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Method and Apparatus for Identifying Media Objects

DESCRIPTION

Field of the Invention

[Para 1] The present invention relates generally to delivering supplemental

content stored on a.database to a user (e.g., supplemental entertainment
content relating to an audio recording), and more particularly to determining a
fingerprint from a digital file and using the fingerprint to retrieve the

supplemental content stored on the database.

Background' of the Invention

[Para 2] Recordings can be identified by physic‘ally encoding the recording or the

’

media storing one or more recordings, or by analyzing thé recording itself.
Physical encoding techniques include encoding a recording with a “watermark”
or encoding the media storing one or more audio recordings with a TOC (Table
of Contents). The watermark or-TOC may be extracted during playback and
tratisiitted to a remote database which then matches it to supplemental |
content to be retrieved. Supplemental content may be, for éxample, metéda‘t‘a,
which is generally. understood to mean data that describes other data. In the
‘context of the present invention, metadata may be data that describes the
contents of a digital audio compact disc recording. Such metadata may includé,
for example, artist information (name, birth date, discography, ett.), album

information (title, review, track listing, sound samples, etc.), and relational
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information (e,g., similar artists and albums), and other types of supplemental
information such as advertisements and related images.

[Para 3] With respect to recording analysis, various methods have been proposed.
Generally, conventional techniques analyze a recording (or portions of
recordings) to extract its “fingerprint,” that is a number derived from a digital
audio signal that serves as a unique idenfifier of that signal. U.S. Patent No.
6,453,252 purports to provide a system that generates an audio fingerprint
based on the energy content in frequency subbands. U.S. Application
Publication 20040028281 purports to provide a system that utilizes invariant
features to generate fingerprints.

[Para 4] Storage space for storing libraries of fingerprints is required for any
system utilizing fingerprint technology to provide metadata. Naturally, larger
fingerprints require more storage capacity. Larger fingerprints also require "
more time to create, more time to recognize, and use up more processing
power to generate and analyze than do smaller fingerprints.

[Para 5] What is needed is a fingerprinting technology which creates smaller
fingerprints, uses less storage space and processing power, is easily scalable
and requires relatively little hardware to operate. There also is a need for
technology that will enable the management of hundreds or thousands of audio
files contained on consumer electronics devices at home, in the car, in po’riable
-devices, and the like, which is compact and ;able to recognize a vast library of

‘music.

Summiary of the Invention
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-[Para 6]  Itisan Q\bj:gct'"Qfmthgkgr"gsent invention to provide a fingerprinting
technology Wthl;] creates smaller fingerprints, uses less storage space and
processing power, is easily scalable and requires relatively little hardware to
operate.

[Para 7] It is also an object of the present invention to provide a fingerprint library
that will en-able the management of hundreds or thousands of audio files
contained on consumer electronics devices at home, in the car, in portable
devices, and the like, which is compact and able to recognize a vast library of
music.

[Para 8] In accordance with one embodiment of the present invention an
apparatus for generating an audio fingerprint of an audio recording is provided.
The apparatus includes a memory adapted to store stable frequency family data
correspon.ding to a stable frequency families. Also included is a processor
operable to curve fit audio recording data to the stablé frequency families,
extract at least one variation from the curve fitted audio recording data, and
create the audio fingerprint of the audio recording from the at least one
variation.

[Para 9] In accordance with another embodiment of the present invention a
method for generating an audio fingerprint of an audio recording is provided.
The 'method includes curve fitting audio recording data to at least one stable
frequency family. The method also includes extracting at least one variation
from the curve fitted audio recording data, and creating the audio fi'nge”r'print of
the audio recording from the at least one variation.

[Para 10] In accordance with yet another embodiment of the present invention

computer-readable medium containing code for generating an audio



WO 2006/073791 PCT/US2005/046043

fm er rmt of an"audl record ng is provided. The code includes code for curve
igerpring of gL audio pseyd

E et

flttmg audlo recording data to at least one stable frequency family, extracting
at least one variation from the curve fitted audio recording data, and creating

the audio fingerprint of the audio recording from the at least one variation.

Brief Description of the Drawings

[Para 11] FIG. 1 illustrates a system for creating a fingerprint library data structure
on a server.

[Para 12] FIG. 2 illustrates a system for creating a fingerprint from an unknown
audio file and for correlating the audio file to a unique audio 1D used to retrieve
metadata.

[Para 13] FIC. 3 is a flow diagram illustrating how a fingerprint is generated from a

| multi-frame audio stream.

[Para i4] FIG. 4 illustrates the process performed on an audio frame object.

[Para 15]  FIC. 5 is a flowchart illustrating the final steps for creating a fingerprint.

[Para 16] FIG. 6 is an audio file recognition engine for matching the unknown audio
fingerprint to known fingerprint data stored in a fingerprint library data
structure.

[Para 17] FIG. 7 illustrates a cIient—.server based system for creatingAa fingerprint

_from an unknown audio file and for retrieving metadata in accordance with the
preseht invention.

[Para 18] FIG. 8 is device—embedded system for delivering supplemental

entertainment content in accordance with the present invention.

