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TAGGING AN IMAGE WITH AUDIO-RELATED METADATA
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Patent Application No.
16/516,053, filed on July 18, 2019, and to U.S. Provisional Patent Application No.
62/714,625, filed on August 3, 2018, cach of which is hereby incorporated by reference in
s entirety.

USAGE AND TERMINOLOGY

{6002} In this disclosure, unless otherwise specified and/or unless the
particular context clearly dictates otherwise, the torms “a” or “an” mean at least one, and
the term “the” means the at least one.

[80303] In this disclosure, the term “connection mechamism”™ means a
mechanism that facilitates communication between two or more components, devices,
systems, or other entitics. A connection mechanism can be a relatively simple mechanism,
such as a cable or system bus, or a relatively complex mechanism, such as a packet-based
communication network {¢.g., the Internet). In some instances, a connection mechanism

can inciude a non-tangible medium {c.g., in the case where the connection is wircless).

INTRODUCTION
|8004] Ag the technology surrounding image-capturing computing devices

continues o evolve, users of these devices expect more and more tunctionality from these
devices, as well as from their experiences in using them. When coupled with the
mereasing  connechivity between these users {e.g., through social media), a holistic,
mtormed experience with the captured 1mage can be important to the user and those with
whom the user connects. Thus, methods and systems for improving the user experience

when capturing images are provided herein.
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SUMBMARY

18605} In one aspect, an cxample computing deviee 1s disclosed. The computing
device comprises (&) a camera, (b} a microphone, (¢} one or more processors, and {(d) a
non-transitory, computer-readable medium storing instructions that, when executed by the
one Or more processors, cause the computimg device to perform a set of acts comprising:
(1) receiving a request to use the camera of the computing device; (i) in response 1o
recetving the request, using the microphone of the computing device to capture audio
content and using the camera of the computing device to capture an image; (1) identifying
reference audio condent that has at least a threshold extent of similarity with the captured
audio content; and (iv) outputting an mdication of the identified reference audio content
while displaying the captured image.

[(0306] In another aspect, an example method to be performed by a
computing device is disclosed. The method includes (a} receiving a request to use a
camera of the computing device; (b} 1n response o receiving the request, (i) using a
microphone of the computing device to capture audio content and (11} using the camera of
the computing device 1o capture an image; (¢} identifying reference audio content that has
at least a threshold extent of sinularity with the captured audio content; and (4} cutputting
an indication of the identified reference audio content while displaying the captured
mage.

[6007] In ancther aspect, an cxample non-transitory computer-readable
mediom 18 disclosed.  The computer-readable medium has stored thercon program
instructions that, upon execution by a computing system, cause the computing system to
perform a set of operations comprising {a} receiving a request to use a camera of a
computing device; (b) in response to receiving the request, (1} using a microphone of the

computing device to capture audio content and (i1} using the camera of the computing
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device to capture an image; (¢} wdentifving reference audio content that has at least a
threshold extent of similarity with the captured audio content; and {d) outpuiting an

indication of the identified reference audio content while displaving the captured image.

|3
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BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Figure 1 is a simplified block diagram of an example computing
device.

[LEED Figure 2A 1s an example graphical user interface ("GUI™) in a first
state.

|6010] Figure 2B is the example GUI of Figure 2A, but in a second state,

8011} Figure 2C 15 the example GUI of Figure 2A, but in a third state,

601 2] Figure 2D 1s the example GUI of Figure 24, but in a fourth state.

[6013] Figure 3 is a flow chart of an example method.
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BETAILED DESCRIPTION
L. Overview

16614} People capture and review images using image-capturing computing
devices {e.g., smartphones, laptop computers, etc.) that are equipped with a host of
capabilities, but in a fashion that mayv not adequately take into account the environmental
factors and context surrcunding the captured tmage. For example, to improve the user’s
opportunity to capture a desirable image, computing devices may provide the user with a
short burst of images taken before and/or afier the intended 1mage capture. Geolocation
and/or timestamp information may also be associated with the captured image to inform
the user when and where the mmage was captured. Doing so, however, may only mprove
the user’s experience in terms of the mmage self, and may not adequately represent the
context or environment in which the tmage was captured.

|6015] With the above arrangements, the user may only be as engaged with
the tmage as the mmage itsclf warrants, regardless of a variety of environmental factors that
might have been occurring at the fime the image was captured.

[8016] Disclosed hercin are methods and systems to address these and
potentially other issues. In an example method, a computing device can capture an image
m an environment where audio content is being plaved. At or around the time the image is
captured, the computing device can also capture the audio content plaving i the
environment and identify various information about the captured audio conient.

80317} The computing device can dentify information about the audic
content in various ways. For instance, the computing device can determine an audio
fingerprint associated with the aundio content, transmit the fingerpnnt to a server and, in
response, receive metadata associated with the fingerprint from the server. In another

aspect, the computing device can send the captured audio content {or a portion thereof} to
5
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a server, and the server can generate an audio fingerprint of the audio content. The server
can then identity metadata associated with the fingerprint and transmit the identified
metadata to the computing device. In any ¢ase, once the computing device obtains the
metadata, the computing device may associate the metadata with the image and store the
image and the associated metadata for further use.

