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Systems, methods, devices, and computer program products
provide social and interactive applications for detecting
repeating content in broadcast media. In some implementa-
tions, a method includes: generating a database of audio
statistics from content; generating a query from the database
of audio statistics; running the query against the database of
audio statistics to determine a non-identity match; if a
non-identity match exists, identifying the content corre-
sponding to the matched query as repeating content.
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DETECTING REPEATING CONTENT IN
BROADCAST MEDIA

RELATED APPLICATIONS

[0001] This application claims the benefit of priority from
U.S. Provisional Patent Application No. 60/740,760, for
“Environment-Based Referrals,” filed Nov. 29, 2005, which
application is incorporated by reference herein its entirety.

[0002] This application claims the benefit of priority from
U.S. Provisional Patent Application No. 60/823,881, for
“Audio Identification Based on Signatures,” filed Aug. 29,
2006, which application is incorporated by reference herein
its entirety.

[0003] This application is related to U.S. patent applica-
tion Ser. No. , for “Determining Popularity Ratings
Using Social and Interactive Applications For Mass Media,”
filed Nov. 27, 2006, Attorney Docket No. GP-672-00-US/
16113-0630001, and U.S. patent application Ser. No.
, for “Social and Interactive Applications For Mass
Media,” filed Nov. 27, 2006, Attorney-Docket No. GP-636-
00-US/16113-060001. Each of these patent applications is
incorporated by reference herein in its entirety.

TECHNICAL FIELD

[0004] The disclosed implementations are related to social
and interactive applications for mass media.

BACKGROUND

[0005] Conventional television and interactive television
systems lack the ability to detect rebroadcasts of advertising
embedded in television programming. Conventional record-
ing devices allow users to store television programs (includ-
ing commercials) for rebroadcast at a later date or time. A
common complaint among broadcasters is their inability to
profit from these rebroadcasts, which from the broadcasters’
perspective amounts to “free” advertising for the advertisers
who bought space on the show’s original airing.

SUMMARY

[0006] The deficiencies described above are addressed by
the disclosed systems, methods, apparatuses, user interfaces
and computer program products detecting repeating content
in broadcast media.

[0007] In some implementations, a method includes: gen-
erating a query from a database of audio statistics; running
the query against the database of audio statistics to deter-
mine a non-identity match; and if a non-identity match
exists, identifying the content corresponding to the matched
query as repeating content.

[0008] In some implementations, a system includes a
processor and a computer-readable medium operatively
coupled to the processor. The computer-readable medium
includes instructions, which, when executed by the proces-
sor, causes the processor to perform the operations of:
generating a query from a database of audio statistics;
running a query against the database of audio statistics to
determine a non-identity match, where the audio statistics
are generated from content; and if a non-identity match is
found, identifying content corresponding to the matched
query as repeating content.
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[0009] Other implementations are directed to systems,
methods, apparatuses, user interfaces, and computer pro-
gram products.

DESCRIPTION OF DRAWINGS

[0010] FIG. 1 is a block diagram of one embodiment of a
mass personalization system.

[0011] FIG. 2 illustrates one embodiment of an ambient-
audio identification system, including the client-side inter-
face shown in FIG. 1.

[0012] FIG. 3 is a flow diagram of one embodiment of a
process for providing mass-personalization applications.

[0013] FIG. 4 is a flow diagram of one embodiment of an
audio fingerprinting process.

[0014] FIG. 5 is a flow diagram of one embodiment of a
user interface for interacting with mass personalization
applications.

[0015] FIG. 6 is a block diagram of one embodiment of
hardware architecture for a client system for implementing
the client-side interface shown in FIG. 1.

[0016] FIG. 7 is a flow diagram of one embodiment of a
repetition detection process.

DETAILED DESCRIPTION

Mass Personalization Applications

[0017] Mass personalization applications provide person-
alized and interactive information related to mass media
broadcasts (e.g., television, radio, movies, Internet broad-
casts, etc.). Such applications include but are not limited to:
personalized information layers, ad hoc social peer commu-
nities, real-time popularity ratings and video (or audio)
bookmarks, etc. Although some of the mass media examples
disclosed herein are in the context of television broadcasts,
the disclosed implementations are equally applicable to
radio and/or music broadcasts.

[0018] Personalized information layers provide comple-
mentary information to the mass media channel. Examples
of personalized information layers include but are not lim-
ited to: fashion, politics, business, health, traveling, etc. For
example, while watching a news segment on a celebrity, a
fashion layer is presented to the viewer on a television
screen or a computer display device, which provides infor-
mation and/or images related to the clothes and accessories
the celebrity is wearing in the news segment. Additionally,
personalized layers may include advertisements promoting
products or services related to the news segment, such as a
link to a clothing store that is selling clothes that the
celebrity is wearing.

[0019] Ad hoc social peer communities provide a venue
for commentary between users who are watching the same
show on television or listening to the same radio station. For
example, a user who is watching the latest CNN headlines
can be provided with a commenting medium (e.g., a chat
room, message board, wiki page, video link, etc.) that allows
the user to chat, comment on or read other viewers responses
to the ongoing mass media broadcast.

[0020] Real-time popularity ratings provide content pro-
viders and users with ratings information (similar to Nielsen
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ratings). For example, a user can instantaneously be pro-
vided with real-time popularity ratings of television chan-
nels or radio stations being watched or listened to by the
user’s social network and/or by people with similar demo-
graphics.

[0021] Video or audio bookmarks provide users with low
effort ways of creating personalized libraries of their favorite
broadcast content. For example, a user can simply press a
button on a computer or a remote control device and a
snippet of ambient audio and/or video of the broadcast
content is recorded, processed and saved. The snippet can be
used as a bookmark to refer to the program, or portions of
the program, for later viewing. The bookmark can be shared
with friends or saved for future personal reference.