Detailed Description of the Invention
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-[Para 19] _ As used herein, the term “computer” (also referred to as “processor”) may
refer to a single computer or to a system of interacting computers. Genéraliy
speaking, a computer is a combination of a hardware system, a software
operating system and perhaps one or more software application programs.
Examples of computers include, without limitation, IBM-type personal
computers (PCs) having an operating system such as DOS, Microsoft Windows,
0S/2 or Linux; Apple computers having an operating system such as MAC-0S;
hardware having a JAVA-QOS operating system; graphical work stations, such as
Sun Microsystems and Silicon Graphics Workstations having a UNIX operating
system; and other devices such as for example media players (e.g., iPods,
PalmPilots Pocket PCs, and mobile telephones).

[Para 20] For the present invention, a software application could be written in
substantially any suitable programming language, which could easily be
selected by one of ordinary skill in the art. The programming language chosen
should be compatible with the computer by which the software application is
executed, and in particular with the operating system of that computer.
Examples of suitable programming languages include, but are not limited to,
Object Pascal, C, C++, CGl, Java and java Scripts. Furthermore, the functions of
the present invenﬁo‘n, when described as a series of steps for a method, could
be implemented as a series of software instructions for being operated by a
data processor, sucH that the present invention could be implemented as
software, firmware or'hardware, or a combination thereof.

[Para 21] The present invention uses audio fingerprints to identify audio files
encoded in a variety of formats (e.g., WMA, MP3, WAV, and RM) and which have

been recorded on different types of physical media (e.g., DVDs, CDs, LPs,
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c?,shs”e;tkthet’iagi)‘es;,ﬁrgerq%r{é; *fa%qg :E,:fgiard drives). Once fingerpﬁnted, a retrieval
engine may be utilized to match supplemental content to the fingerprints. A
computer accessing the recording displays the supplemental content.

[Para22] The 'present invention can be implemented in both server-based and
client or device—embedded environments. Before the fingerprint algorithm is
implemented, the frequency families that exhibit the highest degree of
resistance to the compression and/or decompression algorithms (“CODECs”)
and transformations (such frequency families are also referred to as “stable
frequencies”) are determined. This determination is made by analyzing a
representative set of audio recording files (e.g., several hundred audio files
from different genres and styles of music) encoded in common CODECs (e.qg., -
WMA, MP3, WAV, and RM) and different bit rates or processed with other
common audio editing software.

[Para 23] The most stable frequency families are determined by analyzing each
frequency and its harmonics across the representative set of audio files. First,
the range between different renderings for each frequency is measured. The
smaller the range, the more stable the frequency. For example, a source file
(e.g., one song), is encoded in various formats (e.g., MP3 at 32kbs, 64kbs,
128kbs, etc., WMA at 32kbs, 64kbs, 128kbs, etc.). Ideally, the difference
between each rendering wduld be identical. However, this is not typically the
case since compression distorts audio recordings.

[Para ‘24] Only certain frequencies will be less sensitive to the different rehdéring"s.
For example, it may be the case that 7kHz is 20dB different between a version
of MP3 and a version of WMA, and another frequency, e.g., 8kHz, is just 10dB

“different. In this example, 8kHz is the more stable frequency. The
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rgle‘aS%rerpFthﬁ?dE? Fﬁ}j@i{i{mkne the difference can be any common measure of

variation such as standard or maximum deviations. Variation in the context of
the present invention is a measure of the change in data, a variable, or a
function.

[Para 25] As CODECs are changed and updated, this step might need to be
performed again. Typically stable frequencies are determined on a server.

[Para 26] The stable frequencies are extracted from the representative set of audio
recording files and collected into a table. The table is then stored onto a client
device which compares the stable frequencies to the audio recording being
fingerprinted. Frequency families are harmonically related frequencies that are
inclusive of all the harmonics of any of its member frequencies and as such can
be derived from any member frequency taken as a base frequency. Thus, itis
not required to store in the table all of the harmonically related stable
frequencies or the core frequency of a family of frequencies.

[Para 27] The client maps the elements of the table to the unknown recording in
real time. Thus, as a recording is accessed, it is compared to the table for a
match. It is not required to read the entire media (e.g., an entire CD) or the
efitire audio recording to generate a fingerprint. A fingerprint can be generated
on the client based only on aA portion of the unknown audio recording.

[Para 28] The present invention will now be described in more detail with reference
to FIGS. 1-8.

“ [Para 29] - The evaluation of frequency families described below is performed
. completely in integer math without using frequency domain transformation

methods (e.g., Fast Fourier Transform or FFT).
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[Para 30]... .FIG. 1 illustrates a system for creating a fingerprint library data structure
100 on a server. The data structure 100 is used as a reference for the
recognition of unknown audio content and is created prior to receiving a
fingerprint of an unknown audio file from a client. All of the available audio
recordings 110 on the server are assigned unique identifiers (or IDs) and
processed by a fingerprint creation module 120 to create corresponding
fingerprints. The fingerprint creation module 120 is the same for both creating
the reference library and recognizing the unknown audio.

[Para 311 Once the fingerprint creation has been completed, all of the fingerprints
are analyzed and encoded into the data structure by a fingerprint encoder 130.
The data structure includes a set of fingerprints organized into groups related
by some criteria (also referred to as “feature groups,” “summary factors,” or
simply “features”) which are designed to optimize fingerprint access.

