed
above) that may or may oot be transmiited to the host device 110 using a common network.
For cxample, the client device 150 can be a maohile telephone {¢.g., smartphone) connecied to

the host device 110 via a cellular network and the Infernet {e.g., the network 1035),

{1633] In some instances, the network can faciliate, for example, a peer networking
session or the hke. In such mstances, the peer networking session can include, for example,
chient devices and/or any other suitable clectronic device, cach of which share a common
characteristic. For example, in some instances, the peer networking session can include any

suttable chent device {e.g., an clectronic device registered in the database 140 and/or the hike)

1
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that is within a predetermined proximity of a venae, event, location, ¢tc. For example,
some instances, such a peer networking session can include any nurnber of registered cliont
devices present at a venue {(e.g., a sporis event). fn soroe instanccs, the peer notworking
session can be automatically established based on contextual data associated with the user
and/or the client device. In other mstances, the peer networking session can be automatically
established based on one or more users “checking-in™ and/or otherwise publicizing his or her
presence at the venue or the like {e.z., “squawk” the user’s presence). {n some instances, a
pser can “check-in” at a time the user arnived at an event or the bke {c.g., sports event,
concert, wedding, birthday party, gathering, etc.), at a tme of registration, at a time of
capturing an umage or video sircam, and/or the ke, Further, the “check-in” can mclude
wdentifving mformation such as, for example, geo-location data, date and time data, personal
or aser wWentification data, etc. In some implementations, a user can also, via an application
on their client device 130, search for evenis and/or locations for which contextual video
stream data has been captured. The user can “check-1n” to the event and/or locations that are
retumed from the search. As described herein, checking fto an event and/or location can
mtiate processing of the contextual video stream data associated with that event and/or
location, ¢.g., to determine whether or not the user can be matched to the contextual video

stream data.

{1634} in other instances, a user can manually establish a peer networking session
meluding, for example, a predetermined set or group of users. In some instances, such peer
networking sessions can be public networks, private npetworks, and/or otherwise linuted
access networks. For example, 1o some mstances, a user can reguest to join a notworking
session and/Or can receive an invite {0 join a networking scssion andfor the bike. In some
mstances, establishing a peer networking session can, for example, facilitate communication
{e.g.. group chat sessions or the like} and/or sharing of tmage and/or video data between users

mcluded in the peer networking session,

{1635] The host device 116 can be any sattable device configured to send data to and/or
receive data from the database 140, the chient device 150, and/or the 1mage capture svstem
160. In some embodiments, the bost device 110 can function as, for example, a server device
{e.g.. a web server device), a network management device, an adnumistrator device, and/or 50
forth. In some embodiments, the host device 110 can be a group of servers or devices housed

together in or on the same blade, rack, and/or facility or distributed i or on nultiple blades,
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racks, and/or facilines. The host device 110 includes at least a memory 115, a processor 120,
and a communication interface 125 {sec ¢.g., FIG. 2). In some embodiments, the memory
115, the processor 120, and the comwmwmmication interface 125 arc conmecied andfor
clectrically coupled so that signals can be sent between the memory 115, the processor 120,
and the commanication interface 125, The host device 110 can also mchude andior can
otherwise be operably coupled to the database 140 configured to store user data, facial
recognition data, contextual data {c.g., associated with a time, location, venue, event, eic.),

video streams, and/or the hike.

{1036] The memory 115 can be, for example, RAM, a memory buffer, a hard dnve, a
database, a ROM, an EPROM, an EEPROM, and/or so forth, In some instances, the memory
115 of the host device 110 inclades a set of instructions or code used to porform one or more
facial recognition actions and/or used to communicate {¢.g., send and/or receive) data with at
least one device {e.g., the chent device 150} using one or more suitable commumcation
modes. The processor 120 can be any suitable processor such as, for example, a GPP, a CPU,
an APU, a GPU, a network processor, a front-cnd processor, an ASIC, an FPGA, and/or the
like. Thus, the processor 120 can be configured to perform and/or execute a set of
mstructions, modules, and/or code stored in the memory 115, For example, the processor 120
can be configured to execute a set of instractions and/or modules associated with, inter alia,
receiving facial recoguottion data {c.g., from the client device 150}, analvzing the facial
recogmition data, registering and/or storing the facial recognition data, receiving video stream
data {c.g. from the image capture system 160}, analvzing the video stream data and
comoparing the video stream data to the facial recognition data, sending video stream data
{c.g, 1o the client device 150), receiving and/or analyzing characteristics of the video stream
data {e.g.. location mformation determined based on such as background landmark and/or
background scenery data incloded in the video stream data, and/or the Hike), and/or any other
suitable process, as turther described hercin. The commuuication ioterface 125 can be any
suitable device that can place the host device 110 in communication with the database 140,
the client deviee 130, the image capture device 160 and/or any other suitable deviee andior
service in communication with the network 105 {e.g., any device configured to gather and/or
at least temporanly store data such as facial recognition data, video streams, and/or the like).
in some embodonents, the commumication mterface 125 can imchide one or more wired
and/or wireless mterfaces, such as, for example, network interface cards (NIC), Ethernet

miterfaces, optical carrier (OC) imterfaces, asynchronous transfor mode {(ATM) mierfaces,
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and/or wireless miterfaces (¢.g., a WiFi® radio, a Bluetooth® radio, an NFC radio, and/or the

kke).

{1037} Returning to FIG. 1A, the database 140 associated with the host device 110 can be
anv suitable database such as, for example, a relational database, an object database, an
object-relational database, a lierarchical database, 3 network database, an entity-relationshup
database, a structured query language (SQL) database, an extensible markup fanguage (XML)
database, digital repository, a media bibrary, a cloud server or storage, and/or the bike. In
some embodiments, the host device 110 can be m communication with the database 140 over
any suitable network (e.g., the network 103} via the conwnunication wterface 123, In such
embodiments, the database 140 can be included 1 or stored by a network attached storage
{NAK)Y device that can commuucate with the host device 110 over the network 105 and/or
anv other network{s). In other cmbodiments, the database can be stored n the memory 113
of the host device 110, In still other embodiments, the database can be operably coupled to

the host deviee 110 via a cable, a bus, a server rack, and/or the like.

j1838] The database 140 can store and/or at least temporarily retain data associated with
the video rocognition system 100, For example, in some instances, the database 140 can store
data associated with and/or otherwise representing user profies, resource lists, facial
recognition data, modes, and/or methods, contextual data {c.g., associated with a time,
location, venue, event, ¢ic.), video streams or portions thereof, location information {such as
landmark data), and/or the hike. In other words, the database 140 can store data associated
with users whose facial fimage data has be registered by the svstermn 100 {e.g., “registered
users”y. In some embodiments, the database 140 can be and/or can mclude a relational
database, in which data can be stored, for example, in tables, matrices, vectors, etc. according
to the relational model. By way of example, m some instances, the host device 110 can be
configured 1o store i the database 140 video stream data received from a video or umage
soarce {e.g., the image capture system 160) and contexiual data associated with the video
stream data. In some instances, the video stream data and the contextual data associated
therewith can collectively define a contextual video stream or the ke, as described in fusther
detald herein. In other mstances, the video stream data can be stored in the database 140

without contextual data or the like.

{1639] In some implementations, the user profiles can be user profile data structures that

mehude information relating o users aceessing video stream data. For example, a user profile
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data structure can include a vser profile wdentifier, facial recogmtion data {e.g., data obtamed
from an image of the user {c.g., facial characteristic data} that can be used to match the user
to an mmage from the contextual video stream data), a list of wdentifiers associated with
contextual video stream data structures stored in the database 140 and associated with the
user, a bist of wdentifiers associated with the user profile data structures of cther users with
which the user s associated {c.g., as a friend and/or contact). user location data, and/or the

fike.

{1040 In some mnmplementations, users can add cach other as friends within an
apphication through which they access contextual video stream data. Users can also be
agtomatically be associated with cach other, ¢.g., when a user associated with a first user
profile 15 a contact of another user associated with a second user profile. For exampie, a user
operating a client device can bave a list of contacts, and/or other comtact information, stored
at the chient device. The application can retrieve and import the contact mformation, can
match the countact wformation to wformation n aft least one user profile in the database, and
can awtomatically associate that at least one user profile with that uwser in some
mmplementations, the users can be associated with cach other by storing a hist of friends
and/or contacts {¢.g., a list of 1dentificrs of user profiles to be added as fnends of a particular
user) within each user profile of cach user. When a user adds a fnend and/or contact, the user
can auwtomatically be notified when the fricnd and/or cowtact records andfor receives
contexiual video stream data, and/or the bike. In some implementations, the host deviee 110
can also use the stored relationships betwesn users to automatically process contextual video
stream data associated with the user {e.g., to deternine whether fricnds and/or contacts of the
user can be found within the contextual video stream data}. For example, when the contextual
video stream data i1s recetved, when a friend and/or contact is associated with the user, and/or
the like, the host device 110 can automatically process the contextual video stream data to
deternune whether facial image data associated with the friends and/or contacts of the user

can be matched to the contextual video stream data.

