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Method and Apparatus for Identification of Broadcast Source

In the field of content identification, sometimes it is desirable to identify not only the
content but also the source (such as a channel, stream, or station) of a broadcast
transmission. For example, it may be desirable to detect from a free-field audio sample
of a radio broadcast which radio station a user is listening to, as well as what song the
user is listening to. The technique invented by Wang and Smith, (which is described in
International Publication Number WO 02/11123 A2, entitled System and Methods for
Recognizing Sound and Music Signals in High Noise and Distortion and claiming
priority to US Provisional Application No. 60/222,023 filed July 31, 2000 and US
Application Serial No. 09/839,476 filed April 20, 2001, the entire contents of each of
which are incorporated herein by reference (hereinafter “Wang and Smith™)), can be used
to identify free-field audio samples of music playing from various sources, such as radio
and television. The Wang and Smith technique may perform a search in a database of
audio recordings based on fingerprint hashes extracted from the music. However,
because the origin of the audio sample is not relevant to the search, and no broadcast
station information is used in the system, it is not easy to determine the exact broadcast

station that the use is listening to, if any.

In one embodiment of the system and methods described herein, a user has an audio
sampling device containing a microphone and optional data transmission means. The
user hears an audio program being broadcast from some broadcast means, such as radio
or television. He then records a sample using the audio sampling device. The sample is
conveyed to an analyzing means for analysis to determine which broadcast station the
user is listening to. This information may then, for example, be reported back to the user,
or combined with an advertisement of a promotion, prize notification, discount offers,
and other materials specific for a certain radio station. The information may also be
reported to a consumer tracking agency, or otherwise aggregated for statistical purposes.

Thus, not only can an audio sample be analyzed to identify its content using a free-field
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content identification technique, as described by Wang and Smith, the audio sample may

also be analyzed to determine the broadcast source.

Prior art

Watermarks have been used in the past for source identification. Each broadcast station
must embed a watermark into the audio stream identifying the station. This technique
has several deficiencies. The broadcast station must actively embed the watermark into
the audio stream, and furthermore must use a watermarking technique that is an agreed-
upon standard used by the source identification system. Any station that does not
cooperate by embedding a watermark cannot be identified by these means. Furthermore,
the watermark signal must be robust enough to withstand extreme distortion, as is the
case if the audio sample is taken in a noisy room with reverberation. Furthermore, in
some cases it is desired to use a mobile phone as a sampling device, in which case the
audio sample may be subject to lossy compression such as GSM, AMR, EVRC, QCP,
etc. In this scenario the audio sample received by the analyzing means may be heavily

corrupted and the watermark may not be able to survive such treatment.

Another means that may be used to identify a broadcast station is to perform a cross-
correlation analysis between the audio sample and an audio feed captured from the
broadcast station (for example from a monitoring station). The matching station should
show a strong spike in the cross correlation. A difficulty with cross-correlation is that
also in the scenario where a mobile phone is being used to sample the audio and where a
lossy compression means is employed, as above. In many voice codecs the phase
information is destroyed, and a cross-correlation analysis does not yield a peak even if

the audio sample and correct matching broadcast feed are cross-correlated.

Method 1
Use spectrogram peaks, correlate spectrogram peaks rather than direct signal.

Use “combinatorial hash” + peak verification
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One technique is to identify a radio station by performing a timestamped recording of a
radio broadcast channel, converted into a fingerprint stream. In the field, a user collects a
sample, where the sample time is also timestamped in terms of “realtime” offset from a
common timebase. A recognition is performed using the technique of Wang and Smith
to generate an estimated time offset of the sample within the “original” recording. The
absolute times are calculated and compared. If the realtime offsets are within a certain
tolerance, say 1 second, then the identification is considered to be originating from the
same source, as the probability that a random performance of the same audio content
(such as a hit song) is so synchronized in time is extremely low. A rolling buffer of a
predetermined length is used to hold a recent fingerprint history. The fingerprints within
the rolling buffer are compared against fingerprints generated from the incoming sample.
Fingerprints older than a certain cutoff time are ignored, as they are considered to be too
far in the past. The length of the buffer is determined by the maximum permissible delay
plausible for a realtime simultaneous recording of audio signals originating from a
realtime broadcast program, such as network latencies of Voice-over-IP networks,
internet streaming, and other buffered content. The delays can range from a few

milliseconds to a few minutes.

channel and from the user) and the relative time offsets. If the relative offset is near zero
then it is likely that the streams are being monitored from the same source. Longer and
random time delays could mean that the user is listening to an independent but coincident

copy of the same audio program.

This method has the attribute of being able to identify the correct broadcast channel

without any content identification being required.
One embodiment of a system for implementing method 1 is shown in Figure 1.

Furthermore, fingerprint streams of combinatorial hashes from multiple channels may be

grouped into sets of [hash + channel ID + timestamp]. These data structures may be
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placed into a rolling buffer ordered by time. The contents of the rolling buffer may

further be sorted by hash values for faster search.

The rolling buffer may be instantiated by using batches of time blocks, perhaps M=10
seconds long each: every 10 seconds blocks of new [hash + channel ID + timestamp] are
dumped into a big bucket and sorted by hash. Then each block ages, and parallel
searches are done for each of N blocks to collect matching hashes, where N*M is the
longest history length, and (N-1)*M is the shortest. The hash blocks are retired in

conveyor-belt fashion.

The number of matching temporally-aligned hashes is the score.

A further step of verification may be used in which spectrogram peaks may be aligned.
Because the Wang/Smith technique generates a relative time offset, it is possible to
temporally align the spectrogram peak records within about 10 ms in the time axis. Then

we can just count the number of matching time+frequency peaks. That is then the score.