Mass Personalization Network

[0022] FIG.1is a block diagram of a mass personalization
system 100 for providing mass personalization applications.
The system 100 includes one or more client-side interfaces
102, an audio database server 104 and a social application
server 106, all of which communicate over a network 108
(e.g., the Internet, an intranet, LAN, wireless network, etc.).

[0023] A client interface 102 can be any device that allows
a user to enter and receive information, and which is capable
of presenting a user interface on a display device, including
but not limited to: a desktop or portable computer; an
electronic device; a telephone; a mobile phone; a display
system; a television; a computer monitor; a navigation
system; a portable media player/recorder; a personal digital
assistant (PDA); a game console; a handheld electronic
device; and an embedded electronic device or appliance. The
client interface 102 is described more fully with respect to
FIG. 2.

[0024] In some implementations, the client-interface 102
includes an ambient audio detector (e.g., a microphone) for
monitoring and recording the ambient audio of a mass media
broadcast in a broadcast environment (e.g., a user’s living
room). One or more ambient audio segments or “snippets”
are converted into distinctive and robust statistical summa-
ries, referred to as “audio fingerprints™ or “descriptors.” In
some implementations, the descriptors are compressed files
containing one or more audio signature components that can
be compared with a database of previously generated refer-
ence descriptors or statistics associated with the mass media
broadcast.

[0025] A technique for generating audio fingerprints for
music identification is described in Ke, Y., Hoiem, D.,
Sukthankar, R. (2005), Computer Vision for Music Identi-
fication, In Proc. Computer Vision and Pattern Recognition,
which is incorporated herein by reference in its entirety. In
some implementations, the music identification approach
proposed by (hereinafter “Ke et al.”) is adapted to generate
descriptors for television audio data and queries, as
described with respect to FIG. 4.

[0026] A technique for generating audio descriptors using
wavelets is described in U.S. Provisional Patent Application
No. 60/823,881, for “Audio Identification Based on Signa-
tures.” That application describes a technique that uses a
combination of computer-vision techniques and large-scale-
data-stream processing algorithms to create compact
descriptors/fingerprints of audio snippets that can be effi-
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ciently matched. The technique uses wavelets, which is a
known mathematical tool for hierarchically decomposing
functions.

[0027] In “Audio Identification Based on Signatures,” an
implementation of a retrieval process includes the following
steps: 1) given the audio spectra of an audio snippet, extract
spectral images of, for example, 11.6*w ms duration, with
random spacing averaging d-ms apart. For each spectral
image: 2) compute wavelets on the spectral image; 3) extract
the top-t wavelets; 4) create a binary representation of the
top-t wavelets; 5) use min-hash to create a sub-fingerprint of
the top-t wavelets; 6) use LSH with b bins and 1 hash tables
to find sub-fingerprint segments that are close matches; 7)
discard sub-fingerprints with less than v matches; 8) com-
pute a Hamming distance from the remaining candidate
sub-fingerprints to the query sub-fingerprint; and 9) use
dynamic programming to combined the matches across
time.

[0028] In some implementations, the descriptors and an
associated user identifier (“user id” ) for identifying the
client-side interface 102 are sent to the audio database server
104 via network 108. The audio database server 104 com-
pares the descriptor to a plurality of reference descriptors,
which were previously determined and stored in an audio
database 110 coupled to the audio database server 104. In
some implementations, the audio database server 104 con-
tinuously updates the reference descriptors stored in the
audio database 110 from recent mass media broadcasts.

[0029] The audio database server 104 determines the best
matches between the received descriptors and the reference
descriptors and sends best-match information to the social
application server 106. The matching process is described
more fully with respect to FIG. 4.

[0030] In some implementations, the social application
server 106 accepts web-browser connections associated with
the client-side interface 102. Using the best-match informa-
tion, the social application server 106 aggregates personal-
ized information for the user and sends the personalized
information to the client-side interface 102. The personal-
ized information can include but is not limited to: adver-
tisements, personalized information layers, popularity rat-
ings, and information associated with a commenting
medium (e.g., ad hoc social peer communities, forums,
discussion groups, video conferences, etc.).

[0031] In some implementations, the personalized infor-
mation can be used to create a chat room for viewers without
knowing the show that the viewers are watching in real time.
The chat rooms can be created by directly comparing
descriptors in the data streams transmitted by client systems
to determine matches. That is, chat rooms can be created
around viewers having matching descriptors. In such an
implementation, there is no need to compare the descriptors
received from viewers against reference descriptors.

[0032] In some implementations, the social application
server 106 serves a web page to the client-side interface 102,
which is received and displayed by a web browser (e.g.,
Microsoft Internet Explorer™) running at the client-side
interface 102. The social application server 106 also receives
the user id from the client-side interface 102 and/or audio
database server 104 to assist in aggregating personalized
content and serving web pages to the client-side interface
102.
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[0033] Tt should be apparent that other implementations of
the system 100 are possible. For example, the system 100
can include multiple audio databases 110, audio database
servers 104 and/or social application servers 106. Alterna-
tively, the audio database server 104 and the social appli-
cation server 106 can be a single server or system, or part of
a network resource and/or service. Also, the network 108
can include multiple networks and links operatively coupled
together in various topologies and arrangements using a
variety of network devices (e.g., hubs, routers, etc.) and
mediums (e.g., copper, optical fiber, radio frequencies, etc.).
Client-server architectures are described herein only as an
example. Other computer architectures are possible.

Ambient Audio Identification System

[0034] FIG. 2 illustrates an ambient audio identification
system 200, including a client-side interface 102 as shown
in FIG. 1. The system 200 includes a mass media system 202
(e.g., a television set, radio, computer, electronic device,
mobile phone, game console, network appliance, etc.), an
ambient audio detector 204, a client-side interface 102 (e.g.,
a desktop or laptop computer, etc.) and a network access
device 206. In some implementations, the client-side inter-
face 102 includes a display device 210 for presenting a user
interface (UI) 208 for enabling a user to interact with a mass
personalization application, as described with respect to
FIG. 5.