[Para32] FIG. 2 illustrates a system for creating a fingerprint from an unknown
audio file 220 and for correlating it to a unique audio ID used to retrieve
metadata. The fingerprint is generated using a ﬁngerpﬁnt creation module 120

~which analyzes the unknown audio recording 220 in the same manner as the

- fingerprint creation module 120 described above with respect to FIG. 1. In the
embodiment shown, the query on the ﬁngerpr"int takes place on a server 200
using a recoghnition engine 210 that calculates orie or more derivatives of the
fingerprint and then attempts to match each derivative to one or more
fingerprints stored in the fingerprint library data structure 100. The initial
search is an “optimistic” approach because the system is optimistic that the one

of the derivatives will be identical to or very similar to one of the feature



WO 2006/073791 PCT/US2005/046043

groups, _g}g%g_glgﬂyggeqlégi{grc_gfr_ﬁtggkﬁgumber of (server) fingerprints queried in search
of a match.

[Para 33] If the optimistic approach fails, then a “pessimistic” approach attempts to
match the received fingerprint to those stored in the server database one ata
time using heuristic and conventional search techniques.

[Para 34] Once the fingerprint is matched the audio recording’s corresponding
unique ID is used to correlate metadata stored on a database. A preferred
embodiment of this matching approach is described below with reference to
FIG. 6.

[Para 35] FIG. 3 is a flow diagram illustrating how a fingerprint is generated from a
multi-frame audio stream 300. A frame in the context of the present invention
is a predetermined size of audio data.

[Para 36]  Only a portion of the audio stream is used to generate the fingerprint. In
the embodiment described herein oﬁ\'ly 155 frames are analyzed, where each
frame has 8192 bytes of data. This embodiment performs the fingerprinting
algorithm of the present invention on encoded or compressed audio data whi'cﬁ
has been converted into a stereo PCM audio stream.

[Para 37] PCM is typically the format into which most conéumer electronics
products internally uncompress audio data. The present invention can be

.'performed on any type of audio data file or stream, and therefore is not limited
to operations on PCM formatted audio streams. Accordingly, any Arefe‘rence' to
specific memory sizes, number of frames, sampling rates, time, and the like are
merely for illustration.

[Para 38]  Silence is very common at the beginning of audio tracks and can

potentially lower the quality of the audio recognition. Therefore the present
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invention,ski s, ‘hgjIenﬁ;e;ga“t,?tihge,.,peginning of the audio stream 300, as illustrated
il B I o B i 0 2
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in step 300a. Silence need not be absolute silence. For example, low
amplitude audio can be skipped until the average amplitude level is greater
than a percentage (e.g., 1-2%) of the maximum possible and/or present volume
for a predetermined time (e.g., 2-3 second period). Another way to skip silence
at the beginning of the audio stream is simply to do just that, skip the
beginning of the audio stream for a predetermined amount of time (e.g., 10-12
seconds).

[Para 39] Next, each frame of the audio data is read into a memory and processed,
as shown in step 400. In the embodiment described herein, each frame size
represents roughly 0.18 seconds of standard stereo PCM audio. If other
standards are used, the frame size can be adjusted accordingly. Step 400,
which is described in more detail with reference to FIG. 4, processes each frame
of the audio stream. |

[Para 40] FIG. 4 illustrates the process performed on each audio frame object 300b.
At step 415, the frame is read. As each sampling point is read, in step 420, left

" and right channels are combined by summing and averaging the left and right
channel data corresponding to each sampling point. For example, in the case
of standard PCM audio, each sampling point will occupy four bytes (/.e., two
bytes for each channel). Other well-known forms of combining audio channels
can be used and still be within the scope of this invention. Alternatively, only
one of the channels can be used for the following analysis. This process is
repeated until the entire ffame has been read, as show in step 425.

[Para41] At step 426, data points are stored sequentially into integer arrays

corresponding to the predefined number of frequency families. More
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Hﬁ[&;lﬁﬁg‘lgr&)ﬁ,fe%gp:ap%yf:h{a,sx a-ength of a full cycle of one of the predefined

poa 1 R i L el

frequencies (i.e., stable frequencies) which, as explained above, also
corresponds to a family of frequencies. Since a full wavelength can be equated
to a given number of points, each array will have a different size. In other
words, an array of x points corresponds to a full wave having x points, and an
array of y points corresponds to a full wave having y points. The incoming
stream of points are accumulated into the arrays by placing the first incoming
data point into the first location of each array, the second incoming data point
is placed into the second location in each array, and so on. When the end of an
array is reached, the next point is added to the first location in that array.
Thus, the contents of the arrays are synchronized from the first point, but will
eventually differ since each array has a different length (i.e., represents a
different wavelength).

[Para 42]  After a full frame is processed, at step 430 each one of the accumulated

| arrays is curve fitted (ie., compared) to the “model” array of the perfect sine

curve for the same stable frequency. To compensate for any potential phase
differential, the array being compared is cyclically shifted N times, where N
represents the number of points in the array, and then summed with the modél
array to find the best fit which represents the level of “resonance” between the
audio and the model frequency. This allows tﬁe strength of the family of
frequencies.harmonically related to a given frequency to be estimated.

[Para 43] Referring again to FIG. 3, tlhe last step in the frame processing is

- combining pairs of frequency families, as shown in step 310.. This step reduces

the number of frequency families by adding the first array with the second, the

third with the fourth, and so on. For example, if the predetermined number of
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155 frames are processed, then each new array includes two of the original
sixteen families of frequencies yielding a 155 x 8 matrix of integer numbers
from 155 processed frames, where now there are 8 compound frequency
families.