Basically the technique of Wang and Smith but with a rolling buffer of fingerprint values
with a time cutoff, dynamically updated.

Method 2: Method via timestamped identification.

A user audio sample collected by the user is identified using a content identification
means such as the one described by Wang and Smith for identifying an audio sample out
of a database of audio content files (such as songs). Broadcast audio samples are taken
periodically taken from each of at least one broadcast channel being monitored by a
monitoring station; similarly, a content identification step is performed for each
broadcast channel. The broadcast samples must be taken frequently enough so that at
least one sample is taken per audio program (i.e. per song) in each broadcast channel.
While the user audio sample is collected, a user sample timestamp (UST) is taken to

mark the beginning time of the audio sample based on a standard reference clock.
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Similarly for each broadcast sample, a broadcast sample timestamp (BST) is also taken
to mark the beginning of each sample based on the standard reference clock.

The identification method disclosed by Wang and Smith produces as a consequence of
the identification process an accurate relative time offset between the beginning of the
identified content file from the database and the beginning of the audio sample being
analyzed. Hence, a user sample relative time offset (USRTO) and a user sample
identity are noted as a result of identifying the user audio sample, and a broadcast
sample relative time offset (BSRTO) and a broadcast sample identity is noted as a
result of identifying each broadcast audio sample.

The following relations should hold between a user audio sample and a correctly
matching broadcast audio sample:

(I)  User sample identity = broadcast sample identity AND

(2)  UST-USRTO =BST-BSRTO + delay

The delay is a small systematic tolerance that depends on the time difference due to
propagation delay of the extra path taken by the user audio sample, for example the
latency through a digital mobile phone network.

The probability of misidentification is small, in that a user sample is taken from the
wrong broadcast channel or non-monitored audio source (such as a CD player) and
happens to satisfy (1) and (2) is fairly small. It is the probability that an independent
copy of a song playing on the radio is coincidentally synchronized within a small time
delay.

A decision is made as to whether the user audio sample originated from a given
broadcast source by noting whether (1) and (2) hold. If a broadcast channel is found for
which this holds then it is determined that the user is listening to that channel. This
information is noted and relayed to a reporting means which uses the information for

some follow-on action.

One embodiment of a system for implementing method 2 is shown in Figure 2.
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It is noted that the user audio sample may be transmitted to a central identification server,
or partially or fully analyzed on the user audio sampling device in order to produce the
user sample identity and user sample relative time offset. Furthermore, any algebraic

permutation of (2) is within the scope of the invention.

Tracking by common sequencing of broadcast programs

For Methods 1 and 2:

To further verify that the user is actually listening to a given broadcast channel, and that
it is not a coincidence, user samples can be taken over a longer period of time, longer
than a typical audio program, over a transition between audio programs on the same
channel. If it is the correct channel, the content alignment should be continuously
maintained. An exception is when the user changes channels. But continuity of identity
over a program transition is a strong indicator that the correct broadcast channel is being
tracked. Thus we can track equality (1) where (1) continues to hold, but that the sample
identity changes, e.g.

(3a)  User sample identity[n] = broadcast sample identity[n]

(3b)  User sample identity[n+1] = broadcast sample identity[n+1]

(3c)  User sample identity[n]  #User sample identity[n+1]

where [n] is the nth sample in time.

Tracking score gap patterns within tracks:

When using method 2 to identify music at high duty cycles of sample vs. non-sampled time.
Many, if not all broadcast stations incorporate voice over or other non-music material which
frequently is superimposed upon the music streams to be identified, ie: DJ's talking over the
beginning and end of records. The variations in recognition score, (or indeed non-recognition)
constitute a 'signature’ of the performance of that track on that station at that time and date, and
can be thus used as a further correlation factor to determine station identity.

Method 3: identification enhancement based on derivation of distortion parameters

Another mechanism by which the source identification may be performed is to note

certain systematic distortions of the audio as it is being played. As an example, often
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times a radio broadcaster will play an audio program slightly faster or slower than the
original recording, owing to slight inaccuracies in the crystal oscillator or other timebase
used to play back the program recording. The speed percentage stretch of may be
measured in the process of identification, for example using the technique of Wang and
Culbert (which is described in International Publication No. WO 03/091990 A1, entitled
“Robust and Invariant Audio Pattern Matching and claiming priority to US Provisional
Application 60/376,055 filed April 25, 2002, the contents of each of which are
incorporated herein by reference). If the timebase of the broadcast program is stretched
and also substantially similar to the stretch factor measured in the user sample, then the
user sample is highly likely to have originated from the same source. To summarize,

4) User sample stretch ratio = broadcast sample stretch ratio.

Furthermore, for the purposes of identification, a program may be intentionally stretched
by a predetermined amount. The predetermined stretch amount could be used to encode
a certain small amount of information. For example, a recording could be stretched to
play 1.7% slower. Such a slowdown may not be noticeable to most people. However, if
the recognition algorithm is capable of reporting stretch values with 0.05% tolerance, it
may be possible to encode 10-20 different messages if playback speeds between —2.0%

and +2.0% with 0.1% to 0.2% steps are used.

Furthermore, a stream of information may be embedded in audio by varying the playback
speed dynamically (but slowly) over a small range. For example a frame size of 10
seconds could be used, each 10 second segment being sped up or slowed down by a small
percentage. If the stretch factors are continually extracted, the values may define a

message being sent by the broadcaster.

Methods 2 and 3 may be used together to enhance certainty of an opinion that a broadcast

channel has been identified.
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