1041 Although the host device 110 15 shown and descrnibed with reference to FIG. 1 as
mclading and/or otherwise being operably coupled to the database 140 {eg. a single
database}, in some embodiments, the host device 119 can be operably coupled to any nomber
of databases. Such databases can be configured to store at least a portion of a data set

associated with the systern 100, For example, m some embodiments, the host devies 110 can

[y
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be operably coupled to and/or otherwise 1in commuonication with a first database configured to
reccive and at least temporarily store user data, user profiles, and/or the like and a second
database configured to receive and at least temporanily store video stream data and conmtextual
data associated with the video stream data. In some embodiments, the host device 11 can be
gperably coupled to and/or otherwise in communication with a database that s stored in or on
the client device 150 and/or the image capture system 166, In other words, at least a portion
of a database can be implemended n and/or stored by the client device 130 and/or the image
capture systern 1606, In this manner, the host device 118 and, in somge instances, the database
140 can be in communication with any number of databases that can be physically disposed
m a different location than the host device 110, while bemng n conmunication with the host

device 110 {¢.g., via the network 105},

{1642} in some embodiments, the database 140 can be a searchable database and/or
reposttory.  For example, 1n some instances, the database 140 can store video stream data
assoctated with a user {e.g.. contextual video stream data). In some instances, the user can
scarch the database 140 to reirieve andfor view one or more contexitual video streams
associated with the user that are stored 1n the database 140, In some mstances, the user can
have a Hmited access and/or privileges to update, edit, delete, andfor add video streams
assoctated with hus or her user profife {e.g., user-specific contextual video streams and/or the
fike). In some nstances, the user can, for example, update and/or modify permissions and/or
access associated with the userspecific video streams assoctated with that user.  For
example, 10 some instances, the user can redistnibute, share, and/or save data associated with
the user. In othor mstances, the user can block access to user-specific data and/or the like. In
some instances, the user can redisinbute and/or share content, data, and/or video sireams

otherwise shared with the user {e.g., that may or may not be associated with the user).

{1643} Returning to FIG. 2, as described above, the processor 120 of the host device 110
can be configured to excoote specific modides. The moduldes can be, for example, hardware
modules, software modules stored m the memory 115 andfor oxecuted in the processor 120,
and/or any combination thereof. For example, as shown m FIG. 2, the processor 120 mcludes
and/or executes an analvsis module 121, a database moduale 122, a presentation module 123
and a location modole 124, As shown w FIG. 2, the analysis module 121, the database

module 122, the presentation module 123, and the location module can be connected and/or
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clectrically coupled.  As such, signals can be sent between the analvsis module 121, the

database module 122, the presentation modele 123, and the location module 124,

{1044} The analysis module 121 inclodes a set of instructions that can be excouted by the
processor 120 {or portion thereof} that are associated with receiving and/or collecting data
associated with a facial recogoition of a user and/or a video stream. More particulardy, the
analysis module 121 can be operably coupled to and/or otherwise in communication with the
communication interface 125 and can receive data therefrom. Such data can be, for example,
associated with a user {e.g., facial recogmition information, profile mformation, preforences,
activity logs, location mformation, contact mfommation, calendar nformation, social media
activity imformation, ¢tc), a venue {¢.g., location data, resource data, event schedule}, an
gvent, and/or the like. As described m further detal hercin, the analvsis module 121 can
receive a signal from the commmuuication interface 123 associated with a reguest and/or an
mstruction to perform and/or execute any mumber of processes associated with facial

recognition.

{10345] In some nstances, the analysis module 121 can recgive data from the
communication interface 125 at substantially real-ttime. That is {0 say, in some mstances, an
clectronic device mcluded in the system 100 (¢.g.. the chient device 1360) can be mampulated
by a user to define and/or updaie data associated with facial recognition of the user and once
defined and/or updated can send the data to the host device 110 via the network 105, Thus,
the communication interface 123 can, upon receiving the data, send a signal to the analysis
modide 121, which receives the data in a very short tune peniod after being defined and/or
updated by the clectronic device. In other embodiments, the analysis module 121 can reccive
data from the communication mterface 125 at a predetermined rate or the like based on, for
example, an aggregation process, a current and/or predicted processor, mermory, and/or

network load, and/or the like.

{1845] As desenibed above, the analysis module 121 can be configured to receive,
aggregate, analyze, sort, parse, alter, and/or update data associated with a facial recognition
process or the like. More particudarly, in some mstances, a user can manipulate the clignt
deviee 150 to caphure one or more images or video streams of his or her face {(as descobed
further detail herein} and, v tum, can send signals associated with and/or representing the
mmage data to the host device 1H), for example, via the network 105, In some mstances, the

communication mterface 125 can receive the mmage data and can send an associated signal to

[ae.
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the analveis module 121 Upon receipt, the analysis module 121 can execute a set of
mstructions or ¢ode {c.g., stored in the analysis module 121 and/or in the memory 113}
associated with aggreganng, analvzing, soriing, updating, parsing, and/or otherwise
processing the mage data. More specifically, the analysis module 121 can perform any
suttable facial recogmtion process and/or algonthm such as, for example, Principal
Component Analvsis using Eigenfaces {e.g., Eigenvector associated with facial recogaition),
Linear Dhscrinunate Analysis, Elastic Buonch Graph Matchung using the Fisherface algorithm,
Hidden Markov model, Muoltilinear Subspace Leaming using tensor representation, neuronal
motivated dynamic link matching, convolutional seural nets (UNN), and/or the iike or
cornbination thercof. In some implemontations, image data the user provides to the host
device 110 can be used m subsequent facial recognition processes to identify the user, via the

analysis module 121,

{1047} The analyeis module 121 can define a user profile or the hke that includes the
pser’s image data, and any other saitable information or data associated with the user such as,
for example, a picture, video recording and/or andio recording, personal and/or wentifving
mformation {e.g., name, age, sex, birthday, hobbies, ctc.), calendar mformation, contact
mformation {¢.g., associated with the user and/or the user’s friends, fanmily, associates, ¢tc.),
device information {e.g., a media access control (MAL) address, Internet Protocol (1P}
address, ¢ic.}, location information {¢.g., current location data and/or historical location data),
social media mformation {e.g., profile information, user name, password, friends or contacts
hists, otc.), and/or any other suitable information or data. As such, the analysis module 121
can send a signal 1o the database module 122 indicative of an instruction to store the user

profile data in the database 140, as described m further detail herein,

{1048} in some mstances, the analyvsis module 121 can receive video strcam data {or
image data, for example, from a photograph} and can be configured to analyze and/or process
the video stream data to determine if a portion of the video stream data matches any suitable
portion of users’ image data. That is to say, the analvsis module 121 can use previously-
stored user image data as a template against which data mcluded m the video stream 1s
compared. Said another way, the analysis module 121 performs a facial recognition process
and/or analysis on the video stream data based at least in part on the previously-stored user
mnage data.  In some cmbodiments, the host device 110 and more particularly, the

communication interface 123 receives the video stream data from the image capture system
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160 either directly {c.g., from one or more cameras via the network 103} or mdirectly {e.g.,
from a computing device via the network 103, which in turs, is in copunumication with the
one or more cameras). In some embodiments, the analvsis module 121 can be configured 1o
analvze and/or process the video stream data based at least in part on separating, parsing,
sorting, and/or otherwise deconstructing the video stream data into its individual frames {c.g.,
a static image at a predetermined time during the video stream).  As such, the analysis
module 121 can compare and/or analyze data included m the video stream frame relative to

the previcusly-stored user image data.

[1049] In some instances, the analvsis module 121 can also analvze the video stream data
to determine contextual information associated with the video stream such as, for example,
location, venue, time, comciding event {e.g., a sports team scoring a goal, being captured, for
exarple, on a “kiss cam,” ¢ic.}, and/or anv other suttable contextual mmformation. In some
mstances, the analysis module 121 can be configured to match, aggregate, and/or otherwise
associate at {east a portion of the video stream to the contextual data. For example, 1 some
mstances, the video siream data can ropresent, for example, a user at a sporting event. In
such nstances, the contextual data can be, for example, a video stream of the sporting event
or game, and can include data associated with a ame, location, venue, teams, gtc. As such,
the analysis module 121 can be configured to aggregate the video stream data and the
contexiual data such that the video stream data and the contextual data substantially coincide
{c.g., ocowr and/or capture data associated with substantially the same time).  In other
mstances, the contextual data can include data associated with any other suiable context. in
some instances, the analysis module 121 can be configured to use the contextual mformation
associated with the video stream, along with data relating to the location of a user, to further
gonnect the video stream to a particelar user. The analysis modide 121 can be configured to
compare the contextual information to a user’s location prior to comparing data included in

the video stream to the previousiv-siored user image data (see FIGs. 5 and 6 for more detauls).

{1050 If the analysis module 121 determines that at least a portion of the data in the
video stream satisfies a criterion {¢.g., matches the previouslv-stored user image data o a
predetermined and/or aceceptable probability), the analysis module 121 can send one or more
signals to the database module 122 indicative of an instruction o store at least the portion of
the image and/or video stream data in the database 140 and to associate and/or otherwise

store that data with the previcusly-stored user image data.  In some mstances, the analvsis
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modole 121 can send signals to the database module 122 such that individual frames are
stored I the database 140, which i turn, can be subsequently retveved and processed o
define a video stream.  In other stances, the analysis module 121 can send one or more
signals 1o the database module 127 such that the portion of the video siream data is stored in
the database 140. That is to say, the analvais module 121 can at least partially redefine and/or
reconstract the video stream from the mdividual frameg (that were separated or deconstructed

as described above).