[Para 44] Sometimes there are spikes in the audio data (e.g., pops and clicks),
which are artifacts. Trimming a percentage (e.g., 5%-10%) of the highest values
to the maximum fevel can improve the overall performance of algorithm by
allowing the most variation (/.e., the most significant range) of the audio
content. This is accomplished in Step 320 by normalizing the 155 x 8 matrix to
fit into a predetermined range of values (e.g., 0...255).

[Para 45] The audio data may be slightly shifted in time due to the way it is read
and/or digitized. That is, the recording may start playback a little earlier or
later due to the shift of the audio recording. For example, each time a vinyl LP
is played the needle transducer may; be placed by the user in a different
location from one playback to the next. Thus, the audio recording may not
start at the same location, which in effect shifts the LP’s start time. Similarly,
CD players may also shift the audio content differently due to difference in
track-gap playbaék‘algorithms. Before the fingerprint is created, another
summary mafrix is created including a subset of the original 155 x 8 matrix,
shown at step 325. This step smoothes the frequency batterr‘is and al‘low_sA
fingerprints to be slightly time-shifted, which improves recognition of time
altered audio. The frequency patterns are smoothed by summing the initial

155 x 8 matrix. To account for potential time shifts in the audio, a subset of
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the,resultjng.symmat

i Tl CTH

jon,is, ised, leaving room for time shifts. The subset is

referred to as a summary matrix.

[Para 46] In the embodiment described herein, the resulting summary matrix has
34 points, each representing the sum of 3 points from the initial matrix. Thus,
the summary matrix includes 34 x 3 = 102 points allowing for 53 points of
movement to account for time shifts caused by different playback devices
and/or physical media on which audio content is stored (e.g., +/- 2.5 seconds).
In practice, the shifting operations need not be point by point and may be
multiples thereof. Thus, only a small number of data points from the initial 155
X 8 matrix are used to create each time-shifted fingerprint, which can improve
the speed it takes to analyze time-shifted audio data.

[Para 47] FIG. 5 is a flowchart illustrating the final steps for creating a fingerprint.

“Various analyses are performed on the 34 x 8 matrix object 325 created in FIG.
- 3. In step 500, the 34 x 8 summary matrix is analyzed to determine the extent
of any differences between successive values within each one of the compound
frequency families. First, the delta of each pair of successive points within one
compound frequency family is determined. Next, the value of each element of

the 34 x 8 matrix is increased by double the delta with right and left
neighboring elements within the 34 points, thus rewardihg the element with
high “contrast” to its ‘neighbors (e.g., an abrupf change in émp!itude: levélj.

| [Para-48] Step.510 determines, for each poiht in the 34 x 8 matrix, which
frequencies are bredominant (e.g., frequency with highest amplitude) or with
very little presence. First, two 8 member arrays are created, where each
member of an array is a 4 byte integer. Fo}r the first 32 points of each row of

the 34 x 8 summary matrix, a bit in one of the newly created. arrays (SGN) is set
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xxxxx

exceeds the average of the entire matrix plus a fraction of its standard
deviation. For each of the first 32 points in the 34 x 8 summary matrix that is
below the average of the entire matrix minus a fraction of its standard deviation
a corresponding bit in the second newly created array (SGN_) is set to “on.” The
result of this procedure is the two 8 member arrays indicating the distributional
values of the original integer matrix, thereby reducing the amount of
information necessary to indicate which frequencies are predominant or not
present, which in turn helps make "processing more efficient.

[Para 49] In step 520, the 8 frequency families are summed together resulting in
one 32 point array. From this array, the average and deviation can be
calculated and a determination made as to which points exceed the average
plus its deviation. For each point in the 32 point array that exceeds the average
plus a fraction of the standard deviation, a corresponding bit in another 4-byte
integer (SGN1) is set “on.”

[Para 50] Some types of music have very little, if any, variation within a particular
span within the audio stream (e.g., within 34 points of audio data). In step‘530,
a measurement of the quality or “quality measurement factor” (QL) for the
fingerprint is defined as the sum of the total variation of the 3 highest variation-
frequency families.  Stated differently, the sum of all differences for each one
of the eight combined frequency families results in 8 values representing .a total
change within a given frequency family. The 3 highest values of the 8 values
are those with the most overall change. When added together, the 3 highest
values become the QL factor. The QL factor is thus a measuremnient of the

overall variation of the audio as it relates to the model frequency families. If
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tpgiigxe,.xé.s not, gngh,,\(aciaxglgnﬂthe fingerprint may not be distinctive enough to
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generate a unique fingerprint, and therefore, may not be sufficient for the audio
recognition. The QL factor is thus used to determine if another set of 155
frames from the audio stream should be read and another fingerprint created.

[Para 511 Instep 540,a 1 byte integer (SGN2) is created. This value is a bitmap
where 5 of its bits correspond to the 5 frequency families with the highest level
of variation. The bits corresponding to the frequency families with the highest
variation are set on. The variation determination for step 540 and step 530 are
the same. For example, the variation can be defined as the sum of differences
between values across all of the (time) points. The total of the differences is
the variation.