[0035] In operation, the mass media system 202 generates
ambient audio of a mass media broadcast (e.g., television
audio), which is detected by the ambient audio detector 204.
The ambient audio detector 204 can be any device that can
detect ambient audio, including a freestanding microphone
and a microphone that is integrated with the client-side
interface 102. The detected ambient audio is encoded by the
client-side interface 102 to provide descriptors identifying
the ambient audio. The descriptors are transmitted to the
audio database server 104 by way of the network access
device 206 and the network 108.

[0036] In some implementations, client software running
at the client-side interface 102 continually monitors and
records n-second (e.g., 5 second) audio files (“snippets™) of
ambient audio. The snippets are then converted into
m-frames (e.g., 415 frames) of k-bit encoded descriptors
(e.g., 32-bit), according to a process described with respect
to FIG. 4. In some implementations, the monitoring and
recording is event based. For example, the monitoring and
recording can be automatically initiated on a specified date
and at a specified time (e.g., Monday, 8:00 P.M.) and for a
specified time duration (e.g., between 8:00-9:00 P.M.).
Alternatively, the monitoring and recording can be initiated
in response to user input (e.g., a mouse click, function key
or key combination) from a control device (e.g., a remote
control, etc.). In some implementations, the ambient audio is
encoded using a streaming variation of the 32-bit/frame
discriminative features described in Ke et al.

[0037] In some implementations, the client software runs
as a “side bar” or other user interface element. That way,
when the client-side interface 102 is booted up, the ambient
audio sampling can start immediately and run in the “back-
ground” with results (optionally) being displayed in the side
bar without invoking a full web-browser session.
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[0038] In some implementations, the ambient audio sam-
pling can begin when the client-side interface 102 is booted
or when the viewer logs into a service or application (e.g.,
email, etc.)

[0039] The descriptors are sent to the audio database
server 104. In some implementations, the descriptors are
compressed statistical summaries of the ambient audio, a
described in Ke et al. By sending statistical summaries, the
user’s acoustic privacy is maintained because the statistical
summaries are not reversible, i.e., the original audio cannot
be recovered from the descriptor. Thus, any conversations
by the user or other individuals monitored and recorded in
the broadcast environment cannot be reproduced from the
descriptor. In some implementations, the descriptors can be
encrypted for extra privacy and security using one or more
known encryption techniques (e.g., asymmetric or symmet-
ric key encryption, elliptic encryption, etc.).

[0040] In some implementations, the descriptors are sent
to the audio database server 104 as a query submission (also
referred to as a query descriptor) in response to a trigger
event detected by the monitoring process at the client-side
interface 102. For example, a trigger event could be the
opening theme of a television program (e.g., opening tune of
“Seinfeld”) or dialogue spoken by the actors. In some
implementations, the query descriptors can be sent to the
audio database server 104 as part of a continuous streaming
process. In some implementations, the query descriptors can
be transmitted to the audio database server 104 in response
to user input (e.g., via remote control, mouse clicks, etc.).

Mass Personalization Process

[0041] FIG. 3 is a flow diagram a mass personalization
process 300. The steps of process 300 do not have to be
completed in any particular order and at least some steps can
be performed at the same time in a multi-threading or
parallel processing environment.

[0042] The process 300 begins when a client-side interface
(e.g., client-side interface 102) monitors and records snip-
pets of ambient audio of a mass media broadcast in a
broadcast environment (302). The recorded ambient audio
snippets are encoded into descriptors (e.g., compressed
statistical summaries), which can be sent to an audio data-
base server (304) as queries. The audio database server
compares the queries against a database of reference
descriptors computed from mass media broadcast statistics
to determine candidate descriptors that best match the query
(308). The candidate descriptors are sent to a social appli-
cation server or other network resource, which uses the
candidate descriptors to aggregate personalized information
for the user (310). For example, if the user is watching the
television show “Seinfeld,” then query descriptors generated
from the show’s ambient audio will be matched with refer-
ence descriptors derived from previous “Seinfeld” broad-
casts. Thus, the best matching candidate descriptors are used
to aggregate personalized information relating to “Seinfeld”
(e.g., news stories, discussion groups, links to ad hoc social
peer communities or chat rooms, advertisements, etc.). In
some implementations, the matching procedure is efficiently
performed using hashing techniques (e.g., direct hashing or
locality sensitive hashing (LLSH)) to achieve a short list of
candidate descriptors, as described with respect to FIG. 4.
The candidate descriptors are then processed in a validation
procedure, such as described in Ke et al.
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[0043] In some implementations, query descriptors from
different viewers are directly matched rather than matching
each query with a database of reference descriptors. Such an
embodiment would enable the creation of ad hoc social peer
communities on subject matter for which a database of
reference descriptors is not available. Such an embodiment
could match in real-time viewers who are in the same public
form (e.g., stadium, bar, etc.) using portable electronic
devices (e.g., mobile phones, PDAs, etc.).
Popularity Ratings

[0044] In some implementations, real-time and aggregate
statistics are inferred from a list of viewers currently watch-
ing the broadcast (e.g., show, advertisement, etc.). These
statistics can be gathered in the background while viewers
are using other applications. Statistics can include but are
not limited to: 1) the average number of viewers watching
the broadcast; 2) the average number of times viewers
watched the broadcast; 3) other shows the viewers watched;
4) the minimum and peak number of viewers; 5) what
viewers most often switched to when they left a broadcast;
6) how long viewers watch a broadcast; 7) how many times
viewers flip a channel; 8) which advertisements were
watched by viewers; and 9) what viewers most often
switched from when they entered a broadcast, etc. From
these statistics, one or more popularity ratings can be
determined.

