-1 - DESCRIPTION BEAT EXTRACTING DEVICE AND BEAT
EXTRACTING METHOD Technical Field [0001] The present invention
relates to a beat extracting device and a beat extracting method for
extracting beats of a rhythm of music. - Background Art [0002] A musical
tune is composed on the basis of a measure of time, such as a bar and a
beat. Accordingly, musicians play a musical tune using a bar and a beat
as a basic measure of time. When t]aki_ng a timing of playing of a musical
tune, musicians play the musical tune using a method of making a
specific sound at a certain beat of a certain bar but never play it using a
timestamp-employing method®&fmaking& specific sound certain minutes

and ceftai secqnds gler, staring Jpiay 2ince musicis definga by bars
andbeats, ‘musicians can flexibly deal with a fluctuation in a tempo and a
rhythm. In addition, each musician can express their originality in the
tempo and the rhythm in a performance of an identical musical score.

Tec@0Q3] 1 Apesformance carried out by musicians is ultimately 2
[0001]

The present invention relates to a beat extracting
device and a beat extracting method for extracting beats of
a rhythm of music.

Background Art
[(00C2]

A musical tune is composed on the basis of a measure of
time, such as a bar and a beat. Accordingly, musicians play
2 musical tune using a bar and a beat as a basic measure of
time. When taking a timing of playing of a musical tune,
musicians play the musical tune using a method of making a
specific sound at a certain beat of a certain bar but never
play it using a timestamp-employing method of making a
specific sound certain minutes and certain seconds after
starting to play. Since music is defined by bars and beats,
musicians can flexibly deal with a fluctuation in a tempo
and a rhythm. In addition, each musician can express their
originality in the tempo and the rhythm in a performance of
an identical musical score.

00031

A performance carried out by musicians is ultimately



delivered to users as music content. More specifically, the performance of
each musician is mixed down, for example, in a form of two channels of
stereo and is formed into one complete package. This complete package
is delivered to users, for example, as a music CD (Compact Disc)
employing a PCM (Pulse Code Modulation) format. The sound source of
this music CD is referred to as a so-called sampling sound source. [0004]
In a stage of a package of such a CD or the like, information regarding
timings, such as bars and beats, which musicians are conscious about, is
missing. [0005] However, humans can naturall re-recgize‘the
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conveéersion on an audio waveform in'this PCM format. That is, humans

a £&aR naturally regain-a.3enserofs musical shythms Grothesetherhandne
machines do not have such a capability and only have the time

conrifetmationr bg etimebtamp thatds eio directhaedatéd tolehia rrusislitsalf.
[0006] As an object to be compared with such a musical tune provided b

use pperfotameaTBy Musitiar’s SrHEY-& Volte (G(FO8RGERs, there'is dP1oving &
PCMC?QSngH]éggmﬁ¥§£?§g¥ghTh§dé%at. The sound source of
this music CD is referred to as a so-called sampling sound
source.

[0004]

In a stage of a package of such a CD or the like,
information regarding timings, such as bars and beats, which
musicians are conscious about, is missing.

[0005]

However, humans can naturally re-reccgnize the
information regarding timings, such as bars and beats, by
only listening to an analog sound obtained by performing D/A
(Digital to Analog) conversion on an audio waveform in this
PCM format. That is, humans can naturally regain a sense of
musical rhythm. On the other hand, machines do not have
such a capability and only have the time information of a
timestamp that is not directly related to the music itself.
[0006]

As an object to be compared with such a musical tune
provided by a performance by musicians or by a voice of

singers, there is a conventional karaoke system. This



system displays lyrics in synchronization with the rhythm of music on a
karaoke display screen. [0007] However, such a karaoke system does
not recognize the rhythm of music but simply reproduces dedicated data
called MIDI (Music Instrument Digital Interface). [0008] Performance
information and lyric information necessary for synchronization control
and time code information (timestamp) describing a timing (event time) of
sound production are described in & MIDI format as MIDI data. The
MIDT _ data is created in advance by a content creator. A karaoke
playback apparatus only performs sound production at a predetermined
sysiipiing iF Bceoitlahed With inStrdotisns ot e Mo ddta “Fhat s, they *im ©F
s 2 pgzrlatus ggggg&}ggs ((%@aé?aa rglésfigggltune on the moment. This can be
enjoyeoaon yina limi ed envitonment of MIDI data and a dedicated
roo@pparatus therefor. [0009] Furthermore, although various formats, such
as SMIL (Synchronized Multimedia Integration Language), exist in
adtlitientorthesMIDI, thekbasio kencepttisthelisamend00t@Meanwhila e
format mainly including a raw audio waveform called the sampling sound
rhygb@nﬁﬁdgﬁﬁmﬁdgﬁﬁwé}m@ly reproduces dedicated data called

MIDI (Music Instrument Digital Interface}.
1ocos]

Performance information and lyric information necessary
for synchronization control and time code information
(timestamp) describing a timing {event time) of sound
production are described in a MIDI format as MIDI data. The
MIDT data is created in advance by a content creator. A
karaoke playback apparatus only performs scund production at
a predetermined timing in accordance with instructions of
the MIDI data. That is, the apparatusg generates (plays) a
musical tune on the moment. This can be enjoyed only in a
limited environment of MIDI data and a dedicated apparatus
therefor.

[0o0g?

Turthermore, although various formats, such as SMIL
(Synchronized Multimedia Integration Language), exist in
addition to the MIDI, the basic concept is the same.

[0010]
Meanwhile, a format mainly including a raw audioc

waveform called the sampling sound source described above,



such as, for example, PCM data represented by CDs or MP3 (MPEG
(Moving Picture Experts Group) Audio Layer 3) that is compressed audio
thereof, is the mainstream of music content distributed in the market
rather than the MIDI and the SMIL. [0011] A music playback apparatus
provides the music content to users by performing D/A conversion on
these sampled audio waveforms of PCM or the like and outputting them.
In addition, as seen in FM radio Broaad_casting or the like, there is an
example in which an analog signal of a music waveform itself is
broadcasted. Furthermore, there is an example in which rzfil;ﬁerson plgﬁs
d

suchngsic ohtheHemehE suRRthsdin a cHRB&R SRl S perfotmdiice
he music content is provided tg users. [0012] If chipe. cauld ;
(Mpé\ toﬁgﬁéé]li%/ rejcgahlilng ;1% ﬁ{r%%ao‘,: ssgﬁoggi b%?%%én }b%Lof%mqus%,afFonﬁs
comBLaNLmusic waveform, of the musicna synehronization dunctioniallovdng ent
music and another medium, as in karaoke and dance, to be rhythm-
a1 ssynchroaizethcambe realized eventitthereisina prepit®d iafornfationpMiL.
such as event time information of the MIDI and the SMIL. Furthermore,
[00}¥ddarding massive existing content, such as CDs, possibilities of a new

entertament broader; (00131 Hitherg, aterpt tpautqatealv it

to users by performing D/A conversion on these sampled audio
waveforms of PCM or the like and outputting them. In
addition, as seen in FM radio broadcasting or the like,
there i1s an example in which an analog signal of a music
waveform itself is broadcasted. Furthermore, there is an
example in which a person plays music on the moment, such as
in a concert and a live performance, and the music content
is provided to users.

[0C12]

Tf a machine could automatically recognize a timing,
such as a bar and a beat of music, from a raw music waveform
of the music, a synchronization function allowing music and
another medium, as in karaoke and dance, to be rhythm-
synchronized can be realized even if there is no prepared
information, such as event time information of the MIDI and
the SMIL. Furthermore, regarding massive existing content,
such as CDs, possibilities of a new entertainment broaden.
(00131

Hitherto, attempts to automatically extract a temps or



beats have been made. [0014] For example, in Japanese Unexamined
Patent Application Publication No. 2002-116754, a method is disclosed in
which a self-correlation of a music waveform signal serving as a
time-series signal is calculated, a beat structure of the music is analyzed
on the basis of this calculation result, and a tempo of the music is further
extracted on the basis of this analygis result. [0015] In addition, in
Japanese Patent No. 3066528, a method is described in which sound
pressure data for each of a plurality of frequency bands is created from
musical tune data, a frequency band at which the rhythm is most
beatpipagslytareh &&ecified from the plurality of frequency bands, and
(00 i;i thm components are estimated on the basis of a cycle of the change
In the sound pressure data of the specified frequency timing. [0016]
Teghniquesdor salculatingdhe shython dhebeat anpla thentempeatecat ion
broadly classified into those for analyzing a music signal in a time domain
Pub AsdA tHecade of J&pandsks Unexamifed Patent Applieators PAblicationt ch

No. 2002-116754 and those for analyzing a music signal in afreguenc
o Subhai 4 the task of JAPARLse PATAHING. 3068626, 651 VL3

time-series signal is calculated, a beat structure of the
music is analyzed on the basis of this calculation result,
and a tempo of the music is further extracted on the basis
of this analysis result.
[0015]

In addition, in Japanese Patent No. 3066528, a method
is described in which sound pressure data for each of a
plurality of frequency bands is created from musical tune
data, a frequency band at which the rhythm is most
noticeably taken is specified from the plurality of
freguency bands, and rhythm components are estimated on the
basis of a cycle of the change in the sound pressure data of
the specified frequency timing.
[00le]

Techniques for calculating the rhythm, the beat, and
the tempo are broadly classified Into those for analyzing a
music signal in a time domain as in the case of Japanese
Unexamined Patent Application Publication No. 2002-116754
and those for analyzing a music signal in a freguency domain

as in the case of Japanese Patent No. 3066528.



