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APPARATUS AND METHOD FOR AUDIO BASED VIDEO SYNCHRONIZATION
FIELD OF THE INVENTION

(01)  The disclosure relates to synchronizing multiple media recordings using audio features
of the media recordings.

BACKGROUND OF THE INVENTION

(02) It is known that multiple media recordings may be generated during the same live
occurrence. The media recordings obtained from multiple media capture devices during the
same live occurrence may be synchronized using the audio features of the media recordings.

SUMMARY

(03)  With the exponential rise in the number and quality of personal media recording
devices, it has become commonplace for people to record audio and video at various social
events, such as concerts, sporting events, etc. Often, multiple people record the same event

using their own device. Thus, creating multiple recordings of the same event or occurrence.

(04) It has also become commonplace for a person to own several recording media capture
devices. An individual may wish to record his own musical performance, for example, using
multiple devices. Some user generated videos may be captured by users and shared via social
networks. Given that hundreds or even thousands of recordings of a single event (e.g., a
sporting event, a concert, a lecture, etc.) may be uploaded by users, having the ability to adjust
the time shift between all of the recordings would allow for the alignment of the recordings
with each other. However, achieving video synchronization involves overcoming several
challenges posed by the inherent characteristics of such social videos. For example, they tend
to have poor sound quality, there is often local noise due to the environment in which the
video is being captured, and extreme camera shake is a regular problem. Furthermore, the

synchronization of social videos may need to be performed utilizing lower bandwidth.

(05)  In some implementations, a system configured for video synchronization of multiple
media files using audio features may include one or more servers. The server(s) may be
configured to communicate with one or more client computing platforms according to a
client/server architecture. The users of the system may access the system via client computing
platform(s). The server(s) may be configured to execute one or more computer program
components. The computer program components may include one or more of an audio track
component, an energy track component, a comparison component, a temporal alignment

component, a synchronizing component, and/or other components.
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(06) The audio track component may be configured to obtain a first audio track from a first
media file. The audio track component may be configured to obtain a second audio track from
the second media file. The first media file and the second media file may be available within
the repository of media files available via system and/or available on a third party platform,
which may be accessible and/or available via system. The first media file and/or the second
media file may be media files captured by the same user via one or more client computing
platform(s) and/or may be media files captured by other users. The first media file and the
second media file may be of the same live occurrence. The audio track component may be
configured to obtain the first audio track by extracting audio features from the first media file.
The audio track component may be configured to obtain the second audio track by extracting
audio features from the second media file. The audio track component may be configured to
extract audio features from each of the media files by applying a frequency band to each of the
media files. Audio features of the first audio track may be converted to a first sequence of
audio samples. Audio features of the second audio track may be converted to a second
sequence of audio samples. A pair of adjacent audio samples within the first sequence of
audio samples may be converted to a first feature estimate. A pair of adjacent audio samples
within the second sequence of audio samples may be converted to a second feature estimate.
One or more feature estimates obtained by converting adjacent audio samples may include

energy, volume, pitch, and/or bandwidth.

(07)  The energy track component may be configured to obtain a first energy track from the
first audio track. The energy track component may be configured to obtain a second energy
track from the second audio track. The energy track component may be configured to obtain
the first energy track by extracting energy features from the first audio track. The energy track
component may be configured to obtain the second energy track by extracting energy features
from the second audio track. The energy track component may be configured to convert the
first energy track to a first sequence of energy samples. The energy track component may be
configured to convert the second energy track to a second sequence of energy samples. The
energy track component may be configured to arrange the first sequence of energy samples in
a multi-resolution representation. The energy track component may be configured to arrange
the second sequence energy samples in a multi-resolution representation. A multi-resolution
representation may provide a hierarchical framework of energy samples at varying resolutions.
The energy samples within a multi-resolution framework may correspond to different
resolution levels of the energy track. The energy track at different resolutions may represent

different audio features within the audio track of the media file.
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(08)  The energy track component may be configured to assign an energy magnitude to the
first sequence of energy samples in a multi-resolution representation. The energy track
component may be configured to assign an energy magnitude to the second sequence of
energy samples in a multi-resolution representation. The energy magnitude may correspond to
a number of energy samples within a certain sampling time period at a particular resolution
level in a multi-resolution representation. A number of energy samples at every resolution

level may be directly related to the level of energy magnitude.

(09)  The comparison component may be configured to compare the first energy track
against the second energy track to correlate one or more features in the first energy track with
one or more features in the second energy track. Comparison component may be configured to
compare the first sequence of energy samples of first energy track against the second sequence
of energy samples of the second energy track. Comparison component may be configured to
compare the first sequence of energy samples of the first energy track against the second
sequence of energy samples of the second energy track within the multi-resolution framework
obtained via energy track component. The first comparison may be performed at mid-
resolution level. The first sequence of energy samples at mid-resolution level may be
compared against the second sequence of energy samples at mid-resolution level to correlate
the energy samples in the first sequence of energy samples of the energy track with the energy
samples in the second sequence of energy samples of the second energy track. The result of the
first comparison may identify correlated energy samples from first and second sequence of
energy samples of first and second energy tracks that may represent energy in the same sounds
during the live occurrence. The result of the first comparison may be transmitted to the system
after the first comparison is completed. The second comparison may be performed at a level
of resolution higher than the mid-resolution level. The first sequence of energy samples at a
higher resolution level than the mid-resolution level may be compared against the second
sequence of energy samples at a higher resolution level than the mid-resolution level to
correlate energy samples in the first energy track with energy samples in the second energy
track. The result of second comparison may be transmitted to the system after the second
comparison is completed. This process may be iterative such that the comparison component
may compare the first sequence of energy samples against the second sequence of energy
samples at every resolution level whereby increasing the resolution with each iteration until
the highest level of resolution is reached. The last iteration of the process may be performed at
the highest resolution level. The system may accumulate a number of transmitted correlation

results obtained from the process performed by the comparison component.
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(10)  In various implementations, the comparison component may be configured to compare
the first energy track against the second energy track while applying one or more constraint
parameter to control the comparison process. The comparison constraint parameters may
include one or more of limiting comparison time, limiting number of energy samples

compared, limiting the number comparison iterations.