[0045] The statistics used to generate popularity ratings
can be generated using a counter for each broadcast channel
being monitored. In some implementations, the counters can
be intersected with demographic group data or geographic
group data. The popularity ratings can be used by viewers to
“see what’s hot” while the broadcast is ongoing (e.g., by
noticing an increased rating during the 2004 Super Bowl
half-time performance). Advertisers and content providers
can also use popularity ratings to dynamically adjust the
material shown in response to ratings. This is especially true
for advertisements, since the short unit length and numerous
versions of advertisements generated by advertising cam-
paigns are easily exchanged to adjust to viewer rating levels.
Other examples of statistics include but are not limited to:
popularity of a television broadcast versus a radio broadcast
by demographics or time, the popularity of times of day, i.e.,
peak watching/listening times, the number of households in
a given area, the amount of channel surfing during particular
shows (genre of shows, particular times of day), the volume
of the broadcast, etc.

[0046] The personalized information is sent to the client-
side interface (312). The popularity ratings can also be
stored in a database for use by other processes (318), such
as the dynamic adjustment of advertisements described
above. The personalized information is received at the
client-side interface (314) where it is formatted and pre-
sented in a user interface (316). The personalized informa-
tion can be associated with a commenting medium (e.g., text
messages in a chat room) that is presented to the user in a
user interface. In some implementations, a chat room can
include one or more subgroups. For example, a discussion
group for “Seinfeld” might include a subgroup called “Sein-
feld Experts,” or a subgroup may be associated with a
particular demographic, such as women between the ages of
20-30 who watch “Seinfeld,” etc.

[0047] In some implementations, the raw information
(e.g., counter values) used to generate statistics for popu-
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larity ratings is collected and stored at the client-side inter-
face rather than at the social application server. The raw
information can be transferred to the broadcaster whenever
the user is online and/or invokes a mass personalization
application.

[0048] In some implementations, a broadcast measure-
ment box (BMB) is installed at the client-side interface. The
BMB can be a simple hardware device that is similar to a
set-top box but does not connect to the broadcast device.
Unlike the Neilsen rating system, which requires hardware
to be installed in the television, the BMB can be installed
near the mass media system or within the range of the
television signal. In some implementations, the BMB auto-
matically records audio snippets and generates descriptors,
which are stored in memory (e.g., flash media). In some
implementations, the BMB can optionally include one or
more hardware buttons which can be pressed by a user to
indicate which broadcast they are watching (similar to
Neilsen ratings). The BMB device can be picked-up by the
ratings provider from time to time to collect the stored
descriptors, or the BMB can broadcast the stored descriptors
to one or more interested parties over a network connection
(e.g., telephone, Internet, wireless radio, such as short mes-
sage service (SMS) for radio, etc.) from time to time.

[0049] In some implementations, advertisements can be
monitored to determine the ad’s effectiveness, which can be
reported back to advertisers. For example, which ads were
watched, skipped, volume level of the ads, etc.

[0050] In some implementations, an image capture device
(e.g., digital camera, video recorder, etc.) can be used to
measure how many viewers are watching or listening to a
broadcast. For example, various known pattern-matching
algorithms can be applied to an image or a sequence of
images to determine the number of viewers present in a
broadcast environment during a particular broadcast. The
images and or data derived from the images can be used in
combination with audio descriptors to gather personalized
information for a user, compute popularity ratings, or for any
other purpose.
Audio Fingerprinting Process

[0051] FIG. 4 is a flow diagram of audio fingerprinting
process 400. The steps of process 400 do not have to be
completed in any particular order and at least some steps can
be performed at the same time in a multi-threading or
parallel processing environment. The process 400 matches
query descriptors generated at a client-side interface (e.g.,
client-side interface 102) to reference descriptors stored in
one or more databases in real-time and with low latency. The
process 400 adapts a technique proposed by Ke et al. to
handle ambient audio data (e.g., from a television broadcast)
and queries.

[0052] The process 400 begins at a client-side interface by
decomposing ambient audio snippets (e.g., 5-6 seconds of
audio) of a mass media broadcast captured by an ambient
audio detector (e.g., microphone) into overlapping frames
(402). In some implementations, the frames are spaced apart
by several milliseconds (e.g., 12 ms apart). Each frame is
converted into a descriptor (e.g., a 32-bit descriptor) that is
trained to overcome audio noise and distortion (404), as
described in Ke et al. In some implementations, each
descriptor represents an identifying statistical summary of
the audio snippet.
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[0053] In some implementations, the descriptors can be
sent as query snippets (also referred to as query descriptors)
to an audio database server where they are matched to a
database of reference descriptors identifying statistical sum-
maries of previously recorded audio snippets of the mass
media broadcast (406). A list of candidate descriptors having
best matches can be determined (408). The candidate
descriptors can be scored, such that candidate descriptors
that are temporally consistent with the query descriptor are
scored higher than candidate descriptors that are less tem-
porally consistent with the query descriptor (410). The
candidate descriptors with the highest scores (e.g., score
exceeds a sufficiently high threshold value) are transmitted
or otherwise provided to a social application server (412)
where they can be used to aggregate personalized informa-
tion related to the media broadcast. Using a threshold
ensures that the descriptors are sufficiently matched before
the descriptors are transmitted or otherwise provided to the
social application server (412).

[0054] Insome implementations, the database of reference
descriptors can be generated from broadcasts given by
various media companies, which can be indexed and used to
generate the descriptors. In other implementations, reference
descriptors can also be generated using television guides or
other metadata and/or information embedded in the broad-
cast signal.

[0055] Insome implementations, speech recognition tech-
nology can be used to help identify which program is being
watched. Such technology could help users discuss news
events instead of just television shows. For example, a user
could be watching a Shuttle launch on a different channel
than another viewer and, therefore, possibly getting a dif-
ferent audio signal (e.g., due to a different newscaster).
Speech recognition technology could be used to recognize
keywords (e.g., Shuttle, launch, etc.), which can be used to
link the user with a commenting medium.

