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(57) Abstract: Systems and methods of synchronizing media are provided. A client device may be used to capture a sample of a
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ally a timescale ratio indicating a speed at which the media stream is being rendered by the media rendering source based on a ref-
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TITLE: Methods and Systems for Synchronizing Media

CROSS-REFERENCE TO RELATED APPLICATION
The present application claims priority to U.S. Provisional Patent Application Serial
No. 61/331,015, filed on May 4, 2010, the entire contents of which are herein incorporated by

reference.

FIELD
The present disclosure relates to media information retrieval and synchronization of
media. For example, the present disclosure relates to music information retrieval and textual
transcription or lyric synchronization, for example, as in the fields of Karaoke. The present

disclosure also relates to synchronization of other forms of media as well.

BACKGROUND

Synchronized media, such as musical lyrics display systems, typically include a lyrics
display apparatus operatively coupled to and controlled by a music playback apparatus. In
these systems, the music playback apparatus knows a current time position in a currently
playing music audio track. The music audio time position is provided to the lyrics display
apparatus. The lyrics display apparatus uses the timing information to determine a
corresponding lyric text position and displays the corresponding lyric text for the user to
enjoy in synchrony with the music audio. Widely available Karaoke systems operate in this
way.

Existing synchronized media (e.g., lyrics) systems typically have the lyrics display
apparatus designed as an integral part of a system including the music playback apparatus

often in a shared physical enclosure or controlled by a shared control mechanism, such as a
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computer program. A music listener who comes upon an arbitrary environmental or ambient
source of music, e.g., in a café, restaurant, car, store, etc., would not have a way to enjoy
synchronized media (e.g., lyrics) unless the music playback apparatus at the arbitrary
environmental or ambient source was operatively coupled to an integrated lyrics display

apparatus.

SUMMARY

In one aspect, a method of synchronizing media is provided. The method includes a
client device receiving a media sample of a media stream being rendered by a media
rendering source that is associated with a timestamp corresponding to a sampling time of the
media sample. The method also includes determining a time offset indicating a time position
in the media stream corresponding to the sampling time of the media sample, and calculating
a real-time offset using a real-time timestamp, the timestamp of the media sample, and the
time offset, wherein the real-time timestamp indicates a present time. The method further
includes the client device rendering a second media stream at a position corresponding to the
real-time offset to be in synchrony to the media stream being rendered by the media rendering
source.

In another aspect, a method of synchronizing media is provided. The method includes
a client device sending an audio sample of a song being rendered by a media rendering source
to a position identification module. The audio sample is associated with a timestamp
corresponding to a sampling time of the audio sample. The method also includes the client
device receiving from the position identification module a time offset indicating a time
position in the song corresponding to the sampling time of the audio sample. The method
further includes calculating a real-time offset using a real-time timestamp, the timestamp of

the audio sample, and the time offset, wherein the real-time timestamp indicates a present
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time, receiving textual lyrics of the song, and the client device rendering the textual lyrics at a
position corresponding to the real-time offset to be in synchrony to the song being rendered
by the media rendering source.

In still another aspect, a non-transitory computer readable storage medium having
stored therein instructions executable by a computing device to cause the computing device
to perform functions is provided. The functions include a client device sending an audio
sample of a song being rendered by a media rendering source to a position identification
module. The audio sample is associated with a timestamp corresponding to a sampling time
of the audio sample. The functions also include the client device receiving from the position
identification module a time offset indicating a time position of the sample corresponding to
the sampling time of the audio sample in the song. The functions further include calculating
a real-time offset using a real-time timestamp, the timestamp of the audio sample, and the
time offset, wherein the real-time timestamp indicates a present time, receiving textual lyrics
of the song, and the client device rendering the textual lyrics at a position corresponding to
the real-time offset to be in synchrony to the song being rendered by the media rendering
source.

In yet other aspects, example devices or systems to perform methods described herein
are provided.

The foregoing summary is illustrative only and is not intended to be in any way
limiting. In addition to the illustrative aspects, embodiments, and features described above,
further aspects, embodiments, and features will become apparent by reference to the drawings

and the following detailed description.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates one example of a system for identifying media content, and
synchronizing data with the identified media content.

Figure 2 shows a flowchart of an illustrative embodiment of a method for
synchronizing media streams.

Figures 3A-3B illustrate examples of a system for identifying media content or time
offsets of media samples, and synchronizing data with the identified media content.

Figure 4 shows a flowchart of an illustrative embodiment of a method for
synchronizing lyrics to a song being rendered by a media rendering source.

Figure 5 illustrates examples of music information.

Figure 6 illustrates another example of a system for identifying media content or time

offsets of media samples, and synchronizing data with the identified media content.

DETAILED DESCRIPTION

In the following detailed description, reference is made to the accompanying
drawingé, which form a part hereof. In the drawings, similar symbols typically identify
similar components, unless context dictates otherwise. The illustrative embodiments
described in the detailed description, drawings, and claims are not meant to be limiting.
Other embodiments may be utilized, and other changes may be made, without departing from
the spirit or scope of the subject matter presented herein. It will be readily understood that
the aspects of the present disclosure, as generally described herein, and illustrated in the
Figures, can be arranged, substituted, combined, separated, and designed in a wide variety of
different configurations, all of which are explicitly contemplated herein.

In example embodiments, systems and methods of synchronizing media are provided.

A client device (e.g., such as a portable client device) may be used to capture a sample of a
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media stream being rendered by a media rendering source. The client device may determine
a timestamp corresponding to a sampling time of the media sample being captured using a
reference time clock. The sampling time may preferably be the beginning, but could also be
an enciing, middle, or any other predetermined time of the media sample. The client device
can send the media sample to a position identification module to determine a time offset
indicating a time position in the media stream corresponding to the sampling time of the
media sample, and optionally to determine a timescale ratio that indicates a speed at which
the media stream is being rendered by the media rendering source based on a reference speed
of the media stream. The client device can calculate a real-time offset using a real-time
timestamp indicating the present time, the timestamp of the media sample, the time offset,
and optionally, the timescale ratio. The client device can then render a second media stream
at a position corresponding to the real-time offset to be in synchrony to the media stream
being rendered by the media rendering source. The systems and methods described herein
can be berformed to control synchronized playback of a second media stream based on
captured samples of a first media stream, for example. In other examples, the client device
includes a microphone to receive the media stream or recording from the media rendering
source. The client device can also include any of a video camera, vibration sensor, radio
receiver, network interface, etc., to receive the media stream.

In one example, the systems and methods may be used to display Iyrics synchronized
to ambiently playing music using a mobile music information retrieval device that may not be
operationally coupled to a music playback apparatus (the apparatus playing the ambient
music) to determine timing information corresponding to the played music. No timing
information from the music playback apparatus is needed. The music information retrieval
device may be configured to identify the playing music, and to responsively retrieve and

display corresponding lyrics synchronized to a current time point in the music without user
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intervention, for example.

Referring now to the figures, Figure 1 illustrates one example of a system for
identifying media content, and synchronizing data with the identified media content. The
system includes a media rendering source 102 that renders and presents media content from a
media stream in any known manner. The media stream may be stored on the media rendering
source 102 or received from external sources, such as an analog or digital broadcast. In one
example, the media rendering source 102 may be a radio station or a television content
provider that broadcasts media streams (e.g., audio and/or video) and/or other information.
The media rendering source 102 may also be any type of device that plays audio media,
displays video media in a recorded or live format. In an alternate embodiment, the media
rendering source 102 may include a live performance as a source of audio and/or a source of
video, for example.

The media rendering source 102 may render or present the media stream through a
graphical display, audio speakers, a MIDI musical instrument, an animatronic puppet, etc., or
any other kind of presentation provided by the media rendering source 102, for example.

A client device 104 receives a rendering of the media stream from the media
rendering source 102 through a sample capture module encompassing a media receiver 106.
In Figure 1, the media receiver 106 is shown to be an antenna, and the media rendering
source 102 broadcasts the media stream wirelessly to the client device 104. However,
depending on a form of the media stream, the media rendering source 102 may render the
media using wireless or wired communication techniques.