(11)  The temporal alignment component may be configured to determine a temporal
alignment estimate between the first audio track and the second audio track based on the result
of comparison of the first energy track against the second energy track via the comparison
component which may have been transmitted to the system. The temporal alignment estimate
may reflect an offset in time between a commencement of sound capture for the first audio
track and a commencement of sound capture for the second audio track. In some
implementations, the temporal alignment estimate may reflect corresponding energy samples

between the first energy track and the second energy track.

(12)  The synchronizing component may be configured to synchronize the first media file
using audio features of first audio track with second media file using audio features of the
second audio track. The synchronizing component may be configured to synchronize the first
audio track with the second audio track based on the temporal alignment estimate. In some
implementations, the time offset between energy tracks may be used to synchronize audio
tracks by aligning the audio tracks based on the time offset calculation.

(13)  These and other objects, features, and characteristics of the system and/or method
disclosed herein, as well as the methods of operation and functions of the related elements of
structure and the combination of parts and economies of manufacture, will become more
apparent upon consideration of the following description and the appended claims with
reference to the accompanying drawings, all of which form a part of this specification, wherein
like reference numerals designate corresponding parts in the various figures. It is to be
expressly understood, however, that the drawings are for the purpose of illustration and
description only and are not intended as a definition of the limits of the invention. As used in

€, 9
a

the specification and in the claims, the singular form of an”, and “the” include plural
referents unless the context clearly dictates otherwise.

BRIEF DESCRIPTION OF THE DRAWINGS
(14)  FIG. 1 illustrates a system for video synchronization using audio features, in

accordance with one or more implementations.
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(15) FIG. 2 illustrates an exemplary process of obtaining two audio tracks from the audio
information captured by two media capture devices during a live occurrence and included in

two media files, in accordance with one or more implementations.

(16) FIG. 3 illustrates an exemplary process of obtaining energy samples from a media file,

in accordance with one or more implementations.

(17)  FIG. 4 illustrates an example of synchronizing two energy tracks, generated from

respective audio tracks, in accordance with one or more implementations.

(18)  FIG. 5 illustrates applying a comparison window to a synchronization process, in

accordance with one or more implementations.

(19) FIG. 6 illustrates limiting the number of comparison iterations performed by a

synchronization process, in accordance with one or more implementations.

(20)  FIG. 7 illustrates a method for synchronizing video files using audio features, in
accordance with one or more implementations.

DETAILED DESCRIPTION
(21)  FIG. 1 illustrates a system 100 for video synchronization using audio features, in
accordance with one or more implementations. As is illustrated in FIG. 1, system 100 may
include one or more server(s) 102. Server(s) 102 may be configured to communicate with one
or more client computing platforms 104 according to a client/server architecture. The users of
system 100 may access system 100 via client computing platform(s) 104. Server(s) 102 may
be configured to execute one or more computer program components. The computer program
components may include one or more of audio track component 106, energy track component
108, comparison component 110, temporal alignment component 112, synchronizing

component 114, and/or other components.

(22) A repository of media files may be available via system 100. The repository of media
files may be associated with different users. In some implementations, system 100 and/or
server(s) 102 may be configured for various types of media files that may include video files
that include audio content, audio files, or other types of files that include some audio content.
Other types of media items may include one or more of audio files (e.g., music, podcasts,
audio books, and/or other audio files), multimedia presentations, photos, slideshows, and/or
other media files. The media files may be received from one or more storage locations
associated with client computing platform(s) 104, server(s) 102, and/or other storage locations
where media files may be stored. Client computing platform(s) 104 may include one or more

of a cellular telephone, a smartphone, a digital camera, a laptop, a tablet computer, a desktop
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computer, a television set-top box, a smart TV, a gaming console, and/or other client
computing platforms. In one embodiment, the plurality of media files may include audio files

that do not contain video content.

(23)  Audio track component 106 may be configured to obtain a first audio track from a first
media file. Audio track component 106 may be configured to obtain a second audio track from
the second media file. The first media file and the second media file may be available within
the repository of media files available via system 100 and/or available on a third party

platform, which may be accessible and/or available via system 100.

(24)  The first media file and/or the second media file may be media files captured by the
same user via one or more client computing platform(s) 104 and/or may be media files
captured by other users. The first media file and the second media file may be of the same live
occurrence. As one example, the media files may include files of the same event, such as
videos of a sporting event, concert, wedding, etc. taken from various perspectives by different
users. The first media file and the second media file may not be of the same live occurrence
but may be of the same content. For example, a user recorded file of a song performance and

the same song performance by a professional artist.

(25)  Audio track component 106 may be configured to obtain a first audio track by
extracting audio features from the first media file. Audio track component 106 may be
configured to obtain a second audio track by extracting audio features from second media file.
Audio track component 106 may be configured to extract audio features from each of the
media files by applying a frequency band to each of the media files. In one embodiment, the
frequency band applied to the media file may be for frequencies between 1000 Hz and 5000
Hz. Audio features of the first audio track may be converted to a first sequence of audio
samples. Audio features of the second audio track may be converted to a second sequence of
audio samples. A pair of adjacent audio samples within the first sequence of audio samples
may be converted to a first feature estimate. A pair of adjacent audio samples within the
second sequence of audio samples may be converted to a second feature estimate. One or
more feature estimates obtained by converting adjacent audio samples may include energy,

volume, pitch, and/or bandwidth.

(26)  Energy track component 108 may be configured to obtain a first energy track from a
first audio track. Energy track component 108 may be configured to obtain a second energy
track from the second audio track. Energy track component 108 may be configured to obtain
the first energy track by extracting energy features from the first audio track. Energy track

component 108 may be configured to obtain the second energy track by extracting energy

-6-
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features from the second audio track. Energy track component 108 may be configured to
extract energy features from the first audio track by comparing adjacent audio samples within
the first sequence of audio samples of the first audio track. Energy track component 108 may
be configured to extract energy features from the second audio track by comparing adjacent
audio samples within the second sequence of audio samples of the second audio track. Energy
track component 108 may be configured to convert the first energy track to a first sequence of
energy samples. Energy track component 108 may be configured to convert the second energy

track to a second sequence of energy samples.