Hashing Descriptors

[0056] Ke et al. uses computer vision techniques to find
highly discriminative, compact statistics for audio. Their
procedure trained on labeled pairs of positive examples
(where x and x' are noisy versions of the same audio) and
negative examples (where x and x' are from different audio).
During this training phase, machine-learning technique
based on boosting uses the labeled pairs to select a combi-
nation of 32 filters and thresholds that jointly create a highly
discriminative statistic. The filters localize changes in the
spectrogram magnitude, using first and second order differ-
ences across time and frequency. One benefit of using these
simple difference filters is that they can be calculated effi-
ciently using a integral image technique described in Viola,
P. and Jones, M. (2002), Robust Real-Time Object Detec-
tion, International Journal of Computer Vision, which is
incorporated by reference herein in its entirety.

[0057] In some implementations, the outputs of these 32
filters are thresholds, giving a single bit per filter at each
audio frame. These 32 threshold results form only transmit-
ted descriptors of that frame of audio. This sparsity in
encoding ensures the privacy of the user to unauthorized
eavesdropping. Further, these 32-bit descriptors are robust to
the audio distortions in the training data, so that positive
examples (e.g., matching frames) have small Hamming
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distances (i.e., distance measuring differing number of bits)
and negative examples (e.g., mismatched frames) have large
Hamming distances. It should be noted that more or fewer
filters can be used and more than one bit per filter can be
used at each audio frame (e.g., more bits using multiple
threshold tests).

[0058] In some implementations, the 32-bit descriptor
itself used as a hash key for direct hashing. The descriptor
is a well-balanced hash function. Retrieval rates are further
improved by querying not only the query descriptor, but also
a small set of similar descriptors (up to a Hamming distance
of 2 from the original query descriptor).

Within-Query Temporal Consistency

[0059] Once the query descriptors are matched to the
audio database using the hashing procedure described
above, the matches are validated to determine which of the
database return hits are accurate matches. Otherwise, a
candidate descriptor might have many frames matched to the
query descriptor but with the wrong temporal structure.

[0060] Insomeimplementations, validation is achieved by
viewing each database hit as support for a match at a specific
query-database offset. For example, if the eight descriptor
(qg) in a S-second, 415-frame-long “Seinfeld” query snippet,
q, hits the 1008™ database descriptor (X, ,s), this supports a
candidate match between the S-second query and frames
1001 through 1415 in the audio database. Other matches
between q,, and X, oq.,., (1 =n1=415) would support this same
candidate match.

[0061] In addition to temporal consistency, we need to
account for frames when conversations temporarily drown
out the ambient audio. This can be modeled as an exclusive
switch between ambient audio and interfering sounds. For
each query frame i, there is a hidden variable, y;: if y,=0, the
i" frame of the query is modeled as interference only; if
y,=1, the i frame is modeled as from clean ambient audio.
Taking an extreme view (pure ambient or pure interference)
is justified by the extremely low precision with which each
audio frame is represented (32 bits) and softened by pro-
viding additional bit-flop probabilities for each of the 32
positions of the frame vector under each of the two hypoth-
eses (y;=0 and y;=1). Finally, we model the between-frame
transitions between ambient-only and interference-only
states as a hidden first-order Markov process, with transition
probabilities derived from training data. For example, we
can re-use the 66-parameter probability model given by Ke
et al., CVPR 2005.

[0062] The final model of the match probability between
a query vector, q, and an ambient-database vector at an offset
of N frames, xy, is:

PgfsT =Tl P (<G> Vo) PGV 1) e
where <q,,x,> denotes the bit differences between the
32-bit frame vectors q, and x,,. This model incorporates
both the temporal consistency constraint and the ambient/
interference hidden Markov model.

Post-Match Consistency Filtering

[0063] People often talk with others while watching tele-
vision, resulting in sporadic but strong acoustic interference,
especially when using laptop-based microphones for sam-
pling the ambient audio. Given that most conversational
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utterances are two or three seconds in duration, a simple
communication exchange between viewers could render a
S-second query unrecognizable.

[0064] In some implementations, post-match filtering is
used to handle these intermittent low-confidence mis-
matches. For example, we can use a continuous-time hidden
Markov model of channel switching with an expected dwell
time (i.e., time between channel changes) of L seconds. The
social application server 106 indicates the highest-confi-
dence match within the recent past (along with its “dis-
counted” confidence) as part of state information associated
with each client session. Using this information, the server
106 selects either the content-index match from the recent
past or the current index match, base on whichever has the
higher confidence.

[0065] We use M, and C, to refer to the best match for the
previous time step (5 seconds ago) and its log-likelihood
confidence score. If we simply apply the Markov model to
this previous best match, without taking another observa-
tion, then our expectation is that the best match for the
current time is that same program sequence, just 5 seconds
further along, and our confidence in this expectation is
C,-l/L, where 1=5 seconds is the query time step. This
discount of VL in the log-likelihood corresponds to the
Markov model probability, e ™™, of not switching channels
during the 1-length time step.

[0066] An alternative hypothesis is generated by the audio
match for the current query. We use Mo to refer to the best
match for the current audio snippet: that is, the match that is
generated by the audio fingerprinting process 400. Co is the
log-likelihood confidence score given by the audio finger-
printing process 400.

[0067] Ifthese two matches (the updated historical expec-
tation and the current snippet observation) give different
matches, we select the hypothesis with the higher confidence
score:

{My, Cp—1/L} if Cy—1/L> Co @)

My, Co} otherwise

{Mo, Co}={

, where M, is the match that is used by the social application
server 106 for selecting related content and M, and C, are
carried forward on the next time step as M, and C,.