In other examples, the media receiver 106 can include any of a microphone, video
camera, vibration sensor, radio receiver, network interface, etc. As a specific example, the
media rendering source 102 may play music, and the client device 104 may include a

microphone to receive a sample of the music.
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The client device 104 is not operationally coupled to the media rendering source 102,
other than to receive the rendering of the media stream. In this manner, the client device 104
is not controlled by the media rendering source 102, nor is the client device 104 an integral
portion of the media rendering source 102. In the example shown in Figure 1, the client
device 104 is a separate entity from the media rendering source 102.

The client device 102 captures a media sample of the rendered media stream. This
may occur automatically without user intervention or may be effected by a user activating a
button or other application to trigger the sample capture. For example, the user of the client
device 104 may press a button to record a 10 second digital sample of audio through a
microphone, or to capture a still image or video sequence using a camera.

The client device 104 can be implemented as a portion of a small-form factor portable
(or mobile) electronic device such as a cell phone, a wireless cell phone, a personal data
assistant (PDA), a personal media player device, a wireless web-watch device, a personal
headset device, an application specific device, or a hybrid device that include any of the
above functions. The client device 104 can also be implemented as a personal computer
including both laptop computer and non-laptop computer configurations. The client device
104 can also be a component of a larger device or system as well.

The client device 104 is operated to capture portions of the media stream rendered by
the media rendering source 102 for identification of position information. As an example, the
client device 104 is operationally coupled to a server 108 that includes a position
identification module 110 and an optional content identification module 112. Although
Figure 1 illustrates the server 108 to include both the position identification module '110 and
the content identification module 112, either of the position identification module 110 and/or
the content identification module 112 may be separate entities apart from the server 108, for

example. Alternatively, both the position identification module 110 and the content
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identification module 112 may be the same entity, or functions of the position identification
module 110 and the content identification module 112 may be performed by the same entity.
In addition, the position identification module 110 and/or the content identification module
112 may be located in the client device 104 or may be on a remote server connected to the
client device 104 over a network, as shown in Figure 1.

The server 108 receives a media sample from the client device 104 (either over a
wired or wireless connection), and the position identification module 110 identifies a
corresponding estimated time position (Ts) indicating a time offset of the media sample into
the media stream based on the media sample that is being captured at that moment. Ts may
also, in some examples, be an elapsed amount of time from a beginning of the media stream.

The content identification module 112 may optionally also perform a content
identification on the received media sample. The content identification identifies content in a
media stream, e.g., a musical soundtrack, if the identity is not already known. The content
identification module 112 may used or be incorporated within any of the example media
sample information retrieval systems, such as provided by Shazam Entertainment in London,
United Kingdom, Gracenote in Emeryville, California, or Melodis in San Jose, California, for
example. These services operate to receive samples of environmental audio, identify a
musical content of the audio sample, and provide the user with information about the music,
including the track name, artist, album, artwork, biography, discography, concert tickets, etc.

In this regard, the content identification module 112 includes a media search engine
114 and may include or have access to a database 116 that indexes reference media content
objects and recordings, for example, musical soundtracks, video clips, movies, and television
shows, to compare the received media sample with the stored information so as to identify
media content within the received media sample. Once a media object within the media

stream has been identified, identity information and other metadata may be reported back to
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the client device 104.

Metadata may also comprise data and hyperlinks to other related content and services,
including recommendations, ads, offers to preview, bookmark, and buy musical recordings,
videos, concert tickets, and bonus content; as well as to facilitate browsing, exploring,
discovering related content on the world wide web.

Alternatively, the client device 104 may capture a sample of a media stream from the
media rendering source 102, and perform initial feature extraction processing on the sample
so as to create a fingerprint of the media sample. The client device 104 could then send the
fingerprint information to the position identification module 110 and/or the content
identification module 112, which may identify information pertaining to the sample based on
the fingerprint information alone. In this manner, more computation or identification
processing can be performed at the client device 104, rather than at the position identification
module 110 and/or the content identification module 112, for example.

As mentioned, the database 116 may include many media content objects, each of
which may be identified by a unique identifier (e.g., sound_ID). The database 116 may not
necessarily store actual media content, such as audio or video files, for each recording, since
the sound_IDs can be used to retrieve the files from elsewhere. However, the database 116
may store media content files in some embodiments. A media content database index may be
very large, containing indices for millions or even billions of files, for example. New content
can be added incrementally to the database index.

The database 116 may also include information for each stored audio, video, or media
file, or for each stored media index. For example, metadata may be stored with each file that
indicates information about the file, such as an artist name, a length of song, lyrics of the
song, time indices for lines or words of the lyrics, album artwork, or any other identifying or

related information to the file.
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The system of Figure 1 allows time offsets of captured media samples to be identified,
and also for media samples to be identified based on stored information. While Figure 1
illustrates a system that has a given configuration, the components within the system may be
arranged in other manners. For example, the media search engine 114 may be separate from
the content identification module 112, or media sample processing can occur at the client 104
or at the server 108. Thus, it should be understood that the configurations described herein
are merely exemplary in nature, and many alternative configurations might also be used.

The system in Figure 1, and in particular the position identification module 110, may
identify time offsets of media samples within a media stream. Optionally, the system can be
used to identify content in a media stream using samples of the media within the media
stream using the content identification module 112.

Various media sample identification techniques are known in the art for performing
computational content identifications of media samples and features of media samples using a
database of media content objects. The following U.S. Patents and publications describe
possible examples for media recognition techniques, and each is entirely incorporated herein
by reference, as if fully set forth in this description: Kenyon et al, U.S. Patent No. 4,843,562,
entitled "Broadcast Information Classification System and Method"; Kenyon, U.S. Patent No.
4,450,531, entitled "Broadcast Signal Recognition System and Method"; Haitsma et al, U.S.
Patent Application Publication No. 2008/0263360, entitled "Generating and Matching Hashes
of Multimedia Content"; Wang and Culbert, U.S. Patent No. 7,627,477, entitled "Robust and
Invariant Audio Pattern Matching"; Wang, Avery, U.S. Patent Application Publication No.
2007/0143777, entitled "Method and Apparatus for Identification of Broadcast Source";
Wang and Smith, U.S. Patent No. 6,990,453, entitled "System and Methods for Recognizing
Sound and Music Signals in High Noise and Distortion"; and Blum, et al, U.S. Patent No.

5,918,223, entitled "Method and Article of Manufacture for Content-Based Analysis, Storage,

10
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.Retrieval, and Segmentation of Audio Information".

Briefly, identifying a media recording begins by receiving a media recording and
sampling the media recording. The recording is correlated with digitized, normalized
reference signal segments to obtain correlation function peaks for each resultant correlation
segment, providing a recognition signal when the spacing between the correlation function
peaks is within a predetermined limit, and a pattern of RMS power values coincident with the
correlation function peaks matches within predetermined limits of a pattern of the RMS
power values from the digitized reference signal segments, as noted in US Patent No.
4,450,531, for example. The matching media content is thus identified. Furthermore, the
matching position of the media recording in the media content is given by the position of the
matching correlation segment, as well as the offset of the correlation peaks, for example.

In another example, generally, media content can be identified by identifying or
computing characteristics or fingerprints of a media sample and comparing the fingerprints to
previously identified fingerprints. The particular locations within the sample at which
fingerprints are computed depend on reproducible points in the sample. Such reproducibly
computable locations are referred to as “landmarks.” A location within the sample of the
landmarks can be determined by the sample itself, i.e., is dependent upon sample qualities
and is reproducible. That is, the same or similar landmarks may be computed for the same
signal each time the process is repeated. A landmarking scheme may mark about 5 to about
10 landmarks per second of sound recording; however, landmarking density depends on an
amount of activity within the media recording. One landmarking technique, known as Power
Norm, is to calculate an instantaneous power at many time points in the recording and to
select local maxima. One way of doing this is to calculate an envelope by rectifying and

filtering a waveform directly. Another way is to calculate a Hilbert transform (quadrature) of

11
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a signal and use a sum of magnitudes squared of the Hilbert transform and the original signal.
Other methods for calculating landmarks may algo be used.