(27)  For example and referring to FIG. 2, first media capture device 210 may be configured
to capture oscillations of the sound wave 206 during live occurrence 205. Second media
capture device 220 may be configured to capture oscillations of sound wave 206 during live
occurrence 205. While both devices may be capturing the same live occurrence 205, due to the
differences in individual capture settings, captured information may vary from the temporal
and/or spatial perspective associated with each capture. Video and/or audio information
captured by first media capture device 210 may be included in the first media file 215 and may
be included within the repository of media files available via system 100. Video and/or audio
information captured by second media capture device 220 may be included in the second
media file 225 and may be included within the repository of media files available via system
100. System 100 may obtain first audio track 230 from media file 215. System 100 may obtain
second audio track 235 from media file 225. The energy features of each audio track 230 and
235 may be extracted. Thus, system 100 may obtain first energy track 240 from audio track
230. System 100 may obtain second energy track 250 from audio track 235.

(28)  Referring back to FIG. 1, energy track component 108 may be configured to arrange a
first sequence of energy samples of the first energy track in a multi-resolution representation.
Energy track component 108 may be configured to arrange a second sequence of energy
samples of the second energy track in a multi-resolution representation. A multi-resolution
representation may provide a hierarchical framework of energy samples at varying resolutions.
Energy samples within a multi-resolution framework may correspond to different resolution
levels within the energy track. The energy track at different resolutions may represent different
audio features within the audio track of the media file. For example, energy track at low
resolution may represent a certain number of audio features within the audio track of the media
file. At a high resolution, the number of these feature may be different. As the resolution
increases the likelihood of finding corresponding energy samples between the first energy

track and the second energy may increase. It may be desirable to compare audio at low
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resolution and then gradually increase the resolution. Within the same sampling time period,
the number of energy samples at a certain resolution level may be equal to half of the number
of energy samples at the previous resolution level. For example, at the highest level of
resolution, the energy track may contain 1024 or N energy samples. At the next level of
resolution that is lower than the highest level of resolution, the energy track may have 512 or
N/2 energy samples. Each subsequent level of resolution may contain 256, 128, 64, 32, 16, 8,
4, 2, and until the lowest level of resolution is reached containing only one energy sample. The
single energy sample at the lowest level of resolution may represent all the energy within a
specific time interval within that energy track. Conversely, the energy contained within each of
the 1024 samples at the highest level of resolution may represents the lowest single unit of

energy associated with the energy track.

(29) In various implementations, other feature estimates obtained by converting adjacent
audio samples contained in the audio track may be configured as a sequence of feature
samples. The sequence of feature estimates may be arranged in a multi-resolution

representation to provide a hierarchical framework of feature samples at varying resolutions.

(30)  Energy track component 108 may be configured to assign an energy magnitude to the
first sequence of energy samples in a multi-resolution representation. Energy track component
108 may be configured to assign an energy magnitude to the second sequence of energy
samples in a multi-resolution representation. The energy magnitude may correspond to a
number of energy samples within a certain sampling time period at a particular resolution level
in a multi-resolution representation. The number of energy samples at every resolution level
may be directly related to the level of energy magnitude. Thus, the higher the resolution, the
higher the number of energy samples at that level of resolution, the higher the level of energy
magnitude. Conversely, the lower the resolution, the lower the number of energy samples at
that level of resolution, the lower the level of energy magnitude. If the sampling time period
remains the same, then the energy magnitude at every resolution level from lowest to highest
may increase. If sampling time period within the multi-resolution representation changes, then
the energy magnitude at every resolution level from lowest to highest may remain the same.
For example, if the sampling time period increases with each resolution level from lowest to
highest, then the number of energy samples at a lower resolution level may remain the same as

the number of energy samples at a higher resolution.

(31)  For example and referring to FIG. 3, audio track 310 may be obtained by audio track
component 106 of FIG. 1 from media file 305 and may be included within the repository of
audio tracks available via system 100 of FIG. 1. Media file 305 may include both audio and
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video content. Energy track 315 may be obtained via energy track component 108 from audio
track 310. Energy track 315 may be converted to a sequence of energy samples, each sequence
of energy samples may be arranged in a multi-resolution representation within the same
sampling time period 340. Sequence of energy samples 320 at sampling time period 340 may
represent the energy of energy track 315 at the lowest resolution level 360. Sequence of
energy samples 325 at sampling time period 340 may represent the energy of energy track 315
at a higher resolution level 362. Resolution level 362 may be higher than resolution level 360.
Sequence of energy samples 330 at sampling time period 340 may represent the energy of
energy track 315 at a higher resolution level 364. Resolution level 364 may be higher than
resolution level 362 and/or 360. Sequence of energy samples 335 at sampling time period 340
may represent the energy of energy track 315 at the highest resolution level 366. Resolution
level 366 may be higher than resolution level 364, 362 and/or 360. The number of energy
samples within the sequence of energy samples may decrease by half as the resolution level
decrease and the sampling time period remains the same. The number of energy samples
within sequence of energy samples 335 at resolution level 366 is double the number of energy
samples within sequence of energy samples 330 at resolution level 364. The number of energy
samples within sequence of energy samples 335 at resolution level 366 is four times the
number of energy samples within sequence of energy samples 325 at resolution level 362. The
number of energy samples within sequence of energy samples 335 at resolution level 366 is
eight times the number of energy samples within sequence of energy samples 320 at resolution

level 360.