[Para 52]  Finally, in step 550, a | byte integer value (SGN3) is created to store the
translation of the total running time of the audio file (if known) to the 0...255
integer. This translation can take into account the actual running time
distribution of the audio content. For example, popular songs typically avefage
in time from 2.5 to 4 minutes. Therefore the majority of the 0...255 range
should be allocated to these times. The distribution could be quite different for

. classical music or for spoken ward.

[Paia .53] | One audio file can botentially have multiple fingerprints associated with
it. This might be necessary if the initial QL value is low. The fingerprint
Creation program continues to read the audio stream and create additional
fingerprints until the QL value reaches an acceptable level.

[Para 54]  Once the fingerprints have been created for all the available audio files
they can be put into the fingerprint library which includes a data structure

. optimized for the recognition process. As a first step the fingerprints are
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c[hl«u%te{ed inkor2 25 clusters;based an the SGN and SGN_ values (ie., the two
integer arrays discussed above with respect to step 510 in FIG. 5). The center
point of each cluster is written to the library. Then the whole set of fingerprints
is ordered by SGN2 which corresponds to the five frequency families with the
highest level of variation. '

.[Para 55]  All fingerprints are written into the library as binary data in an order
based on SGN2. As discussed above, SGN and SGN_ represent the most
predominant and least present frequencies, respectively. Out of 8 frequency
families there are five frequency bands that exhibit the highest level of
variation, which are denoted by the bits set in SGN2. Instead of storing 8
integers from each of the SCN and SGN_ arrays, only 5 each are written based
of the bits set in SGN2 (/.e., those corresponding to the highest variation
frequency families). Advantageously, this saves storage space _since the 3
frequency families with the lowest variation are much less likely to contribute to
the recognition. |

[Para 56] The variation data that remain have the most information. The record in
the database is as follows: 1 byte for SGN2, 1 Byte for cluster number, 4 bytes
for SGNT, 20 byteS for 5 SGN numbers, 20 bytes for 5 SGN_ numbers, 3 bytes
for the audio ID, and 1 byte for SGN3. The size of each fingerprint is thus 50
bytes.

"[Para 571 FIG. 6 is an audio file recognition engine for matching the unknowri audio
fingerprint to known fingerprint data stored in the ﬁngerprfnt library data
structure. As discussed above, the fingerprint for the unknown audio file is
created the same way as for the fingerprint library‘ and passed on to the

recognition engine. First, the recognition engine determines any potential
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against 255 cluster center points, as shown is 610.

[Para 58] In step 620, the recognition engine attempts to recognize the audio in a
series of data scans starting with the most direct and therefore the most
immediate match cases. The “instant” method assumes that SGN1 matches
precisely and SGN2 matches with only a minor difference (e.g., a one bit
variation). If the “instant” method does not yield a match, then a “quick”
method is invoked in step 630 which allows a difference (e.g., up to a 2 bit
variation) on SGN2 and no direct matches on SGN1.

[Para 59] If still no match is found, in step 640 a “standard” scan is used, which
may or may not match SGN2, but uses SGN2, SGN1 and potential fingerprint
cluster numbers as a quick heuristic to reject a large number of records as a
potential match. If still no match is found in step 650 a “full” scan of the
database is evoked as the last resort.

[Para 60] Each method keeps a running list of the best matches and the
‘corresponding match levels. If the purpose of recognition is to return a single
ID, the process can be interrupted at any point once an acceptable level of
match is reached, thus allowing for very fast and efficient recognition. If on the .
other hand, all possible matches need to be returned, the “standard” and “full”
scan should be used.

[Para 61] FIG. 7 illustrates a client-server baéed system for creating a fingerprint.
from an unknown audio file and for retrieving metadata in accordance with the

present invention. The client PC 700 may be any computer connected to a

network 760.
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[Para 62] The exchange of information between a client and a recognition server
750 include returning a web page with metadata based on a fingerprint. The
exchange can be automatic, triggered for example when an audio recording is
uploaded onto a computer (or a CD placed into a CD player), a fingerprint is
automatically generated using a fingerprint creation module (not shown), which
analyzes the unknown audio recording in the same manner as described above.
After the fingerprint creation engine generates a fingerprint 710, the client PC
700 transmits the fingerprint onto the network 760 to a recognition server 750,
which for examiple may be a Web server. Alternatively, the fingerprint creation
and recognition process can be triggered manually, for instance by a user
selecting a menu option on a computer which instructs the creation and
recognition process to begin.

[Para 63] The network can be any type of connection between any two or more
computers, which permits the transmission of data. An example of a network,
although it is by no means the only example, is the Internet.

[Para 64] A query on the fingerprint takes place on a recagnition-server 750 by
calculating one or more derivatives of the fingerprint and matching each
derivative to one or more fingerprints stored in a fingerprint library data
structure. Upon recognition of the fingerprint, the recognition server 750

" transmits audio identification and metadata via the network 760 to the client PC’
700. Internet protocols may be used to return data to the application which |
runs the client, which for example may be implemented in a web browser, such
as Internet Explorer, Mozilla or Netscape Navigator, or on a proprietary media

viewer.
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-[Para 65]  Alternatively, the invention may be implemented without client-server
architecture and/or without a network. Instead, all software and data necessary
for the practice of the present invention may be stored on a storage device
associated with the computer (also referred to as a device-embedded system).
in a most preferred embodiment the computer is an embedded media player.
For example, the device may use a CD/DVD drive, hard drive, or memory to
playback audio recordings. Since the present invention uses simple arithmetic
operations to perform audio analysis and fingerprint creation, the device’s
computing capabilities can be quite modest and the bulk of the device’s storage
space can be utilized more effectively for storing more audio recordings and
corresponding metadata.