{1051} In some instances, the host device 110 can receive video stream data {e.g., from
the image capture system 160 and via the network 103 and the coronmumnication mierface 125)
and the analysis modide 121 and/or any other suitable module not shown m FIG. 2, can
perform one or more pre-processing and/or pre-sorting procedures prior to performing the
facial recopnition process (just described). For exampie, in some embodiments, the analvsis
module 121 {or other modulde} can analyze the video stream data to determine and/or define a
data set including, for example, identifying information and/or contextual information such as
location, time, event, gic. Once defined, the analvsis module 121 can analyze user data stored
m the database 140 {e.g., via sendmg a sigoal to the database module 122 mdicative of an
mstruction to query the database 140 and/or the like) to determine if a portion of data
assoctated with a user satisfies a crifeniaf{ion} such as matching the data set including the

contextual information associated with the video stream.

{1052 In some mstances. the criterialion) can be associated with a confidence lovel
and/or maiching threshold, represcuted i any sumitable maoner {cg., a value such as a
decimal, a percentage, and/or the like). For example, in some mstances, the criteria{ion} can
be a threshold value or the like such as a 70% match of the video stream data and at least a
portion of the data stored in the database, a 759 match of the video stream data and at least a
portion of the data stored n the database, a 8096 match of the video stream data and at least a
portion of the data stored m the database, a 85% match of the video stream data and at least a
portion of the data stored in the database, a 909 match of the video stream data and at least a
portion of the data stored m the database, a 95% maich of the video stream data and at least a
portion of the data stored i the database, a 97.3% match of the video stream data and at least
a portion of the data stored i the database, a 99% match of the video stream data and at least

a portion of the data stored in the database, or any percentage thercbetween,
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{1053] In some mstances, the data associated with the user can nclude, for example,
calendar data, location data, preference data, and/or the bike. If] for example. the data does
not satisfy the criterion, the analysis module 121 can define an indication that the data
associated with that user can be exchuded from, for example, the facial recogmition process.
In this manner, the pre-processing and/or pre-sorting can reduce an amount of processing
foad or the hike during the facial recognition process. Although deseribed above as querving
the database 140 for the user data, 1 some embodiments, the host device 110 can send a
signal 10 a device associated with the user {e.g., the client device 150} indicative of a request
for location data or the bike associated with that device. Upon receipt of the location data
{c.g., global posttioning service {GPS) data of the deovice, using location information and/or
charactenistics, such as landmark and/or background scenery, within an image or video, etc.)
or the Hke, the analysis module 121 can determune 1f the location data matches the location

data associated with the video stream, as described above.

{1054§ By way of example, in some instances, asalysis module 121 can receive video
stream data from a sporting event that also includes location data associated with, for
example, an arena. In response, the analvais modale 121 can send a request for location data
from a client device {&.g., the chient device 150} associated with a user. H, for oxample, the
location data associated with the video stream and the location data assoeiated with the clignt
device are substantially sioular {¢.g., the location data associated with the video stream and
the focation data associated with the chient device indicate that the source of the video stream
and the client device are and/or werg within a predetermined distance of each other) and/or
the location data associated with the chient device s within a predetermined range of location
data values or the bke, the analysis module 121 can morease a confidence score andfor
otherwise consider the resuli as contributing to mecting the threshold and/or otherwise
satistying the criteriadion). The location data can be, for example, geo-location data based on
a GPS, network location and/or data {c.g.. via NFC verification, Bluctooth verification,
cellular tnangulation, cognitive network switching and/or protocols, ete.}, social network data
such as a “check-im”, and/or the like. For example, the location module 124 can process the
location data so as to identify the location of the video stream and/or the user, and to provide
data to the analysis module 121 so as to allow the analvsis module 121 to modify the
confidence score. In this manner, the confidence score can be caleulated based on the location

data.
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{1055] In other implementations, the location modude 124 can process the location data
and can provide the processed location data to the apalysis module 121 when location data
associated with the video stream and location data associated with the user are substandially
simular {e.g, the location data associated with the video stream and the location data
associated with the chient device mdicate that the source of the video stream and the chient
device arg and/or were within a predetermined distance of each other). The analysis module
121 can then generate and/or modify a confidence score based on the location data and a
facial recognition analysis of the video stream. In this manner, the confidence score may be
gencrated and/or modified when the location data associated with the video stream and
location data associated with the user are determined to be substantially stmilar and mayv not
be generated and/or modified when the location data associated with the video stream and
focation data assoctated with the user are not substantially similar. Farther, in this manner,
the confidence score can be calculated as a result of both a location data analysis and a facial
recognition analysis. More details on the location module 124 can be found at least m FiGs.
5-6. In this manner, the host device 110 {o.g., via the analvsis module 121) can determing, for
example, a proxamity of a chient device to a location where the video stream data was

captured.

{1056} Although descrnibed as analyzing location data, mn other instances, the analysis
module 121 can analyze data associated with any suitable source, activity, location, patiom,
purchase, cic. For example, in some mstances, the analysis module 121 can analvze ticket
sales associated with a venue. In other instances, the analysis module 121 can analyze social
media posts, conunents, likes, etc. In some instances, the analysis module 121 can collect
and/or analvze data associated with a user {as described above) and can define, for example, a
user profile that can include, mter alia, user identification data, facial recognition data, client
device data, purchase data, mternet web browsing data, location data, social media data,
preference data, otc. Thus, a user’s profile data can be analvzed to determine a confidence
score, value, and/or mdicator, which can be evaluated relative to a threshold score, value,
and/or mdicator to determine if the user data and/or the wideo stream data satisfyv the
crteriafion).  Accordingly, in such embodiments, non-facial recogeition data {e.g., ticket
sales data, social media posts, and/or characteristics such as a wardrobe of an individual m a
video or image, location data such as landmarks within the wmage, background scenery data,
gtc.) can be used to corrcborate the facial recogmition data and/or increase/decroase a

confidence score.
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{1657} Although the analveis module 121 15 desertbed above as analyzing the vidso
stream data o define facial recognition data and countextual data associated with the video
stream, in other embodumentds, the facial recognition process and the contextual data process
can be performed separately and/or independently.  For example, in some embodiments, the
analysis module 121 can be configured to perform the facial recognition process while s
different module, processor, device, server, ¢tc. can be configured to perform the contextual
data process. For examaple, the location madule 124 can perform analvsis of the image and/or
video stream based on location data, characteristics of the mmage, and/or the like. Thus, a
tme to analyre the video stream data can be reduced and/or the processing load can be
distribited when compared to the facial recognition process and the contextual data process

being performed by the same module.

{1658} As described above, the database module 122 includes a set of instructions
execuled by the processor 120 {or portion thercof) that is associated with momtonng the
database 140 and/or updating data stored therein. For example, the database module 122 can
mnchide mstructions to cause the processor 120 o update data stored in the database 140 with
at least a portion of the facial recogmition data received from the analysis module 121, More
specifically, the database module 122 can receive, for example, the wser image data
assoctated with the user from the analysis modoke 121 and, in response, can siore the user
image data in the database 140, In some instances, the database module 122 can receive a
signal from the analveis module 121 mdicative of a request to query the database 140 to
determine if the data stored in the database 140 and associated with the user image data for
the user matches any suitable portion of the video stream data, as descrnibed above. If], for
example, at least a portion of the video sircam data satisfies a cnterialion} (referred to
henceforth as “eriterion” for simplicity and not to the exclasion of multiple “critenia”), the
database module 122 can be configured to update the data siored in the database 140
associated with that user. That is to say, if at least a portion of the video strean data maiches
the user image data within a predetormined probabiity or the hke. If, however, the video
stream data does not match the user image data stored in the database 140, the database
module 122 can, for example, query the database 140 for the next entry {e.g., data associated
with the next user) and/or can otherwise not update the database 140, Morcover, the database
modide 122 can be configured to store the data in the database 140 in a relational-based
manner {¢.z., the database 140 can be a relational database and/or the hike) and/or in any

other suuable manner.
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{1659] The presentation module 123 includes a set of mstructions executed by the
processor {or a portion thercof} that is associated with defining a contextual video stream
and/or presemtation representing at least a portion of the video stream data satistving the
criterton during the facial recognifion process, as described above. More specifically, the
presentation module 123 can be configured to define a contextual video stream and/or
presentation representing an identified user {g.g., via facial recognition) at an event, venug,
location, and/or the like. Once the contextual video stream is defined, the presentation
modole 123 can send a signal associated with the contextaal video stream to the
communication interface 125, which 1 fturn, can send a signal {e.g., via the network 185} 10
the chient deviee 130 that is mdicative of an ustmction to graphically render the contextual

video stream on its display.