Once the landmarks have been computed, a fingerprint is computed at or near each
landmark time point in the recording. A nearness of a feature to a landmark is defined by the
fingerprinting method used. In some cases, a feature is considered near a landmark if the
feature clearly corresponds to the landmark and not to a previous or subsequent landmark. In
other cases, features correspond to multiple adjacent landmarks. The fingerprint is generally
a value or set of values that summarizes a set of features in the recording at or near the time
point. In one embodiment, each fingerprint is a single numerical value that is a hashed
function of multiple features. Other examples of fingerprints include spectral slice
fingerprints, multi-slice fingerprints, LPC coefficients, cepstral coefficients, and frequency
components of spectrogram peaks.

Fingerprints can be computed by any type of digital signal processing or frequency
analysis of the signal. In one example, to generate spectral slice fingerprints, a frequency
analysis is performed in the neighborhood of each landmark timepoint to extract the top
several spectral peaks. A fingerprint value may then be the single frequency value of a
strongest spectral peak. For more information on calculating characteristics or fingerprints of
audio samples, the reader is referred to U.S. Patent No. 6,990,453, to Wang and Smith,
entitled “System and Methods for Recognizing Sound and Music Signals in High Noise and
Distortion,” the entire disclosure of which is herein incorporated by reference as if fully set
forth in this description.

Thus, the content identification module 112 will receive a sample and compute
fingerprints of the sample. The content identification module 112 may compute the
fingerprints by communicating with additional recognition engines. To identify the sample,

the content identification module 112 can then access the database 116 to match the

12
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fingerprints of the sample with fingerprints of known audio tracks by generating
correspondences between equivalent fingerprints and files in the database 116 to locate a file
that has the largest number of linearly related correspondences, or whose relative locations of
characteristic fingerprints most closely match the relative locations of the same fingerprints
of the sample. That is, linear correspondences between the landmark pairs are identified, and
sets are scored according to the number of pairs that are linearly related. A linear
correspondence may occur when a statistically significant number of corresponding sample
locations and file locations can be described with substantially the same linear equation,
within an allowed tolerance, for example. The file of the set with the highest statistically
significant score, i.e., with the largest number of linearly related correspondences, is the
winning file, and is deemed the matching media file.

As yet another example of a technique to identify content within the media stream, a
media sample can be analyzed to identify its content using a localized matching technique.
For example, generally, a relationship between two media samples can be characterized by
first matching certain fingerprint objects derived from the respective samples. A set of
fingerprint objects, each occurring at a particular location, is generated for each media
sample. Each location is determined depending upon the content of a respective media
sample and each fingerprint object characterizes one or more local features at or near the
respective particular location. A relative value is next determined for each pair of matched
fingerprint objects. A histogram of the relative values is then generated. If a statistically
significant peak is found, the two media samples can be characterized as substantially
matching. Additionally, a time stretch ratio, which indicates how much an audio sample has
been sped up or slowed down as compared to the original audio track can be determined. For
a more detailed explanation of this method, the reader is referred to U.S. Patent No.

7,627,477, to Wang and Culbert, entitled Robust and Invariant Audio Pattern Matching, the
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entire disclosure of which is herein incorporated by reference as if fully set forth in this
description.

In addition, systems and methods described within the publications above may return
more than just the identity of a media sample. For example, using the method described in
U.S. Patent No. 6,990,453.to Wang and Smith may return, in addition to metadata associated
with an identified audio track, a relative time offset (RTO) of a media sample from a
beginning of an identified sample, referred -to as an estimated identified media stream
position Ts. To determine a relative time offset of the recording, fingerprints of the sample
can be compared with fingerprints of the original files to which the fingerprints match. Each
fingerprint occurs at a given time, so after matching fingerprints to identify the sample, a
difference in time between a first fingerprint (of the matching ﬁngerprinf in the sample) and a
first fingerprint of the stored original file will be a time offset of the sample, e.g., amount of
time into a song. Thus, a relative time offset (e.g., 67 seconds into a song) at which the
sample was taken can be determined. Other information may be used as well to determine
the RTO. For example, a location of a histogram peak may be considered the time offset
from a beginning of the reference recording to the beginning of the sample recording.

Other forms of content identification may also be performed depending on a type of
the media sample. For example, a video identification algorithm may be used to identify a
position within a video stream (e.g., a movie). An example video identification algorithm is
described in Oostveen, J., et al., "Feature Extraction and a Database Strategy for Video
Fingerprinting", Lecture Notes in Computer Science, 2314, (Mar. 11, 2002), 117-128, the
entire contents of which are herein incorporated by reference. For example, a position of the
video sample into a video can be derived by determining which video frame was identified.
To identify the video frame, frames of the media sample can be divided into a grid of rows

and columns, and for each block of the grid, a mean of the luminance values of pixels is
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computed. A spatial filter can be applied to the computed mean luminance values to derive
fingerprint bits for each block of the grid. The fingerprint bits can be used to uniquely
identify the frame, and can be compared or matched to fingerprint bits of a database that
includes known media. The extracted fingerprint bits from a frame may be referred to as sub-
fingerprints, and a fingerprint block is a fixed number of sub-fingerprints from consecutive
frames. Using the sub-fingerprints and fingerprint blocks, identification of video samples can
be performed. Based on which frame the media sample included, a position into the video
(e.g., time offset) can be determined

Furthermore, other forms of content and/or position identification may also be
performed, such as using watermarking methods. A watermarking method can be used by the
position identification module 110 to determine the time offset such that the media stream
may have embedded watermarks at intervals, and each watermark specifies a time or position
of the watermark either directly, or indirectly via a database lookup, for example.
Alternatively, if the media stream includes embedded watermarks that indicate, either directly
or indirectly, a time or position offset value, the client device 104 may determine the time
offset of a sample of the media being rendered without communication with the position
identification module 110.

In each of the foregoing example content identification methods for implementing
functions of the content identification module 112, a byproduct of the identification process
may be a time offset of the media sample within the media stream (e.g., estimated identified
media stream position Ts). Thus, in these cases, the position identification module 110 may
be the same as the content identification module 112, or functions of the position
identification module 110 may be performed by the content identification module 112.

Thus, a user may send from the client device 104 a position identification query to the

position identification module 110, which may use any of the techniques described herein to
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return information relating to the content to the client device 104, and optionally, the content
identification module 112 may be accessed to identify the content. Example embodiments
described herein apply to any type of media stream, such as for example, pre-recorded or live
music, audio, video, a combination of audio and video, or any other kind of media or event
sequences that follow a timeline of positions in the media stream. Example embodiments
also apply to any format of the media stream suchl as, for example, media on CDs, DVDs,
compressed digital media, MIDI files, animation sequences, control sequences, scripts, slide
shows, etc.

In other examples, the client device 104 or the server 108 may further access a media
stream library database 118 to select a media stream corresponding to the sampled media that
may then be returned to the client device 104 to be rendered by the client device 104. The
media stream library database 118 may be located in the client device 104 or in the server
108, or alternatively either or both of the client device 104 and the server 108 may be
connected to the media stream library database 118 over a network. In Figure 1, the media
stream library database 118 is shown to be connected to the server 108, for example. Still
further, information in the media stream library database 118, or the media stream library
database 118 itself, may be included within the database 116.

A media stream in the media stream library database 118 corresponding to the media
sample may be manually selected by a user of the client device 104, programmatically by the
client device 104, or selected by the server 108 based on an identity of the media sample
determined by the content identification module 112, for example. The selected media
stream may be a different kind of media from the media sample, and may be synchronized to
the media being rendered by the media rendering source 102. For example, the media sample
may be music, and the selected media stream may be lyrics, a musical score, a guitar

tablature, musical accompaniment, a video, animatronic puppet dance, an animation
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sequence, etc., which can be synchronized to the music. The client device 104 may receive
the selected media stream corresponding to the media sample, and may render the selected
media stream in synchrony with the media being rendered by the media rendering source 102.

An estimated time position of the media being rendered by the media rendering
source 102 is determined by the position identification module 110 and used to determine a
corresponding position within the selected media stream at which to render the selected
media stream. The client device 104 can then render and present the selected media stream in
synchrony with the media being rendered by the media rendering source 102.