16618} In one example, when the stored image is selected for viewing, the
computing device can use the associated metadata to display a GUI displaying information
contained in the metadata and associated with the andio content. The metadata may
indicate an artist, song title, album title, album cover, genre, vear of release, or various
other identifving information of the audio content. In this manner, by displaying
information contained in the metadata when the user views the image, the computing
device can provide the user with information identifying the audio content that was
playing in the environment of the computing device at the time the tmage was captured.

18619} In another example, when the image is selected for viewing, the
computing device may use the associated metadata to play back a version of the
previously captured andio content. For example, as noted above, the metadata can include
vartous identifyving mformation of the audio content, such that the computing device can
use the metadata to retricve and play a version of the identified audic content.  The
computing device can retrieve the version of the identified audio content from local
storage on the computing device or from an audio streaming service. The version may be
a studio-recorded version or a live concert version of the audio content, as a sound guality
of these versions 1s likely 1o be higher than a sound quality of the audio content captured
by the computing device. In these examples, the computing device can also display a GUI

that allows the user to interact with and control playback of the avdio content {e.g, via a
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“pause” button, volume control slider, etc ), and that displays information contained n the
metadata and associated with the audio content, as described above.
i, Example Architecture

A, Computing Device

6026} Figure 1 is a simplified block diagram of an example computing
device 100. Computing device 100 can perform various acts and/or functions, such as
those described i this disclosure.  Computing device 100 can include varnous
components, such as processor 102, data storage unit 104, communication mierface 106,
and/or user interface 108, These components can be connected to cach other {or to
ancther device, system, or other entity} via connection mechanism 110,

321} Processor 102 can mclude a general-purpose processor (g, a
microprocessory and/or a special-purpose processor (e.g., a digital signal processor
(DSP)).

18622} Data storage unit 104 can inclade one or more volatile, non-volatile,
removable, and/or non-removable storage components, such as magnetic, optical, or flash
storage, and/or can be imtegrated m whole or in part with processor 102 Further, data
storage unit 104 can take the form of a non-transitory computer-readable storage medium,
having stored thercon program instructions {e.g., compiled or non-compiled program logic
and/or machine code) that, when executed by processor 102, cause computing device 100
to perform one or more acts and/or functions, such as those described in this disclosure.
As such, computing device 100 can be configured to perform one or more acts and/or
functions, such as those described n thus disclosure. Such program instructions can define
and/or be part of a discrete software application. In some instances, computing device 100

can execcufe program instructions in response fo receiving an inpuf, such as from
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communication nterface 106 and/or user interface 108, Data storage unit 104 can also
store other types of data, such as those types described m this disclosure.

[6023] Communication interface 106 can allow computing device 100 to
connect to and/or compumicate with another other entity according to one or more
protocols. In one example, communication interface 106 can be a wired mterface, such as
an Ethernet mterface or a high-definition senal-digital-interface (HD-SD1).  In another
example, communication interface 106 can be a wireless mterface, such as a celludar or
WI-FI intertace. In thus disclosure, a connection ¢can be a direct commection or an indirect
connection, the latter being a connection that passes through and/or traverses one or more
entitics. such as such as a router. switcher, or other network device. Likewise, 1n this
disclosure, a transmission can be a direct transmission or an ndirect transmission.

0024} User interface 108 can facilitate nferaction between computing
device 100 and a user of computing device 100, if applicable. As such, user interface 108
can include input components such as a kevboard, a kevpad, a mouse, a touch-sensitive
panel, a microphone, a camera, and/or a movement sensor, all of which can be used to
obtain data indicative of an enviromment of computing device 100, and/or output
components such as a display device {which, for example, can be combined with a
touch-sensitive panel}, a sound speaker, and/or a haptic feedback system. More generally,
user interface 108 can include hardware and/or software components that faciitate
uderaction between computing device 100 and the user of the computing device 100,

18625} Computing device 100 can take various forms, such as a
workstation termnal, a desktop computer, a laptop, a tablet, a mobile phoune, or a
television.

1. Example Operations
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18026} As described above, a computing device can include a camera, and
a user of the computing device can use the camera to capture various images. For
instance, the user can use the camera fo take a photograph of family, friends, or any scene
that the aser would bke to memorialize. While a computing device s capturing an image,
audio content may be plaving in an environment surrounding the computing device {¢.g.,
music plaving in a restaurant, shopping mall, etc.}. As described m further detail below,
the computing device can identify the audio content plaving in the environment and
subsequently display an indication of the audio content when the user goes to view the
captured image.

[6027] At or around the time the computing device captures the image, the
computing device can also determune a fingerprint associated with the andio content. For
instance, the computing device can generate a fingerprint from a portion of audio content
that is playing at or arcund the time the computing device is capturing the image.

16628} To determine the fingerprint associated with the audio content, the
computing device can capture audio content from the environment of the computing
device at or around the time the image 1s captured, and the computing device can do so in
a number of ways. For example, using one or more microphones of the computing device,
the computing device can capture audio content that i1s being plaved at the same time the
image s captured, such as over a period of time during which the tmage is captured {c.g.,
over a time period that beging or ends when the image 1s captured or during a time period
comprising a short burst of images taken before and/or after the intended image capture).
Alternatively, the computing device can capture andio content from the cnvironment just
betore the image is captured or just after the image is captured {(e.g., during a period of
time when a camera application is running ou the computing device, but not when the

image itself is captured).



