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Description

Field

[0001] The present application relates to audio analysis of audio signals, and in particular, but not exclusively to the
computation of acoustic music similarities.

Background

[0002] Music can include many different audio characteristics such as beats, downbeats, chords, melodies and timbre.
There can be a number of practical applications for which it is desirable to identify at least some of the above audio
characteristics from a musical signal. Such applications can include music recommendation and electronic music dis-
tribution (EMD) applications in which music similar to a reference track is searched from a music catalogue or music
database. These applications typically use music similarity measures to characterize the music track, which facilitates
the searching of large music catalogues for potentially similar music.
[0003] In particular the character of music may be expressed in terms of the timbre of the music signal. Features
describing the timbre or other characteristics of the music signal may be used to form a pairwise comparison between
each music track within the music catalogue and the reference music track. However for large music catalogues this
process can be computationally demanding for the host computational device which can result in unacceptable delay
when processing a request for a set of musically similar audio tracks or songs.
[0004] The use of efficient content management techniques can enable large music catalogues of the order of tens
of millions of tracks to be searched efficiently and effectively for musically similar audio tracks or songs.
[0005] EP patent application 2273384 discloses a method and system for identifying similar audio tracks to a prede-
termined track in which a filtering method is used in order to identify a number of closest neighbouring candidates from
which the correct nearest neighbour tracks are determined.
[0006] Association for Computing Machinery (ACM) publication "Lightweight Measures for Timbral Similarity of Musical
Audio" by Levy and Sandler compares the performance of various lightweight measures for general music similarity
functions which would have wide application for searching and browsing musical audio tracks.

Summary

[0007] There is provided according to a first aspect a method comprising: extracting audio features of a first audio
track; extracting audio features of at least one further audio track; determining a divergence measure between a statistical
distribution of extracted audio features of the first audio track and a statistical distribution of extracted audio features of
the at least one further audio track by; quantising parameters of the statistical distribution of extracted audio features of
the first audio track; quantising parameters of the statistical distribution of extracted audio features of the at least one
further audio track; and reading the divergence measure from a look up table by using the quantised parameters asso-
ciated with the statistical distribution of extracted audio features of the first audio track and the quantised parameters
associated with the statistical distribution of extracted audio features of the at least one further audio track as inputs to
the look up table; determining a divergence measure threshold value from the divergence measure between the statistical
distribution of extracted audio features of the first audio track and the statistical distribution of extracted audio features
of the at least one further audio track; and comparing the divergence measure with the divergence measure threshold
value.
[0008] The method as described herein may further comprise: retaining the at least one further audio track dependent
on the comparison of the divergence measure with the divergence measure threshold value; and determining the audio
similarity of the retained at least one further audio track to the first audio track.
[0009] The look up table may comprise a particular divergence measure for at least a pre-determined pairing of
quantised parameters associated with the statistical distribution of extracted audio features of the first audio track with
quantised parameters associated with the statistical distribution of extracted audio features of at least an audio track
from a plurality of audio tracks.
[0010] Determining a divergence measure threshold value may comprise: determining a statistical distribution of di-
vergence measures from a plurality of divergence measures between the statistical distribution of extracted audio features
of the first audio track and the statistical distribution of extracted audio features of the at least one further audio track;
and determining a value of divergence measure which results in a pre-determined proportion of the statistical distribution
of divergence measures.
[0011] The at least one further audio track may be an audio track from a store comprising a plurality of audio tracks.
[0012] The audio features may be a vector of mel-frequency cepstral coefficients for an audio analysis frame.
[0013] The parameters associated with the statistical distribution of extracted audio features may comprise at least
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one of: mean vector of the mel-frequency cepstral coefficients for an audio analysis frame; and standard deviation vector
of the mel-frequency cepstral coefficients for an audio analysis frame.
[0014] The divergence measure may be based at least in part on an approximation of a symmetrized Kullback-Leibler
divergence measure.
[0015] The audio similarity of the pre-screened at least one audio track to the first audio track may at least in part be
based on a symmetrized Kullback-Leibler divergence measure.
[0016] The first audio track may be a seed audio track, and the store comprising the plurality of audio tracks may be
a catalogue of audio tracks of an electronic music distribution system.
[0017] According to a second aspect of there is provided an apparatus configured to: extract audio features of a first
audio track; extract audio features of at least one further audio track; determine a divergence measure between a
statistical distribution of audio features of a first audio track and a statistical distribution of audio features of at least one
further audio track by the apparatus being configured to: quantise parameters of the statistical distribution of extracted
audio features of the first audio track; quantising parameters of the statistical distribution of extracted audio features of
the at least one further audio track; and read the divergence measure from a look up table by using the quantised
parameters associated with the statistical distribution of extracted audio features of the first audio track and the quantised
parameters associated with the statistical distribution of extracted audio features of the at least one further audio track
as inputs to the look up table; determine a divergence measure threshold value from the divergence measure between
the statistical distribution of extracted audio features of the first audio track and the statistical distribution of extracted
audio features of the at least one further audio track; and compare the divergence measure with the divergence measure
threshold value.
[0018] The apparatus as described herein may be further configured to perform additional method steps according to
the first aspect.
[0019] In a third aspect, this specification describes a computer program product comprising at least one computer
readable non-transitory medium having program code stored thereon, the program code, when executed by an apparatus,
causing the apparatus at least to perform a method according to the first aspect.

Brief Description of Drawings

[0020] For better understanding of the present invention, reference will now be made by way of example to the
accompanying drawings in which:

Figure 1 shows schematically an electronic device employing some embodiments;
Figure 2 shows schematically at least part of an electronic music distribution system according to some embodiments;
Figure 3 shows schematically an acoustic audio similarity analyser as shown in Figure 2 according to some embod-
iments;
Figure 4 shows schematically the operation of the acoustic audio similarity analyser of Figure 3 according to some
embodiments;

[0021] The audio similarity of the pre-screened at least one audio track to the first audio track may be based on a
symmetrized Kullback-Leibler divergence measure.
[0022] The first audio track may be a seed audio track, and the store comprising the plurality of audio tracks may be
a catalogue of audio tracks of an electronic music distribution system.
[0023] There is according to a third aspect an apparatus comprising at least one processor and at least one memory
including computer program code for one or more programs, the at least one memory and the computer program code
configured to, with the at least one processor, cause the apparatus to perform at least: determine a divergence measure
between a statistical distribution of audio features of a first audio track and a statistical distribution of audio features of
at least one further audio track; determine a divergence measure threshold value from at least the divergence measure
between the statistical distribution of audio features of a first audio track and the statistical distribution of audio features
of the at least one further audio track; and compare the divergence measure with the divergence measure threshold value.
[0024] The apparatus as described herein may be further caused to: retain the at least one further audio track dependent
on the comparison of the divergence measure with the divergence measure threshold value; and determine the audio
similarity of the retained at least one further audio track to the first audio track.
[0025] The divergence measure comprises parameters associated with the statistical distribution of audio features of
the first audio track and parameters associated with the statistical distribution of audio features of the at least one further
audio track.
[0026] The apparatus caused to determine the divergence measure between the statistical distribution of audio features
of a first audio track and the statistical distribution of audio features of the at least one further audio track may be further
caused to quantise the parameters associated with the statistical distribution of audio features of the first audio track;
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quantise the parameters associated with the parameters associated with the statistical distribution of audio features of
the at least one further audio track; and read the divergence measure from a look up table by using the quantised
parameters associated with the statistical distribution of audio features of the first audio track and the quantised param-
eters associated with the statistical distribution of audio features of the at least one further audio track as inputs to the
look up table.
[0027] The look up table may comprise a particular divergence measure for at least a pre-determined pairing of
quantised parameters associated with the statistical distribution of audio features of the first audio track with quantised
parameters associated with the statistical distribution of audio features of at least an audio track from a plurality of audio
tracks.
[0028] The apparatus configured to determine a divergence measure threshold value may be further configured to:
determine a statistical distribution of divergence measures from a plurality of divergence measures between the statistical
distribution of audio features of the first audio track and the statistical distribution of audio features of the at least one
further audio track; and determine a value of divergence measure which results in a pre-determined proportion of the
statistical distribution of divergence measures.
[0029] The at least one further audio track may be an audio track from a store comprising a plurality of audio tracks.
[0030] The audio features may be a vector of mel-frequency cepstral coefficients for an audio analysis frame.
[0031] The parameters associated with the statistical distribution of audio features may comprise at least one of: mean
vector of the mel-frequency cepstral coefficients for an audio analysis frame; and standard deviation vector of the mel-
frequency cepstral coefficients for an audio analysis frame.
[0032] The divergence measure may be based on an approximation of a symmetrized Kullback-Leibler divergence
measure.
[0033] The audio similarity of the pre-screened at least one audio track to the first audio track may be based on a
symmetrized Kullback-Leibler divergence measure.
[0034] The first audio track may be a seed audio track, and the store comprising the plurality of audio tracks may be
a catalogue of audio tracks of an electronic music distribution system. A computer program code may be configured to
realize the actions of the method herein when executed by a processor.
[0035] An electronic device may comprise apparatus as described herein.
[0036] A chipset may comprise apparatus as described herein.