(32) Referring back to FIG. 1, comparison component 110 may be configured to compare
the first energy track against the second energy track to correlate one or more audio features in
the first energy track with one or more features in the second energy track. Comparison
component 110 may be configured to compare the first sequence of energy samples of the first
energy track against the second sequence of energy samples of the second energy track.
Comparison component 110 may be configured to compare the first sequence of energy
samples against the second sequence of energy samples within the multi-resolution framework
obtained via energy track component 108 of FIG. 1. The first comparison may be performed at
the mid-resolution level. The first sequence of energy samples at the mid-resolution level may
be compared against the second sequence of energy samples at the mid-resolution level to
correlate the energy samples in the first energy track with the energy samples in the second
energy track. The result of first comparison may identify correlated energy samples from first
and second energy tracks that may represent energy in the same sounds during the live

occurrence. The result of first comparison may be transmitted to system 100 after first

9.
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comparison is completed. The second comparison may be performed at a level of resolution
higher than mid-resolution level. The first sequence of energy samples at a higher resolution
level than the mid-level resolution level may be compared against the second sequence of
energy samples at a higher resolution level than the mid-level resolution level to correlate the
energy samples in the first energy track with the energy samples in the second energy track.
The result of the second comparison may be transmitted to system 100 after the second
comparison is completed. This process may be iterative such that comparison component 110
may compare the first sequence of energy samples against the second sequence of energy
samples at every resolution level whereby increasing the resolution with each iteration until
the highest level of resolution is reached. For example, if the number of resolution levels
within each energy track is finite, comparison component 110 may be configured to compare
the energy tracks at the mid-resolution level first, then, at next iteration, the comparison
component 110 may be configured to compare the energy tracks at a resolution level higher
than the resolution level of previous iteration. The last iteration of the process may be
performed at the highest resolution level. System 100 may accumulate a number of transmitted

correlation results obtained from the process performed by comparison component 110.

(33) In various implementations, comparison component 110 may be configured to
compare the first energy track against the second energy track while applying one or more
constraint parameter to control the comparison process. The comparison constraint parameters
may include one or more of limiting comparison time, limiting number of energy samples

compared, limiting the number of comparison iterations.

(34) Comparison component 110 may be configured to determine the time it took to
compare the first sequence of energy samples against the second sequence of energy samples
at the mid-resolution level. Time taken to compare the first sequence of energy samples
against the second sequence of energy samples at the mid-resolution level may be transmitted
to system 100. Comparison component 110 may utilize the time taken to compare the first
sequence of energy samples against the second sequence of energy samples at the mid-
resolution level in subsequent comparison iterations. For example, the time taken to compare
two energy tracks at a low resolution to correlate energy samples of those energy tracks may
be equal to 5 seconds. Comparison component 110 may be configured to limit the next
comparison iteration at a higher resolution to 5 seconds. In one implementation, the time taken
to compare two energy tracks may be utilized by the other constraint comparison parameters

as a constant value.

-10-
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(35) Comparison component 110 may be configured to limit the portion of the first energy
track based on a comparison window parameter. Comparison component 110 may be
configured to limit the portion the second energy track based on the comparison window
parameter. The comparison window parameter may have a predetermined number of energy
samples. Comparison component 110 may be configured to limit the number of energy
samples in the first sequence of energy samples to the number of energy samples in the
comparison window parameter. Comparison component 110 may be configured to limit the
number of energy samples in the second sequence of energy samples to the number of energy
samples in the comparison window parameter. Comparing component 110 may be configured
to only compare energy samples of the first sequence of energy samples against the energy
samples of the second sequence of energy samples limited by the comparison window
parameter. In accordance with one or more implementation, the number of the energy samples
within the comparison window parameter may not be greater than 50 percent of the total
number of energy samples at a certain resolution level. For example, if the energy track
contains 1024 energy samples at a certain resolution level, then the length of comparison

window parameter may not be greater than 512 energy samples.

(36) The comparison window parameter may have a predetermined start position that may
be generated by system 100 and/or may be based on user input. System 100 may generate the
start position of the comparison window be based on the total length of the energy track, i.e.
the total number of energy samples at a certain resolution level. The start position may be
randomly set in the first one third of the total number of energy samples within energy track.
In some implementations, the user may generate the start position of the comparison window
based on specific audio features of the energy track. For example, user may know that the first
audio track and the second audio track may contain audio features that represent sound
captured at the same football game, specifically first touchdown of the game. Energy sample
representing audio features associated with a touchdown may be used to generate the start

position of comparison window.

(37)  For example, and referring to FIG. 5, the comparison window parameter may be
applied to all the comparison iterations. At operation 510, the energy sample of the first
sequence of energy samples of the first energy track at first resolution level is identified based
on the start position of the comparison window parameter. At operation 520, the energy
sample of the first sequence of energy samples of first energy track at first resolution level
may be identified based on the end position of the comparison window parameter. At

operation 530, the energy sample of the second sequence of energy samples of second energy

-11-
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track at first resolution level may be identified based on the start position of the comparison
window parameter. At operation 540, the energy sample of the second sequence of energy
samples of second energy track at first resolution level may be identified based on the end
position of the comparison window parameter. At operation 550, comparison component 110
may be configured to compare first sequence of energy samples of first energy track against a
second sequence of energy samples of second energy track limited to the energy samples

identified in operations 510, 520, 530, and 540.

(38)  Referring back to FIG. 1, comparison component t 110 may be configured to limit the
same portion of the first and second energy track based on the comparison window parameter
during every comparison iteration. In other implementations, comparison component 110 may
be configured to limit different portions of the first and second energy tracks based on the
comparison window parameter during each comparison iteration. For example, the comparison
window parameter may be generated each time the comparison of the energy tracks at a
specific resolution is performed. In other words, the start position of the comparison window
parameter may be different at every comparison iteration irrespective of the start position of

the comparison window parameter at the previous resolution level.

(39) Comparison component 110 may be configured to limit the number of comparison
iterations based on a correlation threshold parameter. Comparison component 110 may be
configured to generate a correlation coefficient based on the result of first comparison that
may identify correlated energy samples from the first and second energy tracks. Comparison
component 110 may be configured to obtain a threshold value. The threshold value may be
generated by system 100 and/or may be based on user input. Comparison component 110 may
be configured to compare the correlation coefficient against the threshold value. Comparison
component 110 may be configured to limit the comparison iteration if the correlation

coefficient falls below the threshold value.