{10640 Although the presentation module 123 and/or other portion of the host device 110
i3 described above as sending a signal {o the client device 130 ndicative of an mstniction to
present the contextual video stream on the display of the client device 150, in other tnstances,
the presentation modulc 123 can define the contextual video stream and can sond a signal to
the database module 122 mdicative of an instruction {0 store the contextual video stream n
the database 140, In such mstances, the data associated with the contextual video stream can
be stored and/or otherwise associated with the user data stored in the database 140, In some
mgtances, the host device 110 can retrieve the contextual video stream from the database 140
i response to a request from the chient device 130 (and/or anv other suitable device}. More
specifically, in some embodiments, the user can manipulate the client device 150 (o access a
webpage on the Intemet. Afior being authenticated {e.g., cntering credentials or the ike) the
user can mteract with the webpage such that a request for access to the conmtextual video
stream s sent from the client device 15€ to the host device 110, Thus, the host device 110
{e.g.. the database module 122} can retrieve the contextual video stream from the database
140 and can send a signal to the client device 150 operable in prosenting the contextual video
stream on the display {e.g., by rendermg the contextual video stream via the Internet and the
webpage).  In other words, the contextual video stream can be stored on the “cloud”™ and

accessed via a web browser and the Intemst.

{1061} Although the analysis module 121, the database module 122, and the presentation
module 123 are described above as being stored and/or executed v the host device 110, m

other embodiments, anv of the modules can be stored and/or executed n, for example, the
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client device 150 and/or the image capture svstem 160, For example, in some cmbodiments,
the chient device 150 can mchude, defing, and/or store a presentation module {e.g., as a native
application). The presentation module can be substantially similar o or the same as the
presentation module 123 of the host device 110, In such embodiments, the presentation
modide of the client device 150 can replace the function of the presentation module 123
otherwise included and/or execuied in the host device 110, Thus, the presentation module of
the client device 130 can receive, for example, a data set associated with a contextual video
stream and upon receipt, can define a presentation (o be presented on the display of the chent

device 150.

j1862] FIG. 3 1 a flowchart iflustrating a method 300 of defining a contextual video
stream according to an embodiment. The method 306 includes receiving, at a host device and
from a chient device via a network, a signal indicative of a request to register facial image
data associated with a user, at 302, For example, in some embodiments, the network can be
any suttable network or combination of networks such as, for example, the network 103
described above with reference to FIG. 1. The host device can be substantially similar o or
the same as the host device 110 desenbed above with reference to FIGS. 1 and 2. Similarly,
the chient device can be substantially similar to or the same as the client device 150 deseribed
above with reference to FIGS. 1-2. In some instances, the client device can be configured to
capture tmitial facial image data and can send the inwtial facial wmage data to the host deovice.
Specifically, in some embodiments, the clignt device can be configured to capture a user’s
facial mmage or images in any suitable manner. Accordingly, the host device can receive
facial image data from the chient device and can perform any suitablie process or the hike

associated with registering a user and/or the user’s facial image data.

{10663} The method 300 includes registering the facial recognition data associated with
the user and stormg the facial recognition data 1n a database in communication with the host
device, at 304, The database can be any switable database such as, for example, the database
140 described above with reference to FIG. 1. The rgistering of the facial recognition data
can inchide any suttable process, method, and/or algorithm associated with facial recognition
such as those described above. In some nstances, the host device can be configured to define
user image data or the hke based on the facial recognition and can store at least a portion of

the user image data o the database.

[Nl
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{1064] The host device receives contextual video stream data associated with an gvent
and/or location, at 306. The host device can receive the contextual video stream data from an
image capture svstem such as the mmage capture system 160 {e.g., a camera and/or client
device) described above with reference to FIG. 1. More specifically, the host device can
receive the contextual video stream data either directlv {c.g., from one or more cameras via
the network} or indirectly {e.g., from a computing device via the network, which in turg, is m

communication with the one or more cameras).

{1065] In one cxample, a camera can record the contexiual video stream data, and can
send the contextual video stream data o the host device. In another example, a user can
record video through an application running on a chient device being operated by the user
{e.g.. via a User-Generated Content {UGC) mterface withun the application nunning on the
clicut device). By mitiating recording through the application {¢.g.. bv chcking a “Record”
and/or similar button in the UG interface), the vser can record a comtextual video stream,
with which the client device can associate location data {¢.g., geolocation, data from Near
Field Commumnication {(NFC), data from Bluctooth communications with other devices,
cellular triangulation, event and/or location check-in data, and/or network Wi-Fi connection
mformation} with the contextual video stream. Specifically, the contextual video stream can
be tagged with the location data, and/or can be associated with a data structure encapsulating

the location data.

{1066] The contextual video stream data is analvzed to deternune if the contextual video
stream data satisfies a criterion associated with facial recognition of the facial image data in
the contextoal video stream data, at 308, For example, the host device can receive the
contextual video stream data {or image data, for example, from a photograph} and can
analyze and/or process the contextual video stream data to detoromine if a portion of the
contextual video stream data matches any suitable portion of the facial image data. Thatisto
say, the host device can use the facial image data as a template agamst which data incladed
the contextual video stream is compared. Saud another way, the host device performs a facial
recognition process and/or analysis on the contextual video stream data based at least i part
on the facial image data. In some instances, the critenion ¢an be, for example, assoctated with
a matching of the contextual wvideo stream data with the facial image data with a
predetermined and/or accoptable probability. In some erabodiments, the bost device can be

contigured to analvze and/or process the contexiual video stream data based at least in part on



WO 2017/070519 PCT/US2016/058189

separating, parsing, sorting, and/or otherwise deconstructing the contextual video stream data
mto s individual frames {e.g., a static image at a predeicrmined time during the video
streany). As such, the host device can compare and/or analvze data included in the contextual

video stream frame relative to the facial image data.

{16567} In some mstances, the analysis of the contextual video stream data also meludes
analyzing the contextual video stream data to determine contextual nformation associated
with the video streany such as, for example, location, venug, time, comciding event {e.2., a
sports team sconng a goal, being captured, for example, on a “kiss cam,” ¢tc.}, landmarks
within the tmage, and/or any other switable contextual mformation. In some instances, the
host device can be configured io match, aggregate, and/or otherwise associate at least a
portion of the video stream to the contextual data. For example, in some mstances, the video
stream data can ropresent, for example, a user at a sporting event. In such instances, the
contextual data can be, for example, a video stream of the sporting event or game, and can
mchide data associated with a time, location, venue, teams, cto. As such, the host device can
be configured to aggregate the video stream data and the contextual data such that the video
stream data and the contextual data substantially comade (c.g., occur and/or capture data
assoctated with substantially the same time). In other instances, the contexteal data can

mclude data associated with any other suitable context.

{1068] A contextual video stream of the user is defined when the criterion associated with
facial recogaition of the facial image data 1o the contextual video stream data is satisfied, at
310, For example, when the host device determines that at least a portion of the data in the
gontextual video stream satisfies a criterion {e.g., matches the facial wmage data to a
predetermined and/or acocptable probability), the host device can define the contextual video
streamn of the user and can store the contexiual video strean of the user 1o the database. With
the contextual video stream of the user defined, the host device sends a signal indicative of an
mstruction to present the contextual video stream of the user on a display of the chient device,
at 312 {c.g., by graphically rendering the contextual video stream in an mterface nstantiated
on the chient device). For example, in some embodiments, the host device can send a signal
to the client device, via the network, that 15 operable in presenting the contextual video
stream of the user on the display of the client device. In other embodiments, the host device
can store the contexiual video stream {e.g., 1n the database or the like} and can be configured

to retrigve the contextual video stream of the user from the database in response 10 a request

[N
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from the client device {(and/or any other suitable device) More specifically, wm some
embodiments, the user can mamipulate the chient device to access a webpage on the Intemnet
After being amthenticated {c.g., entering credentials or the like) the user can interact with the
webpage such that a request for access to the contextual video stream s sent from the client
device to the host device. Thus, the host device can retrieve the contextual video stream from
the database and can send a signal to the client device operable in presenting the contextual
video stream on the display {¢.g., by graphically rendering the contextual video stream via the
Internet and the webpage). In other words, the contextual video stream can be stored on the

“cloud” and accessed via a web browser and the Internet.

{1069] In other mnplementations, when a contextual video stream satisfics the oriterion
{e.g.. when the contextual video stream muatches the facial tmage data of the user to a
predetermined probability, and/or the bike), the bhost device can automatically send the
contextual video stream data to the user. For example, m some tmplementations, the user may
afso be operating a client device instantiating an application that is tracking user location data
for that user. When an utmage capture device {o.g., such as an austonomous camera and/or
ancther user) records contextual video stream data, the host device can deternune that the
contextual video stream data matches the user based on a facial analysis of the contextual
video stream and facial image data associated with the user. The user’s chient device can also
send location data associated with the user and the chient device to the host device. The host
device can refine, using both the facial analysis and the location information, the probability
that the user appears in the contextual video stream. if the probabiiity that the user appears in
the countextual video stream satisfies a criterion {¢.g., exceeds a predetermined threshold,
and/or the like), the host device can send the contextual video stream data o the user.
Alternatively, the host deviee can pre-filter the contextual video stream based on the location
mformation, such that the probabidity is calenlated when location information of the user is
substantially simiar to location mformation of the contextual video stream, and does not
calculate the probability when the locaton data of the contextual video stream is not

substantially simlar to the location information of the user.