Brief Description of Drawings

[0037] For better understanding of the present invention, reference will now be made by way of example to the
accompanying drawings in which:

Figure 1 shows schematically an electronic device employing some embodiments;
Figure 2 shows schematically at least part of an electronic music distribution system according to some embodiments;
Figure 3 shows schematically an acoustic audio similarity analyser as shown in Figure 2 according to some embod-
iments;
Figure 4 shows schematically the operation of the acoustic audio similarity analyser of Figure 3 according to some
embodiments;
Figure 5 shows schematically the offline mode of operation of the pre-screener within the acoustic audio similarity
analyser of Figure 3; and
Figure 6 shows schematically the online mode of operation of the pre-screener within the acoustic audio similarity
analyser of Figure 3.

Description of Some Embodiments

[0038] The following describes in more detail possible acoustic music similarity analysers. In this regard reference is
first made to Figure 1 which shows a schematic block diagram of an exemplary computing device or apparatus 10, which
may incorporate a music similarity analyser according to an embodiment of the application.
[0039] The apparatus 10 may for example be a computer system or computer server adapted to communicate over
a fixed or wireless network. In other embodiments the apparatus may be for example a mobile terminal, user equipment
of a wireless communication system or any other computer system suitable for processing audio signals.
[0040] The computing device or apparatus 10 may be programmed (e.g., via computer program code or instructions)
to process and analyse audio signals for similarities described herein and includes a communication mechanism such
as a bus 110 for passing information between various internal and external components of the computer device 10.
[0041] The computing device 10, or a portion thereof, may constitute means for performing one or more steps analysing
audio signals for the purpose of determining acoustic audio similarities.
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[0042] The processor (or multiple processors) 102 may perform as specified by a computer program code a set of
operations on information relating to analysing music signals for the purpose of determining acoustic music similarities.
[0043] The computer program code in embodiments is a set of instructions or statements providing instructions for
the operation of the processor and/or the computer system to perform specified functions. The computer code, for
example, may be written in a computer programming language that is compiled into a native instruction set of the
processor. The code may also be written directly using the native instruction set (e.g., machine language).
[0044] The set of operations as determined by the computer code may include retrieving information from the bus
110. The set of operations may also include: comparing two or more units of information; shifting positions of units of
information, and combining two or more units of information. These operations may be performed on a processor 102
by utilising operators such as by addition or multiplication or logical operator such as OR, exclusive OR (XOR), and
AND. The processor 102 may be instructed to perform each operation by using processor instructions. The processor
instruction in its simplest form may be derived from a set of basic operation codes which may be sequenced together
as a set of processor or computer instructions.
[0045] The computing device or apparatus 10 may also include a memory 104 coupled to the bus 110. The memory
104, which can be random access memory (RAM) or any other dynamic storage device, may be arranged to store
information including processor instructions for determining acoustic music similarities in audio signals. The memory
104 may also be arranged to hold temporary values used during execution of processor instructions.
[0046] The apparatus 10 may also comprise static based memory such as read only rom (ROM) 106 which can be
used for the storage of program codes and static variables which do not change during the execution of a program. As
above, the static based memory may also be arranged to be coupled to the bus 110 thereby enabling the movement of
program instructions and the like to the processor for execution.
[0047] The processor 102 can in some embodiments be configured to execute various program codes. The imple-
mented program codes in some embodiments comprise a code for determining acoustic audio (or music) similarities in
audio signals as described herein. The implemented program codes can in some embodiments be stored for example
in the memory 104 for retrieval by the processor 102 via the bus 110 whenever needed. The memory 104 could further
provide a section for storing data, for example data that has been processed in accordance with the application.
[0048] Figure 1 also depicts is a non-volatile (persistent) storage device 108 coupled to the bus 110. The storage
device 108 may take the form of a magnetic disk, optical disk or flash card, and may also be used for storing information
such as program instructions.
[0049] Shown in Figure 1 is an external input device 112 such as a keyboard by other sensors, which may be used
to impart information from a user to the apparatus or computing device 10.
[0050] Display devices 114 may also be coupled to the bus 110, which may be of the form of at least a cathode ray
tube (CRT), a liquid crystal display (LCD), a light emitting diode (LED) display, an organic LED (OLED) display, a plasma
screen, or a printer for presenting text or images. Additionally the apparatus 10 may also have an external pointing
device 116 for controlling a position of a small cursor image and issuing commands and associated with graphical
elements presented on the display 114. Such devices may be at least one of a mouse, a trackball, cursor direction keys,
and a motion sensor. In some embodiments, the apparatus 10 may perform all its functions automatically without the
need for human input. In such embodiments one or more of the external input devices may be omitted.
[0051] The apparatus 10 may also comprise special purpose hardware, such as an application specific integrated
circuit (ASIC) 120, linked to the bus 110. The special purpose hardware 120 may be structured to perform task specific
operations in a manner which may be more efficient than performing the same task on the processor 102.
[0052] The apparatus 10 may also include one or more instances of a communications interface 170 coupled to bus
110. The communication interface 170 may provide one-way or two-way communication in order to couple a variety of
external devices such as printers, scanners and external disks. For example, the communication interface 170 may be
a parallel port or a serial port or a universal serial bus (USB) port on a personal computer. In some embodiments,
communications interface 170 may be an integrated services digital network (ISDN) card or a digital subscriber line
(DSL) card or a telephone modem which may provide a communication connection to a telephone line of some description.
In some embodiments, the communication interface 170 may be a cable modem which converts signals from the bus
110 into signals suitable for communication over a coaxial cable or optical fibre. In other examples, the communication
interface 170 may be a local area network (LAN) card to provide data communication connection over a LAN, such as
Ethernet.
[0053] The apparatus 10 may also comprise wireless links whereby the communications interface 170 may send or
receive digital electrical, acoustic or electromagnetic signals, including infrared and optical signals. For example, in
wireless handheld devices, such as a mobile telephone or the like, the communications interface 170 may include a
radio band electromagnetic transmitter and receiver called a radio transceiver. The apparatus 10 may then be configured
to receive a bit stream with representing digitised or encoded audio music signals for processing by the processor 102
via the communication interface 170.
[0054] In some embodiments the communication interface 170 may enable connection to wireless networks using
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cellular transmission protocols such as Enhanced Data for Global Evolution (EDGE), General Packet Radio Service
(GPRS), Global System for Mobile communication (GSM), Internet protocol multimedia systems (IMS), universal mobile
telecommunications systems (UMTS), as well as any other suitable wireless access protocols such as microwave access
(WiMAX), Long Term Evolution (LTE) networks, code division multiple access (CDMA), wideband code division multiple
access (WCDMA), wireless fidelity (WiFi), satellite, and the like, or any combination thereof. In some embodiments, the
communications interface 170 may enable the apparatus 10 to be connected to a mobile terminal or user equipment of
a wireless communication system or any other computer based device suitable for processing audio signals such as a
video camera, a Television (TV) receiver, audio recorder or audio player such as a mp3 recorder/player, a media recorder
(also known as a mp4 recorder/player) and the like.
[0055] It is to be understood that the structure of the apparatus 10 could be supplemented and varied in many ways.
[0056] The apparatus 10 may comprise an analogue-to-digital converter in order to convert the input analogue audio
signal into a digital audio signal and provides the digital audio signal to the processor 102.
[0057] The processor 21 in such embodiments then processes the digital audio signal in the same way as described
with reference to Figures 2 to 6.
[0058] The general operation of electronic music distribution systems as employed by embodiments is shown in Figure
2. Illustrated by Figure 2 is at least part of an electronic music distribution system comprising an audio track catalogue
or an audio track database of digitised audio tracks 22 and an acoustic audio similarity analyser 20.
[0059] The acoustic audio similarity analyser 20 determines the music features of the digitised seed audio track 21
and the music features of a digitised catalogue audio track from the song catalogue 22. The music similarity analyser
20 can then determine a distance metric between the features of the seed audio track and the features of a catalogue
audio track. This process may be repeated by the acoustic audio similarity analyser 20 for a number of the catalogue
audio tracks contained within the song catalogue 22. The acoustic audio similarity analyser 20 produces an output 23
comprising information relating to the most similar catalogue audio track or a group of most similar catalogue audio
tracks to the musical characteristics of the seed audio track 21.
[0060] It would be appreciated that the schematic structures described in Figures 1, 2 and 3, and the method steps
shown in Figures 4, 5 and 6 represent only a part of the operation of an acoustic audio similarity analyser apparatus or
method as exemplarily shown implemented in the apparatus shown in Figure 1.
[0061] It is to be understood herein that the audio music song over which members of the database of audio tracks
may be compared is termed the seed audio track.
[0062] It is to be further understood herein that an audio track from the catalogue or database of audio tracks is termed
a catalogue audio track.
[0063] It is also to be understood herein that the seed audio track may also be a song from the catalogue. That is, in
one example use of the invention, the method is used to compute a set of similar audio tracks for each of the audio
tracks in the catalogue and in this case each audio track from the catalogue is the seed audio track while similarities for
said seed audio track are calculated.
[0064] The concept for the embodiments as described herein is to determine a pre-screening distance metric between
a seed audio track and each of a plurality of audio tracks collated in a library, database or catalogue of some description.
The pre-screening metric may provide an initial estimate as to the similarity between the seed audio track and each of
the audio tracks contained within the catalogue. The initial estimates (or pre-screening metrics) for each combination of
seed audio track and audio music song from the catalogue may be used to identify a subset of promising similar audio
tracks. The subset of promising similar audio tracks identified from the catalogue may then be further processed using
a further song distance measure in order to either identify the most similar audio music song to the seed audio music
song or order the subset of promising similar audio tracks in order of similarity to the seed audio track. The pre-screening
metric may be determined rapidly and efficiently for a pairing between the seed audio track and an audio track from the
catalogue, thereby allowing the content of the audio music catalogue to be quickly scanned for potential audio tracks
which may be similar to the seed audio track. To that respect Figure 3 depicts an example acoustic audio similarity
analyser 20 according to some embodiments.
[0065] Figure 4 shows schematically in a flow diagram the operation of the acoustic audio similarity analyser 20. The
operation of the acoustic audio similarity analyser 20 will be described from herein in conjunction with Figure 3.
[0066] With reference to Figure 3 the acoustic audio similarity analyser 20 may be arranged to receive a digitised
audio track from the music catalogue 22 along the input link 302. Additionally the acoustic audio similarity analyser 20
may also be arranged to receive a further input along the link 304 whereby the digitised seed audio track may be passed
to the acoustic audio similarity analyser 20.
[0067] The acoustic audio similarity analyser 20 may be configured to receive both the inputs 302 and 304 at the audio
feature extractor 301. The music feature extractor may be arranged to extract features from each of the audio tracks on
the inputs 302 and 304. In embodiments the audio feature extractor 301 may be arranged to extract those features from
each of the audio tracks which are deemed salient to the identification their musical character.
[0068] In a first group of embodiments the audio feature extractor 301 may be configured to extract features from each
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of the input audio tracks in the form of Mel-Frequency Cepstral Coefficients (MFCC).
[0069] In the first group of embodiments the MFCCs may be extracted by first segmenting the input audio track into
analysis frames, for which each analysis frame contains a plurality of audio track sample points. For example the input
audio track may be divided into analysis frames each of 2048 samples points. A short time frequency spectrum may
then be determined for each analysis frame. Typically this may be performed using a Discrete Fourier Transform (DFT)
or a derivative thereof such as the Fast Fourier Transform (FFT). The powers of the short time frequency spectrum may
then be mapped on to a psychoacoustic frequency scale using an overlapping window function.
[0070] In one particular group of embodiments the psychoacoustic scale may be a mel scale and the overlapping
window function used to map the spectral powers may be a triangular window function. The log of the spectral powers
for each mel frequency may be then be found, and the MFCCs can then be determined by calculating the Discrete
Cosine Transform (DCT) over the mel log spectral powers.
[0071] It is to be appreciated in embodiments that the low order MFCCs can represent the slowly changing spectral
envelope of the audio signal, whilst high order MFCCs can typically represent the fast variations in the spectrum of the
audio signal, such as the pitch content.
[0072] The MFCCs extracted for each analysis frame may provide a representation of the local timbre of the audio track.
[0073] In other embodiments other features may also be extracted from the input audio track. For example, these may
include the tempo of the audio track in beats per minute (BPM), downbeats, strengths of different amplitude modulation
frequencies, loudness, energy, roughness, spectral irregularity, spectral flatness, chorus, fundamental frequencies or
melody, section boundaries (intro, verse, chorus, outro), key, chords, the presence of vocals, singer gender and instru-
mentation..
[0074] The output from the audio feature extractor 301 may be connected to a pre-screener 305.
[0075] In embodiments the output may comprise the extracted features of the input seed audio track 304 on an analysis
frame by analysis frame basis.
[0076] Furthermore, the output from the audio feature extractor 301 can also comprise the extracted features from a
catalogue audio track 303 also on an analysis frame by analysis frame basis.
[0077] In a first group of embodiments these features can be represented as MFCCs on an analysis by analysis frame
basis.
[0078] For example, in some embodiments an analysis frame may have a time span of 40ms with twenty MFCCs per
frame.
[0079] It is to be appreciated in embodiments that the audio feature extractor 301 may extract the features for each
of the plurality of audio tracks from the music catalogue 303 in addition to the features of seed audio track passed 304.
[0080] For example, for each seed audio track passed as input to the acoustic music similarity analyser 20 the music
feature extractor 301 may extract the MFCCs for each analysis frame of the input seed audio track 304, and the MFCCs
relating to each analysis frame for each of the audio music songs searched from the music catalogue 303.
[0081] It is to be appreciated in embodiments that the features extracted for the seed audio track 304 may only need
to be determined once per search of catalogue. Accordingly, for a search involving a plurality of music songs from the
catalogue 303, the pre-screener 305 may store the features extracted from the seed audio track 304 in order to obviate
the need to continually recalculate them. Correspondingly, the features extracted from each of the catalogue audio tracks
may be stored and therefore are only extracted once for each audio track. The extraction of features can be done in a
parallel manner utilizing large computer clusters, where the feature extraction can be run for a plurality of audio tracks
simultaneously.
[0082] The steps of extracting features from the seed audio track and a catalogue audio track are shown as processing
steps 401 and 403 in Figure 4.
[0083] The pre-screener 305 may be arranged to compare a plurality of catalogue audio tracks with the seed audio
track 304 for acoustic audio similarities in order to determine a subset of catalogue audio tracks 302. The subset of
catalogue audio tracks 302 may then be subjected to further audio similarity analysis.
[0084] In embodiments the pre-screener 305 may use a measure of distance between the features of the seed audio
track and the features of a catalogue audio track in order to determine an estimate of the audio similarity between the
two songs.
[0085] In a first group of embodiments the spectral similarity between the seed audio music song and the audio music
song from the catalogue 203 may be determined by using the calculated MFCCs from the respective audio tracks. In
essence the first group of embodiments may cluster frames of MFCCs from the seed audio track and cluster frames of
MFCCs from a catalogue audio track and then compare the distance between the two clusters in order to obtain a
measure of similarity.
[0086] In the first group of embodiments the clustering of analysis frames of MFCCs may be modelled a single mul-
tivariate Gaussian density function. For instance, the cluster of analysis frames of MFCCs for the seed audio track may
be denoted by the multivariate Gaussian probability density function (pdf) p, and the cluster of analysis frames of MFCCs
for the catalogue audio track may be denoted by the multivariate Gaussian pdf q.
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[0087] It is to be appreciated in embodiments that the dimension of the multivariate Gaussian pdf is given by the order
of the MFCCs in an analysis frame.
[0088] In embodiments the pre-screener 305 may determine the distance or divergence between the Gaussian pdf of
the seed audio track and the Gaussian pdf of the catalogue audio track by using an approximation to the symmetrized
Kullback-Leibler divergence measure.
[0089] The symmetrized Kullback-Leibler divergence between the two Gaussian pdfs p and q may be given as 

where KL(p|q) is the Kullback-Leibler divergence between the pdfs p and q. It is to be appreciated that the Gaussian
pdfs p and q may represent the Gaussian distribution of MFCCs for the seed audio track p and a catalogue audio track
q respectively, or vice versa.
[0090] The above Kullback-Leibler divergence measure may be expressed in terms of the mean vector mp, the cov-

ariance matrix Σp and the inverse covariance matrix  for the Gaussian distribution of MFCCs for the seed audio

track p, and the mean vector mq, the covariance matrix Σq and the inverse covariance matrix  for the Gaussian

distribution of MFCCs for a catalogue audio track q. 