User Interface

[0068] FIG. 5 is a flow diagram of one embodiment of a
user interface 208 for interacting with mass personalization
applications. The user interface 208 includes a personalized
layer display area 502, a commenting medium display area
504, a sponsored links display area 506 and a content display
area 508. The personalized layer display area 502 provides
complementary information and/or images related to the
video content shown in the content display area 508. The
personalized layers can be navigated using a navigation bar
510 and an input device (e.g., a mouse or remote control).
Each layer has an associated label in the navigation bar 510.
For example, if the user selects the “Fashion” label, then the
fashion layer, which includes fashion related content asso-
ciated with “Seinfeld,” will be presented in the display area
502.
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[0069] In some implementations, the client-side interface
102 includes a display device 210 capable of presenting the
user interface 208. In some implementations, the user inter-
face 208 is an interactive web page served by the social
application server 106 and presented in a browser window
on the screen of the display device 210. In some implemen-
tations, the user interface 208 is persistent and will be
available for interaction after the broadcast audio used in the
content match process has shifted in time. In some imple-
mentations, the user interface 208 is dynamically updated
over time or in response to a trigger event (e.g., a new person
enters the chat room, a commercial begins, etc.). For
example, each time a commercial is broadcast, the spon-
sored links display area 506 can be updated with fresh links
518 related to the subject matter of the commercial.

[0070] In some implementations, the personalized infor-
mation and sponsored links can be emailed to the viewer or
shown on a side bar at a later time.

[0071] In some implementations, the client-side interface
102 receives personalized information from the social appli-
cation server 106. This information can include a web page,
email, a message board, links, instant message, a chat room,
or an invitation to join an ongoing discussion group, eRoom,
video conference or netmeeting, voice call (e.g., Skype®),
etc. In some implementations, the user interface 208 pro-
vides access to comments and/or links to comments from
previously seen broadcasts or movies. For example, if user
is currently watching a DVD of “Shrek” he may want to see
what people said about the movie in the past.

[0072] In some implementations, the display area 502
includes a rating region 512, which is used to display
popularity ratings related to a broadcast. For example, the
display area 512 may show how many viewers are currently
watching “Seinfeld” compared to another television show
that is broadcast at the same time.

[0073] In some implementations, the commenting
medium display area 504 presents a chat room type envi-
ronment where multiple users can comment about broad-
casts. In some implementations, the display area 504
includes a text box 514 for inputting comments that are sent
to the chat room using the input mechanism 516 (e.g., a
button).

[0074] The sponsored links display area 506 includes
information, images and/or links related to advertising that
is associated with the broadcast. For example, one of the
links 518 may take the user to a web site that is selling
“Seinfeld” merchandise.

[0075] The content display area 508 is where the broadcast
content is displayed. For example, a scene from the current
broadcast can be displayed with other relevant information
(e.g., episode number, title, timestamp, etc.). In some imple-
mentations, the display area 508 includes controls 520 (e.g.,
scroll buttons) for navigating through the displayed content.

Video Bookmarks

[0076] In some implementations, a button 522 is included
in the content display area that can be used to bookmark
video. For example, by clicking the button 522, the “Sein-
feld” episode shown in the display area 508 is added to the
user’s favorites video library, which can then be viewed
on-demand through a web-based streaming application or
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other access methods. According to the policy set by the
content owner, this streaming service can provide free
single-viewing playback, collect payments as the agent for
the content owners, or insert advertisements that would
provide payment to the content owners.

Client-Side Interface Hardware Architecture

[0077] FIG. 6 is block diagram of hardware architecture
600 for the client-side interface 102 shown in FIG. 1.
Although the hardware architecture 600 is typical of a
computing device (e.g., a personal computer), the disclosed
implementations can be realized in any device capable of
presenting a user interface on a display device, including but
not limited to: desktop or portable computers; electronic
devices; telephones; mobile phones; display systems; tele-
visions; monitors; navigation systems; portable media play-
ers/recorders; personal digital assistants; game systems;
handheld electronic devices; and embedded electronic
devices or appliances.

[0078] In some implementations, the system 600 includes
one or more processors 602 (e.g., CPU), optionally one or
more display devices 604 (e.g., CRT, LCD, etc.), a micro-
phone interface 606, one or more network interfaces 608
(e.g., USB, Ethernet, FireWire® ports, etc.), optionally one
or more input devices 610 (e.g., mouse, keyboard, etc.) and
one or more computer-readable mediums 612. Each of these
components is operatively coupled to one or more buses 614
(e.g., EISA, PCI, USB, FireWire®, NuBus, PDS, etc.).

[0079] In some implementations, there are no display
devices or input devices and the system 600 just performs
sampling and encoding (e.g., generating descriptors, etc.) in
the background without user input.

[0080] The term “computer-readable medium” refers to
any medium that participates in providing instructions to a
processor 602 for execution, including without limitation,
non-volatile media (e.g., optical or magnetic disks), volatile
media (e.g., memory) and transmission media. Transmission
media includes, without limitation, coaxial cables, copper
wire and fiber optics. Transmission media can also take the
form of acoustic, light or radio frequency waves.

[0081] The computer-readable medium(s) 612 further
includes an operating system 616 (e.g., Mac OS®, Win-
dows®, Unix, Linux, etc.), a network communications mod-
ule 618, client software 620 and one or more applications
622. The operating system 616 can be multi-user, multipro-
cessing, multitasking, multithreading, real-time and the like.
The operating system 616 performs basic tasks, including
but not limited to: recognizing input from input devices 610;
sending output to display devices 604; keeping track of files
and directories on storage devices 612; controlling periph-
eral devices (e.g., disk drives, printers, image capture
device, etc.); and managing traffic on the one or more buses
614.

[0082] The network communications module 618 includes
various components for establishing and maintaining net-
work connections (e.g., software for implementing commu-
nication protocols, such as TCP/IP, HTTP, Ethernet, USB,
FireWire®, etc.).

[0083] The client software 620 provides various software
components for implementing the client-side of the mass
personalization applications and for performing the various
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client-side functions described with respect to FIGS. 1-5
(e.g., ambient audio identification). In some implementa-
tions, some or all of the processes performed by the client
software 620 can be integrated into the operating system
616. In some implementations, the processes can be at least
partially implemented in digital electronic circuitry, or in
computer hardware, firmware, software, or in any combina-
tion thereof.