[0017] However, in the method of Japanese Unexamined Patent
Application Publication No. 2002-116754 for analyzing a music signal in a
time domain, high extraction accuracy cannot be obtained essentially
since the beat and the time- series waveform do not necessarily match. In
addition, the method of Japanese Patent No. 3066528 for analyzing a
music signal in a frequency domain can relatively improves the extraction
accuracy than Japanese Unexamined Patent Application Publication No.
2002-116754. However, data resulting from the frequency analysis
contains many beats other than beats of a specific musical note and it is
[00%dremely difficult to separate the beats of the specific musical note from

all of the beats, In agddition, §i égeé%e gag%%'stsnaﬂ%ﬁzm%@aO@a%%
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fluctiates greatly, itis extremely difficult to extract only the beats of the
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techniques. [0019] The present invention is suggested in view of such
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series waveform do not necessarily match. In addition, the
method of Japanese Patent No. 3066528 for analyzing a music
signal in a freguency domain can relatively improves the
extraction accuracy than Japanese Unexamined FPatent
Application Publication No. 2002-116754. However, data
resulting from the freguency analysis contalns many beats
other than beats of a specific musical note and it is
extremely difficult to separate the beats of the specific
musical note from all of the beats. In addition, since the
musical tempo (time period) itself fluctuates greatly, it is
extremely difficult to extract only the beats of the
specific musical note while keeping track of these
fluctuations.

[0018]

Accordingly, it is impossible to extract beats of a
specific music note that temporally fluctuate over an entire
musical tune with conventional technigues.

[0019]
The present invention is suggested in view of such

conventional circumstances. Tt is an cbiject of the present



invention to provide a beat extracting device and a beat extracting
method capable of extracting only beats of a specific musical note highly
accurately over an entire musical tune regarding the musical tune whose
tempo fluctuates. [0020] To achieve the above-described object, a beat
extracting device according to the present invention is characterized by
including beat extraction processing means for extracting beat position
information of a rhythm of a musical tune, and beat alignment processing
means for generating beat period information using the beat position
information extracted and obtained by the beat extraction processing

inveREaRTane forlighitty Bea8 %t the béardsitor ffbnafian extriétel by
the beat extraction processing means on the basis_of th perio
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characterized by including a beat extraction processing step of extracting
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alignment processing step of generating beat period information using the

flupeaspesition information extracted and obtained at the beat extraction

(00 %qcessing step and of aligning beats of the beat position - 8
g

To achieve the above-described object, a beat
extracting device according to the present invention is
characterized by including beat extraction processing means
for extracting beat position information of a rhythm of a
musical tune, and beat alignment processing means for
generating beat period.information using the beat position
information extracted and obtained by the beat extraction
processing means and for aligning beats of the beat pogition
information extracted by the beat extraction processing
means on the basis of the beat period information.

[0021]

Tn addition, to achieve the above-described object, a
beat extracting method according to the present invention is
characterized by including a beat extraction processing step
of extracting beat position information of a rhythm of a
musical tune, and a beat alignment processing step of
generating beat period information using the beat position
information extracted and obtained at the beat extraction

processing step and of aligning beats of the beat position



information extracted by the beat extraction processing means on the
basis of the beat period information. Brief Description of Drawings [0022]
[Fig. 1] Fig. 1 is a functional block diagram showing an internal
configuration of a music playback apparatus including an embodiment of
a beat extracting device according to the present invention. [Fig. 2] Fig. 2
is a functional block diagram shov_vingg an internal configuration of a beat
extracting section. [Fig. 3] Fig. 3(A)1s a diagram showing an example of a
time-series waveform of a digital audio signal, whereas Fig. 3(B) is a
diagram showing a spectrogram of this digital audio signal. [Fig. 4] Fig. 4

infoeBAhRcorak blotk diagrarn SHEWRSR anTriteRit conflgéiratich vt o eat
mea extrggti%@lgr%&? g%@ go.%n%h[é:i%esaltFL%é)L&AgE %Qﬁ%g‘ﬁ%"ving an

rle§<ami:)le of a time-seriés waveform igital audio signal, Fig. 5(B) is a
51 dfagiam-showing.a speatrogram.of this digital audio signal, and Fig. 5(C)
is a diagram showing an extracted beat waveform of this digital audio
[oosignal. [Fig. 6] Fig. 6(A) is a diagram showing beat intervals of beat

position information extracted by a beat extraction processing unit,

whéreds Fid. 6(BYis a didgramt&itiing beat Pgock diagram showing
an internal configuration of a music playback apparatus
including an embodiment of a beat extracting device
according to the present invention.

[Fig. 2] Fig. 2 is a functicnal block diagram showing
an internal configuration of a beat extracting section.

[Fig. 3] Fig. 3(A) is a diagram showing an example of a
time-series waveform of a digital audio signal, whereas Fig.
3(RB} is a diagram showing a spectrogram of this digital
audic signal.

[Fig. 4] Fig. 4 is a functional block diagram showing
an internal configuration of a beat extraction processing
unit.

[Fig. 5] Fig. 5(A) is a diagram showing an example of a
time-series waveform of a digital audio signal, Fig. 5(B) is
a diagram showing a spectrogram of this digital audio signal,
and Fig. 5{C) is a diagram showing an extracted beat
waveform of this digital audio signal.

[Fig. 6] Fig. 6{A) 1s a diagram showing beat intervals
of beat position information extracted by a beat extraction

processing unit, whereas Fig. 6(B) 1s a diagram showing beat



intervals of beat position information that is alignment- processed by a
beat alignment processing unit. [Fig. 7] Fig. 7 is a diagram showing a
window width in which whether a specific beat is an in beat or not is
determined. [Fig. 8] Fig. 8 is a diagram showing beat intervals of beat
position information. [Fig. 9] Fig. 9 is a diagram showing a total number of
beats calculated on the basis of beat position information extracted by a
beat extracting section. [Fig. 10] Fig. 10 is a diagram showing a total
number of beats and an instantaneous beat period. [Fig. 11] Fig. 11 is a
graph showing instantaneous BPM_ against beat numbers in
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optimizing a beat extraction condition. Best Modes for Carrying Out the
detqppentioh- [0023] - 10

[Fig. 8] Fig. 8 is a diagram showing beat intervals of
beat position information.

[Fig. 9] Fig. 9 is a diagram showing a total number of
peats calculated on the basis of beat position information
extracted by a beat extracting section.

[Fig. 10} Fig. 10 is a diagram showing a total number
of beats and an instantaneous beat period.

[Fig. 11] Fig. 11 is a graph showing instantaneous BPM
against beat numbers in a live-recorced musical tune.

[Fig. 12] Fig. 12 is a graph showing instantaneous BEM
against beat numbers in a sc-called computer-synthesized-
recorded musical tune.

[Fig. 13] Fig. 13 is a flowchart showing an example of
a procedure of correcting beat position information in
accordance with a reliability index value.

[Fig. 14] Fig. 14 is a flowchart showing an examnple of
a procedure of automatically optimizing a beat extraction
condition.,

Best Modes for Carrying Out the Invention

[0023]



In the following, specific embodiments to which the present invention is
applied will be described in detail with reference to the drawings. [0024]
Fig. 1 is a block diagram showing an internal configuration of a music
playback apparatus 10 including an embodiment of a beat extracting
device according to the present invention. The music playback apparatus
10 is constituted by, for example, a personal computer. [0025] In the
music playback apparatus 10, a CPU (Central Processing Unit) 101, a
ROM (Read Only Memory) 102, and a RAM (Random Access Memory)
103 are connected to a system bus 100. The ROM 102 stores various

prégraims. Tite EPY-101 SRRttds frdedsses based on thedbtfrbgrams in
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are’an audio da Ing section 104, a medium drive

wit 0P 2 CcomuPUNicgtion Network interface (The interface is shown as I/F in
the drawing. The same applies to the following.) 107, an operation input

[ 00 section interface 109, a display interface 111, an I/O port 113, an I/O port
114, an input section interface 115, and an HDD (Hard Disc Drive) 121. A
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configuration of a music playback apparatus 10 including an
embodiment of a beat extracting device according to the
present invention. The music playback apparatus 10 is
constituted by, for example, a personal computer.