WO 2020/028107 PCT/US2019/043089

160629} In one example, the computing device may be configured to detect
that a user is preparing to capture an image {(e.g., by opening a camera application on a
smartphone} and, in response, begin capturing audio content that is being plaved in the
environment of the computing deviee using one or more microphones on the computing
device. In a further aspect, the computing device may also be contigured to detect that the
user is preparing to cease capturing an image (e.g., by closing the previcusly opened
“Camera” application on the smartphone} and, m response, discontinue capturing the
audio content that is being plaved in the environment around the computing device.

16634} In another cxample, the computing device may be configured to
continuously monitor audio content that is being plaved i the environment of the
computing device during background processing and begin capturing the audio only upon
recognizing one or more predetermined phrases (¢.g.. “Let’s get a picture together!™. In
this way, while the andio content that is being played in the environment around the
computing device is continucusly monitored for engagement by the user, the audio content
may only be captured upon such engagement,

[6031] In vet another example, the computing device may be configured to
continuously monitor the audio content that is being played in the environment arcund the
compoting device and pertodically (as opposed to responsively}) capture the audio content
for further analysis. In some examples, the computing device may periodically capture the
audic content and perfornm audio analysis {¢.g., fingerprinting, finding other audio content
that matches the captured audio content, etc.) in real time or near real time. In other
examples, however, the computing device may periodically capture the audio content and
defer audio analysis until a later time using one or more methods {¢.g., by timestamping
the captured audio content and, at a later time, matching it with a captured image with a

same {or similar) imestamp).
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[80632] In vet another example, the computing device may be configured to
capiure audio content that 1s being playved 1 the environment around the computing device
using one or more microphones of the compuoting device as part of video captured by the
computing device, which typically contains both audio and visual data. In a further aspect,
the computing device may separate the audio content from the captured video atier the
video is captured {c.g., by extracting the audio content from the video file).

{6633} In any case, the computing device can determine a fingerprint for
the captured audio content. The computing device can determme the fingerprint according
to any audio fingerprinting process now known or later developed. In some examples, the
computing device itself can generate the audio fingerpunt data based on the captured
audio content, or the computing device can send the captured audio content {or a portion
thereof) to another computing device, such as a network server, that can generate the audio
fingerprint data based on the captured audio content.

18634} Further, in some examples, the computing device can determine the
fingerprint based on captured andio content in real ime. In other examples, the computing
device can determine the fingerprint at a later time.

|6035] Ouce the avndio fingerprnt data has been deternuned, however, the
audio fingerprint data can be used to wdentify the andio content that was plaved at or
around the time the image was captured. For instance, the computing device or the
network server can compare the audio fingerprint data with reference audio fingerpring
data representing acdio content of known media {e.g., of known songs).

6636} The computing device, the network server, or other such entities
could establish or otherwise have access to reference audio fingerpunt data representing
the known media. For instance, the server could receive various songs and, for each song,
could generate respective reference audio fingerprints representing the respective songs.

i1
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Or the server could otherwise establish or be provisiongd with these reference audio
fingerprints. In anv case, the reference fingerprints can be gencrated according to any
audio fingerprinting process now known or later developed. The server can further
associate cach reference audio fingerprint with information identifying the audio content
that corresponds to the reference audio fingerpnint.  For mstance, each reference audio
fingerprint can be associated with a song title, artist, genre, album title, release vear, or
varicus other information descnbing the audio content,

(6637} The computing device can query the server with the audio
fingerprint data that was gencrated based on the audio content captured played at or
around the time the image was captured, and the server can compare the guery audic
fingerprint data with the reference audio fingerprint data of the known media. And if the
server thercby determines with sufficient confidence that the query audio fingerprint data
matches particular reference audio fingerprint data, then the server could conclude that the
audio content played at or around the time the image is captured and captured by the
computing device is the known media represented by the particular reference audio
fingerprint data.  Further, upon coming to such a conclusion, the server could transmit, to
the computing device, the descriptive information associated with the media represented
by the particular reference audio fingerprint data (e.g., the ntle, artist, genre, album title,
and/or release vear of the audio content).

16038} In other examples, the computing device may perform some or all
of these functions locally, on the computing device itself.

{6039} In any event, the computing device can store the descrptive
information of the audio content (or at least some portion thercof) as metadata associated

with the image. And when a user subsequently views or otherwise accesses the image via
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the computing device, the computing device can use the metadata associated with the
1mage to perform varnious functions.

|06040] In one example, the functions performed by the computing device
may include, responsive o the image being selected for viewing, using the associated
metadata to displav a GUI displaymg mformation contamed in the metadata and
associated with the audio content (¢.g.. the name of the song and/or artist in the audio
content). Such displayed information can provide the user with further context for the
enviropment in which the image was captured and may increase the user’s engagement
with the mmage, the user’s inclination to share and discuss the image, and/or the user’s
inclination to play or download the audio content (while viewing the image or otherwise).