[0091] Where Tr denotes the trace of a matrix, and d is the order of MFCC analysis, in other words the number of
MFCCs per analysis frame.
[0092] It is to be appreciated that the mean vectors mq and mp will have the dimension of d x 1, and the covariance

and inverse covariance matrices ∑p, ∑q,  and  will have the dimension d x d.

[0093] It is to be further appreciated that the mean vectors mq and mp refer to the mean of the d MFCC vector
components across all analysis frames for an audio track, and correspondingly the covariance matrix refers to the second
central moments of the d MFCC vector components across all analysis frames for an audio track. That is, the element
in the i, j position of the covariance matrix represents the covariance of the ith and jth feature vector component, estimated
over all the analysis frames for an audio track. In some alternative embodiments, a subset of the analysis frames may
beused for estimating the mean and the covariance. Examples include embodiments where, for example, only analysis
frames where the energy exceeds a predetermined threshold are used in the mean and covariance estimation. Such
operation may be desirable to exclude silent frames from affecting the estimates.
[0094] As stated above, the pre-screener 305 may use an approximation to the Kullback-Leibler divergence. The
approximation may be formulated by expressing the Kullback-Leibler divergence in terms of diagonal-covariance Gaus-
sian densities.
[0095] The approximation to the Kullback-Leibler divergence measure may be expressed as 

where mp(i) and mq(i) are the ith component of the MFCC mean vectors mp and mq respectively, and vp(i) is the ith
component of the MFCC inverse standard deviation corresponding to the density p which is obtained by inverting the
square root of the diagonal variance term i of ∑p, and vq(i) is the ith component of the corresponding MFCC inverse
standard deviation relating to the density q.
[0096] In embodiments the pre-screener 305 may have two modes of operation. In a first mode the pre-screener 305
may operate in a training mode in which the pre-screener may be arranged to work in a so called offline mode. In the
second mode the pre-screener 305 maybe arranged to work as in online classifier whereby audio tracks from the
catalogue 203 may be processed for their audio similarity with the seed audio track 304.
[0097] There is shown in Figure 5 a flow chart depicting the offline or training mode of operation of the pre-screener 305.
[0098] During the offline or training mode the pre-screener 305 may be arranged to formulate the above approximation
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of the Kullback-Leibler divergence measure as a set of pre-calculated values which may be stored in a lookup table.
This may provide the technical advantage of simplifying the Kullback-Leibler divergence calculation when the pre-
screener 305 subsequently operates in the online mode.
[0099] In the training mode the pre-screener 305 may initially calculate a value for a global MFCC mean vector and
a global MFCC standard deviation vector from at least some of the audio tracks contained within the music catalogue
303. This operation may be performed using either a subset of audio tracks contained within the music catalogue 303
or the entire set of audio tracks contained within the music catalogue 303.
[0100] The set of audio tracks from the catalogue 303 over which the global MFCC mean vector and global MFCC
standard deviation are determined may be referred to as the training database.
[0101] In embodiments the global mean vector may be determined by taking the mean of the mean vectors for each
audio track within the training database. The global standard deviation may be determined by taking the mean of the
standard deviation vectors for each audio track within the training database. The standard deviation is the square root
of the variance, which can be obtained from the covariance matrix which has been stored for each audio track.
[0102] The steps of determining the global MFCC mean vector and the global MFCC standard deviation vector for the
training database is shown as processing steps 501 and 503 in Figure 5.
[0103] The MFCC mean vector for each member audio track of the training base may then be normalised by removing
the global mean vector. In embodiments this may be expressed as 

where mt(i) is a component of a MFCC mean vector mt associated with an audio track within the training database, and
where mG(i) is a component of the global mean MFCC vector determined for the training base.
[0104] The step of normalising each audio track MFCC mean vector from the training database with the global MFCC
mean vector is shown as processing step 505 in Figure 5.
[0105] The MFCC standard deviation for each audio track within the training database may also be normalised in
relation to the global MFCC standard deviation. In embodiments the normalisation can be expressed as 