The client device 104 may include a position tracking module 120 to ensure accurate
synchronization between the two media streams. When the client device 104 is triggered to
capture a media sample, a timestamp (To) is recorded from a reference clock of the client
device 104. At any time t, an estimated real-time media stream position Ti(t) is determined
from the estimated identified media stream position Ts plus elapsed time since the time of the
timestamp:

T()=T,+t-T,  Equation (1)

T«(t) is an elapsed amount of time from a reference point, such as a beginning of the media
stream, to a real-time position of the media stream as is currently being rendered. Thus, using
Ts (i.e., the estimated elapsed amount of time from a beginning of the media stream to a
position of the media stream based on the recorded sample), the Ty(t) can be calculated. Ti(t)
is then used by the client device 104 to present the selected media stream in synchrony with
the media being rendered by the media rendering source 102. For example, the client device
104 may begin rendering the selected media stream at the tiﬁe position Ti(t), or at a position
such that T(t) amount of time has elapsed.

The position tracking may fall out of synchrony for many reasons. In one instance,

the media stream may be rendered by the media rendering source 102 at an unexpected speed.
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For example, if a musical recording is being played on an uncalibrated turntable or CD
player, the music recording could be played faster or slower than an expected reference
speed, or in a manner differently from the stored reference media stream. Or, sometimes a DJ
may change a speed of a musical recording intentionally to achieve a certain effect, such as
matching a tempo across a number of tracks. In such instances, the estimated position Ti(t)
can become incorrect as t increases, and consequently, the selected media stream may be out
of sync. As examples of reference speeds, a CD player is expected to be rendered at 44100
samples per second; a 45 RPM vinyl record is expected to play at 45 revolutions per minute
on a turntable; and an NTSC video stream is expected to play at 60 frames per second.

In some embodiments, to mitigate or prevent the selected media stream from falling
out of synchrony with the media being rendered by the media rendering source 102, the
estimated position Ty(t) can be adjusted according to a speed adjustment ratio R. For
example, methods described in U.S. Patent No. 7,627,477, entitled "Robust and invariant
audio pattern matching", the entire contents of which are herein iﬁcorporated by reference,
can be performed to identify the media sample, the estimated identified media stream position
Ts, and a speed ratio R.

To estimate the speed ratio R, cross-frequency ratios of variant parts of matching
fingerprints are calculated, and because frequency is inversely proportional to time, a cross-
time ratio is the reciprocal of the cross-frequency ratio. A cross-speed ratio R is the cross-
frequency ratio (e.g., the reciprocal of the cross-time ratio).

More specifically, using the methods described above, a relationship between two
audio samples can be characterized by generating a time-frequency spectrogram of the
samples (e.g., computing a Fourier Transform to generate frequency bins in each frame), and
identifying local energy peaks of the spectrogram. Information related to the local energy

peaks is extracted and summarized into a list of fingerprint objects, each of which optionally
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includes a location field, a variant component, and an invariant component. Certain
fingerprint objects derived from the spectrogram of the respective audio samples can then be
matched. A relative value is determined for each pair of matched fingerprint objects, which
may be, for example, a quotient or difference of logarithm of parametric values of the
respective audio samples.

In one example, local pairs of spectral peaks are chosen from the spectrogram of the
media sample, and each local pair comprises a fingerprint. Similarly, local pairs of spectral
peaks are chosen from the spectrogram of a known media stream, and each local pair
comprises a fingerprint. Matching fingerprints between the sample and the known media
stream are determined, and time differences between the spectral peaks for each of the sample
and the media stream are calculated. For instance, a time difference between two peaks of
the sample is determined and compared to a time difference between two peaks of the known
media stream. A ratio of these two time differences can be determined and a histogram can
be generated comprising such ratios (e.g., extracted from matching pairs of fingerprints). A
peak of the histogram may be determined to be an actual speed ratio (e.g., ratio between the
speed at which the media rendering source 102 is playing the media compared to the
reference speed at which a reference media file is rendered). Thus, an estimate of the speed
ratio R can be obtained by finding a peak in the histogram, for example, such that the peak in
the histogram characterizes the relationship between the two audio samples as a relative
pitch, or, in case of linear stretch, a relative playback speed.

Alternatively, a relative value may be determined from frequency values of matching
fingerprints from the sample and the known media stream. For instance, a frequency value of
an anchor point of a pair of spectrogram peaks of the sample is determined and compared to a
frequency value of an anchor point of a pair of spectrogram peaks of the media stream. A

ratio of these two frequency values can be determined and a histogram can be generated
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comprising such ratios (e.g. extracted from matching pairs of fingerprints). A peak of the

histogram may be determined to be an actual speed ratio R. In equations,

Rf — fsample
f;tream

are variant frequency values of matching fingerprints, as described by

Equation (2)

where f,

sample

and f

stream
Wang and Culbert, U.S. Patent No. 7,627,477, the entirety of which is hereby incorporated by
reference.

Thus, the global relative value (e.g., speed ratio R) can be estimated from matched
fingerprint objects using corresponding variant components from the two audio samples. The
variant component may be a frequéncy' value determined from a local feature near the
location of each fingerprint object. The speed ratio R could be a ratio of frequencies or delta
times, or some other function that results in an estimate of a global parameter used to
describe the mapping between the two audio samples. The speed ratio R may be considered
an estimate of the relative playback speed, for example.

The speed ratio R can be estimated using other methods as well. For example,
multiple samples of the media can be captured, and content identification can be performed
on each sample to obtain multiple estimated media stream positions Ts(k) at reference clock
time To(k) for the k-th sample. Then, R could be estimated as:

R, = Iy =T (1) Equation (3)

T,(6)-17,(1)
To represent R as time-varying, the following equation may be used:

_ TR =T (k1)
- L (k)-T,(k-1)

R, Equation (4)

Thus, the speed ratio R can be calculated using the estimated time positions Ts over a span of
time to determine the speed at which the media is being rendered by the media rendering

source 102.
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Using the speed ratio R, an estimate of the real-time media stream position can be
calculated as:

T.({) =T, +R(t-T,) Equation (5)
The real-time media stream position indicates the position in time of the media sample. For
example, if the media sample is from a song that has a length of four minutes, and if T«(t) is
one minute, that indicates that the one minute of the song has elapsed.

The system in Figure 1 may further include a discontinuity detection module 122,
which may be included within the client device 104 and/or the server 108, or functions of the
discontinuity detection module 122 may optionally be performed by components of the client
device 104 and/or components of the server 108, for example. Alternatively, as shown in
Figure 1, the discontinuity detection module 122 may be a separate entity that communicates
with the client device 104 and/or the server 108 using wireless or wired communication
techniques, for example.

The discontinuity detection module 122 may detect if the media stream being
rendered by the media rendering source 102 is interrupted unexpectedly. This may occur, for
example, if a channel is changed on the media rendering source 102, or if someone stops
playout of the media stream or skips to a different position in the media stream. If the
selected media stream from the media stream library database 118 were to continue to play,
the two media streams would be out of sync or disconnected. The discontinuity detection
module 122 may either stop the selected media stream or attempt to resynchronize the two
media streams. Thus, the discontinuity detection module 122 may verify whether the selected
media stream is being rendered in synchrony with the media stream being rendered by the
media rendering source 102.

The discontinuity detection module 122 functions may be implemented by performing

periodic position and/or content identification samplings as outlined above as an example

21



WO 2011/140221 PCT/US2011/035197
method to calculate the speed ratio R, and thus, the discontinuity detection module 122 may
communicate with the server 108. If at some point, content identifications are no longer
successful, the media stream being rendered by the media rendering source 102 has stopped.
Or, if a different media stream is identified then perhaps a channel changed, a new track is
being played, etc.

To determine discontinuities in a media stream being rendered by the media rendering
source 102, the discontinuity detection module 122 can periodically receive media samples
from the client device 104 and perform fingerprint extraction on the media samples. The
discontinuity detection module 122 may also receive information from the position
identification module 110 including an alignment file that includes a number of fingerprints
of the reference media stream throughout the media stream. The discontinuity detection
module 122 may then compare the extracted fingerprints from the periodically received
media samples to the fingerprints in the alignment file to determine if the media stream being
rendered by the media rendering source 102 haé been interrupted. When no identifiable
fingerprint matches are found, the discontinuity detection module 122 may determine that the
media stream has been interrupted or ended.

Fingerprint matching can also be performed using, for example, methods described
above, or as described in U.S. Patent No. 6,990,453, to Wang and Smith.