8041} In another example, responsive to the mmage being selected for
viewing, the computing device can use the associated metadata to play back the audio
content that was playing in the computing device’s environment at the time the umage was
captured. For mstance, the computing device can use the associated metadata to determine
which song was plaving in the environment, and the computing device can then retricve
and play the determined song. In some cxamples, the song may be locally stored on the
computing device, and so the computing device may play the locally stored song. In other
examples, the computing device can play back the song using an audio streaming service.
In vet other examples, the computing device may only store a small portion of data
associated with the captured audio content, the captured image, and/or both, and stream
and/or retrigve other types of data assoctated with the audio content from vartous sources
{e.g., network servers), only after the image 1s selected for viewing. Other examples are
possible as well.

[6042] In any case, before or pursuant to playing back the andio content,

the computing device can also display a GUI that allows the user to interact with and

13
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control the audio content that is beimg plaved via the computing device {(e.g., a “pause”
bution, volume control shider, etc.). In a further aspect, the computing device can also
display a GUI displaving information comtained in the metadata and associated with the
audio content {¢.g., the name of the artist, album title, or album cover associated with the
audio content}.

A. Example GUls and Operational Environments

[60643] To further illustrate the above-described concepts and others,
Figures 2A-2D depict example GUIs that a computing device 200 can be configured to
displav based on cxample operating environments of the computing device 200, The
computing device 200 can be similar or the same ag the computing device 100 depicted in
Figure 1. In the present examples, the computing device 200 is depicted as a mobile
computing device, but can take other forms m other examples. Further, the example
environments and GUls depicted in Figures 2A-2D are merely for purposes of illustration.
The feabwres described herein can imvolve environments, operations, GUls, and
functionalitics that are configured or formatted differently, include additional or fower
components and/or more or less data, include different types of components and/or data,
and relate to one another in different ways.

[B8044] Figure 2A depicts an example GUI of the mobile computing device
200 m a first state.  Specifically, in this first state, the mobile computing device 200
displays an image 202 (here, an image depicting a mountain range, skvline, and winding
road} captured by a camera of the mobile computing device 200, The image 202 can be
one of multiple previousiv-captured images viewable via a photo gallery of the mobile
computing device 200. For instance, as shown, the mobile computing device 200 can

display a scroll icon 204, and responsive to receiving a selection of the scroll icon 204, the
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mobile computing device 200 can alter the GUI to display other ones of the previously-
captured images {¢.g., by scrolling the images left or right).

[6045] In line with the discussion above, at or around the time the mobile
computing device 200 captures image 202, the mobile computing device 200 can also
capture audio content from its environment {(and can do so 1n a number of ways). In one
example, the mobile computing device 200 can receive a request to use a camera of the
mobile computing device 200 and, in response. use one or more microphones on the
mobile computing device 200 to capture audio content playing in the surrounding
environment at or around the same time the image is captured. The mobile computing
device 200 may also capture this audio over a penod of time during which the image is
captured {¢.g., just before the image 15 captured, just after the image is captured, and/or
during other time periods surrounding the capture of the image).

[G846] The mobile computing device 200 can receive a reguest 1o usc a
camera on the device in various ways. For example, recetving the request to use the
camera can involve the mobile computing device 200 detecting that a user is preparing to
capture an image {¢.g., by receiving a request to launch a camera application of the mobile
computing device, by receiving a3 request to capture an image, etc.). In another example,
the mobile computing device 200 can continuously {or pertodically) monitor andio content
that 1s being plaved in the environment of the computing device and begm capturing the
audic only upon recognizing one or more predetermined phrases that mdicate that the user
is preparing to capture an mmage {e.g., “Let’s get a picture together!™). In this way, the
audio content in the environment around the mobile computing device 200 can be
continuously monitored for purposes of determining that the user 1s preparing o capiure

an image.
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16047} In another cxample, the mobile computing device 200 can
periodically monitor and/or capture audio content and associate some of the captured
audio content with the image 202 based on timing information of the captured audio
content. For example, the mobile computing device 200 can capture audic content
penodically {(e.g., record 1 second of audio content every 30 seconds), associate time data
with that captured audio content {¢.g., a timestamp). and then associate the captured audio
data {and/or data pertaining to the captured audio content) with the image 202 at a later
time based on shared (or similar) time data between the captured audio and the 1mage 202.
Other examples are possible.

|6048] Tuming to Figure 2B, Figure 2B depicts the GUI of mobile
computing device 200 depicted in Figure 2A, but in a second state. Specifically, in Figure
2B, the mobile computing device 200 has captured audio content and used the captured
audic content to identfy reference audio content that has at least a threshold extent of
simtlanty with the captured audio content. Then, based on the results of this comparison,
the mobile computing device 200 can display metadata associated with this reference
audio content, shown here as an overlay 206 on the GUILL

[6049] The mobile computing device 200 can use the captured audic
content to identify reference audio content in a mumber of wavs. In one example, the
mobile computing device 200 itself can generate audio fingerprint data based on the
captured audio content {(¢.g., by processing the captured audio content locallyy and then
send the generated audio fingerprint data to a second computing device {¢.g., a network
servery with an struction that causes the second computing device to compare the
generated audio fingerprint data to a plurality of reference andio fingerprint tems. Unce
the second computing device performs this comparison, the mobile computing device 200
can receive, from the second computing device, an indication of a particular reference

16
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audic fingerprint item that has at least a threshold extent of similarity with the generated
audio fingerprint data. This similarity may indicate a match between the captured audio
content and known reference audio content, thereby allowing the mobile computing device
200 to display information about the captured audio content based on its similanty to the
known reference audio content.