[0025]

In the music playback apparatus 10, a CPU (Central
Processing Unit) 101, a ROM (Read Only Memory) 102, and a
RAM (Random Access Memory) 103 are connected to a system bus
100. The ROM 10Z stores various programs. The CPU 101
executes processes based on these programs in the RAM 103
serving as a working area.

[0026]

Also connected to the system bus 100 are an audio data
decoding section 104, a medium drive 105, a communication
network interface {(The interface is shoﬁn as I/F in the
drawing. The same applies to the following.) 107, an
operation input secticn interface 109, a display interface
111, an I/0 port 113, an I/0 port 114, an input section
interface 115, and an HDD (Hard Disc Drive) 121. A series

of data to be processed by each functional block is supplied



to another functional block through this system bus 100. [0027] The
medium drive 105 imports music data of music content recorded on a
medium 106, such as a CD (Compact Disc) or a DVD (Digital Versatile
Disc), to the system bus 100. [0028] An operation input section 110,
such as a keyboard and a mouse, is connected to the operation input
section interface 109. [0029] It is assumed that a display 112 displays,
for example, an image synchronTzédlwﬁh extracted beats and a human
figure or a robot that dances in synchronization with the extracted beats.
[0030] An audio reproducing section 117 and a beat extracting section
to dancdresconfiectidionthe 115 pokt 113 fraldiibas the ealextracting? -
section 11 is connected to the 1/0 port 114.[0031] An input section 116
EOO%r?c,jluding an A/D (Analog to Digital) converter 116A, a microphone

L o 56 5 omedesc e szt
content recorded on a medium 106, such as a CD {(Compact
Disc) or a DVD (Digital Versatile Disc}, to the system bus
1006.

[0028]

An operation input section 110, such as a keyboard and
a mouse, is connected to the operation input section
interface 108.

[0029]

It is assumed that a display 112 displays, for example,
an image synchronized with extracted beats and a human
figure or a rcbot ihat dances in synchronization with the
extracted beats.

[0030]

An audio reproducing section 117 and a beat extracting
section 11 are connected to the I/0 port 113. In addition,
the beat extracting section 11 is connected to the I/0 port
114.

[0031]

An input section 116 including an A/D (Analog to
Digital) converter 116A, a microphone terminal 116B, and a
microphone 116C is connected to the input section interface

11%5. An audioc signal and a music signal picked up by the



microphone 116C are converted into a digital audio signal by the A/D
converter 116A. The digital audio signal is then supplied to the input
section interface 115. The input section interface 115 imports this digital
audio signal to the system bus 100. The digital audio signal
(corresponding to a time-series waveform signal) imported to the system
bus 100 is recorded in the HDD 121 in a format of wav file or the like.
The digital audio signal imported th gug“h this input section interface 115
is not directly supplied to the audio reproducing section 117. [0032] Upon
receiving music data from the HDD 121 or the medium drive, 105 thro
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106, such as an existing CD, is imported to_the system bus 100 through,
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co doynioad.orthe like by alistener andto be stored in the HRD 13k Bl Bus
100 is recorded in the HDD 121 in a format of .wav file or
the like. The digital audio signal imported through this
input section interface 115 is not directly supplied to the
audio reproducing section 117.

[0032]

Upon receiving music data from the HDD 121 or the
medium drive 105 through the system bus 100, the audio data
decoding section 104 decodes this music data to restore the
digital audioc signal. The audio data decoding section 104
transfers this restored digital audio signal to the I/0 port
113 through the system bus 100. The I/0 port 113 supplies
the digital audic signal transferred through the system bus
100 to the beat extracting section 11 and the audio
reproducing section 117.

[0033]

The medium 106, such as an existing CD, is imported to
the system bus 100 through the medium drive 105.
Uncompressed audio content acquired through download or the

like by a listener and to be stored in the HDD 121 is



directly imported to the system bus 100. On the other hand, compressed
audio content is returned to the system bus 100 through the audio data
decoding section 104. The digital audio signal (the digital audio signal is
not limited to a music signal and includes, for example, a voice signal and
other audio band signals) imported to the system bus 100 from the input
section 116 through the input section. interface 115 is also returned to the
system bus 100 again after being ét%re‘d in the HDD 121. [0034] In the
music playback apparatus 10 in one embodiment to which the present
invention is applied, the digital audio signal (corresponding to a
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othggggggfgagzggwgfgggigﬁ'imported to the system bus 100

from the input section 116 through the input section
interface 115 is also returned to the system bus 100 again
after being stored in the HDD 121.

[0034]

Tn the music playback apparatus 10 in one embodiment ©o
which the present invention ig applied, the digital audio
signal (corresponding to a time-serles waveform signal)
imported to the system bus 100 is transferred to the I/0
port 113 and then is supplied to the beat extracting section
11.

[0035]

The beat extracting section 11 that is one embodiment
of a beat processing device according to the present
invention includes a beat extraction processing unit 12 for
extracting beat position information of a rhythm of a
musical tune and a beat allignment processing unit 13 for
generating beat period information using the beat pesition
information extracted and obtained by the beat extraction

processing unit 12 and for aligning beats of the beat



position information extracted by the beat extraction processing unit 12
on the basis of this beat period information. [0036] As shown in Fig. 2,
upon receiving a digital audio signal recorded in a wav file, the beat
extraction processing unit 12 extracts coarse beat position information
from this digital audio signal and outputs the result as metadata recorded
in an mty file. In addition, the beat aljgnment processing unit 13 aligns the
beat position information extract'ed%}y the beat extraction processing unit
12 using the entire metadata recorded in the mty file or the metadata
corresponding to a musical tune portion expected to have an jdentical

pos kékp, ARd DUTHULE e FESult® &8 FretBdatYacOiied iftd Yy fite This
o.co lloWS hiohly  acaurate, extiacted beat pasiion nformationip e, obtained
y hile, the

step tep. Meanw e beat extracting section 11 will be described
1 nFin-getajl dater. [0037] The audio reproducing section 117 includes a D/A
converter 117A, an output amplifier 117B, and a loudspeaker 117C. The
[COWE port 113 supplies a digital audio signal transferred through the system
bus 100 to the D/A converter 117A included in the audio reproducing
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sigga recorded in a .wav file, the beat extraction
processing unit 12 extracts coarse beat position information
from this digital audic signal and outputs the result as
metadata recorded in an .mty file. In addition, the beat
alignment processing unit 13 aligns the beat position
information extracted by the beat extraction processing unit
12 using the entire metadata recorded in the .mty file or
the metadata corresponding to a musical tune portion
expected to have an identical tempo, and outputs the result
as metadata recorded in a .may file. This allows highly
accurate extracted beat position information to be obtained
step by step. Meanwhile, the beat extracting section 11
will be described in detail later.

[0037]

The audio reproducing section 117 includes a D/A
converter 117A, an output amplifier 117B, and a loudspeaker
117C. The I/0 port 113 supplies a digital audio signal
transferred through the system bus 100 to the D/A converter
117A included in the audio reproducing section 117. The D/A

converter 117A converts the digital audio signal supplied



from the I/O port 113 into an analog audio signal, and supplies the analog
audio signal to the loudspeaker 117C through the output amplifier 117B.
The loudspeaker 117C reproduces the analog audio signal supplied from
the D/A converter 117A through this output amplifier 117B. [0038] The
display 112 constituted by, for example, an LCD (Liquid Crystal Display)
or the like is connected to the di_sp&a%/ interface 111. The display 112
displays beat components and a tempo value extracted from the music
data of the music content, for example. The display 112 also displays, for
example, animated images or lyrics in si/Fgchronization with the mu%ic.
“the

frofo639) The dBfmurication henddrkintefade 107§ confécted t8 the
supp :%%?;%08&@51”355; thpcﬁ%b%%'fa%oﬁr%%@ea%&?&s <A Se1ver storing

Informationof the music content via the Internet 108 and sends
t hr QRACOUisition request foy1 aequiring the attribute nfermationusing 17¢
identification information of the music content as a retrieval key. The
repmusic playback apparaius stores she agtdibgtetintbhedtiéa osentfrony fife
server in response to this acquisition request in, for example, a hard disc
CONYRENGASd hithe HDBCEE! [6646] THER ibﬁf@iﬁdﬁﬁ%oﬁoﬁhe music
EOO;j;gr?tent employed - 16

The display 112 constituted by, for example, an LCD
(Liguid Crystal Display) or the like is connected to the
display interface 111. The display 112 displays beat
components and a tempo value extracted from the music data
of the music content, for example. The display 112 also
displays, for example, animated images or lyrics in
synchronization with the music.