{1676} In other mnplementations, when a coniextual video stream satisfics the cniterion
{e.g.. when the contextual video stream muatches the facial tmage data of the user to a
predetermined probability, and/or the like), the host device can store the contoxtual video

strearn data and associate the contextual video stream data with the user based on the user’s
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mteraction with the video. For example, in some implementations, the user can access an
application instantiated on a client device associated with the user, o search for and/or access
the contextual video streant data. The user can, for example, view the contexiual video stream
data within the user profile of another user associated with that user, andfor can search for
gontextual video stream data (o view within an interface of the application. When the user
accesses the contextual video stream data within the application, the application can send a
signal to the host dovice indicating that the user 18 accessing that comtextual video stream
data. The host device can automatcally determine whether or not a facial analysis of the
contextual video stream data has been performed based on the facial image data associated
with that user, and can automatically perform a facial analysis of the contextual video stream
data, based on that user’s facial image data, if the user’s facial image data has not been
previcusly compared to the contextual video stream data. In this manner, the host device can
delay processing the contextual video stream data to identify users within the contextual

video stream data, untih users aftempt to access the contextual video stream data.

{10671} In some mstances, a user can search for an event and “check-1n” to that event after
the event. For example, the user can wdentifv an event {e.g., by viewing a list of events, by
vicwmg location of events on 8 map, ctc) and can select an event. Based on the user’s
selection of the event, the host device can perform a facial analysis of the video streams
and/or tmages associated with that event based on that user’s facial uvage data. If the host
device identifies a vidso stream and/or image ncluding the user {e.g., with a predetermined

probability), the host device can provide such video streams and/or timages to the user.

j1672] Wihile the method 300 1s desenbed above as sending and/or receiving video
streams, tmage data, contextual data, etc. and prescoting and/or sharing user-specific video
streams and/or image data with one or more users, it should be understood that a system can
be arranged such that video stream data and/or tmage data can be captured in any suitable
manner, analyzed by any suitable device, and sent to and/or shared with any suitable aser or
pser device. By way of example, in some mstances, a user can manipulate a user device {e.g.,
chent device such as the chient device 150} to capture a facial image of the user. For
example, the wser can open a mobile application (e.g., when the user or client device s a
smartphone or other mobile or wearable electronic device) and can capture a facial image
{c.g., a “selfic™} via a camera of the client device. In other words, the user can control the

camera of the client device via the application to capture a selfie. Such a seifiec can be

2
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provided (o register a user such that the appheation can wdentify facial recognition data {e.g.,
facial feature characteristics) of the user. This facial recognition data can be used to identify

the user m subscquently received videos and/or tmages.

{1673 in some mstances, the user can capture content {c.g., tmage data and/or a video
stream} via the application. As described above, the content can be a video stream of one or
more people 1n a given context such as, for example, one or more people at a sporting event
or the fike. In some mstances, the user captured {e.g., gencrated} content can be associated
with contextual data such as a time, date, location, venue, ovent, ¢te. and/or can otherwise be
tagged with data and/or etadata. In other instances, the user generated content need not be
assoctated with contextual data. The user gencrated content {g.g., vidso stream data or the
fike) can be analvrzed via facial recognition and/or other tmage analysis via the client device
or a host device to determing the presence of any registered user {o.g.. any user with a user
profile stored in the database). If a registered user 18 wWdentified in the video stream, the aser,
the client device, and/or the host device can define a user-specific video stream assogiated
with one or more of the identified users. The user, the client device, and/or the host device
can then determine whether o share the user-specific video strearn with cach identified user.
in some mstances, the shanng of the user-specific video stream{s} can be automatic based on
a wser-profile and/or preference and/or based on a setting or the like within the mobile
application or account. In other instances, the sharing of the user-specific video stream{s) can
be based on a manual or other input from the user {e.2., based on a selection or the Bke). In
stifl other instances, the sharing of the aser-specific video stream{s) can be based on a peer
networking session, in which cach user {or cach client device used in the peer networking
session} receives a user-specific video stream.  In this manner, the user generated content
{e.g., the user captured video stream and/or image data} can be captured, analyzed, and/or

shared i a similar manner as those described herein.

{1674] FIG. 4 15 a flowchart iffustrating a method of presenting a contextual video stream
o, for exampie, a mobile device associated with a user according to an embodiment. In some
msiances, a video file{s) and/or a photo files) can be uploaded to a media uploader 485, The
media uploader 485 can be any suitable deviee configured to receive and/or process video
and/or tmage files such as, for example, the host device 110 described above with reference
to FIGS, 1A, 1B and 2. A master video and/or photo file s then stored 1n a master media

storage 486, The master media storage 486 can be any suitable storage device. For example,
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the master media storage 486 can be mchuded m and/or a part of memory ncluded 1w the
media uploader 483, In other embodiments, the master media storage 486 can be a database
or the like such as, for example, the database 140 described above with reference to FiGs. 1A

and IB.

{1675} In some mstances, the master video file can be sent from the master media storage
486 to a video encoder 487, The video encoder 487 ¢can be any switable device or portion of &
device configured fo convert the master video file mto one or more desired formats. For
example, as shown in FiG. 4, the video encoder 487 can convert the master video file into &
facial recognition video and a mobile~-compatible video file, cach of which are stored n the
master media storage 486, A list of one or more facial recogmtion video files and/or photo
files is then sent to a workflow conductor 488, which can prioritize, organize, and/or
otherwise contro) an order in which files are subsequently processed and can send a signal
operable in imtiating processing of the facial rocognition video file(s) and/or photo file{s) to a
face detection and matching processor 491 {e.g., a processor, module, device, eto. such as, for
cxample, the analysis module 121 descubed above with refercnec to FIG. 2}, as described
further detai! herem.  In addition, an mdication associated with the workflow can be sent
from the workflow conductor 488 to a database 493, which can store the indication associated
with the workflow and that can send data associated with the indication to a web service
processor 494 {e.g., an Indernet website service provider, processor, module, and/or device),

as described 1 further detail herein.

{1076] As shown in FIG. 4, the mobile compatible video file 15 sent from the master
media storage 486 {0 a video clip cutter 489, which can also receive data associated with
recognition events, as described in further detail herein. The master video file or photo file is
sent from the master media storage 486 to a thumbnail resizer 490, which can also receive
data associated with the recognition ovents, as described in further detail herein. The facial
recogmition video or photo file(s) is/are sent from the master media storage 486 to the face
detection and matching processor 491, which in tum can perform any suitable facial
recognition process to define the recognition events. Moreover, the face detection and
matching processor 481 can analyze and/or process the facial recognition video and/or photo

file 1n accordance with the prionty and/or order defined by the workflow conductor 488,

{1677} As described above, data associated with the recognition evenis can then be sent

from the face detection and muatching processor 491 to the video clip cutter 489 and the
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thumbnail resizer 490, The video chp cutter 489 can be any suitable processor, module,
and/or device that can receive the mobile-compatible video file and that can subsequently
trim, cut, oxtract, separaie, and/or otherwise defme a video chip associated with the
recognition events of a user withm the facial recognition video and/or photo. The video chip
assootated with the recognition event of the user can then be sent from the video clip cutter
439 to a mobile-compatible media storage 492, The thumbnail resizer 490 can be any
suitable processor, module, and/or device that can receive the masier video and/or photo
file(s) and that can sabssquently define one or morg thumbnals {e.g., small images with a
relatively small file size, which in turn, can be associated with and/or mdicative of a larger
image and/or video). In this embodunent, the thumbnails can be associated with and/or
mdicative of the recognition events and can be sent from the thumbnail resizer 490 io the

mobile-compatible media storage 492.

{1678] Asg shown i FIG. 4, the video chps and the thumbnails can be sent from the
mobile-compatible media storage 492, for example, to one or more mobile applications
and/or websites 495, For example, m some instances, the video chips and thumbnails can be
sent to an Internet server or the like, which in turn, can present the video clips and thumbnails
on a website or the like. In other mstances, the video clips and thumbnals can be sent to a
chient device associated with the user, which in twrn, can present the video ¢lips and
thumbnails on a display {¢.g.. when a mobile application 1s opened, selected, running, etc ).
Moreover, metadata {(e.g., user wdentity, identity of event, location of event, location of a
chient device, ete.} or the hike associated with the indication of the workflow (described
abave) can be sent from the web services processor 494 1o the mobie application and/or
websites 4950 In this manner, a video clip of a user and any contexiual and/or metadata
assoctated therewith can be sent to and/or accessed by the user via a mobile application

and/or website.

{1679} FIG. 5 15 an illustration of an image capture system 360 {e.g., simular to image
capture system 160 shown in FIG. 1) capturing contextual information in media, according to
an embodiment. ltially, the image capture svstem 360 can capture images and/or video of a
venue. The image capiure sysiem 560 can identify characteristics such as background
landmarks, unique features of the walls, floor, design clements, furniture, and/or the hike
within the images and/or video of the verue. The image captire svstem 560 can send these

characteristics {also referred to herein as landmark data and/or information) to the host device
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510 and the host device 510 can store this mformation {(¢.g., within a database}. The host
device 510 can store this information associated with location mnformation of the venue.
Sigularly stated, the host device 510 can store the landmark mformation such that it is

associated with that landmark’s location within the venue.