[LLERTH] In another example, the mobile computing device 200 can identify
the reference andio content locally by gencrating avdic fingerprint data of the captured
audio content and comparing the generated audio fingerprint data to a plurality of locally
stored reference audio fingerprnt items, cach of which are associated with respective
reference audic content. Then, based on this comparison, the mobile computing device
200 can also determine that a particular reference andio fingerprint item has at least a
threshold extent of similarity with the generated audio fingerprint data.

[B051] In vet another example, the mobile computing device 200 can send
a portion of the captured audio content {0 a second computing device {e.g., a network
server} with an mstruction that causes the second computing device to compare, at least,
the portion of the captured audio content to the plurality of reference audio content items.
Such a comparison can involve the second computing device generating an audio
fingerprint of the portion of the captured audio content and comparing the generated audio
fingerprint to respective reference andio fingerpnnts, cach of which can correspond to a
respective reference audio content item.  Then, once the second computing device
performs this comparison, mobile computing device 200 may receive, from the second
computing device, an indication of a particular reference audio content item that has at
icast the threshold extent of similarity with the captured audio countent.

[6052] In some examples, the mobile computing device 200 can identify
metadata associated with the reference andio content that has at least the threshold extent
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of simularity with the generated auwdio fingerprint data.  For instance, in the above
examples, the plurality of reference audio content items can each mclude or otherwise be
associated with respective metadata.  As such, the mobile computing device 200 can
identify the respective metadata included 1n or associated with the reference audio content
ttem that has at least the threshold extent of similanty with the generated audio fingerprint
data. The metadata can include various mformation identifving its associated reference
audio content. For instance, the metadata can include a song title, artist, genre, album title,
release vear, or various other information for the reference andio content.

16053} Further, the mobile computing deviee 200 can use this identified
metadata associated with the identified reference audio content tem in a number of ways.
In one example, the mobile computing device 200 can store the metadata m association
with a captured image. In particular, the mobile computing device 200 can store the
metadata in association with the image that the mobile computing device 200 captured at
or around the time the mobile computing device 200 captured the audio content that was
used to wdentify the metadata.

3654} The mobile computing device 200 can be configured to display the
metadata concurrently with the associated captured image. For example, as shown m

Figure 2B, once the image 202 is selected for viewing

o0

the mobile computing device 200
can display the metadata associated with the image 202 as the overlay 206, In this
manner, when a user views the tmage 202 on the mobile computing device 200, such as by
scrolling through images in a photo gallery stored on the mobile computing device 200,
the metadata associated with the identified reference audio content is displayed
concurrently with the image 202, And because the identified reference audio content has
at least the threshold extent of sumilarity with the captured audio content from the

environment of the mobile computing device 200 at or around the time the image 202 was
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captured, this displayed metadata can provide identifying information of that audio content
from the environment ot the mobile computing device 200, As noted above, this metadata
may be displaved as metadata indicating a song title (here, “One More Night™), artist
(here, “The Wavward Kin™), and/or album title (here, “Meanwhile in Mississipp™}
associated with the identified reference andio content plaving at or around the fime 1mage
202 was captured, among other possibilities.

[8035] Tuming to Figure 2C, the GUI of the mohile computing device 200
is shown in a third state. The third state is similar to the second state depicted in Figure
2B, in that the mobile computing device 200 has captured audic content, used that
captured audic content to identify reference audio content having at least a threshold
stmlarity with the captured audio content, and, based on the results of this companson,
displaved metadata associated with this reference audio content in a GUIL  In the third
state, however, mobile computing device 200 is configured to play back the identified
reference audio content while displaying the image 202,

[8056] As shown, m the third state, the GUI can further include audio
playback controls 208 that allow the user to wnteract with and control playback of the
identified reference the audio content while viewing the mmage 202, The audio plavback
controls 208 can include a play/pause button 210, one or more volume controls 212, and a
tracking shder 214 for navigating through playback of the audio content. Other examples
are possible as well.

{8057} The mobile computing device 200 can be configured to play back
the identitied reference andio content associated with tmage 202 in a number of ways. For
cxample, the mobile computing device 200 can use the stored metadata to retricve and
playvback the reference andio content. Referring to Figare 2, responsive to the mobile
computing device 200 receiving a request to display the image 202 (e.g., by a user
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scrolling to or otherwise selecting the image 202), and/or responsive to the mobile
computing device 200 receiving a request to play audio content via the audio plavback
controls 208, the mobile computing device 200 can retrieve and play back a copy of the
reference andio content identified by the metadata associated with the tmage 202, In the
present example, the metadata associated with the image 202 dentifies the reference audio
content as the song “One More Night” by The Wayward Kin, and so the mobhile
computing device 200 can retrieve and play back this song responsive 1o receiving a
request to display the image 202, In some examples, the reference audio content identified
by the metadata can be stored locally on the mobile computing device 200, and the mobile
computing device 200 can retrieve and play back the locally-stored reference audic
content. Alternatively, the mobile computing device 200 can retrieve the reference audio
content from one or more streaming services {e.g., SPOTIFY®, AMAZON MUSIC®,
etc.}. By using a streaming service to play back the reference audio content, the mobile
computing device 200 can redace the amount of data that is stored locally and associated
with the 1mage 202.