[0084] Other applications 624 can include any other soft-
ware application, including but not limited to: word proces-
sors, browsers, email, Instant Messaging, media players,
telephony software, etc.

Detecting Advertisements and Rebroadcasts
Repetition Detection

[0085] When preparing a database for search, it helps to be
able to pre-flag repeated material using the descriptors
previously described. Repeating material can include but is
not limited to repeating shows, advertisements, sub-seg-
ments (e.g., stock footage in news shows), etc. Using these
flags, repeated material can be presented in a way that does
not push all other material beyond the attention span of a
user conducting a search (e.g., beyond the first 10-20 hits).
The process 700 described below provides a way to detect
those duplicates prior to any search queries on the database.

Video Ad Removal

[0086] One of the complaints that broadcasters have had
about allowing material to be searched and played back is
the rebroadcast of embedded advertising. From the point of
view of the broadcasters, this rebroadcast is counterproduc-
tive: it lowers the value of the broadcasts that the advertiser
pays for directly, since it provides that advertiser with free
advertising. Unless old advertisements are removed and new
advertisements are put in place in a way that returns some
review to the original broadcasters, they do not profit from
the replay of their previously broadcast material. The pro-
cess 700 described below provides a way of detecting
embedded advertisement by looking for repetitions, possibly
in conjunction with other criteria (e.g., duration, volume,
visual activity, bracketing blank frames, etc.).

Video Summarization

[0087] If a “summary” (i.e., shorter version) of non-
repeated program material is needed, one way to get that is
to remove the advertisements (as detected by repeated
material) and to take segments from the material just pre-
ceding and just following the advertisement location. On
broadcast television, these positions in the program typically
contain “teasers” (before the ads) and “recaps” (just after the
ads). If a summary is to be made of a news program that
includes a mix of non-repeated and repeated non-advertise-
ment material, typically the repeated non-advertisement
material corresponds to a sound bite. These segments gen-
erally contribute less information than the anchorperson’s
narration of the news story and are good candidates for
removal. If a summary is to be made of a narrative program
(e.g. a movie or a serial installment), repeated audio tracks
typically correspond to theme sounds, mood music, or
silence. Again, these are typically good segments to remove
from a summary video. The process 700 described below
provides a way of detecting these repeated audio tracks so
they can be removed from the summary video.
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Repetition Detection Process

[0088] FIG. 7 is a flow diagram of one embodiment of a
repetition detection process 700 in accordance. The steps of
process 700 do not have to be completed in any particular
order and at least some steps can be performed at the same
time in a multi-threading or parallel processing environ-
ment.

[0089] The process 700 begins by creating a database of
audio statistics from a set of content such as television feeds,
video uploads, etc. (702). For example, the database could
contain 32-bit/frame descriptors, as described in Ke et al.
Queries are taken from the database and run against the
database to see where repetitions occur (704). In some
implementations, a short segment of audio statistics is taken
as a query and run checked for non-identity matches
(matches that are not identical) using hashing techniques
(e.g. direct hashing or locality sensitive hashing (LSH)) to
achieve a short list of possible auditory matches. These
candidate matches are then processed in a validation proce-
dure, for example, as described in Ke, et al. Content corre-
sponding to a validated candidate match can be identified as
repeating content (706).

[0090] The non-identity matches that are strongest are
“grown” forwards and backwards in time, to find the begin-
ning and ending points of the repeated material (708). In
some implementations, this can be done using known
dynamic programming techniques (e.g., Viterbi decoding).
In extending the match forward in time, the last time slice in
the strong “seed” match is set as “matching” and the last
time slice of the first below-believable-strength match for
the same database offset between the query and the match is
set as “not matching.” In some implementations, match
scores for individual frames in between these two fixed
points are used as observations, and a first-order Markov
model allowing within state transitions, plus a single tran-
sition from “matching” to “not-matching™ states, is used.
The transition probability from matching to not matching to
1/L can be set somewhat arbitrarily, where L is the number
of frames between these two fixed points, corresponding to
the least knowledge of the transition location within the
allowed range. Another possibility for selecting transition
probabilities would use the match strength profiles to bias
this estimate to an earlier or later transition. But this would
increase the complexity of the dynamic programming model
and is not likely to improve the results, since the match
strengths are already used as observations within this period.
The same process is used to grow the segment matches
backwards in time (e.g., just switch past/future and run the
same algorithm).

[0091] In some implementations the audio cues are com-
bined with non-auditory information (e.g., visual cues) to
obtain higher matching accuracies. For example, the
matches that are found with audio matching can then be
verified (or checked a second time) by using simple visual
similarity metrics (710). These metrics can include but are
not limited to: color histograms (e.g., frequencies of similar
colors in two images), statistics on number and distribution
of edges, etc. These need not be computed only over the
entire image, but can be computed for sub-regions of the
images as well, and compared to the corresponding sub-
regions in the target image.

[0092] For those applications that are looking for adver-
tisements (in contrast with all types of repeated material),
the results of repeated-material detection can be combined
with metrics aimed at distinguishing advertisements from
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non-advertisements (712). These distinguishing characteris-
tics can rely on advertising conventions, such as durations
(e.g., 10/15/30-second spots are common), on volume (e.g.,
advertisements tend to be louder than surrounding program
material, so if the repeated material is louder than the
material on either side, it is more likely to be an advertise-
ment), on visual activity (e.g., advertisements tend to have
more rapid transitions between shots and more within-shot
motion, so if the repeated material has larger frame differ-
ences than the material on either side, it is more likely to be
an advertisement), and on bracketing blank frames (locally
inserted advertisements typically do not completely fill the
slot that is left for it by the national feed, resulting in black
frames and silence at a spacing that is a multiple of 30
seconds).