(40)  For example, and referring to FIG. 6, a number of comparisons performed by the
comparison component 110 of FIG. 1 may be based on whether a correlation coefficient is
higher than a threshold value. At operation 605, the threshold value obtained may be equal to
0.5. At operation 610, the correlation coefficient may be equal to 0.3. At operation 620,
comparison component 110 of FIG. 1 may be configured to compare the correlation
coefficient of 0.3 the threshold value of 0.5 and determine that the correlation coefficient is
less than the threshold value. At operation 630, comparison component 110 may be configured
to perform another comparison iteration and generate the correlation coefficient that may be

equal to 0.55. At operation 640, comparison component 110 may be configured to compare the
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correlation coefficient of 0.55 to the threshold value of 0.5 and determine that correlation
coefficient is greater than threshold value. At operation 650, comparison component 110 may
be configured to stop the comparison iteration because the correlation coefficient was greater

than the threshold value.

(41)  Temporal alignment component 112 may be configured to determine a temporal
alignment estimate between the first audio track and the second audio track based on the result
of comparison of the first energy track against the second energy track via comparison
component 110 transmitted to system 100 of FIG. 1 as described above. The temporal
alignment estimate may reflect an offset in time between a commencement of sound capture
for the first audio track and a commencement of sound capture for the second audio track. In
some implementations, the temporal alignment estimate may reflect a corresponding energy

sample between the first energy track and the second energy track.

(42) Temporal alignment component 112 may be configured to extract a pair of matching
energy samples within the first energy track and the second energy track. Temporal alignment
component 112 may extract a pair of matching energy samples from the first result of
comparison of the first energy track against the second energy track that may represent energy
in the same sounds during the live occurrence. Temporal alignment component 112 may
extract the pair of matching energy samples from each comparison iteration via comparison
component 110. Temporal alignment component 112 may be configured to calculate the At or
time offset based on the position of the matching energy samples within the corresponding

energy track.

(43) In some implementations, temporal alignment component 112 may be configured to
determine multiple temporal alignment estimates between the first audio track and the second
audio track. Each temporal alignment estimate may be based on comparing the first energy
track against the second energy track via comparison component 110 transmitted to system
100 as described above. Temporal alignment component 112 may be configured to assign a
weight to each of the temporal alignment estimates. Temporal alignment component 112 may
be configured to determine a final temporal alignment estimate by computing weighted

averages of multiple temporal alignment estimates.

(44)  Synchronizing component 114 may be configured to synchronize the first media file
using the audio features of the first audio track with the second media file using the audio
features of the second audio track. Synchronizing component 114 may be configured to

synchronize the first audio track with the second audio track based on the temporal alignment
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estimate. In some implementations, the time offset between the energy tracks may be used to

synchronize the audio tracks by aligning the audio tracks based on the time offset calculation.

(45)  For example, and referring to FIG. 4, synchronization process 404 may generate
synchronized audio track 480. Synchronized audio track 480 may include one or more a
portion of first audio track 410 and one or more a portion of second audio track 415. A
portion of first audio track 410 and a portion of second audio track 415 representing energy in
the same sound 418 may be determined based on time offset 460. Synchronized audio track
480 may include the portion of first audio track 410 and the portion of second audio track 415.
The portion of first audio track 410 may correspond to a portion of first energy track 420 at a
lower resolution. The portion of second audio track 415 may correspond to a portion of second
energy track 430 at a lower resolution. Synchronized track 480 may include the portion of first
energy track 420 equal to the time offset 460 (e.g., portion A) and the portion of second energy
track 430 greater than the time offset 460 (e.g., portion B). In some implementations, first
temporal alignment energy sample 425 and second temporal alignment energy sample 435
may be used to determine the portion of first audio track 410 and the portion of second audio
track 415 to be included in synchronized track 480. In some implementations, first energy
track 420 may represent energy of the first audio track at a lower resolution. First energy track
440 may represent energy of the first audio track at a higher resolution than resolution of first
energy track 420. Second energy track 430 may represent energy of the second audio track at
a lower resolution. Second energy track 450 may represent energy of the second audio track a
higher resolution than resolution of second energy track 430. Time offset 465 may reflect a
time difference between a commencement of sound capture for energy track 440 and a
commencement of sound capture for energy track 450. Synchronized track 480 may include a
portion of energy the first energy track 440 at a higher resolution equal to the time offset 465
and a portion of second energy track 450 at a higher resolution. In some implementations, first
temporal alignment energy sample 445 at a higher resolution than the first temporal alignment
energy sample 425 and second temporal alignment energy sample 450 at a higher resolution
than second temporal alignment sample 435 may be used to determine the portion of first
audio track 410 and the portion of second audio track 415 to be included in synchronized track

480.

(46) Referring again to FIG. 1, in some implementations, a user may generate a first media
file containing both video and audio components. User may generate a second media file
containing audio component corresponding to the same live occurrence. User may want to

synchronize first media file with second media file. For example, a group of friends may
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record a video of them singing a musical composition. They may wish to overlay an audio
component of the same musical composition they or another user performed earlier in the

studio with the video file. By synchronizing the video file with the pre-recorded audio file
users obtain a video file that contains a pre-recorded audio component overplayed over the

video component.

(47) In some implementations, system 100 may synchronize media files from three, four,
five, or more media capture devices (not illustrated) capturing the same live occurrence. Users
capturing live occurrence simultaneously may be located near or away from each other and

may make recordings from various perspectives.

(48) In some implementations, the plurality of media files may be generated by the same
user. For example, a user may place multiple media recording devices around himself to
record himself from various perspectives. Similarly, a film crew may generate multiple media

files during a movie shoot of the same scene.

(49) Referring again to FIG. 1, in some implementations, server(s) 102, client computing
platform(s) 104, and/or external resources 120 may be operatively linked via one or more
electronic communication links. For example, such electronic communication links may be
established, at least in part, via a network such as the Internet and/or other networks. It will be
appreciated that this is not intended to be limiting, and that the scope of this disclosure
includes implementations in which server(s) 102, client computing platform(s) 104, and/or

external resources 120 may be operatively linked via some other communication media.