{1684 In some implementations {as descbed in FIGs. 1-4), the image capture syvstem
560 can capture media {c.g., a video stream, photographs, and/or other media} including a
pser 502, The user 502 can usc a mobile device 504 including a mobile application
configured fo send location data 506 {c.g., Global Posittoning Svstern (GPS}) coordinates, Wi-
F1 signal mdicating being within range of an access point, NFC signal information, Bluetooth
communications indicating bemg within range of an 1Beacon, cellnlar triangulation
mfommation, cognitive network switching and protocol nformation that estimaies a distance
from a point of content capture, location data associated with a position in a venwe such as a
seat number or section, and/or hke locaton data} {o the host device 110, ¢.g., when the
mobile device detects a signal and/or Wi-Fi network associated with a venug. In some
implementations, the mobie application can be configured to interact with an i1Beacon
{and/or a smular device configured to transmut mformation o other devices), and can be
configured to send location data to the host device 110 {¢.g., such as the iBeacon identifier,

mobile device GPS data, and/or other such information).

{1081} Media 308 {(c.g.. photographs, videos, and/or related media files) captured by the
image capture system 169 can inclode an image or video of the user 302, as well as buildings,
features of the venue, objects, background landmarks, and/or other aspects of the background
510 of the scene. For example, the media can include not only the user 302, but scats next to
the user 302 at a spotts venue, landmarks in the background of the media and associated with
a particular location {¢.g., within a venue), signs, and/or other such mformation {e.g., unigue
features of the walls, floor, design clements, furniture, efe.). The host device 110 can use the
background with the user’s location data to further verify that the user 502 1s likely to appear
in the media. More specifically, in some instances, an analvsis module of host device 510
{c.g., similar to analysis module 121 shown in FIG. 2} can perform image processing on the
video stream, e.g., to extract scenery and/or other background, non-person data from the
video stream {alsc referred to as landmark data). For example, the analvsis modele can use
1mage processing techuiques to detect a seat nurnber 200 1o the media. A location module of

the host device 510 (o.g., simular to 124 shown m FIG. 2) can maich the extracted data to
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location data in the database {c.g., osing metadata, keywords, and/or image processing of
previously-stored location images) to estimate a location of the video stream. For example,
the location module can use the seat number 200 to estimate the seat 514 at which the user
502 appears to st in the media, and can delernune an approximate location at which the
media was captored based on the location of the seat within the vermie. For another example,
the location module can compare the landmark data in the video stream to the mmages and/or
video previously captired and stored by the host device 510, Because of the association
between the location and the landmark data stored by the host device 310, the host device 510

can identify a location of the video stream.

{1082] In some instances, a user can also check into the venoe. Specifically, the user’s
mobile device can send a message including focation information for the user {e.g., the GPS
coordinates of the user’s mobile device, an wdentifier for an 1Beacon, NFC tag, cellular
network, Wi-Fi and/or other network, and/or similar device m close proxamity o the mobile
device, and/or the like). The location module can store the location data in the user’s account
data. Afier the location module has determined a location of the video stream and of the user,
the location module can compare the seat 208 to the locaton data provided by the user’s
mobile device to determine the likelihood the user 502 was actually sitting in the scat 208,
For example, the location module can retrieve records of users whose most rocent location
data closcly maiches the cstimated location of the media {c.g., whose most rocent location
data 1s within a predetermined mumber of meters from the estimated location of the media,
and/or the like} For each user record retrieved, the analysis moduie can perform facial
recognition on the media, eg., usimg the user’s image data for comparison, to deicmming
whether the user appears in the media. Based on thus information, the host device can
determine a list of users whose image could have been captured in the media i a particular
focation, and can determine, from this reduced pool of users, whether a posiitve match
between persons in the media, and any of the users 302 in the list of users, has been made. In
some instances, facial recognition can then be performed for the 1mage to identify which
asers from the reduced pool of users {c.g., the users wdentified as being in the general arca
based on landmark information and/or user device location imformation) are identified in the
media. Reducng the pool of users using landmark data and user device location mformation
reduces the number of false positives when asimg facial recognition. In some
implementations, the host device can use the facial recognition analysis, and focation data, o

deternune whether or not to store and/or discard (o.g., delete and/or not store} the video
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stream i the database. In other implementations, the host device can store the video stream,
regardiess of whether or not the video siream can be matched with a particular user. The host
device can then associate the video stream with a particular user when the user device
location, and when facial recogmition data associated with the user, are used i combination
with the landmark and/or other location data, (o determine whether or not the user can be

identified in the video stream.

{1683} FIG. 6 is a logic flow diggram that illustrates using contextual nformation in
media, and location data, to identify a user o the media, according to an embodiment. In
some tuplementations, for exarople, the user’s mobile device 504 can “check-in” to a venue
andfor other location at 602 {e.g., by sending location data and/or iBeacon identifiers to the
host device 110 (shown i FIG. 1)), This can provide the venue and/or a host device
assoctated with the a video recognition systom {e.g., host device 1180 of FIG. 1) an indication
that the user 1s within the venue and/or at the event.  In addition, this can provide an
mdication of a user’s location within the venue and/or at the event. In some implementations,
the mobile device 304, via the mobile application stored on the device, can be configured to
periodically send updated GPS data to the host device 110, and/or can be prompied 1o send
focation data to the host device 110 when the mobile device 504 comes within close
proximity to an 1Beacon, Wi-Fi hotspot and/or sinlar device. The host device 110 can store

6034 the location data i the database 140,

{1084] In some wnplementations, instead of the user’'s mobile device checking in, a ticket
sales and/or ticket processing device at a venue can send a message 1o the host device 110
mdicating that a user has bought and/or used a ticket for a particular event at the venue, the
ume at which the ticket was puwrchased and/or redeomed, and/or the hike fIn other
mmplomentations, a user’s location can be inforred, ¢.g., based on previously-stored location
data for the user, based on tickets the user has bought for events at paricular venues, and/or

the like.

1085] An mmage capture system 168 (shown i FIG. 1} can capture media {c.g,
mcloding but not hmited to recording video footage and/or capturing at least one
photograph}, at 606, and can send the media to the host device 110 {(shown m FIG. 1), at 608,
The mmage capture system 160 can also send its location data {e.g., GPS coordinates for the
mmage capture system 160, and/or the bke) to the host device 11 The host device 110 can

wlentify a location in the media, at 610 (¢.g.. using landmark data in the scenerv and/or
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background of the media). For example, in some implementations, the host device 110 {e.g.,
via analysis modude 121 shown in FIG. 1) can use tmage recognition processing techniques to
detect particular objects in the background (seats, local landmarks, and/or the hike), to detect
wdentifving mformation n the background {e.g., signs, seat numbers, venue features, and/or
the hike}, and/or to estimate a distance between the image capture device 160 and the user 502
{e.g.. by using the size of objecis in the media, relative to the image capturing system’s
location and/or the user 502, to cstimate the distance). The host device 110 {e.g., via location
module 124) can then ase the wdentifying information, obiects, and/or distance to identify the
location captured in the media. For example, if the analysis module 121 detects a seat number
n a sports venue, the location module 124 can use the image capture svstent’s location data
to determine in which sports venue the image capture systom 160 18 located, and can retrieve
a map of the venue and/or other data to determine where in the venae a seat with the scat
munber would be located. Ag another example. the location module 124 can detect a national
landmark {¢.g., a farmous statuc) and/or a state sign, and can detcrmine a GPS location for the
user based on known location data for the navional landmark and/or state sign. If the image
capture device 160 provides location data, the location modude 124 can venfy the detected

location based on the location data from the tmage capture device.

{1086} in some tmplementations, the location module 124 can also determine a location
based on other media proviously stored at the host dovice 110, For example, the image
capture system 160 can record a video including a famous statoe, and the location module
124 can deternung the GPS coordinates for the statue and store said coordinates, g, as
metadata for the video data as stored in the database 140, If the 1mage capture device 166
later sends subsequent media that also includes the statue, the location module 124 can detect,
using image processing techmques similar to those disclosed herein, the identity of the statue
using the previously-received video data, and can determing the location of the statug using
the previous video data {¢.g., via metadata stored with the video data, and/or the ke, For
another example, the location module can use pre-captured image data of landmarks within a
venue that associates the landmarks with a location within the venue to dentify the focation

within the venue captured in the media,

{1087} The location moduie 124 can then retrieve user location data {c.g., GFS data,
iBeacon data, ticket purchase data, and/or the hike)} for users in the database 140 at 612, For

cach user 614, the host device can map the user’s location data o a location v the venue
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and/or at the event at 616, For example, if the user location data indicates that the useris at a
particelar sports venue, the location module 124 can map the user’s location data to a location
within the venue, ¢.g., using a map of the venue and/or similar data. The location module 124
can then deteroune 518 whether or not the uset’s location in the vere matches the location
the location module 124 identified in the media. For example, the host device 110 can
deternune whether a seat number detected 10 the media matches a seat nomber ¢lose {o the
iBeacon wentified i a user mobie device's check-in message, and/or whether the scat
mumber 1s m close proxinmity to a scat mumber associated with the wser’s ticket. H the two
locations do not maich, the location module 124 determines that the oser is likely not at the
location where the media was recorded, and the location module 124 can analyze 620 the

focation data of the next user.