[GC39]

The communication network interface 107 is connected to
the Internet 108. The music playback apparatus 10 accesses
a server storing attribute information of the music content
via the Internet 108 and sends an acqguisition request for
acquiring the attribute information using identification
information of the music content as a retrieval key. The
music playback apparatus stores the attribute information
sent from the server in response to this acquisition reguest
in, for example, a hard disc included in the HDD 1Z1.

(00407

The attribute information of the music content employed



by the music playback apparatus 10 includes information constituting a
musical tune. The information constituting a musical tune includes
information serving as a criterion that decides a so-called melody, such
as information regarding sections of the musical tune, information
regarding chords of the musical tune, a tempo in a unit chord, the key, the
volume, and the beat, information regarding a musical score, information
regarding chord progression, and information regarding lyrics. [0041]
Here, the unit chord is a unit of chord attached to a musical tune, such as
a beat or a bar of the musical tune. In addition, the info,rmgtign rgggglding

by HeR(iBHS bF aPMGsiea CthrRRRERRAES Sfof example TeRktivE positibn
con%“gjggl]? lign from e stayt pgsition afyhe juusiciliune o the Unestamp, -

t extracting section 11 included in the music playback
nus BPparatys 10:in oneembediment 4@ which thevpresent invertionds applied
extracts beat position information of a rhythm of music on the basis of
thatchaeacteristics of adigitdle dudivisigival, whigh wifl bendeseribedBelow.
[0043] Fig. 3(A) shows an example of a time-series waveform of a digital
regyudid Sighar s kAowh thatthatin&deribs \ravefshi ShdW i Fig. 3(A)

regggggggc%hggggd%%pggg”%dé@éal tune, a tempo in a unit
chord, the key, the volume, and the beat, information
regarding a musical score, information regarding chord
progression, and information regarding lyrics.

[0041]

Here, the unit chord is a unit of cherd attached to a
musical tune, such as a beat or a bar of the musical.tune.
Tn addition, the information regarding sections of a musical
tune includes, for example, relative position information
from the start position of the musical tune or the timestamp.
[0042]

The beat extracting section 11 included in the music
playback apparatus 10 in one embodiment to which the present
invention is applied extracts beat position information of a
rhythm of music on the basis of characteristics of a digital
audic signal, which will be described below.

[0043]

Fig. 3(A) shows an example of a time-series waveform of

a digital audio signal. It is known that the time-series

waveform shown in Fig. 3(A) sporadically includes portions



indicating large instantaneous peaks. This portion indicating the large
peak correspond to, for example, a part of beats of a drum. (0044]
Meanwhile, actually listening to music of the digital audio signal having
the time-series waveform shown in Fig. 3(A) reveals that more beat
components are included at substantially even intervals although such
beat components are hidden in the time-series waveform of the digital
audio signal having the time-ser'i’es1 aveform shown in Fig. 3(A).
Accordingly, the actual beat components of the rhythm of music cannot
be extracted based only on the large peak values of the time-series

indigafeforn SREARA in g SIAT  f045] BfG 'SIB) shows &8§péctfSyram of
.. the digital audio. signal having the time-series, wav in Fig.
lnd}sﬁ&f’.l ngth%Hsepe%?rgarearﬁ oft ecgljalrtgfgl? . |8esfg\gﬁalqéf§gcv§%§ ié.gé(lg), %art
of }jj%g@%wgfh%t beat.gomponents hidden in the time- series waveform

shown in Fig. 3(A) can be seen as portions at which a power spectrum
[ 00 #nstantaneously changes significantly. Actually listening to the sound

reveals that the portions at which the power spectrum instantaneous,l¥ 1

a

cHangeysigritficatitly i tHig speetr6grany coftedpohidtothe*béaf* 9+
suafgTEERent Theent e el A1 avaders, s aplrs o
3(A) reveals that more beat components are included at
substantially even intervals although such beat components
are hidden in the time-series waveform of the digital audio
signal having the time-series waveform shown in Fig. 3{A).
Accordingly, the actual beat components of the rhythm of
.music cannot be extracted based only on the large peak
values of the time-series waveform shown in Fig. 3(A).
[0045]

fig. 3(B) shows a spectrogram of the digital audic

signal having the time-series waveform shown in Fig. 3(A).
In the spectrogram of the digital audioc signal shown in Fig.
3(B), it is known that beat components hidden in the time-
series waveform shown in Fig. 3{(A) can be seen as portions
at which a power spectrum instantaneously changes
significantly. Actuzlly listening to the sound reveals that
the portions at which the power spectrum instantaneocusly
changes significantly in this spectrogram correspond to the
beat compenents. The beat extracting section 11 considers

the portions of this spectrogram at which the power spectrum



instantaneously changes significantly as the beat components of the
rhythm. [0046] By extracting these beat components and measuring the
beat period, a rhythm period and BPM (Beat Per Minutes) of music can
be known. [0047] As shown in Fig. 4, the beat extraction processing unit
12 includes a power spectrum calculator 12A, a change rate calculator
125, an envelope follower 12C, eic;t%r:pgrator 12D, and a binarizer 12E.
[0048] The power spectrum calculator 12A receives a digital audio signal
constituted by a time-series waveform of a musical tune shown in Fig.
5(A). [0049] More specifically, the digital audio signal supplied from the

ins GRplic A dechdiit Bector To4 s supflied Yo e 'Powet Spectighty =<+

alculator 12A included in the beat extraction processing unit 12. [0050]

of 2 T gt (I .

ince beat components cannot be extracted highly accurately from the

[ 00 dime-series waveform, the power spectrum calculator 12A calculates a
spectrogram shown in Fig. 5(B) using, for example, FFT (Fast Fourier
Trapsfoxm) ontthisy these beat components and measuring the

beat period, a rhythm period and BPM (Beat Per Minutes) of
music can be known.
{0047}

As shown in Fig. 4, the beat extraction processing unit
12 includes a power spectrum calculator 12A, a change rate
calculator 12B, an envelope follower 12C, a comparator 12D,
and a binarizer 12E.

[0048]

The power spectrum calculator 12A receives a digital
audic signal constituted by a time-series waveform of a
musical tune shown in Fig. 3{A).

(0049}

More specifically, the digital audio signal supplied
from the audio data decoding section 104 is supplied to the
power spectrum calculator 12A included in the beat
extraction processing unit 12.

[0050]

Since beat components cannot be extracted highly
accurately from the time-series waveform, the power spectrum
calculator 12A calculates a spectrogram shown in Fig. 5(B)

using, for example, FFT (Fast Fourlier Transform) on this



time-series waveform. [0051] When a sampling frequency of a digital
audio signal input to the beat extraction processing unit 12 is 48 kHz, the
resolution in this FFT operation is preferably set to be 5-30 msec in
realtime with the number of samples being 512 samples or 1024
samples. Various values set in this FFT operation are not limited to these.
In addition, it is generally prefergbl%o_perform the FFT operation while
applying window function (apodization function), such as hanning or
hamming, and overlapping the windows (“ranges"). [0052] The power
~spectrum calculator 12A supplies the calculated power spectrum to the
timgnafge Pate'éaEdIatct 12B. [0053] The change rate calculator 12B

EOOgf\lculates a rate of change in the power spectrum supplied from the
poWer spectrum calculator 12A. More specifically, the change rate

calewator 12B-performsra differantiation epefatian en thediawerispeactrum

supplied from the power spectrum calculator 12A, thereby calculating a
inpuatetaf chiamgedn the power tspectrum Bycrepeatedy pedermipgihie kKHz

differentiation operation on the momentarily varying power sgectrum, the

the chafge atealdilato 19 B S p G Abtkctiort Sighat ifidicatg 3R~ O °°
5m38xgg(e:tgdi%ea§e\al\éalvteicr)n%n vsaq ‘P{”%@lg'%%&f 200f samples being 512
samples or 1024 samples. Various values set in this FFT
operation are not limited to these. In addition, it is
generally preferable to perform the FFT operation while
applying window function (apodization function), such as
hanning or hamming, and overlapping the windows ("ranges").
[0052]

The power spectrum calculator 12A supplies the
calculated power spectrum to thé change rate calculator 12B.
[0C053]

The change rate calculator 12B calculates a rate of
change in the power spectrum supplied from the power
spectrum calculator 12A. More specifically, the change rate
calculator 12B performs a differentiation operation on the
power spectrum suppiied from the power spectrum calculator
123, thereby calculating a rate of change in the power
spectrum. By repeatedly performing the differentiation
operation on the momentarily varying power spectrum, the
change rate calculator 12B cutputs a detection signal

indicating an extracted beat wavelform shown in Fig. 5(C}).