(50) A given client computing platform 104 may include one or more processors configured
to execute computer program components. The computer program components may be
configured to enable a producer and/or user associated with the given client computing
platform 104 to interface with system 100 and/or external resources 120, and/or provide other
functionality attributed herein to client computing platform(s) 104. By way of non-limiting
example, the given client computing platform 104 may include one or more of a desktop
computer, a laptop computer, a handheld computer, a NetBook, a Smartphone, a gaming

console, and/or other computing platforms.

(561)  External resources 120 may include sources of information, hosts and/or providers of
virtual environments outside of system 100, external entities participating with system 100,
and/or other resources. In some implementations, some or all of the functionality attributed

herein to external resources 120 may be provided by resources included in system 100.
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(62)  Server(s) 102 may include electronic storage 122, one or more processors 124, and/or
other components. Server(s) 102 may include communication lines, or ports to enable the
exchange of information with a network and/or other computing platforms. Illustration of
server(s) 102 in FIG. 1 is not intended to be limiting. Servers(s) 102 may include a plurality of
hardware, software, and/or firmware components operating together to provide the
functionality attributed herein to server(s) 102. For example, server(s) 102 may be

implemented by a cloud of computing platforms operating together as server(s) 102.

(63)  Electronic storage 122 may include electronic storage media that electronically stores
information. The electronic storage media of electronic storage 122 may include one or both
of system storage that is provided integrally (i.e., substantially non-removable) with server(s)
102 and/or removable storage that is removably connectable to server(s) 102 via, for example,
a port (e.g., a USB port, a firewire port, etc.) or a drive (e.g., a disk drive, etc.). Electronic
storage 122 may include one or more of optically readable storage media (e.g., optical disks,
etc.), magnetically readable storage media (e.g., magnetic tape, magnetic hard drive, floppy
drive, etc.), electrical charge-based storage media (e.g., EEPROM, RAM, etc.), solid-state
storage media (e.g., flash drive, etc.), and/or other electronically readable storage media. The
electronic storage 122 may include one or more virtual storage resources (e.g., cloud storage, a
virtual private network, and/or other virtual storage resources). Electronic storage 122 may
store software algorithms, information determined by processor(s) 124, information received
from server(s) 102, information received from client computing platform(s) 104, and/or other

information that enables server(s) 102 to function as described herein.

(564)  Processor(s) 124 may be configured to provide information processing capabilities in
server(s) 102. As such, processor(s) 124 may include one or more of a digital processor, an
analog processor, a digital circuit designed to process information, an analog circuit designed
to process information, a state machine, and/or other mechanisms for electronically processing
information. Although processor(s) 124 is shown in FIG. 1 as a single entity, this is for
illustrative purposes only. In some implementations, processor(s) 124 may include a plurality
of processing units. These processing units may be physically located within the same device,
or processor(s) 124 may represent processing functionality of a plurality of devices operating
in coordination. The processor(s) 124 may be configured to execute computer readable
instruction components 106, 108, 110, 112, 114 and/or other components. The processor(s)
124 may be configured to execute components 106, 108, 110, 112, 114, and/or other

components by software; hardware; firmware; some combination of software, hardware,
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and/or firmware; and/or other mechanisms for configuring processing capabilities on

processor(s) 124.

(55) It should be appreciated that although components 106, 108, 110, 112, and 114 are
illustrated in FIG. 1 as being co-located within a single processing unit, in implementations in
which processor(s) 124 includes multiple processing units, one or more of components 106,
108, 110, 112, and/or 114 may be located remotely from the other components. The
description of the functionality provided by the different components 106, 108, 110, 112,
and/or 114 described herein is for illustrative purposes, and is not intended to be limiting, as
any of components 106, 108, 110, 112, and/or 114 may provide more or less functionality than
is described. For example, one or more of components 106, 108, 110, 112, and/or 114 may be
eliminated, and some or all of its functionality may be provided by other ones of components
106, 108, 110, 112, and/or 114. As another example, processor(s) 124 may be configured to
execute one or more additional components that may perform some or all of the functionality

attributed herein to one of components 106, 108, 110, 112, and/or 114.

(56) FIG. 7 illustrates a method 700 for synchronizing video files using audio features, in
accordance with one or more implementations. The operations of method 700 presented below
are intended to be illustrative. In some implementations, method 700 may be accomplished
with one or more additional operations not described, and/or without one or more of the
operations discussed. Additionally, the order in which the operations of method 700 are

illustrated in FIG. 7 and described below is not intended to be limiting.

(57) In some implementations, method 700 may be implemented in one or more processing
devices (e.g., a digital processor, an analog processor, a digital circuit designed to process
information, an analog circuit designed to process information, a state machine, and/or other
mechanisms for electronically processing information). The one or more processing devices
may include one or more devices executing some or all of the operations of method 700 in
response to instructions stored electronically on an electronic storage medium. The one or
more processing devices may include one or more devices configured through hardware,
firmware, and/or software to be specifically designed for execution of one or more of the

operations of method 700.

(568) At an operation 702, a first audio track for a first media file may be obtained. At an
operation 704, for a second audio track for a second media file may be obtained. Operations
702 and 704 may be performed by an audio track component that is the same as or similar to

audio track component 106, in accordance with one or more implementations.
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(59) At an operation 706, a first energy track for a first audio track may be obtained. At an
operation 708, for a second energy track for a second audio track may be obtained. Operations
706 and 708 may be performed by an energy track component that is the same as or similar to

energy track component 108, in accordance with one or more implementations.

(60) At an operation 710, the first energy track is compared against the second energy track.
Operation 710 may be performed by a comparison component that is the same as or similar to

comparison component 110, in accordance with one or more implementations.

(61) At an operation 712, a temporal alignment estimate between the first energy track and
the second energy track based on the comparison of the first energy track and the second
energy track may be determined. Operation 712 may be performed by a temporal alignment
component that is the same as or similar to temporal alignment 112, in accordance with one or

more implementations.