[Para 66] As illustrated in FIG. 8, a recognition engine 830 may be installed onto
the device 800, which includes embedded data stored on a CD drive, hard drive,
or in memory. The embedded data may contain a complete set or a subset of
the information available in the databases on a recognition server 750 such as
the one described above with respect to FIG. 7. Updated databases may be
loaded onto the device using well known techniques for data transfer (e.g., FTP
protocol). Thus, instead of connecting to a remdte database server each tirme
fingerprint recognition is sought, databases may be downloaded and updated
occasionally from a remote host via a network. The databases may b‘e’
downloaded from a Web site via the Internet through a WI-Fl, WAP or Blu'efodfh
connection, or by docking the device to a PC and synchronizing it with a remote
server.

[Para 67] More particularly, after the fingerprint creation engine 810 generates a

fingerprint 840, the device 800 internally communicates the fingerprint 840 to
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an internal recognition engine 830 which includes a library for storing metadata
and audio recording identifiers (IDs). The recognition engine 830 recognizes a
match, and communicates an audio ID and metadata corresponding to the
audio recording. Other variations exist as well.

[Para 68] While the present invention has been described with respect to what is
presently considered to be the preferred embodiments, it is to be understood
that the invention is not limited to the disclosed embodiments. To the
contrary, the invention is intended to cover various modifications and
equivalent arrangements included within the spirit and scope of the appended
claims. The scope of the following claims is to be accorded the broadest
interpretation so as to encompass all such modifications and equivalent

structures and functions.
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What is claimed is:

[Claim 1] An apparatus for generating an audio fingerprint of an audio recording,

comprising:
memory adapted to store stable frequency family data corresponding to a plurality of
ible frequency families;
srocessor operable to curve fit audio recording data to at least one of the stable frequency -
nilies, extract at least one variation from the curve fitted audio recording data, and create
2 audio fingerprint of the audio recarding from the at least one variation.

[Claim 2] An apparatus according to Claim 1, the processor oper'abl‘e to combine
the frequency families of the curve fitted audio recording, create a sumrhary
matrix from a subset of the combined frequency families, and detect the at
least one variation from the summary matrix.

[Claim 3] An apparatus according to Claim 2, wherein the processor is further
operable to determine the difference between successive values within each one
of the combined frequency families and increase the value of each element of
the summary matrix.

[Claim 4] An apparatus according to Claim 2, wherein the at least one variation is

| based on at least one of the predominance and presence of the combined
frequency families.

[CIairﬁ 5] An apparatus according to Claim 2, the proces'sor‘furth'er opérable to -

- sum the frequency families of the summary matrix, average the summed
frequency and add a deviation to the average of the summed frequency
families, wherein the at least one variation is based on the average of the

summed frequency families plus the deviation.
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[Claim 6] An apparatus according to Claim 2, wherein the at least one variation is
the sum of the total variation of a predetermined number of the highest

variation frequency families.

[Claim 7] An apparatus according to Claim 2, wherein the at least one variation is
the sum of a predetermined number of the frequency families having the
highest level of variation.

[Claim 8] An apparatus according to Claim 2, wherein the memory is further
adapted to store an integer, wherein a-predetermined numbef of bits of the
fﬁfeger are set to indicate the frequ!ency families with the highest level of
variation.

[Claim 9] An apparatus according to Claim 2, wherein the at least one variation is
based on the translation of the total running time of an audio file.

[Claim 10]An apparatus according to Claim 1, wherein the processor is further
operable to measure the range of differences of a plurality of audio recordings
between-different renderings of said audio recordings and select a
predetermined number of frequencies having the highest degree of resistance
to the different renderings, thereby determining the stable frequency families.

"[Clai"rﬁ 11] An apparatus according to Claim 10, wherein the processor is further
operable to store in the‘ meméry the data corresponding to the stable frequency
families.

~ [Claim 12] An apparatus according to Claim 1, wherein the pr‘ocess‘or'ils fufth]éf

operable to sequentially store the audio recording data into a plurality 6f

integer arrays corresponding to the stable frequency families.
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[Claim 131An. apparatus according to Claim 12, wherein each ane of the integer
arrays nas a length of a full cycle corresponding to one of the stable frequency
families.

[Claim 14]An apparatus according to Claim 1, wherein the processor is further
operable to skip a predetermined amount of the audio recording data.

[Claim 15]An apparatus according to Claim 2, wherein the processor is further
operable to normalize the combined frequency families into a predetermined
range of values.

[Claim 16]An apparatus according to Claim 2, wherein the processor is further
operable to shift a plurality of points in the summary matrix.

[Claim 17]An apparatus according to Claim 2, wherein the processor is further
operable to compensate for a time shift in the audio recording.

| [Claim 18] An apparatus according to Claim 1, wherein the processor is further
operable to match the audio fingerprint to a known fingerprint stored in a
database.

[Claim 19]An apparatus according to Claim 1, wherein the processor is further
operable to recognize the audio fingerprint based on at least one of the
Variations.