Here, peaks that rise in the positive direction of the extracted beat
waveform shown in Fig. 5(C) are considered as beat components. [0054]
Upon receiving the detection signal from the change rate calculator 12B,
the envelope follower 12C applies a hysteresis characteristic with an
appropriate time constant to this detection signal, thereby removing
chattering from this detection sign IOTbe envelope follower supplies this
chattering-removed detection signal to the comparator 12D. [0055] The
comparator 12D sets an appropriate threshold, eliminates a low-level
noise from the detection signal stggplie,d from the envel.o(g)e fo%ov%/greﬂc,

feramd$iibibiieS e lbwsfve -n_&igg- iminated defection signal 1o the

ext Pinarizer L2k LQQ@(?HQ{? hiparizer;125-perfornsa binarization operation s
to "extract only the detection signal having a level equal to or higher than

beagh%gﬁﬁgh@lgg@m the detection signal supplied from the comparator 12D.
The binarizer outputs beat position information indicating time positions of

[00béat components constituted by P1, P2, and 23 as metadata recorded in
an mty file. [0057] - 21 . .

Upon receiving the detection signal from the change
rate calculator 12B, the envelope follower 12C applies a
hysteresis characteristic with an appropriate time constant
to this detection signal, thereby removing chattering from
this detection signal. The envelope follower supplies this
chattering-removed detection signal to the comparator 125.
[Q055]

The comparator 12D sets an appropriate threshold,
eliminates a low-level noise from the detection signal
supplied from the envelope follower 12C, and supplies the
low-level-noise-eliminated detection zignal to the binarizer
12E.
roose]

The binarizer 12E performs a binarization operation to
extract only the detection signal having a level egual to or
higher than the threshold from the detection signal supplied
from the comparator 12D. The pinarizer cutputs beat
position information indicating time positions of beat
components constituted by Pl, P2, and P3 as metadata

recorded in an .mty file.

[0057]



In this manner, the beat extraction processing unit 12 extracts beat
position information from a time-series waveform of a digital audio signal
and outputs the beat position information as metadata recorded in an mty
file. Meanwhile, each element included in this beat extraction processing
unit 12 has internal parameters and an effect of an operation of each
element is modified by changing_eﬁ internal parameter. This internal
parameter is automatically optimized, as described later. However, the
internal parameter may be set manually by, for example, a user's manual

operation on the operation input section 110. ,[0058}Beat intervals_of beﬂ
pdstidrhforfitiohIof & MusieaItufiE ekiracted ant recorded th &R mty

file as m a he he i o] Ing unit f
e Ao P S OA) Tor xale. (00501 The boct aignment
wavPFRCesSig uniyld pesformsan abggment pracessgmihe baat position

information of a musical tune or musical tune portions expected to have
pos Ani identicdltenypolinrthe est pasition infofmaticn extracted - BY the bést-

extraction processing unit 12. [095(\3;_% The beat alignment processigg unit
MeangedfactSaveh-Gntehitl beats Siithihs: forexample thoss shown by Al

prog%ég§ng unit 12 has internal parameters and an effect of
an operation of each element is modified by changing each
internal parameter. This internal parameter is
automatically optimized, as described 1ateﬁ. However, the
internal parameter may be set manually by, for example, a
user's manual operation on the operation input section 110.
[00s8]

RBeat intervals of beat position information of a
musical tune extracted and recorded in an .mty file as
metadata by the beat extraction processing unit 12 are often
uneven as shown in Fig. 6(A), for example.

[0059]

The beat alignment processing unit 13 performs an
alignment process on the beat position information of a
musical tune or musical tune porticns expected to have an
identical tempo in the beat position information extracted
by the beat extraction processing unit 1z,

[0060]
The beat alignment processing unit 13 extracts even-

interval beats, such as, for example, thcose shown by Al to



All of Fig. 6(A), timed at even time intervals, from the metadata of the
beat position information extracted and recorded in the mty file by the
beat extraction processing unit 12 but does not extract uneven-interval
beats, such as those shown by Bl to B4. In the embodiment, the even-
interval beats are timed at even intervals of a quarter note. [0061] The
beat alignment processing unit 13 calculates a highly accurate average
period T from the metadata of the %at_position information extracted and
recorded in the mty file by the beat extraction processing unit 12, and
extracts, as even-interval beats, beats having a time interval equal to the

All wErdgepefidd T, [0668 Hére, HieBxitadted BYERINRN behtSalong
cause a_bplank period sh In. Fig. 6(A). Accordingl in_Fig.
met %%ész e ac%ep%’leo a ts tpogysq {‘.nl olxg I 1(1'%)0 ??r%\:%&’/ggdgf%g%grﬁl I%ndg

eat alignment processing unit 1 s interpolation

recdeaty; spchasdhose shewnby Gl toE3at: positions wher the-ocessing

even-interval beats would exist. This allows the beat position information
uniof all beats timed atceverxintervalsuodesobtaimedr {0063 beatich as
alignment processing unit 13 defines beats that are substantially in phase

thoggthsthevsvepvinfervalbeits ad Th bE&tsAHrekretd ther SHEM/EE BRe in

beats are beats - 23 .
intérval beats are timed at even intervals ¢of a quarter note.

{0061]

The beat alignment processing unit 13 calculates a
nighly accurate average period T from the metadata of the
beat positioﬂ information extracted and recorded in the .mty
file by the beat extraction processing unit 12, and extracts,
as even-interval beats, beats having a time interval equal
to the average period T.

[6062]

Here, the extracted even-interval beats alone cause a
pblank period shown in Fig. 6(A). Accordingly, as shown in
Fig. 6(B), the beat alignment processing unit 13 newly adds
interpolation beats, such as those shown by Cl to C3, at
positions where the even-interval beats would exist. This
allows the beat position information of all beats timed at
even intervals to be obtained.

[C063]

The beat alignment processing unit 13 defines beats

that are substantially in phase with the even-interval beats

as in beats and extracts them. Here, the 1in beats are beats



synchronized with actual music beats and also include the even-interval
beats. On the other hand, the beat alignment processing unit 13 defines
beats that are out of phase with the even-interval beats as out beats and
excludes them. The out beats are beats that are not synchronized with
the actual music beats (quarter note beats). Accordingly, the beat
alignment processing unit 13 needs to distinguish the in beats from the
out beats. [0064] More specificaTIy,Zés a method for determining whether
a certain beat is an in beat or an out beat, the beat alignment processing
unit 13 defines a predetermined window width W centered on the
synelentinterdalbeat as Showh MFigC 70Fhe et Alignment-processing it
13 determines that a beat included in the window width W is an in beat
eVeRRYthEEY “Heat Hor ficludSd i the Wik oww\?v?ﬁh \/\gfil.'tfa ah ot b%%tl. 0085}
orofdditignally, when nogven-interyalheats ate included, in the window s 1,

width W7 the beat alignment processing unit 13 adds an interpolation

the beatwhieh is-a beabto:interpslate ttheeven-intetvalheatsid6066je MoreT e
specifically, for example as shown in Fig. 8, the beat alignment

out pkogeEssingrenib $3 extrabisteverEintervals Bearst 8uéh as théde shé\en by

All to A20, and an in beat D11, - 24 .
actual music beats (guartér note beats). Accordingly, the

beat alignment processing unit 13 needs to distinguish the
in beats from the out beats.
[0064]

More specifically, as a method for determining whether
a certain beat is an in bpeat or an out beat, the beat
alignment processing unit 13 defines a predetermined window
width W centered on the even-interval beat as shown in Fig.
7. The beat alignment processing unit 13 determines that a
beat included in the window width W is an in beat and that a
beat ﬁot included in the window width W is an out beat.
[C065]

Additionally, when no even-interval beats are included
in the window width W, the beat alignment processing unit 13
adds an interpolation beat, which is a beat to interpolate
the even-interval beats.
[ooee]

More specifically, for example as shown in Fig. 8, the
beat alignment processing unit 13 extracts even-interval

beats, such as those shown by All to A20, and an in beat D11,



which is a beat substantially in phase with the even- interval beat All, as
the in beats. The beat alignment processing unit also extracts
interpolation beats, such as those shown by C11 to C13. In addition, the
beat alignment processing unit 13 does not extract out beats such as
those shown by Bll to B13 as quarter note beats. [0067] Since music
beats actually fluctuate temporally, the number of in beats extracted from
music having a large fluctuationin 4fis determination decreases. As a
result, a problem of causing an extraction error called beat slip occurs.

. [0068] Accordingly, by resetting the value of the window width W larger

whighr disic Raikg AUkReftictdation, e ROADRr BF Extrdetefifieats

ine JIYERSER AN e Otacan o SRR De redutech The windaldih W

1
ay be generally d constant vaﬂje. owever, 10r a musica aving

Dro @@s@ﬁfﬁ'{:{nﬁlﬂi large fluctuation,the windaw mdth-can beagiusted asia as
ete

parameter, such as increasing the value. [0069] The beat alignment
tho$E0eessing bRit d3assigns] as thénmetadataca beabattibute of thgiment

beat included in the window width W or the out beat not included in the
ProgdREOWIWItR W Lk shdifor dfinG EkiFacted beat BRRtSwithint: 25 those

shown by B1l to BL3 as quarter note beats.
[(0067]

Since music beats actually fluctuate temporally, the
number of in beats extracted from music having a large
fluctuation in this determination decreases. As a result, a
problem of causing an extraction errcr called beat slip
oCCurs.