In addition, the discontinuity detection module 122 may have knowledge of the
content identification of the media stream (from the content identification module 112), and
thus, may receive a file of fingerprints for the media stream. The discontinuity detection
module 122 will anticipate certain fingerprints to appear in the samples at predetermined
times, and if the expected fingerprints are not seen, then a discontinuity may be determined.
For example, if a certain amount of time has passed with no predetermined fingerprint

matches, then a discontinuity can be determined.
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Upon determining a type of discontinuity, the discontinuity detection module 122 can
do one of several things. In one example, based on detection of a speed drift, the
discontinuity detection module 122 can make an adjustment to the speed ratio R so as to
perform a resynchronization of the media streams. In another example, based on detection of
a large discontinuity, the discontinuity detection module 122 can use the position
identification module 110 to realign the media streams so as to perform a resynchronization
of the media streams. In still another example, the discontinuity detection module 122 can
use the content identification module 112 to detect a new media stream and choose a different
matched media stream and a new position within the new stream for synchronization. In yet
another example, if position and/or content identifications fail, the discontinuity detection
module 122 can instruct the client device 104 to stop rendering the selected media.

‘The client device 104 may receive a notification from the discontinuity detection
module 122 and then stop displaying the selected media stream or change to display a new
media stream selected from the media stream library database 118 synchronized to the new
media stream being rendered from the media rendering source 102, for example.

The discontinuity detection module 122 may alternatively thus perform or instruct the
client device 104 to perform updates on alignment of the selected media from the media
stream library database 118 with the media being rendered by the media rendering source
102. The discontinuity detection module 122 may determine, based on a mis-predicted
alignment of fingerprint matches, an offset value at which to adjust the rendering of the
selected media on the client device 104 so that the selected media is realigned and
synchronized with the rendering of the media stream by the media rendering source 102.

Alternatively, if the discontinuity detection module 122 no longer identifies matching
fingerprints from the periodically received media samples to the fingerprints in the alignment

file, the discontinuity detection module 122 may inform the client device 104 to perform a
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resynchronization of the selected media from the media stream library database 118 with the
media being rendered by the media rendering source 102. To do so, the client device 104
may re-perform the method of capturing a new sample of the media and sending the new
sample to the position identification module 110 to determine the time offset.

Still, alternatively, based on the continued absence of fingerprint matches, the
discontinuity detection module 122 may determine that the media stream is no longer being
rendered, for example if the position detection module 110 detects no matching time offset,
and thus, may instruct the ;lient device 104 to stop rendering the selected media or to
perform a new content identification, for example. The client device 104 may send the new
sample to the content identification module 112 to identify a new media stream being
rendered by the media rendering source 102. If the identified media stream has changed then
the client device 104 may select a new media stream from the media stream library database
118 corresponding to the media sample to be rendered in synchrony by the client device 104.

Figure 2 shows a flowchart of an illustrative embodiment of a method 200 for
synchronizing media streams. It should be understood that for this and other processes and
methods disclosed herein, the flowchart shows functionality and operation of one possible
implementation of present embodiments. In this regard, each block may represent a module,
a segment, or a portion of program code, which includes one or more instructions executable
by a processor for implementing specific logical functions or steps in the process. The
program code may be stored on any type of computer readable medium, for example, such as
a storage device including a disk or hard drive. The computer readable medium may include
non-transitory computer readable medium, for example, such as computer-readable media
that stores data for short periods of time like register memory, processor cache and Random
Access Memory (RAM). The computer readable medium may also include non-transitory

media, such as secondary or persistent long term storage, like read only memory (ROM),
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optical or magnetic disks, compact-disc read only memory (CD-ROM), for example. The
computer readable media may also be any other volatile or non-volatile storage systems. The
compufer readable medium may be considered a computer readable storage medium, for
example. |

In addition, each block in Figure 2 may represent circuitry that is wired to perform the
specific logical functions in the process. Alternative implementations are included within the
scope of the example embodiments of the present disclosure in which functions may be
executed out of order from that shown or discussed, including substantially concurrent or in
reverse order, depending on the functionality involved, as would be understood by those
reasonably skilled in the art.

Initially, at block 202, a client device receives a media sample of a media stream
being rendered by a media rendering source. The client device may receive the media sample
by recording the media sample as the media stream is being rendered. The media sample is
associated with or has a timestamp corresponding to a sampling time of the media sample.
For example, the client device may capture a sample of the media stream being rendered, and
record a time that the sample is recorded based on a clock on the client device.

A time offset of the media sample can then be determined that indicates a time
position in the media stream corresponding to the sampling time of the media sample, as
shown at block 204. For example, the client device may send the sample of the media stream
to a position identification module that will return an identification of the media sample and
the time offset. Alternatively, the client device may determine the time offset.

Optionally, a timescale ratio is then determined that indicates a speed at which the
media stream is being rendered by the media rendering source based on a reference speed of
thé media stream, as shown at block 206. The timescale ratio can be determined by the client

device, or by a server and returned to the client device. The timescale ratio is not necessary
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to synchronize media streams; however, the timescale ratio may be included in some
embodiments.

A real-time offset that indicates a present time is then determined using a real-time
timestamp, the timestamp of the media sample, the time offset, and optionally the timescale
ratio, as shown at block 208. The real-time offset may be calculated using Equation (1) or
Equation (4) described above.

The client device can then render a second media stream at a position corresponding
to the real-time offset to be in synchrony to the media stream being rendered by the media
rendering source, as shown at block 210. The client device may receive the second media
stream, or may select the second media stream from memory of the client device (e.g., local
storage) or from a database, for example, based on an identity of the media stream being
rendered by the media rendering source. The second media stream may be related to the
media stream being rendered by the media rendering source, and may be selected based upon
a content identification of the media stream. In some examples, the second media stream
may be lyrics corresponding to an identified media stream. The second media stream may
alternatively be any type of media stream, such as movies, a soundtrack, lyrics, text, video
clips, pictures, slideshow, documents, etc.

In one embodiment, the method 200 may be performed to synchronize a display of
song lyrics on a first device to a song being played by a second device or media rendering
source. A user of the first device may thus view lyrics corresponding to identified ambient
music in real-time. The lyrics text may be displayed at a temporal position in synchrony with
the ambient music. In one example, the lyrics text may be scrolled across a display on the
first device as the song is being played by the second device in a manner so that the lyrics
text are displayed at a time when the lyrics are being sung.

In this example, a method and system is provided for triggering an information
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delivery event to a user. A user listening to any media rendering source, e.g., a commercial
radio broadcast of popular music at home, may be interested in singing along with a
particular song being broadcast, and thus desires to obtain song lyrics. Using a sampling
device, such as a mobile (or cellular) phone, video recorder, camera, a personal digital
assistant (PDA) or palm pad, a user captures a sample of the media rendering source and
transmits the sample to a service provider, for example. To transmit the sample, the user may
dial a predetermined telephone number to access a service, and then hold the telephone
handset within audible distance of the source of the audio signal (i.e., the speaker of the user's
home stereo) to capture a sample of the environment. In this example, the experiential
environment includes the music playing on the user's home stereo. Alternatively, the user
may use a sampling device to record a sample of the music being played, and may send the
sample to a server.

A system employed by the service provider or the server uses a recognition engine to
compare the captured sample to music recordings in a database to identify the song and
thereby trigger a desired event for the user. In this example, the triggered event is the
delivery of lyric information to the user that corresponds to the song recognized from the
captured sample.

Event fulfillment, the delivery of the desired song lyrics to the user, may be
accomplished in a number of different ways in both real-time and delayed modes. In real-
time mode, lyric data is delivered so that the user can read the lyrics to sing along with the
song, in time, as the song is being broadcast. Accordingly, data for the song corresponding to
the captured sample is read out of a database and transmitted by the service provider to a user
device capable of displaying text.

Depending on the display device and user preference, the real-time delivery of lyrics

may be transmitted in a batch arrangement where relatively large portions or the entire lyric
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data is downloaded at a time, or using a discrete arrangement where lyric data is
automatically synchronized to the song and transmitted in pieces to the user as the song
progresses. For batch delivery, the user may choose to synchronize the display of the lyrics
to the song being played (so that the lyrics are displayed at the appropriate time interval in
advance of the lyrics being sung or spoken by the song performer on the broadcast), or in
some applications, the user device may be configured to perform synchronization of the batch
transmission. The service provider may transmit the lyric data to automatically synchronize
to the broadcast song without any action required by the user or user device. Such automatic
synchronization is implemented through a derivation of the temporal position of the captured
sample within the recognized song, and then lyrics may be transmitted to the user device in
pieces as the song progresses, for example.