(62) At an operation 714, a synchronization of the first audio file with the second audio file
based on the temporal alignment estimate of the first energy track and the second energy track
may be performed. Operation 714 may be performed by a synchronizing component that is
the same as or similar to synchronizing component 114, in accordance with one or more

implementations.

(63)  Although the system(s) and/or method(s) of this disclosure have been described in
detail for the purpose of illustration based on what is currently considered to be the most
practical and preferred implementations, it is to be understood that such detail is solely for that
purpose and that the disclosure is not limited to the disclosed implementations, but, on the
contrary, is intended to cover modifications and equivalent arrangements that are within the
spirit and scope of the appended claims. For example, it is to be understood that the present
disclosure contemplates that, to the extent possible, one or more features of any

implementation can be combined with one or more features of any other implementation.

(64)  Although the invention has been described in detail for the purpose of illustration
based on what is currently considered to be the most practical and preferred implementations,
it is to be understood that such detail is solely for that purpose and that the invention is not
limited to the disclosed implementations, but, on the contrary, is intended to cover
modifications and equivalent arrangements that are within the spirit and scope of the appended
claims. For example, it is to be understood that the present invention contemplates that, to the
extent possible, one or more features of any embodiment can be combined with one or more

features of any other embodiment.

-18-



WO 2017/136847 PCT/US2017/016745

What is claimed is:

1. A method for synchronizing audio tracks, comprising:

obtaining a first feature track for a first audio track including information
representing sound captured from a live occurrence, the first feature track representing
individual feature samples associated with the sound captured on the first audio track
from the live occurrence, the first feature track conveying feature magnitude for
individual sampling periods of a first sampling period length;

obtaining a second feature track for the first audio track, the second feature track
representing individual feature samples associated with the sound captured on the first
audio track from the live occurrence, the second feature track conveying feature
magnitude for individual sampling periods of a second sampling period length, the second
sampling period length being different than the first sampling period length;

obtaining a third feature track for a second audio track including information
representing sound captured from the live occurrence, the third feature track representing
individual feature samples associated with the sound captured on the second audio track
from the live occurrence, the third feature track conveying feature magnitude for
individual sampling periods of the first sampling period length;

obtaining a fourth feature track for the second audio track, the fourth feature track
representing individual feature samples associated with the sound captured on the second
audio track from the live occurrence, the fourth feature track conveying feature magnitude
for individual sampling periods of the second sampling period length;

comparing at least a portion of the first feature track against at least a portion of
the third feature track to correlate one or more features in the first feature track with one
or more features in the third feature track, the correlated features being identified as
potentially representing features in the same sounds from the live occurrence;

comparing a portion of the second feature track against a portion of the fourth
feature track to correlate one or more features in the second feature track with one or
more features in the fourth feature track, the portion of the second feature track and the
portion of the fourth feature track being selected for the comparison based on the
correlation of features between the first feature track and the third feature track;

determining, from the correlations of features in the feature tracks, a temporal
alignment estimate between the first audio track and the second audio track, the temporal
alignment estimate reflecting an offset in time between commencement of sound capture

for the first audio track and commencement of sound capture for the second audio track;
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and synchronizing the first audio track with the second audio track based on
the temporal alignment estimate.
2. The method of claim 1, wherein the first feature track represents individual energy samples

associated with the sound captured on the first audio track from the live occurrence.

3. The method of claim 1, wherein the temporal alignment estimate reflects corresponding

feature samples between the first feature track and the third feature track.
4. The method of claim 1, further comprising:

selecting a comparison window to at least one portion of the first feature track and to at
least one portion the third feature track, the comparison window having a start position and an
end position, such that the start position corresponding with the individual feature sample having
been selected at random, the end position corresponding with the individual feature sample

having a predetermined value.

5. The method of claim 4, wherein the comparison window is selected to at least one portion of
the second feature track and to at least one portion of the fourth feature track based on the start

position and the end position first feature track and the third feature track.
6. The method of claim 1, further comprising;:
obtaining a temporal alignment threshold;
comparing the temporal alignment estimate with the temporal alignment threshold; and

determining whether to continue comparing feature tracks associated with the first audio
track and the second audio track based on the comparison of the temporal alignment estimate and

the temporal alignment threshold.

7. The method of claim 6, wherein determining whether to continue comparing feature
tracks associated with the first audio track and the second audio track includes
determining to not continue comparing feature tracks associated with the first audio track
and the second audio track in response to the temporal alignment estimate being smaller than

the temporal alignment threshold.
8. The method of claim 1, further comprising:

determining whether to continue comparing feature tracks associated with the first audio
track and the second audio track by assessing whether a stopping criteria has been satisfied, such

determination being based on the temporal alignment estimate and the stopping criteria.
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9. The method of claim 8, wherein the stopping criteria is satisfied by multiple, consecutive

determinations of the temporal alignment estimate falling within a specific range or ranges.

10. The method of claim 9, wherein the specific range or ranges are bounded by a temporal

alignment threshold or thresholds.

11. The method of claim 1, further comprising:

a) obtaining an other feature track for the first audio track, the other feature track
for the first audio track conveying feature magnitude for individual sampling periods of
an other sampling period length;

b) obtaining an other feature track for the second audio track, the other feature
track for the second audio track conveying feature magnitude for individual sampling
periods of an other sampling period length;

¢) comparing a portion of the other feature track of the first audio track against a
portion of the other feature track for the second audio track to correlate one or more
features in the other feature track for the first audio track with one or more features in the
other feature track for the second audio track;

(d) determining an other temporal alignment estimate between the first audio
track and the second audio track;

(e) obtaining an other temporal alignment threshold,;

(f) determining whether to continue comparing feature tracks associated with the
first audio track and the second audio track based on the comparison of the other temporal
alignment estimate and the other temporal alignment threshold, including determining to
not continue comparing feature tracks associated with the first audio track and the second
track in response to the other temporal alignment estimate being smaller than the other
alignment threshold;

(g) responsive to the determining to not continue comparing feature tracks
associated with the first audio track and the second audio track, using the other temporal
alignment estimate to synchronize the first audio track with the second audio track;

(h) responsive to the determining to continue comparing feature tracks

associated with the first audio track and the second audio track, iterating after operations
(a) through (h).