[0068]

Accordingly, by resetting the value of ﬁhe window width
W larger for music having a large fluctuation, the number of
extracted in beats increases and the extraction error can be
reduced. The window width W may be generally a constant
value. However, for a musical tune having an extremely
large fluctuation, the window width can be adjusted as a
varameter, such as increasing the value.

[0069]

The beat alignment processing unit 13 assigns, as the
metadata, a beat attribute of the in beat included in the
window width W or the out beat not included in the window

width W. In addition, if no extracted beat exists within



the window width W, the beat alignment processing unit 13 automatically
adds an interpolation beat and assigns, as the metadata, a beat attribute
of this interpolation beat as well. Through this operation, the
beat-information- constituting metadata including the beat information,
such as the above-described beat position information and the
above-described beat attribute, is rgcorded in a metadata file (.may) .
Meanwhile, each element included i this beat alignment processing unit
13 has internal parameters, such as the basic window width W, and an
effect of an operation is modified by changing each internal §aramete£.3

the [9370]CAs HedEhbEd aEB?c_e,bt‘ﬁ@fbe%]r%‘iiﬂQ@ﬁh SRR B BT
oy e sionlieanUy Ay ascusels nept AIOD 190 Ane
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igital au signal by performing two- step data processing inthe beat

met £XHagtion, pracessing:-unit, 12.andrtherbeat aligament processingamit3.
The beat extracting section performs not only the determination of

we 1 Whether abgat thas irnpeatdariamoeout-beatdsr atsor additiwhiciithe
appropriate beat interpolation process, thereby being able to obtain the

conppatinfGmialish-eriudter RotentepvdiE ovBFah ehtite MiRlch tune® ="
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above-described beat attribute, is recorded in a metadata
file {(.may). Meanwhile, each element included in this beat
alignment processing unit 13 has internal parameters, such
as the basic window width W, and an effect of an operation
is modified by changing each internal parameter.

[0070]

As described above, the beat extracting section 11 can
automatically extract significantly highly accurate beat
information from a digital audio signal by performing two-
step data processing in the beat extraction processing unit
12 and the beat alignment processing unit 13. The beat
extracting section performs not only the determination of
whether a beat is an in beat or an cut beat but also
addition of the appropriate beat interpolation process,
thereby being able to obtain the beat information of quarter
note intervals over an entire musical tune.

[0071]
A method for calculating an amount of various musical

characteristics cbtained along with the beat position



information extracted by the beat extracting section 11 according to the
present invention in the music playback apparatus 10 will be described
next. [0072] As shown in Fig. 9, the music playback apparatus 10 can
calculate a total number of beats on the basis of beat position information
of a first beat Xl and a last beat Xn extracted by the beat extracting
section 11 using equation (1) shown below. [0073] Total number of beats
= Total number of in beats + Total fitimber of interpolation beats (1) In
addition, the music playback apparatus 10 can calculate the music tempo
(an average BPM) on the basis of the beat position information extracted

infeyRé beat BXERRRRG Settiort 1T T e Gidtict (2} ahd Eeuation (3)"
shawn below. [0074] Average beat period [samples] = (L.ast sition
aeee Pgegtopézsit?orﬁ}(ﬁ?aﬂ %u%n er of Jb%%tsgs-f?l)t%z% gf\l/ue%ggg% gg%i[gt%pm] =
appSAmRling:frequency/Avesage beat periodk60 (3) in this manner, the
music playback apparatus 10 can obtain the total number of beats and the
[ 00agerage BPM using the simple four basic operations of arithmetic. This
allows - 27
As shown in Fig. 9, the music playback apparatus 10 can

calculate a total number of beats on the basis of beat
position information of a first beat X1 and a last beat Xn
extracted by the beat extracting section 11 using equation
(1) shown below.
[0073]
Total number of beats = Total number cf in beats +
Total number of interpolation beats (1)
In addition, the music playback apparatus 10 can
calculate the music tempo (an average BFM} on the basis of
the beat position information extracted by the beat
extracting section 11 using eguation (2) and egquation (3)

shown below.

[0074]

Average beat period [samples! = (Last beat position -
Tirst beat position)/(Total number of beats - 1} (2)
Average BPM [bpm] = Sampling freguency/Average beat
periocdx60 (3)

In this manner, the music playback apparatus 10 can
obtain the total number of beats and the average BPM using

the simple four basic operations of arithmetic. This allows



the music playback apparatus 10 to calculate a tempo of a musical tune
at a high speed and with a low load using this calculated result.
Meanwhile, the method for determining a tempo of a musical tune is not
limited to this one. [0075] Since the calculation accuracy depends on the
audio sampling frequency in this calculation method, a significantly highly
accurate value of eight significant figures can be generally obtained. In
addition, even if the extraction err gbc(:urs during the beat extraction
process of the beat alignment processing unit 13, the obtained BPM is a

highly accurate value since an error rate thereof is between a fraction of
the Jeverar hRhaidur andRAfFactoh JCséveraPthbisandtnd ik Eise °f 2

calculation method. [Q076] In addition, the music playback apparatus 10.
muspER ! chiRte instantaneo i BP ﬁw%?cavi’iﬁg%}anaingfla%tgr%o%se%ﬁc a%gﬁs

21 0f atempo,of a musicajdune.whigh canaote iealized hithertoomthey
basis of the beat position information extracted by the beat extracting

temsectan 31mAs ishowrtimkigi 40pthie musitplalback @pparatus -10 sets
the time interval of the even-interval beats as an instantaneous beat

(00 petiod Ts and calculates the instantaneous BPM using equation (4) given

below. [0077] - 28 - . .
Since the calculation accuracy depends on the audio

sampling frequency in this calculation method, a
significantly highly accurate value of eight significant
figures can be generally obtained. In addition, even if the
extraction error occurs during the beat extraction process
of the beat alignment processing unit 13, the obtained BPM
is a highly accurate value since an error rate thereof 1is
between a fraction of several hundredths and a fraction of
several thousandths in this calculation method.

[0076]

Tn addition, the music playback apparatus 10 can

calculate instantaneous BPM indicating an instantaneous
luctuation of a tempo of a musical tune, which cannot be
realized hitherto, on the basis of the beat position
information extracted by the beat extracting section 11. As
shown in Fig. 10, the music playback apparatus 10 sets the
time interval of the even-interval beats as an instantaneous
beat period Ts and calculates the instantaneous BPM using
equation (4) given below.

[0077]



Instantaneous BPM [bpm] = Sampling frequency/Instantaneous beat
period Tsx60 (4) The music playback apparatus 10 graphs out this
instantaneous BPM for every single beat and displays the graph on the
display 112 through the display interface 111. Users can grasp a
distribution of this instantaneous BPM as a distribution of the fluctuation
of the temp of the music that the users are actually listening to and can
utilize it for, for example, rhythm_trgi%in_g, grasp of a performance mistake
caused during recording of the musical tune, or the like. [0078] Fig. 11 is
a graph showing the instantaneous BPM against beat numbers of a
livecreeardetrpsicab flhel WP additiors Big. “1%%is a graph showing the
fre %%S%%'{P?Zr- gﬁr%gftl\gna%%gsgb% t numberg Qf Sax%q)-called

esized-"recorde nﬁfsifrcla?tune. As'is clear from
coppparison; of t ﬁa%@z%‘ﬁi thecomputer-recordad musieal tune Has a
smaller fluctuation time width than the live-recorded musical tune. This is

insbesayse thescarpputessrecorsed musigaktune hlaszan €haragterstic thatthe
tempo changes therein are less by comparison. By using this

graphafdetéigticslit 3 pagsiblelot AutdMatcaNg defethife whetrer ' Ertaih 1 -

oo Uil tune i lve ecorde o compyler ergrisd. #ich s be<Bew =

a distribution of the fluctuation of the temp of the music

(4)

that the users are actually listening to and can utilize it
for, for example, rhythm training, grasp of a performance
mistake caused during recording of the musical tune, or the
like.

[c078]

Fig. 11 is a graph shcwing the instantaneous BPM
against beat numbers of a live-recorded musical tune. In
addition, Fig. 12 is a graph showing the instantaneous BPM
against beat numbers of a so-called computer-synthesized-
recorded musical tune. As is clear from comparison of the
graphs, the computer-recorded musical tune has a smaller
fluctuation time width than the live-recorded musical tune.
This is because the computer-recorded musical tune has a
characteristic that the tempo changes therein are less Dy
comparison. By using this characteristic, it is possible to
automatically determine whether a certain musical tune Iis
li%eﬂrecorded or computer-recorded, which has been

impossible.