The delayed mode of event fulfillment includes the delivery of lyrics corresponding to
the sampled song sometime after the song broadcast. The same delivery methods as with
real-time mode may be used along with delivery methods that are characterized as being
more time-consuming such as mail, courier, and facsimile transmission.

In an example embodiment, additional user input may be collected via voice or touch-
tone (i.e., DTMF tones) to further control lyric delivery or trigger additional events such as
transaction events. For example, by interacting with the user through the capture device or
the delivery device, the telephone, and text-displaying device respectively, the service
provider may provide purchase options to the user to obtain the record album containing the
broadcast and identified song for which the lyrics were sought.

Figures 3A-3B illustrate another example of a system for identifying media content,
and synchronizing data with the identified media content. In the system of Figure 3A, the
media content may be a song, and the system is operated to capture a sample of the song

being rendered by a random media rendering source 302 using a client device 304, and to
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identify a time offset of the sample and subsequently provide a synchronized display of lyrics
of the song on the client device 304.

The media rendering source 302 can be of any form. Examples shown in Figure 3A
include radio and television, pre-recorded audio and video (e.g., tapes, CDs, DVDs, MP3,
etc.), media on internet and computer-based systems, live demonstrations or performances.
Other examples include telephones, sensory stimuli from ambient surroundings, and other
components of elements which may form, alone or in combination, a typical media fendering
source.

The client device 304 can be used to capture a sample of a song from the media
rendering source 302. The client device 304 may include a microphone or other component
to record the sample. The client device 304 may then send the sample to a server 306 via a
wireless or wired communication. In the Example shown in Figure 3A, the client device 304
communicates with the server 306 via a wireless communication network (not shown). The
wireless communication network may be any wireless network, such as any of a cellular
wireless network, a wireless local area network (WLAN) or Wi-Fi network, a Bluetooth
network or other wireless personal area network (WPAN), a wireless metropolitan area
network (WMAN), or a wireless wide area network (WWAN), for example.

The server 306 includes a position identification module 308 and a content
identification module 310. However, either of the position identification module 308 and/or
the content identification module 310 may be separate entities, or alternatively, the position
identification module 308 and/or the content identification module 310 may be the same
entity or may have functions performed by the same entity.

The server 306 receives the sample from the client device 304 and performs a content
identification using any of the methods described herein. The server 306 may access a song

database 312 to compare the sample to known samples of songs, to identify the sample, and
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to retrieve information about the identified sample. The server 306 may then access a lyrics
database 314 to retrieve lyrics of the identified song.

The information about the song and a batch file including all lyrics of the song are
then sent to the client device 304, as shown in Figure 3B. A portion of the information may
include the estimated identified media stream position Ts, which the client device 304 can use
to calculate the estimated real-time media stream position- Ti(t). The estimated identified
media stream position Ts is a time within the length of the identified audio track
corresponding to a beginning of the audio sample. The lyrics may be time-annotated Iyrics
316 that include information as to media stream time positions per line or word of the Iyrics.
In one example, the lyrics may be included in an XML file that includes time fields
comprising the annotations, or the timing information may be embedded within the lyrics in
other ways. The client device 304 can then render lyrics at the time position T(t) so that the
text of the lyrics are displayed in synchrony (e.g., at the same or about the same time) with
the lyrics being rendered by the media rendering source 302.

Alternatively, the server 306 may not send the all lyrics of the song to the client
device 304 in a file, but rather, may stream the lyrics to the client device 304 in synchrony
with the song being rendered by the media rendering source 302. The lyrics may be sent to
the client device 304 moments before the lyrics are rendered by the media rendering source
302 so that the client device 304 has time to receive and display the lyrics synchronously with
the lyrics rendered by the media rendering source 302.

Figure 4 shows a flowchart of an illustrative embodiment of a method 400 for
synchronizing lyrics to a song being rendered by a media rendering source. Initially, as
shown at block 402, a client device sends an audio sample of a song being rendered by a
media rendering source to a position identification module. The audio sample is associated

with or has a timestamp (Tp) corresponding to a sampling time of the audio sample. The
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client device will receive from the position identification module a time offset (Ts) of the
sample indicating a time position in the song corresponding to the sampling time of ‘the audio
sample, and optionally a timescale ratio (R) that indicates a speed at which the song is being
rendered by the media rendering source based on a reference speed of the song, as shown at
block 404. The timescale ratio can optionally be used to correct for differences in a rendering
of the song as compared to a reference speed of the song. Thus, the timescale ratio can be
used to compensate for time drift in the song.

The client device next calculates a real-time offset using a real-time timestamp that
indicates a present time, the timestamp of the audio sample, the time offset, and optionally
the timescale ratio, as shown at block 406.

The client device will receive textual lyrics of the song, as shown at block 408. The
lyrics may be time-annotated lyrics that include time tags for groups of line, each line, or for
words of the lyrics. The time tags may indicate a time position at which the Iyrics are sung in
the song (e.g., corresponding to an elapsed amount of time). The lyrics may be sent to the
client device as a text file, or an XML file, for example. The client device can then render the
textual lyrics at a position corresponding to the real-time offset to be in synchrony to the song
being rendered by the media rendering source, as shown at block 410. The client device may
render the lyrics in a scrolling manner, so that the textual lyrics are displayed at the time that
the lyrics are being sung. In addition, the lyrics may be highlighted at times when the words
of the lyrics are being sung, a pointer may be used to indicate which Iyrics are being sung, or
other methods may be used to indicate the words of the lyrics being sung at the time (or at
substantially the same time) as the words are being sung, for example. In this regard, the
client device may render the Iyrics in an animated manner, such that the words of the lyrics
are displayed at times when the words are being sung (e.g., in synchrony), or such that all or

more words that those currently being sung are displayed but those words being sung are
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emphasized in an animated manner, for example. Any type of animation may be used to
display the lyrics.

The client device may further send additional samples of the song at different or later
time periods to the position identification module to receive updates on the time offsets. In
this manner, the client device can verify that the lyrics are being displayed in synchrony, for
example, over time. The client device may display the lyrics at the updated time offset
positions to ensure that the lyrics match the possible changes in the rendering of the song,
such as for example, if the musician slows a tempo, or has any interruption in the song.

Using the method 400, a user's device (e.g., cell phone) can record a sample of music
being rendered by any type of random media rendering source, and then synchronize lyrics to
the song for display on the user's device. The user's device may thus be operated as a live
karaoke device, for example.

In another embodiment, the method 200 may be performed to synchronize a display
of music information (e.g., guitar tablature or conventional notation or music gaming format)
on a first device to a song being played by a second device or media rendering source. A user
of the first device may thus view the music information corresponding to identified ambient
music in real-time. The music information may be displayed at a temporal position in
synchrony with the ambient music. In one example, the music information may be scrolled
across a display on the first device as the song is being played by the second device in a
manner so that the music information is displayed at a time when the information is being
rendered.

Figure 5 illustrates examples of music information, which may include conventional
musical notes 502, guitar tablatures 504, or other musical notations. The music information
may be provided to the user's device as time-annotated music files that indicate time

sequences for each line. The user's device may then display the musical information in
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synchrony with the music as the music is being played. This enables a user to play along
with the song that the user is listening to in a synchronous manner.

The synchronization of the notation/tablature uses audio recognition to display the
notation/tablature in time with the music being rendered by a music source, and provides a
way for musicians to be able to play along with music in real time. This is useful for
musicians, for example, when learning music many players want to play along with music on
the radio or other favorite songs. Synchronized notation/tablatures enable the musician to be
guided through music and to be instructed what to play at the point in the song where the
notes were heard.

In another example, a musician may play music on an instrument (e.g., guitar, piano,
woodwind, midi device or other), and using methods described herein, a song that the
musician is playing can be identified.  Further, music information (e.g., guitar
tablature/conventional notation/music game format) of the song may be returned to a device
and displayed on the screen of the musician's device. The music notation may be displayed
in synchrony with the song as the song is played by the musician.