16058} In some examples, the mobile computing device 200 can use an
audio fingerprint to retrieve and play back the reference audic content. For instance, as
part of the process of identifying the reference audio content that has at least the threshold
extent of similanty with the captured audio content, the mobile computing device 200 can
locally store an audio fingerprint of the identified reference andio content in association
with the image 202, And in order to retrieve the reference andio content for plavback, the
mobile computing device 200 can query a database of audio fingerprints and
corresponding audio content to identify and retrieve audio content that matches the andio
fingerprint associated with the image 202, Other examples and functionalities are
possible.
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{6059} Tuming to Figure 2B, the GUI of the mobile computing device 200
is shown in a fourth state. The fourth state 1s similar to the third state depicted in Figure
2, i that the mobile computing device 200 has captured audio comtent, used that
captured audio content to identify reference audio content having at least at least a
threshold similarity with the captured audio content, and, based on the results of this
comparison, displayed metadata associated with this reference audio content in the GUI—
including the audio plavback controls 208. However, in the fourth state, the mobile
computing device 200 15 n the process of playing back the reference audio content
associated with the image 202, such as in response to a user sclecting the image 202 for
viewing. And while the mobile computing device 200 plays back the reference audic
content, the user can control the playback by interacting with the play/pause button 210,
volume controls 212, and the tracking shider 214, as described above i connection with
Figure 2C.

B. Example Methods

(6664 Figure 3 is a flow chart iHlustrating an example method 300.
6061} At block 302, the method 300 can include receiving a request to use

a camera of a computing device. In some examples, receiving the request to use the
camerg of the computing device comprises one or more of (1) receiving a request to launch
a camera apphication of the computing device, such as receiving a user input selecting the
camera application, or (i1} receiving a request to capture an 1mage, such as receiving a user
mnput activating a capture function in the camera application.

16062} At block 304, the method 300 can include, m response to receiving
the request, (i) using a microphone of the computing device to capture audio content and
(11} using the camera of the computing device o capture an image. In line with the
discussion above, using the microphone to capture audio content can tnvolve using the
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microphone to captore audio content that is playving in an environment of the computing
device.

[6063] At block 306, the method 300 can inchide identifving reference
audio content that has at least a threshold extent of similanity with the captured audio
content. In some examples, the computing device is a first computing device further
comprising a copununication interface for communicating with a second computing
device. The second computing device can inchide data storage having stored thereon a
plurality of reference audio content items. In these exampies, identifying the reference
audio content that has at least the threshold extent of smmilanty with the captured audio
content can involve sending, to the second computing device, (i} at least a portion of the
captured audic content and (it} an instruction that causes the second computing device to
compare at least the portion of the captured audio content to the plurality of reference
audio content items. Identifying the reference audio content that bas at least the threshold
extent of similarity with the captured audio content can further involve receiving, from the
second computing device, an indication of a particular reference audio content item of the
plurality of reference audio content items that has at least the threshold extent of sunilarity
with the captured audio content.

[3664] In other examples, the second computing device can include data
storage having stored thercon a plurality of reference andio fingerprint #ems. In these
examples, identifving the reference audic content that has at least the threshold extent of
similarity with the captored audio content can involve generating audic fingerprint data of
the captured audio content and sending, fo the second computing device, (1) the generated
audio fingerprint data of the captured audio content and (11} an nstruction that causes the
second computing device to compare the generated audio fngerprind data to the plurality
of reference andio fingerprint stems.  lIdentifving the reference audio content that has at
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least the threshold extent of sumilanty with the captured audio content can further mvolve
receiving, from the second computing device, an mmdication of a particular reference audio
fingerprint item of the plurality of reference audio fingerprint ttems that has at least the
threshold extent of similarity with the generated audio fingerprint data.

6065} In still other examples, dentifying the reference audio content that
has at least the threshold extent of simulanty with the captured audio countent can mvolve
the computing device generating audic fingerprint data of the captured avdio content and
comparing the generated audio fingerprint data to a plurahity of reference audio fingerprint
items, whercin cach respective audio fingerprint iiom is associated with respective
reference andio content. The computing device can determine that a particular reference
audio fingerprint item of the plurality of reference audio fingerprint items has at least the
threshold extent of similarity with the generated audio fingerprint data.  And the
computing device can identify the reference audio content that has at least the threshold
extent of similarity with the captured audio content as the respective reference audio
content associated with the particular reference audio fingerprnnt item.

|6066] At block 308, the method 300 can include ouiputiing an ndication
of the identified reference audio content while displaving the captured image. In some
examples, outputting the ndication of the identified reference audio content comprises
outputting the reference audio content (¢.g., plaving back audio content via the computing
device).