{1088} if the two locations maich, the analysis module 121 {c.g., shown & FIG. 2) can
perform facial recognition 622 on the media, ¢.g., using the user’s previouslyv-stored image
data and the media received from the tmage capturing svstem 160, If the analvsis module 121
detects a match 624 between the user and a person in the media, the host device can store 626
the media (¢.g., mcluding metadata such as the location at which the media was recorded, an
wdentifier associated with the user, andfor other nformation). The host device 110 can then
nokify the wser {c.g., via an email, a toxt {¢g.. Short Message Service (SMS} and/or
Multunedia Messaging Service {(MMS)) message, a mobile device application notification,
and/or the hike) that the image capture system 160 captured media inchuding the user. The
pser can then access the media. I the two locations do not mateh, the analysis module may

not perforot the facial analvsis, and may end the process of maiching the user to the modia.

{1089] In some mmplementations, the location modele 124 can perform the location
analysis before preforming facial recognition on the media. In other vuplementations, the
host device 110 can perform the location analysis after performing facial recognition on the
media. Performing the location analysis before the facial recognition can redoce the number
of comparisons made {thus reducing the amount of time and resources used to perform the
facial recogmnion}, and can reduce the amount of data retrieved and processed from the
database 140, This can also reduce the number of false positives produced from the facial
recognition process since the facial recognition apalysis can be performed on those
mdividuals whose location matches the location of the mmage and not on the mdividuals

whose location does not match the location of the image.

(9]
~d
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{1694 In some mstances, a facial recognition confidence score can be caloulated based
on the location information identified by the landmark data in the media. For example, if' a
landmark in the media indicates the video 1s of a specific portion of a venue and a user’s
device indicates the user is within that portion of the venue, the confidence score that the user
ts within the media can increase. Conversely, if 8 landmark in the media indicates the video
is of a specific portion of a venue and a user’s device indicates the user 5 not within that
portion of the venue, the confidence score that the user is within the media can decrease.
Thus, whle not himting the number of mdividuals on wiich facial recognition is performed,

the landmark data can reduce false positives by affecting the confidence scores of users,

1091} While described above as being used in conjunction with facial recognition, in
other embodiments, the location mformation received from the user’s device and the location
mformation derived from the landmark data in the image and/or video can be used without
facial recognition to identify a aser m the video. Specifically, for example, the location
module (e.g.. shown in FIG. 2} can detormine using information in the video {e.g., wsing
mformation it the scenery and/or background of the media) a location of the video. ¥ a user
device mdicates that a user 1s at that specific location, the user can be 1dentified as being

mcloded 10 the video. The video can then be provided to the user, as desenbed above.

{1692} While described above as receiving location mformation from an image capture
device {e.g., a position with the venue}, in other embodiments such location mformation i
not received and the location of the image capture device can be identified solely based on
the landmark data i the media {¢.g., using mformation in the scenery and/or background of
the media). In such embodiments, image capture devices not associated with the video
recognition system {e.g., video recognition system 100 of FIG. 1) and/or tmage capture
devices not copumunicatively coupled with the video recognition systom can be used to
capture images and/or videos. The location of such images can be identified without focation

specific data (other than the image itself} being provided by the image capture device.

193] While vanous embodiments have been described above, it should be vnderstood
that they have been presented by way of example only, and not limitation.  For example,
while the cmbodiments and methods have been described herein as defining a contextual
video stream of a user at an event or the like and sending the contextual video stream 1o a
chient device and/or otherwise allowing access to the contextual video stream via, for

example, a web browser and the Indernet, in other embodiments, a host device can store, 1n &
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database, any mumber of contextoal video streams associated with a user. In some instances,
the host device can be configured to define a user profie or the like that can include any
number of contextual video streams of the user. In some instances, the user can access his or
her user profile via a mobile apphcation, a computer application, 3 web browser and the
Infernet, and/or the like. Morgover, 1 some mnsiances, the user can share or otherwise
request the bost device to share anv number of contextual video sireams of the user with a
different user and/or via a social media site. In some instances, a user can allow access to a
portion of his or her user profile such that other users can view the contextual video streams

mchided therein.

J1094] Wihale specific examples have been particularly descnibed above, the embodiments
and methods described herein can be used in any soitable manner. For example, while the
system 100 15 descabed above as defining a contextual video stream of a user at a sporiing
event, in other embodiments, the methods desenbed hersin can be wused to wdentify an
mdividual using, for example, facial recognition and video analviies in any suitable setting,
venue, argna, event, tc.  For examaple, m some embodiments, the methods described above
can be used to capture a contexiual video stream at a concert, a rally, a graduation, a party, a
shopping mall, a place of business, etc. In one example, a host device can receive a
contextual video stream from, for example, a graduation. In some instances, as described
above, the host device can perform any suitable facial recognition and/or video analvtics to
wlentify the graduate (and/or any individual and/or user). Morcover, the host device can be
configured to apalyze comtextual information such as, a user profile associated with the
graduate, an order of students walking across the stage, location data associated with the
graduate’s chient device, and/or any other suntable data. As such, the host device can analyze
the data to verify the wlentity graduate {¢.g., when the data satisfics a criteria(ion}) and can
define a contextual video stream of the graduate, for example, as he or she walks across the
stage to receive a diploma or the like. In other fnstances, the host device can identify a family
member or friend of the graduate and can define a contextual video stream of im orhern a

simnilar manner.

j1095] While the cmbodiments have been described above as being performed on
spacific devices and/or i specific portions of a device, in other embodiments, any of the
embodiments and/or methods described hercin can be performed on any suttable device. For

exarople, while the contextual video streams have been described above as being sent 1o a
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host device {e.g., the host device 110} for facial recognition and/or image analysis, in other
embodiments, anv suitable analvsis can be performed on or at a client device. For example,
N sOme instances, a user can captwre a video stream {¢.3., a comtextual video stream) via a
camera of the chient device and in response, the chient device can analyze the video 1o identify
any nomber of registered users or the like m the video stream. In some instances, the analysis
can be via a convolutional nevral net sent to and/or stored on the client device {c.g., stored in
memory and associated with the system application). In some instances, the analysis can be
pre-processed and/or pre-soried based on, for example, the user’s contact list, friends fist,
ostablished connections, efc., as described above. In some mnstances, the cliont dovice can
send a user-specific video stream (o any identified user, as described above. In other
embodiments, the client device can upload and/or send the analvzed video stream and/or the

user-specific video stream{s} to the host device 110 andfor the database 140.

{1696} While video sircams and/or image data is descnbed above as being “contextaal,”
it should be understood that the video stream data and/or image data can be independent of
and/or unassociated with “comtextual data.” For example, m some instances, a user can
capture a video stream and/or 1mage and can upload the video stream and/or vage for
processing without defining and/or sending contextual data associated with the video stream
and/or image data. In some mstances, a host device or the like {e.g.. the host device 1180} can
recetve the user-gencrated video stream and/or tmage data and in response, can perform one
or more facial recognition processes andfor any other suitable analytics on the data to define,
for example, a user-specific video stream or user-specific image that is independent of

comtextual data,

JEG97] While the embodiments have been particularly shown and described, 1t will be
understood that varicus changes m form and details may be made Although vanous
embodiments have been desenibed as having particular features and/or combinations of
components, other embodiments are possible having a combination of any features and/or

components from any of embodiments as discussed above.

1098] Where methods and/or events described above indicate certain evenis and/or
procedures oocurring in cortain order, the ordering of certain evends and/or procedures vy
be modified. Additionally, certain events and/or procedures may be performed concurrently
i a parallel process when possible, as well as performed sequentally as deseribed above.

While specific methods of facial recognition have been described above according fo specific
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embodiments, i some instances, any of the methods of facial recognition can be combined,
augmented, enhanced, and/or otherwise collectively performed on a set of facial recoguition
data. For example, 1n some instances, a method of facial recognition can include analyzing
facial recognition data using Figenvectors, Eigenfaces, and/or other 2-I) analvsis, as well as
any suitable 3-D analysis such as, for example, 3-D reconstruction of mudtiple 2-D mmages.
In some mstances, the vse of a 2-D analysis method and a 3-D analysis method can, for
example, vield more accurate results with less load on resources {¢.g., processing devices)
than would otherwise result from only a 3-D analysis or only a 2-D analveis. In some
mstances, facial recognition can be performed via convolutional neural nets {CNN} and/or via
CNN in conmtbination with any suttable two-dimensional (2-D) and/or three~dimensional (3-
13} facial recognition analvsis methods. Moreover, the use of multiple analysis methods can
be used, for exampie, for redundancy, error checking, load balancing, and/or the ke, In
some instances, the use of muitiple analysis methods can allow a system to selectively

analyze a facial rocognition data sct based at least in part ov specific data included therein.