This example synchronization method uses audio recognition to identify the music
played by the musician, and then syncs the notation/tablature in time with the music. This
can help musicians, as when learning music as a lot of players may know a start of a song,
but not the remainder of the song. In addition, this enables a player to‘leam music without
having to stop and start playing and to turn pages in music books (as the music will move
through the song on the musician's device).

In another embodiment, the methods described herein may be performed to
synchronize a display of a movie or music video on a first device to media (e.g., a soundtrack
or song) being played by a second device or media rendering source. A user of the first

v

device may thus view a music video corresponding to identified ambient music in real-time.
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The music video may be displayed at a temporal position in synchrony with the ambient
music.

In yet another embodiment, the media stream may be a video stream, and the second
media stream may be a soundtrack of the video stream. In addition, or as an alternative, the
media stream may be a soundtrack, and the second media stream may be a movie.

In yet another embodiment, the second media stream may be an alternative version of
the first media stream, for example a version in different language. Or the second media
stream could be at a different resolution than the first media stream, for example, High
Definition or 7.1-channel surround sound, such that by synchronizing the second media
stream, a higher quality version of the first media stream may be provided.

Figure 6 illustrates another example of a system for identifying media content, and
synchronizing media with the identified media content. In the system of Figure 6, the media
content may be a song, and the system is operated to capture a sample of the song being
rendered by a random media rendering source 602 using a client device 604, and to identify
the time offset and optionally to identify the song, and subsequently to provide a
synchronized display of a music video of the song on the client device 604.

The client device 604 may capture a sample of the song from the media rendering
source 602, and send the sample to a server 606, which includes a position identification
module 608 and a content identification module 610 (each of which may be the same or
separate entities, for example). The position identification module 608 receives the sample
from the client device 604, determines a time offset of the sample. The content identification
module 610 may optionally perform a content identification using any of the methods
described herein. The content identification module 610 may access a song database 612 to
compare the sample to known samples of songs, to identify the sample, and to retrieve

information about the identified sample. The content identification module 610 may then
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access a movie database 614 to retrieve a music video of the identified song.

The position identification module 608 will return an estimated identified media
stream position Ts to the client device 604 that can be used to calculate the estimated real-
time media stream position T,(t). The estimated identified media stream position Ts is a time
within the length of the identified audio track corresponding to a beginning -of the audio
sample. The music video may be a time-annotated video that includes information as to
media stream time positions per frame or group of frames, for example. The client device
604 can receive the music video from the server 606, and then render the music video at the
time position T(t) so that the music video is displayed in synchrony (e.g., at the same or
about the same time) with the song being rendered by the media rendering source 602.

While various aspects and embodiments have been disclosed herein, other aspects and
embodiments will be apparent to those skilled in the art. The various aspects and
embodiments disclosed herein are for purposes of illustration and are not intended to be
limiting, with the true scope and spirit being indicated by the following claims. Many
modifications and variations can be made without departing from its spirit and scope, as will
be apparent to those skilled in the art. Functionally equivalent methods and apparatuses
within the scope of the disclosure, in addition to those enumerated herein, will be apparent to
those skilled in the art from the foregoing descriptions. Such modifications and variations are

intended to fall within the scope of the appended claims.
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CLAIMS

What is claimed is:

1. A method of synchronizing media, comprising:

a client device receiving a media sample of a media stream being rendered by a media
rendering source, the media sample associated with a timestamp corresponding to a sampling
time of the media sample;

determining a time offset indicating a ﬁme position in the media stream corresponding
to the sampling time of the media sample;

determining a timescale ratio that is associated with a speed at which the media
stream is being rendered by the media rendering source based on a reference speed of the
media stream;

determining a real-time offset using a real-time timestamp, the timestamp of the
media sample, the time offset, and the timescale ratio, wherein the real-time timestamp
indicates a present time; and

the client device rendering a second media stream at a position corresponding to the
real-time offset to be in synchrony to the media stream being rendered by the media rendering

source.

2. The method of claim 1, wherein the sampling time is a beginning time of the

media sample.

3. The method of claim 1, further comprising selecting the second media stream

based upon a content identification of the media sample.
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4. The method of claim 1, wherein determining a time offset is performed by the

client device.

5. The method of claim 1, wherein determining a time offset is performed by the

client device:
sending the media sample to a position identification module; and

receiving from the position identification module the time offset.

6. The method of claim 1, wherein determining a timescale ratio is performed by

the client device:
sending the media sample to a position identification module; and

receiving from the position identification module the timescale ratio.

7. The method of claim 1, wherein determining a real-time offset is performed by

the client device:
sending the media sample to a position identification module; and

receiving from the position identification module the real-time offset.

8. The method of claim 1, wherein determining the real-time offset comprises:
T(0) =Ty +R(t - T,)
wherein T,(t) is the real-time offset, Ts is the time offset indicating the time position in the
media stream corresponding to the sampling time of the media sample, R is the timescale

ratio, t is the real-time timestamp, and Ty is the timestamp of the media sample.
9. The method of claim 1, wherein determining the time-scale ratio comprises:
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the client device recording multiple samples of the media stream over time;
sending the multiple samples toa position identification module;
receiving from the position identification module the time offset for each sample; and
determining the time-scale ratio (Ry) by:

T (k) -Ts(k-1)
- To(k)"To(k“l)

R,

where Ts(k) is the time offset at time k, and where To(k) is the timestamp of the media sample

at time k.

10. The method of claim 1, wherein the time-scale ratio is a ratio of an expected
elapsed time in a reference media content object that matches the media sample and an

elapsed time in the media sample.

11.  The method of claim 1, wherein determining the time-scale ratio comprises:
determining a ratio of (i) an elapsed time value of a fingerprint of the media sample
and (ii) an elapsed time value of a fingerprint of a reference media content object that

matches the media sample.

12. The method of claim 1, wherein determining the time-scale ratio comprises:

using a peak value of a histogram of values as the time-scale ratio, wherein the values
are ratios of (i) a time difference between two fingerprint values of the media sample and (ii)
a time difference between fingerprint values of a reference media stream that match the
fingerprint values of the media sample, wherein a given fingerprint value summarizes a

feature of media at or near a time point.

13. The method of claim 1, wherein determining the time-scale ratio comprises:
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using a peak value of a histogram of values as the time-scale ratio, wherein the values
are ratios of (i) a time of a fingerprint of the media sample and (ii) a time of a fingerprint of a
reference media stream that matches the fingerprint value of the media sample, wherein a

given fingerprint value summarizes a feature of media at or near a time point.

14. The method of claim 1, wherein the time-scale ratio is a ratio of a frequency
in a reference media content object that matches the media sample and an expected frequency

in the media stream.

15.  The method of claim 1, wherein determining the time-scale ratio comprises:

using a peak value of a histogram of values as the time-scale ratio, wherein the values
are ratios of (i) a frequency value of a fingerprint of the media sample and (ii) a frequency
value of a fingerprint of a reference media stream that matches the fingerprint of the media
sample, wherein a given fingerprint value summarizes a feature of media at or near a time

point.

16.  The method of claim 1, wherein determining the time-scale ratio comprises:

determining a ratio of (i) a frequency value of a fingerprint of the media sample and
(ii) a frequency value of a fingerprint of a reference media content object that matches the
fingerprint of the media sample, wherein a given fingerprint value summarizes a feature of

media at or near a time point.

17.  The method of claim 1, further comprising using the timescale ratio to

compensate for time drift in the media stream.
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18.  The method of claim 1, further comprising using the timescale ratio to account
for differences in a rendering of the media stream as compared to a reference speed of the

media stream.

19.  The method of claim 1, wherein the media stream is a soundtrack, and wherein

the second media stream is a movie.

20. The method of claim 1, wherein the media stream is a video, and wherein the

second media stream is a soundtrack of the video.

21.  The method of claim 1, wherein the second media stream is a higher quality

version of the media stream.

22. The method of claim 1, wherein the second media stream is an alternative

version of the media stream.

23. The method of claim 1, wherein the media stream is a song, and wherein the

second media stream is guitar tablatures of the song.

24. The method of claim 1, wherein the media stream is a song, and wherein the

second media stream is musical notes of the song.