[0079] A method for making the accuracy of the beat position information
extracting process higher will be described next. [0080] Since the
metadata indicating the beat position information extracted by the beat
extracting section 11 is generally data extracted according to an
automatic recognition technique of a computer, this beat position
information includes more or less e %raction errors. In particular,
depending on musical tunes, the?e% e those having beats significantly
fluctuate unevenly and those extremely lacking the beat sensation. [0081]
Accordingly, the beat alignment processing unit 13 assigns, to metadata
(00%tbplied from the beat extraction processing unit 12, a reliability index

valug Indicating the re'}liab”“yﬂ-%{éhigc@%@? ta gnd aytomatically,q i < i on

JaaK 1N . . = :
détemines " the reliabi Ity Gf the métadata. This reliability index” value is

inrdigfined as, forexample.a funstien shatisriaverselypropodiopakttcad next .
variance of the instantaneous BPM as shown by the following equation

r00€B). [0082] Reliability index x 1/variance of instantaneous BPM (5) This is
because there is a characteristic that the variance of the instantaneous

BBMIGEndraRy TRFeskesawh@r1gpting the beat position

information extracted by the beat extracting section 11 is
generally data extracted accerding to an automatic
recognition technigue of a computer, this beat position
information includes more cor less extraction errors. In
particular, depending on musical tunes, there are those
having beats significantly fluctuate unevenly and those
extremely lacking the beat sensation.

[0081]

Accordingly, the beat alignment processing unit 13
assigns, to metadata supplied from the beat extraction
processing unit 12, a reliebility index value indicating the
reliability of this metadata and automatically determines
the reliability of the metadata. This reliability index
value is defined as, for example, a function that is
inversely proportional to a variance of the instantaneous
BPM as shown by the following eguation ({5).

[cog82]
Reliability index o« 1/Variance of instantaneous BPM (5)
This is because there i1s a characteristic that the

variance of the instantaneous BPM generally increases when



an extraction error is caused in the beat extraction process. That is, the
reliability index value is defined to increase as the variance of the
instantaneous BPM becomes smaller. [0083] A method for extracting the
beat position information more accurately on the basis of this reliability
.index value will be described using flowcharts of Fig. 13 and Fig. 14.
[0084] It is not too much to say automatically obtaining specific beat
position information at accuracy of £60% from various musical tunes
including beat position information extraction errors is impossible.
Accordingly, users can manually correct the beat position information

an exfrHALGNH ©Hros HIBUGH adREAGal operativh. ahE exrasst eforLEaRess -
be easnﬁ found nd the error ga[és can be corrected, _the corEectlon work

I

Thabelsm licfdht. 10885 ~ig* 1548 oW AT ShSWing an-Sxample”

as Pha 95059995%%@&914@“% farrecting.the heat pasition. informatioman.
the basis of the reliability index value. [0086] At STEP SI, a digital audio

[oos@nal is supplied to the beat extraction processing unit 12 included in the
beat extracting section 11 from the 1/O port 113. [0087] - 31

A method for extracting the beat position information
more accurately on the basis of this reliagbility index value
will be described using flowcharts of Fig. 13 and Fig. 14.
[0084]

It is not too much to say automatically obtaining
specific beat position information at accuracy of 100% from
various musical tunes including beat position information
extraction errcrs is impossible. Acccrdingly, users can
manually correct the beat position information extraction
errors through a manual operation. If the extraction errors
can be easily found and the error parts can be corrected,
the correction work becomes more efficient.

(00851

Fig. 13 is a flowchart showing an example of a
procedure of manually correcting the beat position
information on the basis of the reliability index wvalue.
[0C86]

At STEP S1, a digital audio signal i1s supplied to the
beat extraction processing unit 12 included in the beat
extracting section 11 from the I/0 port 113.

[0087;



At STEP S2, the beat extraction processing unit 12 extracts beat position
information from the digital audio signal supplied from the 1/0O port 113
and supplies the beat position information to the beat alignment
processing unit 13 as metadata recorded in an mty file. [0088] At STEP
S3, the beat alignment processing unit 13 performs alignment processing
on beats constituting the beat position information supplied from the beat
extraction processing unit 12. [OOS@]1 At STEP S4, the beat alignment
processing unit 13 determines whether or not the reliability index value

assigned to the alignment-processed metadata is equal to or higher than
a thieSHOIE Nj%). [ tie Bstrabil Ry ot Yaluehs egbarb st Highdr than

ext-'\l%@(at this STEP 54, the process procee st%S;:I'EP %6. If the, reliabilit

ndekvatie s ioierthah !\%%?ﬁ%a roc s%}b?oceed% toJSgIlIJ:EI53‘SS5‘5.l ]

sigAL STER.BP1 8 Mnanugl cofrection for fhe beps alignment, processingisy e at:
performed by a user with an authoring tool (not shown) included in the

posMuBisplaybackappaiatus 1@ {0094 At STER:&6, theoheat=alighmentnit
processing unit 13 supplies the beat-alignment-processed beat position -

13 32 metadata reccrded in an .mty file.

(0088}

At STEP 83, the beat alignment processing unit 13
performs alignment processing on beats constituting the beat
position information supplied from the beat extraction
processing unit 1Z.

[0089]

At STEP S4, the beat alignment processing unit 13
determines whether or not the reliability index value
assigned to the alignment-processed metadata is equal to or
higher than a threshold N(%). If the reliability index
value is equal to or higher than N(%) at this STEP S4, the
process proceeds to STEP S6. If the reliability index value
is lower than N(%), the process proceeds to STEP S5.

[0090]

At STEP 85, a manual correction for the beat alignment
processing is performed by a user with an authoring teool
(not shown) included in the music playback apparatus 10.
(00911

At STEP S6, the beat alignment processing unit 13

supplies the beat-alignment-processed beat position



information to the 1/0 port 114 as metadata recorded in a may file. [0092]
In addition, by changing an extraction condition of the beat position
information on the basis of the above- described reliability index value, it is
possible to extract the beat position information more highly accurately.
[0093] Fig. 14 is a flowchart showing an example of a procedure of
specifying a beat extraction condition, [0094] A plurality of internal
parameters that specify the extractith condition exists in the beat
extraction process in the beat extracting section 11 and the extraction
accuracy changes depending on the parameter values. Accordingly, in

inf gienpedtextfactingSeklion A2 the'béat® exFaCtRIFIrocEssing Uit 12and
R }nhe befatiaelignment processing unit 13 prepare a plurality of sets of
“fitérmat parameters beforehand, perform the beat extraction process for

0o §aeh parameter set, and calculate the above-described reliability index
value. [0095] At STEP 511, a digital audio signal is supplied to the beat
extractai pracessingyurih 42 inchudechinathie heat iextracting section df the
from the I/O port 113. 33 -

beat position information on the basis of the above-

described reliability index value, it is possible to extract

the beat position information more highly accurately.

[0093]

Fig. 14 is & flowchart showing an example of a
procedure of gpecifying a beat extraction condition.
[0094]

A piurality of internal parameters that specify the
extraction condition exists in the beat extraction process
in the beat extracting section 11 and the extraction
accuracy changes depending on the parameter values.
Accordingly, in the beat extracting section 11, the beat
extraction processing unit 12 and the beat alignment
processing unit 13 prepare a plurality of sets of internal
parameters beforehand, perform the beat extraction process
for each parameter set, and calculate the above-described
reliability index wvalue.

[0085]
At STEP 511, a digital audio signal is supplied to the

beat extraction processing unit 12 included in the beat

extracting section 11 from the I/0 port 113.



[0096] At STEP S12, the beat extraction processing unit 12 extracts beat
position information from the digital audio signal supplied from the 1/0
port 113 and supplies the beat position information to the beat alignment
processing unit 13 as metadata recorded in an mty file. [0097] At STEP
S13, the beat alignment processing unit 13 performs the beat alignment
process on the metadata supplied from the beat extraction processing
unit 12. [0098] At STEP S14, the beat alignment processing unit 13
determines whether or not the reliability index value assigned to the
alignment-processed metadata is equal to or higher than a threshold
[COM{%). If the reliability index value is equal to or higher than N(%) at this

=P 514, the ropgss proseeds fo STEP 510, fherelbiliy inder,

S
value is'lower thdn N(%), the process proceeds to P 515. [0099] At
ext SIER 513.ach of the-heat.extyagtion processing: waitd 2andhthehesato

alignment processing unit 13 changes parameters of the above-described
sigparametes setslard the tprocésSreturms to STEP812uAftéi STEP G2 eat

and STEP S13, the determination of the reliability index value is
poSbéﬁ@ﬂnéﬁ%@Em?5ﬂ8$EtﬁSf@@$p9at alignmeént processing unit

13 as metadata recorded in an .mty file.
[0097]

At STEP 813, the beat alignment processing unit 13
performs the beat alignment process on the metadata supplied
from the beat extraction processing unit 12.