where σt(i) is the standard deviation of the ith MFCC for an audio track of the training database and σG(i) is the corre-
sponding standard deviation component from the global MFCC standard deviation calculated over the entire training
base. It is to be appreciated in embodiments that both the normalised MFCC mean vector and normalised MFCC standard
deviation vector for each song in the training database is a vector comprising d vector components.
[0106] The step of normalising each audio track MFCC standard deviation vector from the training database with the
global MFCC standard deviation vector is shown as processing step 505 in Figure 5.
[0107] In embodiments the normalised mean vectors and the normalised standard deviations for each audio track
within the training database may each be used to train a vector quantizer. In other words, the normalised mean vectors
can be used to train a vector quantizer for the quantisation of the normalised mean vectors, and the normalised standard
deviations can be used to train a vector quantizer for the quantization of the normalised inverse standard deviations.
[0108] In embodiments, a vector quantizer may be trained by partitioning the d dimensional vector space into a number
of regions or cells and assigning a codevector to each region or cell. The codevector for each region may be determined
by using approaches such as the K means iterative clustering algorithm over the training base. However, it is to be
understood that other embodiments may equally adopt other approaches to training vector quantizers, such as for
example Lloyd-max quantization, or using alternative clustering approaches such as min-max clustering, various divisive
or agglomerative clustering methods, Gaussian mixture models, or the like.
[0109] In an example of a first group of embodiments the vector space for the normalised mean vectors may be
partitioned into 32 regions using a K-means clustering algorithm. This will result in a vector quantizer codebook comprising
25 quantization levels.
[0110] The step of training the vector quantizer for the normalised MFCC mean vectors is shown as processing step
509 in Figure 5.
[0111] In a further example of the first group of embodiments the vector space for the normalised inverse standard
deviation vectors may be partitioned into 16 regions also by using the K-means clustering algorithm. This will result in
a vector quantizer codebook comprising 24 quantization levels.
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[0112] The step of training the vector quantizer for the normalised MFCC inverse standard deviation vectors is shown
as processing step 511 in Figure 5.
[0113] Finally, the pre-screener 305, as part of the off line mode of operation, may construct a look up table comprising
values of the approximation to the Kullback-Leibler divergence measure as given by equation 2. In particular each look
up table entry may comprise the value of the Kullback-Leibler divergence measure for a particular pairing of normalised
MFCC mean codevector and normalised MFCC inverse standard deviation codevector.
[0114] In the first group of embodiments the look up table may be constructed for all possible combinations of pairings
of normalised MFCC mean codevectors with normalised MFCC inverse standard deviation codevectors. For instance,
in the above example in which there is deployed a normalised MFCC mean codebook of size 25 and a normalised MFCC
inverse standard deviation codebook of size 24 codevectors there may be up to 25 3 24 look up table entries.
[0115] The step of generating the look up table of values for the approximation to the Kullback-Leibler divergence
measure for combinations of normalised MFCC mean codevectors and normalised MFCC inverse standard deviation
codevectors is shown as processing step 513 in Figure 5.
[0116] In embodiments the global MFCC mean vector and global MFCC standard deviation vector may be stored for
subsequent use by the pre-screener 305 when operating in an online mode of operation.
[0117] As stated above the pre-screener 305 maybe also be arranged to work as an online classifier (online mode)
in which catalogue audio tracks may be processed for their audio similarity with the seed audio track 304.
[0118] In the online mode of operation the pre-screener 305 may be configured to pre-screen audio tracks from the
audio catalogue 303 for their audio similarity with the seed audio track 304. In embodiments this pre-screening mode
of operation may take the form of determining a subset of audio tracks from the audio catalogue 303 which are most
similar to the seed audio track 304.
[0119] In a first group of embodiments the online mode of operation maybe realised by determining a plurality of
divergence measures where each divergence measure is related to the divergence between the distribution of MFCCs
of a seed audio track and a distribution of MFCCs of one of a plurality of catalogue audio tracks. The plurality of divergence
measures may then be used to populate a histogram from which a threshold may be set in order to determine which
catalogue audio tracks may form the subset of most similar catalogue audio tracks.
[0120] Figure 6 is a flow diagram depicting the online classifier mode of operation of the pre-screener 305.
[0121] Initially, in the online mode of operation, the pre-screener 305 may be arranged to receive from the music
feature extractor 301 the MFCC features for each analysis frame of the seed audio track 304.
[0122] The step of receiving the MFCC features for each analysis frame of the seed audio track is shown as processing
step 601 in Figure 6.
[0123] The pre-screener 305 may then determine the MFCC mean vector for the seed song, and then normalise said
MFCC mean vector with the pre-stored global MFCC mean vector. The MFCC mean vector may be normalised according
to equation 3 above.
[0124] Additionally, the pre-screener 305 may also be arranged to determine the MFCC standard deviation vector for
analysis frames of the seed audio track, and normalise said MFCC standard deviation vector with the pre-stored global
MFCC standard deviation vector. The MFCC standard deviation vector may be normalised according to equation 4 above.
[0125] The step of determining the normalised MFCC mean vector and normalised MFCC standard deviation vector
for the seed audio track is shown as processing step 603 in Figure 6.
[0126] Additionally, in the online mode of operation, the pre-screener 305 may also be arranged to receive from the
music feature extractor 301 the MFCC based music features for each analysis frame of a catalogue audio track.
[0127] The step of receiving the MFCC based music features for each analysis frame of a catalogue audio track is
shown as processing step 605 in Figure 6.
[0128] As above the pre-screener 305 may also be arranged to determine the MFCC mean vector for the catalogue
audio track and normalise said vector using the global MFCC mean vector according to equation 3 above.
[0129] Furthermore, the pre-screener may also be arranged to determine the covariance matrix of MFCCs from the
analysis frames, and its corresponding inverse. The standard deviation vector is later obtained from the covariance
matrix, and the covariance matrix and its inverse may be later needed for the calculation of the subsequent full audio
similarity measure.
[0130] The step of determining the normalised MFCC mean vector and the normalised MFCC standard deviation
vector for a catalogue audio track is shown as processing step 607 in Figure 6.
[0131] The pre-screener may then quantize the normalised MFCC mean vectors for both the seed audio track and
the catalogue audio track using the MFCC mean vector quantizer determined as part of the offline mode of operation.
[0132] The quantization steps may then result in a normalised MFCC mean codevectors for both the seed and catalogue
audio tracks which can then be mapped to the pre-determined lookup table of approximated Kullback-Leibler values.
[0133] The step of quantizing the normalised MFCC mean vectors for both seed and catalogue audio tracks are shown
in Figure 6 as processing steps 609 and 611 respectively.
[0134] In a manner similar to that of processing steps 609 and 611, the pre-screener 305 may also quantize the inverse
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normalised MFCC standard deviation vector using the corresponding inverse normalised MFCC standard deviation
vector quantizer determined during the offline mode of operation. As above this step will result in inverse normalised
MFCC standard deviation codevectors for both the seed audio track catalogue audio tracks which can then be mapped
to the pre-determined lookup table of approximated Kullback-Leibler divergence values.
[0135] The step of quantizing the inverse normalised MFCC standard deviation vectors for both seed and catalogue
audio tracks are shown in Figure 6 as processing steps 613 and 615 respectively.
[0136] Upon execution of processing steps 609 to 615 the pre-screener 305 is in a position to determine the approx-
imated Kullback-Leibler divergence value from the lookup table corresponding to the seed audio track and a catalogue
audio track.
[0137] The step of determining the approximated Kullback-Leibler divergence value from the lookup table is shown
as processing step 617 in Figure 6.
[0138] The approximated Kullback-Leibler divergence value from processing step 617 may then be used to populate
a histogram of Kullback-Leibler divergence values, as depicted by processing step 619 in Figure 6.
[0139] The pre-screener 305 may then be arranged to retrieve the next catalogue audio track from the catalogue 303,
this is depicted as the loop back path 618 in Figure 6. Whereupon the pre-screener 305 may repeat the processing steps
605, 607, 611, 615, 617 and 619 for the next catalogue audio track. In embodiments this loop back may be repeated
for each of a plurality of audio tracks from the audio catalogue 303.
[0140] It is to be understood in embodiments that the result of the processing steps 601 to 619 in conjunction with the
loop back path 618 is to produce a histogram of approximated Kullback-Leibler divergence values.
[0141] The pre-screener 305 may then use the histogram to determine a threshold for the approximated Kullback-
Leibler divergence value where a proportion of the catalogue audio tracks are retained as a subset for further processing.
This subset of catalogue audio tracks may be deemed the catalogue audio tracks which are most similar to the seed
audio track.
[0142] In embodiments the threshold may be determined on the basis of choosing fixed proportion of most similar
catalogue audio tracks. In other words the threshold may be adjusted to maintain a determined proportion of catalogue
audio tracks which are deemed most similar to the seed audio track. For example, in a first group of embodiments the
threshold may be adjusted to keep 10% of the catalogue audio tracks searched.
[0143] The processing step of determining the Kullback-Leibler divergence value threshold in order to select the subset
of catalogue audio tracks is shown as processing step 620 in Figure 6.
[0144] The overall processing step of determining a divergence value between the seed audio track and a catalogue
audio track is shown in Figure 4 as processing step 405.
[0145] With reference to Figure 4 there is shown a feedback processing step 404 which corresponds to feedback path
619 in Figure 6. In other words the feedback processing step signifies the selection of a further catalogue audio track
from the audio catalogue 303 which may be used in the determination of the Kullback-Leibler divergence threshold value.