25. The method of claim 1, wherein the media stream is a song, and wherein the

second media stream is a music video of the song.
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26. The method of claim 1, wherein the media stream is a song, and wherein the

second media stream is textual lyrics of the song.

27.  The method of claim 26, wherein the textual lyrics are time-annotated lyrics

that include time tags indicating a time position at which the lyrics are sung in the song.

28.  The method of claim 26, further comprising the client device animating the
textual lyrics on a display in synchrony with the song being rendered by the media rendering

source.

29.  The method of claim 1, further comprising receiving the second media stream

from a local storage device of the client device.

30. The method of claim 1, further comprising the client device receiving the

second media stream from a server.

31.  The method of claim 30, wherein the media stream is a song and the second
media stream is textual lyrics of the song, and wherein receiving the second media stream
comprises receiving a file including all lyrics of the song, wherein the lyrics are time-

annotated lyrics.

32.  The method of claim 30, wherein the media stream is a song and the second
media stream is textual lyrics of the song, and wherein receiving the second media stream
comprises receiving streaming lyrics to be synchronously displayed to the song being

rendered by the media rendering source.
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33.  The method of claim 1, further comprising verifying that the rendering of the
second media stream is in synchrony to the media stream being rendered by the media

rendering source.

34.  The method of claim 33, wherein verifying that the rendering of the second
media stream is in synchrony to the media stream being rendered by the media rendering
source comprises:

the client device sending media samples of the media stream at periodic intervals to a
discontinuity detection module; and

the client device receiving from the discontinuity detection module an instruction to
perform a resynchronization of the second media stream with the media stream being

rendered by the media rendering sources.

35.  The method of claim 33, wherein verifying that the rendering of the second
media stream is in synchrony to the media stream being rendered by the media rendering
éource comprises:

the client device sending media samples of the media stream at periodic intervals to a
discontinuity detection module; and

the client device receiving from the discontinuity detection module an instruction to

stop rendering the second media stream.
36.  The method of claim 33, wherein verifying that the rendering of the second

media stream is in synchrony to the media stream being rendered by the media rendering

source comprises:
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the client device sending media samples of the media stream at periodic intervals to a
discontinuity detection module; and
the client device receiving from the discontinuity detection module an instruction to

perform a content identification of the media stream.

37. A non-transitory computer readable medium having stored therein instructions
executable by a computing device to cause the computing device to perform functions of:

receiving a media sample of a media stream being rendered by a media rendering
source, the media sample associated with a timestamp corresponding to a sampling time of
the media sample;

determining a time offset indicating a time position in the media stream corresponding
to the sampling time of the media sample;

determining a timescale ratio that is associated with a speed at which the media
stream is being rendered by the media rendering source based on a reference speed of the
media stream;

determining a real-time offset using a real-time timestamp, the timestamp of the
media sample, the time offset, and the timescale ratio, wherein the real-time timestamp
indicates a present time; and

rendering a second media stream at a position corresponding to the real-time offset to

be in synchrony to the media stream being rendered by the media rendering source.

38.  The non-transitory computer readable medium of claim 37, wherein the
instructions are executable by the computing device to perform functions of:
sending the media sample to a position identification module; and

receiving from the position identification module the time offset.
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39.  The non-transitory computer readable medium of claim 37, wherein the
instructions are executable by the computing device to perform functions of:
sending the media sample to a position identification module; and

receiving from the position identification module the timescale ratio.

40.  The non-transitory computer readable medium of claim 37, wherein
determining the real-time offset comprises:

T,(t) =T+ R(t - T;)
wherein Ty(t) is the real-time offset, T is the time offset indicating the time position in the
media stream corresponding to the sampling time of the media sample, R is the timescale

ratio, t is the real-time timestamp, and Ty is the timestamp of the media sample.

41.  The non-transitory computer readable medium of claim 37, wherein
determining the time-scale ratio comprises:

the client device recording multiple samples of the media stream over time;

sending the multiple samples to a p(;sition identification module;

receiving from the position identification module the time offset for each sample; and

determining the time-scale ratio (Ry) by:

_ Ts(k)—Ts(k"l)
CLk)-T(k-1)

where Ts(k) is the time offset at time k, and where To(k) is the timestamp of the media sample

at time k.

42.  The non-transitory computer readable medium of claim 37, wherein the media
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stream is a song, and wherein the second media stream is textual lyrics of the song.

43, Aclient device comprising:

a media receiver configured to receive a media sample of a media stream being
rendered by a media rendering source, wherein the media sample is associated with a
timestamp corresponding to a sampling time of the media sample;

a processor configured to receive a time offset indicating a time position in the media
stream corresponding to the sampling time of the media sample, and a timescale ratio that is
associated with a speed at which the media stream is being rendered by the media rendering
source based on a reference speed of the media stream;

" the processor configured to determine a real-time offset using a real-time timestamp,
the timestamp of the media sample, the time offset, and the tirﬂescale ratio, wherein the real-
time timestamp indicates a present time; and

the client device configured to render a second media stream at a position
corresponding to the real-time offset to be in synchrony to the media stream being rendered

by the media rendering source.

44,  The client device of claim 43, wherein the processor is configured to
determine the real-time offset by:

T(t) =Ty +R(t~T,)
wherein T,(t) is the real-time offset, Ts is the time offset indicating the time position in the
media stream corresponding to the sampling time of ’the media sample, R is the timescale

ratio, t is the real-time timestamp, and Ty is the timestamp of the media sample.
45, The client device of claim 43, wherein the media stream is a song, and
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wherein the second media stream is textual lyrics of the song.

46. A system comprising:

a server configured to receive a media sample of a media stream being rendered by a
media rendering source, the media sample associated with a timestamp corresponding to a
sampling time of the media sample, the server configured to determine a time offset
indicating a time position in the media stream corresponding to the sampling time of the
media sample, and to determine a timescale ratio that is associated with a speed at which the
media stream is being rendered by the media rendering source based on a reference speed of
the media stream; and

a client device configured to receive the time offset and the timescale ratio from the
server and to determine a real-time offset using a real-time timestamp, the timestamp of the
media sample, the time offset, and the timescale ratio, wherein the real-time timestamp
indicates a present time, and the client device configured to render a second media stream at a
position corresponding to the real-time offset to be in synchrony to the media stream being

rendered by the media rendering source.

47.  The system of claim 46, wherein the client device is configured to:
record the media sample;
send the media sample to the server; and

receive from the server the time offset.
48.  The system of claim 46, wherein the client device is configured to determine
the real-time offset by:

T(0) =T+ R(1 - T;)
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wherein Ty(t) is the real-time offset, Ts is the time offset indicating the time position in the
media stream corresponding to the sampling time of the media sample, R is the timescale

ratio, t is the real-time timestamp, and Ty is the timestamp of the media sample.

49. The system of claim 46, wherein server is configured to determine the time-
scale ratio by:

receiving multiple samples of the media stream over time;

determining a time offset for each sample; and

determining the time-scale ratio (Ry) by:

_ T () =Ty (k=)
© LE)-T(e-1)

where Ts(k) is the time offset at time k, and where To(k) is the timestamp of the media sample

at time k.
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Receiving a media sample of a media stream being rendered
by a media rendering source

l \~202

Determining a time offset of the media sample indicating a
time position in the media stream corresponding to the
beginning time of the media sample

Determining a timescale ratio that indicates a speed at |
which the media stream is being rendered by the media |
rendering source based on a reference speed of the media |
stream |

““““““““““ I““““““t;&“

Calculating a real-time offset using a real-time timestamp,
the timestamp of the media sample, the time offset, and
optionally the timescale ratio

l \-208

Rendering a second media stream at a position
corresponding to the real-time offset to be in synchrony to
the media stream being rendered by the media rendering

source '

\~210

FIGURE 2
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Sending an audio sample of a song being rendered by a
media source to a position identification module

l =402

Receiving a time offset of the media sample indicating a
time position in the media stream corresponding to the
beginning time of the media sample, and optionally a
timescale ratio

l N\~ 404

Calculating a real-time offset using a real-time timestamp,
the timestamp of the media sample, the time offset, and
optionally the timescale ratio

L \- 406

Receiving textual lyrics of the song

l \-408

Rendering the textual lyrics at a position corresponding to
the real-time offset to be in synchrony to the song being
rendered by the media rendering source

FIGURE 4
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