18067} In some examples, the method 300 can also include identifying
metadata associated with the identified reference andio content, wherein oufputting the
indication of the identitied reference audio content compnses displaving an indication of

the metadata associated with the identified reference audio content. The metadata can
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mclude one or more of (1} a song title, (1) an artist, (311} a genre, (iv) an album title, or (V) a
release vear.
iV, Example Variations

[8068] Although some of the acts and/or functions described in this
disclosure have been described as being performed by a particular entity, the acts and/or
functions can be performed by anv entity, such as those entities described in this
disclosure. Further, although the acts and/or functions have been recited in a particular
order, the acts and/or functions need not be performed in the order recited. However, n
some mstances, it can be desired to perform the acts and/or functions in the order recited.
Further, each of the acts and/or functions can be performed responsive to one or more of
the other acts and/or functions. Also, not all of the acts and/or funciions need to be
performed to achieve one or more of the benefits provided by this disclosure, and theretore
not all of the acts and/or functions are required.

18069} Although certain variations have been discussed in connection with
one or more exampies of this disclosure, these vanations can also be applied to all of the
other exaroples of this disclosure as well.

[6070] Although select examples of this disclosure have been described,
alterations and permutations of these examples will be apparent fo those of ordinary skill
in the art. Other changes, substitutions, and/or alterations are also possible without

departing from the invention in ifs broader aspects.
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CLAIMS

We claim:

1. A computing device, comprising:

a camera;

a microphone;

one OF MOFC processors; and

a non-trapnsitory, computer-readable medium storing instructions that, when
executed by the one or more processors, cause the computing device to perform a set of
acts comprising;

receiving a request to use the camera of the computing device;

in response to receiving the request, (i} using the mucrophone of the computing
device to capture audio content and (1) using the camera of the computing device to
capturc an image;

identifving reference audio condent that has at least a threshold extent of similarity
with the captured audio content; and

outputting an indication of the identified reference audio content while displaying

the captured image.

2. ¢ computing device of claim 1, wherem receiving the request o use the
camera of the computing device comprises one or more of (i) receiving a request to launch
a camera apphication of the computing device or (i) receiving a request {0 capture an

image.

3. The computing device of claim 1, wherein the computing device is a first
computing device further comprising a comumanication interface for commumicating with a
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second computing device, wherein the second computing device comprises data storage
having stored thereon a plurality of reference audio content items, and wherein identifying
the reference audio content that has at least the threshold extent of simiarnity with the
captured audio content comprises:

sending, to the second computing device, (1) at least a portion of the captured audio
content and (it) an mstruction that causes the second computing device to compare at least
the portion of the captured audio content to the plurality of reference audio content items;
and

recciving, from the second computing device, an indication of a particular
reference audio content item of the plurality of reference audio content ttems that has at

least the threshold extent of similarity with the captured audio content.

4 The computing device of claim i, wherein the computing device 1s a first
computing device further comprising a commucation interface for communicating with a
second computing device, wherein the second computing device comprises data storage
having stored thercon a plurality of reference audio fingerprint items, and whercin
identifving the reference andio content that has at least the threshold extent of similarity
with the captured andio content comprises:

generating andio fingerprmt data of the captured audio content;

sending, to the second computing device, (i) the generated audio fingerprint data of
the captured audio content and (it} an instruction that causes the second computing device
to compare the generated audio fingerprint data to the plurality of reterence audio

fingerprint items; and
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receiving, from the second computing device, an indication of a particular
reference audio fingerprint item of the plurality of reference audio fingerprint items that

has at least the threshold extent of similarity with the generated audio fingerprint data.

3. The computing device of claim 1, wherein identifying the reference andio
content that has at least the threshold extent of sumilarnity with the captured audio content
COMPrises:

generating audio fingerprint data of the captured audio content;

comparing the generated audio fingerpant data to a plurality of reference audio
fingerpnnt items, wherein cach respective audio fingerprint iem is associated with
respective reference audio content;

determining that a particular reference audio fingerprint item of the plurality of
reference audio fingerprint tems that has at least the threshold extent of similarity with the
generated audio fingerprint data; and

identifying the reference audio content that has at least the threshold extent of
stmilarity with the captured audio comtent as the respective reference audio content

associated with the particular reference andio fingerprind item.

6. The computing device of claim 1, the set of acts further comprising:

wdentifving metadata associated with the idemtified refercnce audio content,
wherein outputting the indication of the identified reference aundio content comprises
displaving an mdication of the metadata associated with the identified reference audio

content.
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7. The computing device of claim 6, wherein the metadata comprises one or

more of (1) a song title, (1t} an artist, (11} a genre, (1v) an album title, or (v} a release vear.

8. The computing device of claim 1, wherein outputting the mdication of the

identified reference audio content comprises outputting the reference audio content.

9. A method to be performed by a computing device, the method comprising:

recelving a request to use a camera of the computing device;

in response o recetving the request, (1) using a microphone of the computing
device to capture awdio content and (it} using the camera of the computing device to
capiure an image;

wdentifying reference audio content that has at least a threshold extent of similanty
with the captured audio content; and

outputting an indication of the identified reference audio content while displaying

the captured 1mage.

10.  The method of claim 9, wherein the computing device is a first computing
device further comprising a communication interface for commumicating with a second
computing device, wherein the second computing device comprises data storage having
stored thercon a plurality of reference audio content items, and wherein identitving the
reference audio content that has at least the threshold extent of similanity with the captured
audio content comprises:

sending, to the second computing device, (1) at least a portion of the captured audio

content and (it} an instruction that causes the second computing device to compare at least
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the portion of the captured audio content to the plurality of reference audio content items;
and

receiving, from the second computing device, an ndication of a particular
reference andio content item of the plurality of reference andio content ttems that has at

least the threshold extent of similarity with the captured audio content.