[0146] The overall processing step of determining the feature divergence threshold value is shown in Figure 4 as
processing step 407.
[0147] After determination of the Kullback-Leibler divergence threshold value, the acoustic audio similarity analyser
20 may be arranged to retain the catalogue audio tracks which have a Kullback-Leibler divergence less than said
threshold value. In other words the acoustic audio similarity analyser 20 may be arranged to retain catalogue audio
tracks which have a feature divergence value with the seed audio track which is less than the feature divergence threshold
value.
[0148] The mean and variance MFCC vectors for each retained catalogue audio track may then be collated and stored
for subsequent processing by the acoustic music similarity analyser 20.
[0149] With reference to Figure 3 the output from the pre-screener 305 may be connected to a pre-screen store 307
in which the features relating to the retained catalogue audio tracks may be stored for subsequent processing.
[0150] The step of retaining the mean and variance MFCC vectors for each catalogue audio track which is determined
to have a divergence value with the seed audio track which is below said threshold value is shown in Figure 4 as
processing step 409.
[0151] With reference to Figure 3 the output from the pre-screen store 307 may be connected to an audio similarity
determiner 309, in which the pre-screened catalogue audio tracks stored by the pre-screen store 307 may each be
subjected to a further divergence measure with the seed audio track.
[0152] In embodiments the subset of pre-screened catalogue audio tracks may then each be further compared for
audio similarity with the seed audio track by applying the Kullback-Leibler divergence measure as given by equation 1
above (rather than the approximated Kullback-Leibler divergence measure of equation 2.)
[0153] It is to be appreciated in embodiments that the Kullback-Leibler divergence measure as given by equation 1
may be applied between the seed audio track and each pre-screened catalogue audio track by using the retained MFCC
mean vector and the covariance matrix and its inverse corresponding to the seed audio track and each pre-screened
catalogue audio track.
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[0154] In embodiments the acoustic music similarity analyser 20 may then apply the Kullback-Leibler divergence
measure as given by equation 1 to each combination of the seed audio track with a pre-screened catalogue audio track
on a catalogue song by catalogue song basis.
[0155] In embodiments the above application of the Kullback-Leibler divergence measure to the pre-screened cata-
logue audio tracks may result in the determination of the most acoustically similar catalogue audio track to the seed
audio track.
[0156] Furthermore in some embodiments the above application of the Kullback-Leibler divergence measure to the
pre-screened catalogue audio tracks may also result in an ordered list of catalogue audio tracks, in which the list may
be ordered in terms of each catalogue audio track’s acoustic similarity to the seed audio track.
[0157] The step of determining the audio similarity of each pre-screened catalogue audio track to the seed audio track
using a further divergence measure is shown as processing step 411 in Figure 4.
[0158] It is to be appreciated that embodiments may provide a technical advantage of enabling audio tracks from large
music catalogue or database to be checked for their similarity to a seed audio track quickly and efficiently. The efficiency
may be attained by deploying a pre-screener which can perform a rapid and efficient scan of the music catalogue or
database for audio tracks which have similar audio characteristics to the seed audio track. The audio tracks retained by
the pre-screening process can then be more thoroughly checked by their similarity with the seed audio track using a
further audio similarity determiner. The technical advantage may be realised in the acoustic audio similarity analyser 20
by checking the similarity of the catalogue audio tracks to the seed audio track over a smaller set of pre-screened
catalogue audio tracks.
[0159] The above embodiments are specifically described using audio features in the form of MFCCs. However, it is
to be understood that other embodiments may equally be implemented using other suitable audio features. For example,
other embodiments may deploy audio features such as s linear prediction coefficients (LPCs), LP cepstral coefficients,
reflection coefficients, line spectral frequencies, perceptual linear prediction coefficients, warped LP coefficients, warped
LP cepstral coefficients, spectral band energies, spectral band magnitudes, spectral band powers, cepstral coefficients
calculated from the output of a Bark-scaled filterbank, wavelet coefficients, modified discrete cosines transform coeffi-
cients and discrete cosine transform coefficients. Furthermore, any of the previous features could be subjected to a
combination of feature selection and/or transformation, such as principal component analysis, linear discriminant analysis,
independent component analysis, or nonnegative matrix factorization.
[0160] Although the above examples describe embodiments of the application using the symmetrized Kullback-Leibler
divergence as a divergence or distance measure between songs, it is appreciated that the invention could be implemented
using any suitable distance or similarity measures. The first distance measure may be faster to compute than the second
distance measure, thereby enabling an overall reduction in calculation time. Examples of alternative distance measures
for pre-screening may include, for example, the Euclidean distance, Mahalanobis distance, Manhattan distance, or other
suitable distance metrics.
[0161] The operations, procedures, functions and/or methods described in context of the audio feature extractor 301,
pre-screener 305, re-screen store 307 and audio similarity determiner 309 may be distributed between these processing
entities (or portions) in a manner different from the one(s) described hereinbefore. There may be, for example, further
entities (or portions) for carrying out some of the operations procedures, functions and/or methods assigned in the
description hereinbefore to the audio feature extractor 301, pre-screener 305, re-screen store 307 and audio similarity
determiner 309 or there may be a single portion or unit for carrying out the operations, procedures, functions and/or
methods described in context of the audio feature extractor 301, pre-screener 305, re-screen store 307 and audio
similarity determiner 309.
[0162] In particular, the operations, procedures, functions and/or methods described in context of audio feature ex-
tractor 301, pre-screener 305, re-screen store 307 and audio similarity determiner 309 may be provided as software
means, as hardware means, or as a combination of software means and hardware means. As an example in this regard,
audio feature extractor 301, pre-screener 305, re-screen store 307 and/or audio similarity determiner 309 may be provided
as an apparatus comprising means for determining a divergence measure between a statistical distribution of audio
features of a first audio track and a statistical distribution of audio features of at least one further audio track; means for
determining a divergence measure threshold value from at least the divergence measure between the statistical distri-
bution of audio features of a first audio track and the statistical distribution of audio features of the at least one further
audio track; and means for comparing the divergence measure with the divergence measure threshold value.
[0163] Although the above examples describe embodiments of the application operating within an apparatus 10, it
would be appreciated that the invention as described below may be implemented as part of any device comprising the
means to process audio signals. Thus, for example, embodiments of the application may be implemented in a mobile
computing device such as tablet or mobile phone configured to communicate over fixed or wired communication paths.
[0164] User equipment may comprise an acoustic audio similarity analyser such as those described in embodiments
of the application above.
[0165] It shall be appreciated that the term user equipment is intended to cover any suitable type of wireless user
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equipment, such as mobile telephones, portable data processing devices or portable web browsers.
[0166] Furthermore elements of a public land mobile network (PLMN) may also comprise an acoustic audio similarity
analyser as described above.
[0167] In general, the various embodiments of the application may be implemented in hardware or special purpose
circuits, software, logic or any combination thereof. For example, some aspects may be implemented in hardware, while
other aspects may be implemented in firmware or software which may be executed by a controller, microprocessor or
other computing device, although the invention is not limited thereto. While various aspects of the application may be
illustrated and described as block diagrams, flow charts, or using some other pictorial representation, it is well understood
that these blocks, apparatus, systems, techniques or methods described herein may be implemented in, as non-limiting
examples, hardware, software, firmware, special purpose circuits or logic, general purpose hardware or controller or
other computing devices, or some combination thereof.
[0168] The embodiments of this application may be implemented by computer software executable by a data processor
of the mobile device, such as in the processor entity, or by hardware, or by a combination of software and hardware.
Further in this regard it should be noted that any blocks of the logic flow as in the Figures may represent program steps,
or interconnected logic circuits, blocks and functions, or a combination of program steps and logic circuits, blocks and
functions.
[0169] The memory may be of any type suitable to the local technical environment and may be implemented using
any suitable data storage technology, such as semiconductor-based memory devices, magnetic memory devices and
systems, optical memory devices and systems, fixed memory and removable memory. The data processors may be of
any type suitable to the local technical environment, and may include one or more of general purpose computers, special
purpose computers, microprocessors, digital signal processors (DSPs), application specific integrated circuits (ASIC),
gate level circuits and processors based on multi-core processor architecture, as non-limiting examples.
[0170] Embodiments of the application may be practiced in various components such as integrated circuit modules.
The design of integrated circuits is by and large a highly automated process. Complex and powerful software tools are
available for converting a logic level design into a semiconductor circuit design ready to be etched and formed on a
semiconductor substrate.
[0171] Programs, such as those provided by Synopsys, Inc. of Mountain View, California and Cadence Design, of
San Jose, California automatically route conductors and locate components on a semiconductor chip using well estab-
lished rules of design as well as libraries of pre-stored design modules. Once the design for a semiconductor circuit has
been completed, the resultant design, in a standardized electronic format (e.g., Opus, GDSII, or the like) may be trans-
mitted to a semiconductor fabrication facility or "fab" for fabrication.
[0172] As used in this application, the term ’circuitry’ refers to all of the following:

(a) hardware-only circuit implementations (such as implementations in only analog and/or digital circuitry) and
(b) to combinations of circuits and software (and/or firmware), such as: (i) to a combination of processor(s) or (ii) to
portions of processor(s)/software (including digital signal processor(s)), software, and memory(ies) that work together
to cause an apparatus, such as a mobile phone or server, to perform various functions and
(c) to circuits, such as a microprocessor(s) or a portion of a microprocessor(s), that require software or firmware for
operation, even if the software or firmware is not physically present.

[0173] This definition of ’circuitry’ applies to all uses of this term in this application, including any claims. As a further
example, as used in this application, the term ’circuitry’ would also cover an implementation of merely a processor (or
multiple processors) or portion of a processor and its (or their) accompanying software and/or firmware. The term ’circuitry’
would also cover, for example and if applicable to the particular claim element, a baseband integrated circuit or applications
processor integrated circuit for a mobile phone or similar integrated circuit in server, a cellular network device, or other
network device.
[0174] The foregoing description has provided by way of exemplary and non-limiting examples a full and informative
description of the exemplary embodiment of this invention. However, various modifications and adaptations may become
apparent to those skilled in the relevant arts in view of the foregoing description, when read in conjunction with the
accompanying drawings and the appended claims. The scope of the present invention is defined in the appended claims.