[0093] Once advertisements are identified, material sur-
rounding the advertisements can be analyzed and statistics
can be generated. For example, statistics can be generated
about how many times a particular product is advertised
using a particular creative (e.g., images, text), or how many
times a particular segment is aired, etc. In some implemen-
tations, one or more old advertisements can be removed or
replaced with new advertisements. Additional techniques for
advertisement detection and replacement are described in
Covell, M., Balyja, S., Fink, M., Advertisement Detection
and Replacement Using Acoustic and Visual Repetition,
IEEE Signal Processing Society, MMSP 2006 International
Workshop on Multimedia Signal Processing, Oct. 3-6, 2006,
BC Canada, which article is incorporated by reference
herein in its entirety.

[0094] In some implementations, information from con-
tent owners about the detailed structure of the content (e.g.,
where ad material was inserted, where programs were
repeated) could be used to augment the process 700 and
increase matching accuracies. In some implementations,
video statistics can be used to determine repetition instead of
audio. In other implementations, a combination of video and
audio statistics can be used.

Audio Snippet Auctions

[0095] In some implementations, advertisers can partici-
pate in auctions related to the presence of ambient audio that
is related to the product or service that the advertiser want
to sell. For example, multiple advertisers could bid in an
auction for the right to associate its products or services with
an audio snippet or descriptor associated with “Seinfeld.”
The winner of the auction could then put some related
information in front of the viewer (e.g., the sponsored links)
whenever the subject ambient audio is present. In some
implementations, advertisers could bid on ambient audio
snippets having a meta-level description. For example,
advertisers could bid on audio that is associated with a
television ad (e.g., this is the audio associated with a Ford
Explorer TV ad), on closed captioning (e.g., the captioning
says “Yankees baseball”), on program segment location
(e.g., this audio will occur 15 min into the “Seinfeld” and
will occur 3 minutes after the previous commercial break
and 1 min before the next commercial break), or on low-
level acoustic or visual properties (e.g., “background music,
”“conversational voices,”explosive-like”; etc.)

[0096] In some implementations, one or more mass per-
sonalization applications can be run in the background while
the user performs other tasks such as browsing another web
site (e.g., a sponsored link). Material that is related to a
media broadcast (e.g., television content) can participate in
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the same sponsored link auctions as material that is related
to another content source (e.g., web site content). For
example, TV related ads can be mixed with ads that corre-
spond to the content of a current web page.

[0097] Various modifications may be made to the dis-
closed implementations and still be within the scope of the
following claims.

What is claimed is:
1. A method, comprising:

generating a query from a database of audio statistics;

running the query against the database of audio statistics
to determine a non-identity match; and

if a non-identity match exists,

identifying the content corresponding to the matched
query as repeating content.
2. The method of claim 1, further comprising:

validating the non-identity match using non-auditory
information.
3. The method of claim 1, further comprising:

determining end points of the repeating content.

4. The method of claim 3, where the end points are
determined using dynamic programming techniques.

5. The method of claim 1, further comprising:

applying metrics to the repeating content to determine if

the repeating content is an advertisement.

6. The method of claim 5, where the metrics are from a
group of metrics consisting of time duration, volume, visual
activity, and blank frame bracketing.

7. The method of claim 1, where the audio statistics are
generated from ambient audio snippets of a media broadcast.

8. The method of claim 1, where the audio statistics are
frame descriptors.

9. The method of claim 1, where video statistics are used
with the audio statistics to determine a non-identity match.

10. The method of claim 1, where the non-identity
matches are determined using hashing techniques.

11. A system, comprising:

a processor;

a computer-readable medium operatively coupled to the
processor and having instructions stored thereon,
which, when executed by the processor, causes the
processor to perform the operations of:

generating a query from a database of audio statistics;

running a query against the database of audio statistics to
determine a non-identity match, where the audio sta-
tistics are generated from content; and

if a non-identity match is found,

identifying content corresponding to the matched query as
repeating content.
12. The system of claim 11, where the process further
performs the operation of:

validating the non-identity match using non-auditory
information.
13. The system of claim 11, where the processor further
performs the operation of:

determining end points of the repeating content.
14. The system of claim 13, where the end points are
determined using dynamic programming techniques.
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15. The system of claim 11, where the processor further
performs the operation of:

applying metrics to the repeating content to determine if

the repeating content is an advertisement.

16. The system of claim 15, where the metrics are from a
group of metrics consisting of time duration, volume, visual
activity, and blank frame bracketing.

17. The system of claim 11, where the audio statistics are
generated from ambient audio snippets of a media broadcast.

18. The system of claim 11, where the audio statistics are
frame descriptors.

19. The system of claim 11, where video statistics are used
with the audio statistics to determine a non-identity match.

20. The system of claim 11, where the non-identity
matches are determined using hashing techniques.

21. A system, comprising:

means for generating a database of audio statistics from
content;

means for generating a query from the database of audio
statistics;

means for running the query against the database of audio
statistics to determine a non-identity match; and

if a non-identity match exists,

means for identifying the content corresponding to the
matched query as repeating content.
22. A computer-readable medium having instructions
stored thereon, which, when executed by a processor, causes
the processor to perform the operations of:

generating a query from a database of audio statistics;

running the query against the database of audio statistics
to determine a non-identity match; and

if a non-identity match exists,

identifying the content corresponding to the matched
query as repeating content.
23. A method, comprising:

generating a database of ambient audio statistics associ-
ated with a media broadcast;

generating a query from the database;

running the query against the database of audio statistics
to determine non-identity matches;

identifying repeating content based on positive matches
between the query and the database of audio statistics;

determining endpoints of the repeating content;

identifying content before or after the endpoints of the
repeating content; and

generating statistics based on the identified content.
24. The method of claim 23, further comprising:

applying at least one metric to the repeating content to
determine if the repeating content is an advertisement.
25. The method of claim 24, wherein the metric is
associated with a length of the media broadcast.
26. The method of claim 24, wherein the metric is
associated with a volume of the media broadcast.