{1099] Some embodiments described herein relate to a computer storage product with a
non-transitory  computer-readable mediom {also can be referved 1o as a non-transiiory
processor-readable medium} having instructions or compuier code thercon for performing
various computer-implemented operations.  The computer-readable medivm {or processor-
readable medium) is non-transitory in the sense that i does not include transitory propagating
signals per se {e.g. a propagating clectromagaetic wave carryving information on a
fransmission medivm such as space or a cable). The media and computer code {also can be
referred 1o as code) may be those designed and constracted for the specific purpose or
purposes.  Examples of non-transifory computer-readable media include, but are not limited
to, magnetic storage media such as hard disks, Hoppy disks, and magnetic tape; optical
storage media such as Compact Dise/Digrtal Video Discs (CIVDVDs), Compact Dise-Read
Only Memornes (CD-ROMzs), and holographic devices; magneto-optical storage media such
as optical disks; carrier wave signal processing modules; and hardware devices that are
specially configured to store and execute program code, such as Application-Specific
Integrated Circuits {ASICs), Programmable Logic Devices (FLDs), Read-Only Memory
{(ROM) and Random-Access Memory {(RAM) devices. (ther embodiments described herein
relate to a computer program product, which can mchide, for example, the instructions and/or

computer code discussed herein

41



WO 2017/070519 PCT/US2016/058189

{164 Some embodiments and/or methods deseribed herein can be performed by
software {executed on hardware), hardware, or a combination thercof. Hardware modules
may nclude, for example, a general-purpose processor, a field programmable gate array
{(FPGA), and/or an application specific micgmted ciramt (ASIC)  Software modules
{executed on hardware) can be expressed in g variety of software languages {e.g., computer
gode), mchiding €, C++) Java™, Ruby, Visual Basic™ and/or other object-oriented,
procedural, or other programming language and development tools. Examples of computer
code include, but are not hmited to, micro-code or micro-nstructions, machine instractions,
such as produced by a compiler, code used to produce a web service, and files containing
higher-level instructions that are executed by a computer using an inderpreter.  For example,
embodiments may be implemented using troperative programmming languages {eg., €,
Fortran, ete.}, fonctional programming  languages (Haskell, Erlang, etc), logical
programming languages {(c.g., Prolog), object-oriented programming languages {¢.g., Java,
C++, ete.}) or other suitable programnung languages and/or development tools. Additional
examples of computer code nclude, but are not fimited to, control signals, encrvpted code,

and compressed code.



Claims

1. An apparatus, comprising:

amemory; and

a processor operatively coupled to the memory, the processor configured to, at afirst
time, receive datafrom a user device, the processor configured to store the datain auser profile
data structure, the user profile data structure including facial recognition data of a user associated
with the user device and defined based on at least one of two-dimensional facial recognition
analytics, three-dimensional facial recognition analytics, or convolutional neural nets (CNN), the
processor configured to receive, at a second time different from the first time, at |east one image
from an image capture device,

the processor configured to identify (1) a venue based at |east in part on data associated
with the at least one image and (2) an image location within the venue based at least in part on a
set of image characteristics within the received at least one image, the processor configured to
retrieve, from a database, a plurality of user profile data structures including the user profile data
structure, the processor configured to determine whether the user is at the venue based on at least
afirst portion of the data stored in the user profile data structure from the plurality of user profile
data structures,

the processor configured to, when the user is at the venue, determine whether the user
associated with the user profile data structure can be identified in the at least one image by
analyzing the at least one image with respect to the facial recognition data of the user based on at
least one of the two-dimensional facial recognition analytics, the three-dimensional facial
recognition analytics, or the CNN to identify afacial recognition confidence score,

the processor configured to (1) determine a user location within the venue based on at
least a second portion of the data stored in the user profile data structure, (2) compare the user
location within the venue to the image location, and (3) increase the facial recognition
confidence score when the user location within the venue and the image location are within a
predetermined distance of each other, the processor configured to associate the at least one image
with the user profile data structure based on the facial recognition confidence score meeting a

predetermined criterion,

43



the processor configured to not perform facial recognition analysis on the at least one
image with respect to the facial recognition data when the user is not at the venue.

2. The apparatus of claim 1, wherein the data received from the user deviceis at least one of
iBeacon data, Global Positioning Service (GPS) data, a seat identifier, social media data, internet
web browsing data, purchase data, near field communication (NFC) verification data, cellular
network triangulation data, or a Wi-Fi network identifier.

3. The apparatus of claim 1, wherein the user is afirst user, the image capture device is one
of an autonomous camera or a user client device associated with a second user different from the

first user.

4, The apparatus of claim 1, wherein the processor is configured to identify the image
location by:

performing image processing on the at |east one image;

identifying at least one venue landmark based on the image processing; and

identifying the image location by determining alocation of the venue landmark.

5. The apparatus of claim 1, wherein the facial recognition data of the user includes data
relating to at least one photograph of the user that is associated with the user profile data

structure.

6. The apparatus of claim 1, wherein the at least one image is stored in the database if the

user can beidentified in the at least one image.

7. A method, comprising:
receiving, at afirst time, datafrom a user device;
storing the datain a user profile data structure in a database;
receiving, at a second time different from the first time, at least one image from an image

capture device;



identifying (1) a venue based at least in part on data associated with the at least one
image and (2) an image location within the venue based at least in part on a set of image
characteristics within the at |east one image;
determining a user is at the venue based on afirst portion of the data stored in the user
profile data structure;
determining a user location within the venue based on a second portion of the data stored
in the user profile data structure, the second portion of the data being different from the first
portion of the data;
comparing the user location to the image location; and
when a distance between the user location and the image location is less than a
predetermined distance:
analyzing facial recognition data within the user profile data structure with respect
to the at least one image, facial recognition analysis not being performed on the facial
recognition data within the user profile data structure with respect to the at least one
image when the distance is greater than the predetermined distance, and
storing the at |east one image as associated with the user profile data structure

when the at least one image matches the facial recognition data.

8. The method of claim 7, wherein the data received from the user device is at least one of
iBeacon data, Global Positioning Service (GPS) data, a seat number, social media data, internet
web browsing data, purchase data, near field communication (NFC) verification data, cellular
network triangulation data, or a Wi-Fi network identifier.

0. The method of claim 7, further comprising:

pre-processing the at least one image to determine contextual information before
analyzing the facial recognition data with respect to the at least one image,

the contextual information including at least one of an identifier associated with the
venue, atime the at least one image was captured, or a coinciding event that occurred when the

at least one image was captured.
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10.  Themethod of claim 7, further comprising:

calculating a confidence level for the at |east one image based on the analyzing of the
facial recognition data with respect to the at least one image; and

determining that the at least one image matches the facial recognition data when the
confidence level exceeds a predetermined threshold.

11.  Themethod of claim 7, wherein the at |east one image is a video including the at least
one image, the method further comprising:

dividing the video into a series of images such that the facial recognition data is analyzed
with respect to each image in the series of images when the facial recognition datais analyzed
with respect to the at |east one image.

12.  Themethod of claim 7, further comprising:
sending asignal indicative of an instruction to graphically render the at least one image at

the user device when the at least one image matches the facial recognition data.

13. Themethod of claim 7, wherein the identifying of the image location includes identifying
the image location based at |east in part on background scenery or a background landmark
included in the at |east one image.

14.  Themethod of claim 7, wherein the user profile data structure is from a plurality of user
profile data structures stored in the database, each user profile data structure from the plurality of
user profile data structures including facial recognition data of a corresponding user, the method
further comprising:

discarding the at least one image if the at |east one image does not match facial
recognition data of at least one user profile data structure from the plurality of user profile data

structures.

15.  The apparatus of claim 1, wherein the processor is configured to automatically send to
the user device the at least one image when the facial recognition confidence score satisfies the
predetermined criterion.
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16.  Theapparatus of claim 1, wherein the processor is configured to determine the user
location within the venue by inferring a section within the venue based on at least the second

portion of the data stored in the user profile data structure.

17.  Theapparatus of claim 1, wherein the first portion of the data stored in the user profile
data structure includes location data, the processor is configured to determine the user is at the

venue based on the location data stored in the user profile data structure.

18.  The apparatus of claim 1, wherein the first portion of the data stored in the user profile
data structure includes historical |ocation data associated with the user device, and
the processor is configured to determine the user is at the venue based on the historical

location data stored in the user profile data structure.

19.  The apparatus of claim 1, wherein the first portion of the data stored in the user profile
data structure includes | ocation data and the second portion of the data stored in the user profile
data structure includes non-location data, the processor is configured to determine the user is at
the venue based on the location data and to determine the user location within the venue based

on the non-location data.

20.  Themethod of claim 7, further comprising:
sending, automatically and to the user device, the at |east one image when the at least one

image matches the facial recognition data.

21.  Themethod of claim 7, wherein the determining the user location within the venue

includes inferring a section within the venue based on the second portion of the data.
22.  Themethod of claim 7, wherein the first portion of the data includes |ocation data, the

determining the user is at the venue includes determining the user is at the venue based on the

|ocation data.
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23.  Themethod of clam 7, wherein the first portion of the data includes |ocation data and the
second portion of the data includes non-location data, the determining the user is at the venue
includes determining the user is at the venue based on the location data and the determining the
user location within the venue includes determining the user location within the venue based on
the non-location data.
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