11 The method of claim 9, wherein the computing device is a first computing
device further comprising a communication mierface for communicating with a second
computing device, wherein the second computing device comprises data storage having
stored thercon a plurality of reference audio fingerprint #eras, and wherein identifyving the
reference audio content that has at least the threshold extent of stilanity with the captured
audio content comprises:

generating avdio fingerprint data of the captured audic content;

sending, to the second computing device, (i} the generated audio fingerprint data of
the captured audio content and (1) an mstruction that causes the second computing device
to compare the generated audio fingerprid data to the plurality of reference audio
fingerprint items: and

recctving, from the second computing device, an indication of a particular
reference audio fingerprint item of the plurality of reference audio fingerprint tiems that

has at least the threshold extent of similarity with the generated andio fingerprint data.

12. The method of claim 9, wherein identifving the reference audio content that

has at least the threshold extent of similarity with the captured audio content comprises:

generating audio fingerprint data of the captured audic content;
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comparing the generated audio fingerprint data to a plurality of reference audio
fingerprint 1tems, wherein each respective andio fingerprint #em is associated with
respective reference audio content;

determining that a particular reference audio fingerprint ttem of the plurality of
reference audio fingerprint items that has at least the threshold extent of similanty with the
generated audio fingerprint data; and

wdentifving the reference audio content that has at least the threshold extent of
similanty with the captured audio content as the respective reference audio content

associated with the particular reference audio fingerprint itent.

13 The method of claim 9, the method further comprising:

wdentifying metadata associated with the identified reference audio content,
wherein outputting the indication of the identitied reference audio conmtent comprises
displaving an mdication of the metadata associated with the identified reference aundio

content.

14. The method of claim 13, wherein the metadata comprises one or more of (i}

a song title, (11} an artist, (311 a genre, (1v) an album title, or {v} a release year.

15 A von-transitory computer-readable medium, baving stored thercon
program instructions that, upon execution by a computing system, cause the computing
svstem to perform a set of operations comprising:

recetving a request to use a camera of a computing device;
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in response fo receiving the request, (i) vsing a microphone of the computing
device to capture audio content and (i1) using the camera of the computing device to
capture an image;

identifving reference andio content that has at least a threshold extent of similarity
with the captured audio content; and

outputting an indication of the identified reference audio content while displaying

the captured image.

16.  The non-transitory computer-readable medium of claim 15 wherein the
computing device is a first computing device further comprising a communication
mterface for communicating with a second computing device, wherem the second
computing device comprises data storage having stored thereon a plurality of reference
audio content items, and wherein identifying the reference andio content that has at least
the threshold extent of similarity with the captured audic content comprises:

sending, to the second computing device, (1) at least a portion of the captured audio
content and (it} an mstruction that causes the second computing device to compare at least
the portion of the captured avdio content to the plurality of reference audio content Hems;
and

recetving, from the second computing device, an mdication of a particular
reference audio content item of the plurality of reference audio content items that has at

least the threshold extent of similarity with the captured audio content,

17. The non-transitory computer-readable medium of claim 135, wherein the
computing device is a first computing device further comprising a communication
mterface for communicating with a second computing device, wherem the second
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computing device comprises data storage having stored thereon a plurality of reference
audio fingerprint 1tems, and wherein identifying the reference audio content that has at
least the threshold extent of similarity with the captured audio content comprises:

generating audio fingerprint data of the captured audio content;

sending, to the second computing device, (i) the generated audio fingerprint data of
the captured audio content and (it} an mstruction that causes the second computing device
to compare the generated audic fingerprint data to the plurality of reference audio
fingerprint items; and

recciving, from the second computing device, an indication of a particular
reference audio fingerprint tem of the plurality of reference audio fingerprint items that

has at least the threshold extent of similarity with the generated andio fingerprint data.

i8. The non-transitory computer-readable medium of claim 15, wherein
identifying the reference audio content that has at least the threshold extent of similarity
with the captured audio content comprises:

generating audio fingerprint data of the captured audio content;

comparing the generated audico fingerprint data to a plurality of reference audic
fingerpnint items, wherein cach respective audio fingerprint item 1s assoctated with
respective reference audio content;

determining that a particular reference audio fingerprint itern of the plurality of
reference andio fingerprint items that has at least the threshold extent of similarity with the
gencrated audio fingerprint data; and

identifving the refercnce audio content that has at least the threshold extent of
stmilarity with the captured audio content as the respective reference audio content

associated with the particular reference andio fingerprint item.
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19, The non-transitory compuier-readable medium of clamm 13, the set of
operations further comprising:

identifving metadata associated with the identified reference audio content,
wherein outputting the indication of the identified reference audio content comprises
displaving an mdication of the metadata associated with the identified reference audio

content.

20.  The non-transitory computer-readable medivm of claim 19, wherein the

metadata comprises one or more of {1} a soug title, {1} an artist, (i1} a genre, (1v) an album

title, or (v} a release year.
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