Claims

1. A method comprising:

extracting audio features of a first audio track;
extracting audio features of at least one further audio track;
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determining a divergence measure between a statistical distribution of extracted audio features of the first audio
track and a statistical distribution of extracted audio features of the at least one further audio track by: quantising
parameters of the statistical distribution of extracted audio features of the first audio track; quantising parameters
of the statistical distribution of extracted audio features of the at least one further audio track; and reading the
divergence measure from a look up table by using the quantised parameters associated with the statistical
distribution of extracted audio features of the first audio track and the quantised parameters associated with
the statistical distribution of extracted audio features of the at least one further audio track as inputs to the look
up table
determining a divergence measure threshold value from the divergence measure between the statistical distri-
bution of extracted audio features of the first audio track and the statistical distribution of extracted audio features
of the at least one further audio track; and
comparing the divergence measure with the divergence measure threshold value.

2. The method as claimed in claim 1, further comprising:

retaining the at least one further audio track dependent on the comparison of the divergence measure with the
divergence measure threshold value; and
determining the audio similarity of the retained at least one further audio track to the first audio track.

3. The method as claimed in claim 1 and 2, wherein the look up table comprises a particular divergence measure for
at least a pre-determined pairing of quantised parameters associated with the statistical distribution of extracted
audio features of the first audio track with quantised parameters associated with the statistical distribution of extracted
audio features of at least an audio track from a plurality of audio tracks.

4. The method as claimed in claims 1 to 3, wherein determining a divergence measure threshold value comprises:

determining a statistical distribution of divergence measures from a plurality of divergence measures between
the statistical distribution of extracted audio features of the first audio track and the statistical distribution of
extracted audio features of the at least one further audio track; and
determining a value of divergence measure which results in a pre-determined proportion of the statistical dis-
tribution of divergence measures.

5. The method as claimed in claims 1 to 4, wherein the at least one further audio track is an audio track from a store
comprising a plurality of audio tracks.

6. The method as claimed in claims 1 to 5, wherein the audio features are a vector of mel-frequency cepstral coefficients
for an audio analysis frame.

7. The method as claimed in claims 1 to 6, wherein the parameters associated with the statistical distribution of extracted
audio features comprise at least one of:

mean vector of the mel-frequency cepstral coefficients for an audio analysis frame; and
standard deviation vector of the mel-frequency cepstral coefficients for an audio analysis frame.

8. The method as claimed in claims 1 to 7, wherein the divergence measure is based on an approximation of a
symmetrized Kullback-Leibler divergence measure.

9. The method as claimed in claims 2 to 8, wherein the audio similarity of the pre-screened at least one audio track to
the first audio track is based on a symmetrized Kullback-Leibler divergence measure.

10. The method as claimed in claims 5 to 9, wherein the first audio track is a seed audio track, and wherein the store
comprising the plurality of audio tracks is a catalogue of audio tracks of an electronic music distribution system.

11. An apparatus configured to:

extract audio features of a first audio track;
extract audio features of at least one further audio track;
determine a divergence measure between a statistical distribution of audio features of a first audio track and a
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statistical distribution of audio features of at least one further audio track by the apparatus being configured to:
quantise parameters of the statistical distribution of extracted audio features of the first audio track; quantising
parameters of the statistical distribution of extracted audio features of the at least one further audio track; and
read the divergence measure from a look up table by using the quantised parameters associated with the
statistical distribution of extracted audio features of the first audio track and the quantised parameters associated
with the statistical distribution of extracted audio features of the at least one further audio track as inputs to the
look up table;
determine a divergence measure threshold value from the divergence measure between the statistical distri-
bution of extracted audio features of the first audio track and the statistical distribution of extracted audio features
of the at least one further audio track; and
compare the divergence measure with the divergence measure threshold value.

12. The apparatus as claimed in claim 11, wherein the apparatus is further configured to perform the method according
to Claims 2 to 10.

13. A computer program product comprising at least one computer readable non-transitory medium having program
code stored thereon, the program code, when executed by an apparatus, causing the apparatus to perform the
method according to any of claims 1 to 10.

Patentansprüche

1. Verfahren, das umfasst:

Extrahieren von Audiomerkmalen einer ersten Audiospur;
Extrahieren von Audiomerkmalen mindestens einer weiteren Audiospur;
Bestimmen eines Divergenzmaßes zwischen einer statistischen Verteilung extrahierter Audiomerkmale der
ersten Audiospur und einer statistischen Verteilung extrahierter Audiomerkmale der mindestens einen weiteren
Audiospur durch: Quantisieren von Parametern der statistischen Verteilung extrahierter Audiomerkmale der
ersten Audiospur; Quantisieren von Parametern der statistischen Verteilung extrahierter Audiomerkmale der
mindestens einen weiteren Audiospur; und Lesen des Divergenzmaßes aus einer Nachschlagetabelle durch
Verwenden der quantisierten Parameter, die der statistischen Verteilung extrahierter Audiomerkmale der ersten
Audiospur zugeordnet sind, und der quantisierten Parameter, die der statistischen Verteilung extrahierter Au-
diomerkmale der mindestens einen weiteren Audiospur zugeordnet sind, als Eingaben für die Nachschlageta-
belle;
Bestimmen eines Divergenzmaß-Schwellenwertes aus dem Divergenzmaß zwischen der statistischen Vertei-
lung extrahierter Audiomerkmale der ersten Audiospur und der statistischen Verteilung extrahierter Audiomerk-
male der mindestens einen weiteren Audiospur; und
Vergleichen des Divergenzmaßes mit dem Divergenzmaß-Schwellenwert.

2. Verfahren nach Anspruch 1, das ferner umfasst:

Aufbewahren der mindestens einen weiteren Audiospur in Abhängigkeit von dem Vergleich des Divergenzma-
ßes mit dem Divergenzmaß-Schwellenwert; und
Bestimmen der akustischen Ähnlichkeit der aufbewahrten mindestens einen weiteren Audiospur mit der ersten
Audiospur.

3. Verfahren nach Anspruch 1 und 2, wobei die Nachschlagetabelle ein spezielles Divergenzmaß für mindestens eine
vorgegebene Paarung von quantisierten Parametern, die der statistischen Verteilung extrahierter Audiomerkmale
der ersten Audiospur zugeordnet sind, mit quantisierten Parametern umfasst, die der statistischen Verteilung ex-
trahierter Audiomerkmale mindestens einer weiteren Audiospur aus einer Mehrzahl von Audiospuren zugeordnet
sind.

4. Verfahren nach Anspruch 1 bis 3, wobei ein Bestimmen eines Divergenzmaß-Schwellenwertes umfasst:

Bestimmen einer statistischen Verteilung von Divergenzmaßen aus einer Mehrzahl von Divergenzmaßen zwi-
schen der statistischen Verteilung extrahierter Audiomerkmale der ersten Audiospur und der statistischen Ver-
teilung extrahierter Audiomerkmale der mindestens einen weiteren Audiospur; und
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Bestimmen eines Divergenzmaß-Wertes, was zu einem vorgegebenen Anteil der statistischen Verteilung von
Divergenzmaßen führt.

5. Verfahren nach Anspruch 1 bis 4, wobei die mindestens eine weitere Audiospur eine Audiospur aus einem Speicher
ist, der eine Mehrzahl von Audiospuren umfasst.

6. Verfahren nach Anspruch 1 bis 5, wobei die Audiomerkmale ein Vektor von Mel-Frequenz-Cepstrum-Koeffizienten
für einen Audioanalyse-Frame sind.

7. Verfahren nach Anspruch 1 bis 6, wobei die Parameter, die der statistischen Verteilung extrahierter Audiomerkmale
zugeordnet sind, mindestens einen umfassen aus:

einem Mittelvektor der Mel-Frequenz-Cepstrum-Koeffizienten für einen Audioanalyse-Frame; und
einem Standardabweichungsvektor der Mel-Frequenz-Cepstrum-Koeffizienten für einen Audioanalyse-Frame.

8. Verfahren nach Anspruch 1 bis 7, wobei das Divergenzmaß auf einer Approximation eines symmetrisierten Kullback-
Leibler-Divergenzmaßes beruht.