12. The method of claim 1, wherein the first audio track is generated from a first media file
captured from the live occurrence by a first sound capture device, the first media file including

audio and video information.
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13. The method of claim 1, wherein the second audio track is generated from a second
media file captured from the live occurrence by a second sound capture device, the

second media file including audio and video information.
14. The method of claim 1, further comprising:

applying at least one frequency band to the first audio track and applying at least one

frequency band to the second audio track.

15. A system for synchronizing audio tracks, comprising:
one or more physical computer processors configured by computer readable
instructions to:

obtain a first feature track for a first audio track including information
representing sound captured from a live occurrence, the first feature track
representing individual feature samples associated with the sound captured on the
first audio track from the live occurrence, the first feature track conveying feature
magnitude for individual sampling periods of a first sampling period length;

obtain a second feature track for the first audio track, the second feature
track representing individual feature samples associated with the sound captured
on the first audio track from the live occurrence, the second feature track
conveying feature magnitude for individual sampling periods of a second
sampling period length, the second sampling period length being different than
the first sampling period length;

obtain a third feature track for a second audio track including information
representing sound captured from the live occurrence, the third feature track
representing individual feature samples associated with the sound captured on the
second audio track from the live occurrence, the third feature track conveying
feature magnitude for individual sampling periods of the first sampling period
length;

obtain a fourth feature track for the second audio track, the fourth feature
track representing individual feature samples associated with the sound captured
on the second audio track from the live occurrence, the fourth feature track
conveying feature magnitude for individual sampling periods of the second
sampling period length;

compare at least a portion of the first feature track against at least a
portion of the third feature track to correlate one or more features in the first

feature track with one or more features in the third feature track, the correlated
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features being identified as potentially representing features in the same sounds
from the live occurrence;

compare a portion of the second feature track against a portion of the
fourth feature track to correlate one or more features in the second feature track
with one or more features in the fourth feature track, the portion of the second
feature track and the portion of the fourth feature track being selected for the
comparison based on the correlation of features between the first feature track and
the third feature track;

determine, from the correlations of features in the feature tracks, a
temporal alignment estimate between the first audio track and the second audio
track, the temporal alignment estimate reflecting an offset in time between
commencement of sound capture for the first audio track and commencement of
sound capture for the second audio track;

and synchronize the first audio track with the second audio track based on
the temporal alignment estimate.

16. The system of claim 15, wherein temporal alignment estimate reflects corresponding feature

samples between the first feature track and the third feature track.
17. The system of claim 15, further comprising:

selecting a comparison window to at least one portion of the first feature track and to at
least one portion the third feature track, the comparison window having a start position and
an end position, such that the start position corresponding with the individual feature sample
having been selected at random, the end position corresponding with the individual feature

sample having a predetermined value.

18. The system of claim 17, wherein the comparison window is selected to at least one
portion of the second feature track and to at least one portion of the fourth feature track

based on the start position and the end position first feature track and the third feature track.

19. The system of claim 15, wherein the one or more physical computer processors is further

configured by computer readable instructions to:
obtain a temporal alignment threshold;

compare the temporal alignment estimate with the temporal alignment threshold,;

and
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determine whether to continue comparing feature tracks associated with the first
audio track and the second audio track based on the comparison of the temporal

alignment estimate and the temporal alignment threshold.

20. The system of claim 19, wherein determining whether to continue comparing feature
tracks associated with the first audio track and the second audio track includes
determining to not continue comparing feature tracks associated with the first audio track
and the second audio track in response to the temporal alignment estimate being smaller than the

temporal alignment threshold.

21. The system of claim 15, wherein the one or more physical computer processors is further

configured by computer readable instructions to:

determine whether to continue comparing feature tracks associated with the first
audio track and the second audio track by assessing whether a stopping criteria has been
satisfied, such determination being based on the temporal alignment estimate and the

stopping criteria.

22. The system of claim 21, wherein the stopping criteria is satisfied by multiple, consecutive

determinations of the temporal alignment estimate falling within a specific range or ranges.

23. The system of claim 22, wherein the specific range or ranges are bounded by a temporal

alignment threshold or thresholds.

24. The system of claim 15, wherein the one or more physical computer processors is further
configured by computer readable instructions to:

a) obtain an other feature track for the first audio track, the other feature track for
the first audio track conveying feature magnitude for individual sampling periods of an
other sampling period length;

b) obtain an other feature track for the second audio track, the other feature track
for the second audio track conveying feature magnitude for individual sampling periods
of an other sampling period length;

c¢) compare a portion of the other feature track of the first audio track against a
portion of the other feature track for the second audio track to correlate one or more
features in the other feature track for the first audio track with one or more features in the
other feature track for the second audio track;

(d) determine an other temporal alignment estimate between the first audio track
and the second audio track;

(e) obtain an other temporal alignment threshold;
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(f) determine whether to continue comparing feature tracks associated with the
first audio track and the second audio track based on the comparison of the other temporal
alignment estimate and the other temporal alignment threshold, including determining to
not continue comparing feature tracks associated with the first audio track and the second
track in response to the other temporal alignment estimate being smaller than the other
alignment threshold;

(g) responsive to the determining to not continue comparing feature tracks
associated with the first audio track and the second audio track, using the other temporal
alignment estimate to synchronize the first audio track with the second audio track;

(h) responsive to the determining to continue comparing feature tracks
associated with the first audio track and the second audio track, iterating after operations

(a) through (h).

25. The system of claim 15, wherein the first audio track is generated from a first media file
captured from the live occurrence by a first sound capture device, the first media file including

audio and video information.

26. The system of claim 15, wherein the second audio track is generated from a second
media file captured from the live occurrence by a second sound capture device, the

second media file including audio and video information.

27. The system of claim 15, wherein the one or more physical computer processors is further
configured by computer readable instructions to:
apply at least one frequency band to the first audio track and applying at least one

frequency band to the second audio track.
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