[Claim 20] An apparatus according to Claim 18, wherein the procéssor is‘ further
addapted to retrieve metadata from the database corresponding to the aﬁdio
fingerprint. |

[Claim 21]A network computer system, comprising the apparatus for generating an
audio fingerprint of Claim 1.

[Claim 22] A device~embedded system, comprising the apparatus for generating an

audio fingerprint of Claim 1.
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[Claim 23] A method for generating an audio fingerprint of an audio recording,
comprising:
curve fitting audio recording data to at least one stable frequency family;
extracting at least one variation from the curve fitted audio recording data; and
creating the audio fingerprint of the audio recording from the at least one variation.
[Claim 24]A method according to Claim 23, further comprising:
combining the frequency families of the curve fitted audio recording;
creating a summary matrix from a subset of the combined frequency families; and
detecting the at least one variation from the summary matrix.
[Claim 25] A method according to Claim 24, further comprising:
determining the difference between successive values within each one of the combined
frequency families; and
increasing the value of each element of the summary matrix.
“[Claim 26] A method according to Claim 24, further comprising:
determining the predominance and presence of the combined frequency families, wherein
the at least onhe variation is based on the determination.
[Claim 27] A method according to Claim 24, further comprising:
summing the freqﬁency families of the summary matrix; and
averaging the result of the summing step; and
-adding a deviation to the averaging step,
wherein the at least one variation is based on the average of the summed frequency families
plus a deviation.
[Claim 28] A method according to Claim 24, further comprising:
summing the total variation of a predetermined number of the highest variation frequency

families, wherein the at least one variation is the result of the summing step.
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[Claim 29] A method aécording to Claim 24, further comprising:
summing a predetermined number of the frequency families having the highest level of
variation, wherein the at least one variation is the result of the summing step.

[Claim 30] A method according to Claim 24, further comprising:

setting a predetermined number of bits of an integer array to indicate the frequency
families with the highest level of variation.

[Claim 31] A method according to Claim 24, further comprising:

translating the total running time of an audio file, wherein the at least one variation is based
on the result of the translating step.
[Claim 32]A method according to Claim 23, further comprising:
measuring the range of differences of a plurality of audio recordings between different
renderings of said audio recordings; and
selecting a predetermined number of frequencies having the highest degree of resistance to
the different renderings, thereby determining the stable frequency families.
[Claim 33] A method according to Claim 32, further comprising:
recording the data corresponding to the stable frequency families.

[Claim 34] A method according to Claim 23, further comprising:
gequentially storing the audio recording data into a plurality of integer arrays corresponding
to the stable frequency families.

[Claim 35] A method according to Claim 34, wherein each one of the integer arrays
has a length of a full cycle corresponding to one of the stable f‘requency
families.

[Claim 36] A method according to Claim 23, further comprising:

skipping a predetermined amount of the audio recording data.

[Claim 37] A method according to Claim 24, further comprising:
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normalizing the combined frequency families into a predetermined range of values.
[Claim 3 8] A method according to Claim 24, further comprising:
shifting a plurality of points in the summary matrix.
[Claim 39] A method according to Claim 24, further comprising:
compensating for a time shift in the audio recording.
[Claim 40] A method according to Claim 23, further comprising:
matching the audio finvgerprint to a known fingerprint stored in a database.
[Claim 41] A method according to Claim 23, further comprising:
recognizing the audio fingerprint based on at least one of the variations.
[Claim 42] A method according to Claim 41, further comprising:
retrieving metadata from the database corresponding to the audio fingerprint.
[Claim 43]An apparatus for generating an audio fingerprint of an audio recording,
comprising:
means for curve fitting audio recording data to at least one stable frequency family;
means for extracting at least one variation from the curve fitted audio recording data; and
means for creating the audio fingerprint of the audio recording from the at least one
“variation.
[Claim 44]An appara;cus according to Claim 43, further comprising:
mieans for combining the frequency fahilies of the curve fitted audio recording;
means for creating a summary matrix from a subset of the combined frequency families;
and |
means for detecting the at least one variation from the summary matrix.
[Claim 45] An apparatus according to Claim 44, further comprising:
. means for determining the difference between successive values within each one of the

combined frequency families; and
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means for increasing the value .of each element of the summary matrix.
[Claim 46] An apparatus according to Claim 44, further comprising:
means for determining the predominance and presence of the combined frequency families,
wherein the at least one variation is based the determination.
[Claim 47] An apparatus according to Claim 44, further comprising:
means for summing the frequency families of the summary matrix; and
means for averaging the result of the summing s£ep; and
means for adding a deviation to the averaging step,
wherein the at least one variation is based on the average of the summed frequency families
_plus a deviation.
[Claim 48] An apparatus according to Claim 44, further comprising:
means for summing the total variation of a predetermined number of the highest variation
frequency families to obtain the at least one variation.
[Claim 49] An apparatus according to Claim 44, further comprising:
means for summing a predetermined number of the frequency families having the highest
level of variation to obtain the at least one variation.
[Claim 50] An apparatus according to Claim 44, further comprising:
means for setting a predetermiined number of bits of an integer array to indicate the
frequency families with the highest level of variation. |
[Claim 51] An apparatus according to Claim 44, further comprising:
means for translating the tptal running time of an audio file to obtain the at least one
variation.
[Claim 52] An apparatus according to Claim 43, further comprising:
means for measuring the range of differences of a plurality of audio recordings between

different renderings of said audio recordings; and
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means for selecting a predetermined number of frequencies having the highest degree of
resistance to the different renderings, thereby determining the stable frequency families.
[Claim 53] An apparatus according to Claim 52, further comprising:
means for recording the data corresponding to the stable frequency families.