9. Verfahren nach Anspruch 2 bis 8, wobei die akustische Ähnlichkeit der vorselektierten mindestens einen Audiospur
mit der ersten Audiospur auf einem symmetrisierten Kullback-Leibler-Divergenzmaß beruht.

10. Verfahren nach Anspruch 5 bis 9, wobei die erste Audiospur eine "Seed"-Audiospur ist, und wobei der Speicher,
der die Mehrzahl von Audiospuren umfasst, ein Katalog von Audiospuren eines elektronischen Musikvertriebssys-
tems ist.

11. Vorrichtung, die konfiguriert ist zum:

Extrahieren von Audiomerkmalen einer ersten Audiospur;
Extrahieren von Audiomerkmalen mindestens einer weiteren Audiospur;
Bestimmen eines Divergenzmaßes zwischen einer statistischen Verteilung von Audiomerkmalen einer ersten
Audiospur und einer statistischen Verteilung von Audiomerkmalen mindestens einer weiteren Audiospur da-
durch, dass die Vorrichtung konfiguriert ist zum: Quantisieren von Parametern der statistischen Verteilung
extrahierter Audiomerkmale der ersten Audiospur; Quantisieren von Parametern der statistischen Verteilung
extrahierter Audiomerkmale der mindestens einen weiteren Audiospur; und Lesen des Divergenzmaßes aus
einer Nachschlagetabelle durch Verwenden der quantisierten Parameter, die der statistischen Verteilung ex-
trahierter Audiomerkmale der ersten Audiospur zugeordnet sind, und der quantisierten Parameter, die der
statistischen Verteilung extrahierter Audiomerkmale der mindestens einen weiteren Audiospur zugeordnet sind,
als Eingaben für die Nachschlagetabelle;
Bestimmen eines Divergenzmaß-Schwellenwertes aus dem Divergenzmaß zwischen der statistischen Vertei-
lung extrahierter Audiomerkmale der ersten Audiospur und der statistischen Verteilung extrahierter Audiomerk-
male der mindestens einen weiteren Audiospur; und
Vergleichen des Divergenzmaßes mit dem Divergenzmaß-Schwellenwert.

12. Vorrichtung nach Anspruch 11, wobei die Vorrichtung ferner derart konfiguriert ist, dass sie das Verfahren nach
Anspruch 2 bis 10 durchführt.

13. Computerprogrammprodukt, das mindestens ein computerlesbares nichtflüchtiges Medium umfasst, auf dem Pro-
grammcode gespeichert ist, wobei der Programmcode, wenn er von einer Vorrichtung ausgeführt wird, bewirkt,
dass die Vorrichtung das Verfahren nach einem der Ansprüche 1 bis 10 durchführt.

Revendications

1. Procédé comprenant de :

extraire des caractéristiques audio d’une première piste audio ;
extraire des caractéristiques audio d’au moins une autre piste audio ;
déterminer une mesure de divergence entre une distribution statistique de caractéristiques audio extraites de
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la première piste audio et une distribution statistique de caractéristiques audio extraites de ladite au moins une
autre piste audio en : quantifiant des paramètres de la distribution statistique de caractéristiques audio extraites
de la première piste audio ; quantifiant des paramètres de la distribution statistique de caractéristiques audio
extraites de ladite au moins une autre piste audio ; et en lisant la mesure de divergence à partir d’une table de
consultation en utilisant les paramètres quantifiés associés à la distribution statistique de caractéristiques audio
extraites de la première piste audio et les paramètres quantifiés associés à la distribution statistique de carac-
téristiques audio extraites de ladite au moins une autre piste audio en tant qu’entrées de la table de consultation ;
déterminer une valeur de seuil de mesure de divergence à partir de la mesure de divergence entre la distribution
statistique de caractéristiques audio extraites de la première piste audio et la distribution statistique de carac-
téristiques audio extraites de ladite au moins une autre piste audio ; et
comparer la mesure de divergence avec la valeur de seuil de mesure de divergence.

2. Procédé selon la revendication 1, comprenant en outre de :

conserver ladite au moins une autre piste audio en fonction de la comparaison de la mesure de divergence
avec la valeur de seuil de mesure de divergence ; et
déterminer la similitude audio de ladite au moins une autre piste audio conservée avec la première piste audio.

3. Procédé selon la revendication 1 et 2, dans lequel la table de consultation comprend une mesure de divergence
particulière pour au moins un appariement prédéterminé de paramètres quantifiés associés à la distribution statis-
tique de caractéristiques audio extraites de la première piste audio avec des paramètres quantifiés associés à la
distribution statistique de caractéristiques audio extraites d’au moins une piste audio parmi une pluralité de pistes
audio.

4. Procédé selon les revendications 1 à 3, dans lequel la détermination d’une valeur de seuil de mesure de divergence
comprend de :

déterminer une distribution statistique de mesures de divergence à partir d’une pluralité de mesures de diver-
gence entre la distribution statistique de caractéristiques audio extraites de la première piste audio et la distri-
bution statistique de caractéristiques audio extraites de ladite au moins une autre piste audio ; et
déterminer une valeur de mesure de divergence qui résulte en une proportion prédéterminée de la distribution
statistique des mesures de divergence.

5. Procédé selon les revendications 1 à 4, dans lequel ladite au moins une autre piste audio est une piste audio
provenant d’un magasin comprenant une pluralité de pistes audio.

6. Procédé selon les revendications 1 à 5, dans lequel les caractéristiques audio sont un vecteur de coefficients
cepstraux de fréquence mel pour une trame d’analyse audio.

7. Procédé selon les revendications 1 à 6, dans lequel les paramètres associés à la distribution statistique de carac-
téristiques audio extraites comprennent au moins l’un parmi :

un vecteur moyen des coefficients cepstraux de fréquence mel pour une trame d’analyse audio ; et
un vecteur d’écart-type des coefficients cepstraux de fréquence mel pour une trame d’analyse audio.

8. Procédé selon les revendications 1 à 7, dans lequel la mesure de divergence est basée sur une approximation
d’une mesure de divergence de Kullback-Leibler symétrisée.

9. Procédé selon les revendications 2 à 8, dans lequel la similitude audio de ladite au moins une piste audio présé-
lectionnée par rapport à la première piste audio est basée sur une mesure de divergence de Kullback-Leibler
symétrisée.

10. Procédé selon les revendications 5 à 9, dans lequel la première piste audio est une piste audio initiale, et dans
lequel le magasin comprenant la pluralité de pistes audio est un catalogue de pistes audio d’un système de distribution
de musique électronique.

11. Appareil configuré pour :
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extraire des caractéristiques audio d’une première piste audio ;
extraire des caractéristiques audio d’au moins une autre piste audio ;
déterminer une mesure de divergence entre une distribution statistique de caractéristiques audio d’une première
piste audio et une distribution statistique de caractéristiques audio d’au moins une autre piste audio par l’appareil
qui est configuré pour : quantifier des paramètres de la distribution statistique de caractéristiques audio extraites
de la première piste audio ; quantifier des paramètres de la distribution statistique de caractéristiques audio
extraites de ladite au moins une autre piste audio ; et lire la mesure de divergence à partir d’une table de
consultation en utilisant les paramètres quantifiés associés à la distribution statistique de caractéristiques audio
extraites de la première piste audio et les paramètres quantifiés associés à la distribution statistique de carac-
téristiques audio extraites de ladite au moins une autre piste audio en tant qu’entrées de la table de consultation ;
déterminer une valeur de seuil de mesure de divergence à partir de la mesure de divergence entre la distribution
statistique de caractéristiques audio extraites de la première piste audio et la distribution statistique de carac-
téristiques audio extraites de ladite au moins une autre piste audio ; et
comparer la mesure de divergence avec la valeur de seuil de la mesure de divergence.

12. Appareil selon la revendication 11, dans lequel l’appareil est en outre configuré pour exécuter le procédé selon les
revendications 2 à 10.

13. Produit programme d’ordinateur comprenant au moins un support non transitoire lisible par ordinateur sur lequel
est stocké un code de programme, le code de programme, lorsqu’il est exécuté par un appareil, amenant l’appareil
à exécuter le procédé selon l’une quelconque des revendications 1 à 10.
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