[Claim 54] An apparatus according to Claim 43, further comprising:
means for sequentially storing the audio recording data into a plurality of integer means for
arrays corresponding to the stable frequency families.

[Claim 55] An apparatus according to Claim 54, wherein each one of the integer
arrays has a length of a full cycle corresponding to one of the stable frequency
families.

[Claim 56] An apparatus according to Claim 43, further comprising:

meéns for skipping a predetermined amount of the audio recording data.

[Claim 57]An apparatus according to Claim 44, further comprising:

. means for normalizing the combined frequency families into a predetermined range of
values.

[Claim 58] An apparatus according to Claim 44, further comprising:

means for shifting a plurality of points in the summary matrix.
[Claim 59] An apparatus‘according to Claim 44, further comprising:

m‘e.ans for compensating for a time shift in the audio recording.
[Claim 60] An apparatus according to Claim 43, further comprising:

fmeans for matching the audio fingerprint to a known fingerprint stored in a‘database.
[Claim 61] An apparatus according to Claim 43, further comprising:

means for recognizing the audio fingerprint based on at least one of the variations.
[Claim 62] An apparatus according to Claim 61, further comprising:

means for retrieving metadata from the database corresponding to the audio fingerprint.
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[Claim 63] Computer-readable medium containing code fokr generating an audio
fingerprint of an audio recording, said code for:
curve fitting audio recording data to at least one stable frequency family;
extracting at least one variation from the curve fitted audio recording data; and
creating the audio fingerprint of the audio recording from the at least one variation.
[Claim 64] Computer—feadable medium containing code according to Clairm 63,
further including code for:
combining the frequency families of the curve fitted audio recording;
creating a summary matrix from a subset of the combined frequency families; and
detecting the at least one variation from the summary matrix.
[Claim 65] Computer-readable medium containing code according to Claim 64,
| further including code for:
.determining the difference between successive values within each one of the combined
frequency families; and
increasing the value of each element of the summary matrix.
[Claim 66] Computer-readable medium containing code according to Claim 64,
further including code for:
determining the pr‘edominancé and ‘presence of the combined frequency families, wherein .
' “the at least one variation is based on the determination step. |
| [Claim 67] Computer-readable rﬁedium containing code according to Claim 64, -
further including code for:
summing the frequency families of the summary matrix; and
a\/éraging the result of the summing step; and

adding a deviation to the averaging step,
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wherein the at least one variation is based on the average of the summed frequency families
plus a deviation.
[Claim 68]Computer-readable medium containing code according to Claim 64,
further including code for:
summiing the total variation of a predetermined number of the highest variation frequency
families, wherein the at least one variation is the result of the summing step.
[Claim 69] Computer-readable medium containing code according to Claim 64,
further including code for:
summing a predetermined number of the frequency families having the highest level of
variation, wherein the at least one variation is the result of the summing step.
[Claim 70] Computer-readable medium containing code according to Claim 64,
further including code for:
setting a predetermined number of bits of an integer array to indicate the frequency
families with the highest level of variation.
[Claim 71] Computer-readable medium containing code according to Claim 64,
further including code for:

translating the total running time of an audio file, wherein the at least one variation is based

. on the result of the translating step.

[Claim 72]Computer-réadable medium containing code according to Claim 63,
further including code for:
measuring the range of differences of a plurality of audio recordings between different
renderings of said audio recordings; and
selecting a predetermined number of frequencies having the highest degree of resistance to

the different renderings, thereby determining the stable frequency families.
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[Claim 73] Computer-readable medium containing code aécording to Claim 72,

further including code for:
recording the data corresponding to the stable frequency families.

[Claim 74] Computer-readable medium contaivning code according to Claim 63,

further including code for:
sequén‘tially storing the audio recording data into a plurality of integer arrays corresponding
to the stable frequency families.

[Claim 75] Computer-readable medium containing code according to Claim 74,
wherein each one of the integer arrays has a length of a full cycle
corresponding to one of the stable frequency families.

[Claim 76] Computer-readable mediuh containing cade according to Claim 63,
further including code for:

skipping a predetermined amount of the audio recording data.

[Claim 77] Computer-readable medium containing code according to Claim 64,

further including code for:
normalizing the combined frequency families into a predetermined range of values.
[Claim 78] Computer-readable medium containing code according to Claim 64,
further including code for:
shifting a plurality of points in the summary matrix.
* [Claim 79] Computer-readable medium containing code according to Clairn 64,
further including code for:
compensating for a time shift in the audio recording.

[Claim 80] Computer-readable medium containing code according to Claim 63,

further including code for:

matching the audio fingerprint to a known fingerprint stored in a database.
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[Claim 81] Computer-readable medium containing code according to Claim 63,
further including code for:
recoghizing the audio fingerprint based on at least one of the variations.
[Claim 82] Computer-readable medium containing code according to Claim 81,
further including code for:
retrieving metadata from the database corresponding to the audio fingerprint.
[Claim 83] A network computer system executing the computer-readable medium of
Claim 63.
[Claim 84] A device-embedded system executing the computer-readable medium of

Claim 63.
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