[(0098]

At STEP S14, the beat alignment processing unit 13
determines whether or not the reliability index value
assigned to the alignment-processed metadata is equal to or
higher than a threshold N(%). If the reliability index
value is equal to or higher than N(%) at this STEP S14, the
process proceeds to STEP $16. If the reliability index
value is lower than N(%), the process proceeds to STEP S15.
[0029]

At STEP 815, each of the beat extraction processing
unit 12 and the beat alignment processing unit 13 changes
parameters of the above-described parameter sets and the
process returns to STEP $12. After STEP S12 and STEP 513,
the determinatiocn of the reliability index value is

performed again at STEP S14.



[0100] STEP S12 to STEP S15 are repeated until the reliability index
value becomes equal to or higher than N(%) at STEP S14. [0101]
Through such steps, an optimum parameter set can be specified and the
extraction accuracy of the automatic beat extraction process can be
significantly improved. [0102] As described above, according to the music
playback apparatus 10 including a beat extracting device according to
the present invention, an audio vVavcjegfor_m (sampling sound source), such
as PCM, not having timestamp information, such as beat position
information, can be musically synchronized with other media. In addition,
01 &fHce the data size of the timestamp information, such as the beat

Poslion infoymation, s behueen several Kpytes it sevaral 1g0s Kiylas, ¢

is" significantly small; as beln% 4 Yraction of several thousandths o
inadhe datasize of the-audigwaveform, the, syrmery gapagity:andithes Tep $14.

processing steps can be reduced, which thus allows users to handle it
101 &ignificantly easily. [0103] As described above, according to the music
playback apparatus 10 including a beat extracting device according to
the presat ifksHtioRh - RES possibletto ‘dectirdteR et biats oFer &Y
spegg.ggguggglgwg1g% gQ%?ggﬂ“§§Q§Q§¥§f%% the automatic beat
extraction process can be significantly improved.
[0102]

As described above, according to the music playback
apparatus 10 including a beat extracting device according to
the present invention, an audic waveform (sampling sound
source), such as PCM, not having timestamp information, such
as beat position information, can be musically synchronized
with other media. In addition, since the data size of the
timestamp information, such as the beat position information,
is between several Kbytes and several tens Kbytes and is
significantly small, as being a fraction of several
thousandths of the data size of the audic waveform, the
memory capacity and the processing steps can be reduced,
which thus allows users to handle it significantly easily.
(01031

As described above, according to the music playback
apparatus 10 including-a beat extracting device according to

the present invention, it is possible to accurately extract

beats over an entire musical tune from music whose. tempo



changes or music whose rhythm fluctuates and further to create a new
entertainment by synchronizing the music with other media. [0104]
Meanwhile, it is obvious that the present invention is not limited only to
the above-described embodiments and can be variously modified within a
scope not departing from the spirit of the present invention. [0105] For
example, a beat extracting device according to the present invention can
be applied not only to the personal 3cr’orﬁputer or the portable music
playback apparatus described above but also to various kinds of

apparatuses or electronic gﬁga[atuses. [0106] Accorqmg to the present
changggntion, BEELFoSTHGT Snformalitn bt RThythhe 8t Amudicd tife i ©

oo ol Hhat DOEHoA THHHAIEN, Sl beme ot e Braaes paat "

e% alr}men
il position information, and beats o xtracted beat
ot nPositionigformation are aligned on the basis of this beat period

information, whereby the beat position information of a specific musical
[ 01m0te can be extracted highly accurately from the entire musical tune. - 36
- CLAIMS 1. A beat extracting device characterized by comprising: ,

Meanwhile, it is obvious that the presént invenlion 1s
not limited only to the above-described embodiments and can
be variously modified within a scope not departing from the
spirit of the present invention.

[0105]

For example, 2 beat extracting device according to the
present invention can be applied nct only to the perscnal
computer or the portable music playback apparatus described
above but also to various kinds of apparatuses cor electronic
apparatuses.

[0106]

According to the present invention, beat position
information of a rhythm of a musical tune is extracted, beat
period information is generated using this extracted and
obtained beat position information, and beats of the
extracted beat position information are aligned on the basis
of this beat period information, whereby the beat position

information of a specific musical note can be extracted

highly accurately from the entire musical tune.



beat extraction processing means for extracting beat position information
of a rhythm of a musical tune; and beat alignment processing means for
generating beat period information using the beat position information
extracted and obtained by the beat extraction processing means and for
aligning beats of the beat position information extracted by the beat
extraction processing means on the basis of the beat period information.
2. The beat extracting device achrafhg_to Claim 1, characterized in that
the beat alignment processing means uses the beat position information
extracted from the entire musical tune or from a portion of the musical
tune that is expected to have arfielBatfGal tempo. 3. The beat extracting
, deviog aceording to.Claim 1, characterized n thatthe beat extiaction, ;.
processing méeans nciiges: power spec]frum calculating ‘means for
calgulating.a power.spectm of theymusic-signa) fram e time-segiese« «

waveform of a music signal of the music; and change amount calculating
posmeans fon cateulatingran finsountwf iehange in thespower spectrunand

calculated by the power spectrum calculating means and outputting the -

37oecdicabicd arolnPsPaETye 4. Thebeat eXtrattiRy dévied aB&6rding

o Claim 1, , . o , .
pergogzanformatlon using the beat position information

extracted and cobtained by the beat extraction processing
means and for aligning beats of the beat position
information extracted by the beat extraction processing
means on the basis of the beat period information.
2. The beat extracting device according to Claim 1,
characterized in that
the beat alignment processing means uses the beat
position information extracted from the entire musical tune
or from a portion of the musical tune that is expected to
have an ldentical tempo.
3. The bheat extracting device according to Claim 1,
characterized in that
the beat extraction processing means includes:
power spectrum calculating means for calculating a
power spectrum of the music signal from a time-series
waveform of a music signal of the music; and
change amount calculating means for calculating an
amount of change in the power spectrum calculated by the

power spectrum calculating means and outputting the



characterized in that the beat alignment processing means defines a
window width centered on a beat that matches a beat period of the beat
period information in terms of time and extracts only a beat existing within
the window width. 5. The beat extracting device according to Claim 4,
characterized in that, when no beat exists in the window width, the beat
alignment processing means adds a new beat in the window width and
extracts the added beat. 6. The Hea?l7exfracting device according to Claim
1, characterized in that the beat alignment processing means calculates
an index value indicating a reliability of the beat-aligned beat position

calGfbirhafio GAtHetérifeés ifikether or not the index value is equal to or

etermined threshold. 7. The.b

4 hlngétQ)aéna% pr)?g%é,lc&la?gc ev;glen %%Cf?ﬁfd %at %)gr%lggﬁg%nce

‘according to Cl&im terize € bedt extraction processing

chafagans- andthe beat alignmentjrocessing means bavanternal means
parameters that specify a beat extraction processing condition and a beat

de f aliggment pratessingcandition; erespectively, largitrepeatedhe cladmrge the
respective internal parameters until the index value becomes equal to or

beahighet fan‘the PredéterhinetthReShold. B: The'tiéat extratiifig devick e
W R e i

5. The beat extracting device according to Claim 4,
characterized in that, when no beat exists in the window
width, the beat alignment processing means adds a new beat
in the window width and extracts the added beat.

6. The beat extracting device according to Claim 1,
characterized in that the beat alignment processing means
calculates an index value indicating a reliability o¢f the
beat—aligned beat position information and determines
whether or not the index value is egual to or higher than a
predetermined threshold.

7. The beat extracting device according to Claim o,
characterized in that the beat extraction processing means
and the beat alignment processing means have internal
parameters that specify a beat extraction procé%sing
condition and a beat alignment processing condition,
respectively, and repeatedly change the respective internal
parameters until the index value becomes equal to or higher

than the predetermined threshold.

8. The beat extracting device according to Claim 6,



the beat alignment processing means until the index value becomes
equal to or higher than the predetermined threshold. 9. The beat
extracting device according to Claim 6, characterized in that the index
value is a function that is inversely proportional to a variance of
instantaneous BPM between beats of the beat position information. 10. A
beat extracting method characterized by comprising: a beat extraction
processing step of extracting beat Bgsiﬁon information of a rhythm of a
musical tune; and a beat alignment processing step of generating beat
period information using the beat position information extracted and

cha pheifed abtheBedtextitetioR PRoCessinY) StéPand of alfghiflg bedts™of
the beat position information_extracted.at the b ti |
man%{:glp?gn ct:r?erlbec%z_n]gt £ eeg% éqc CS %rﬁgﬁo r?gl%lgél&h%%?&dprgggﬁ%ﬁt‘%ggl by

asis or'the %enog nfo e beat extra
the Method acegrding to Claime10, ; charasterized in that- aktherbeat value
alignment processing step, the beat position information extracted from
bectheentiremusical tuneh byfrem & partiorhef thesdesiealtdne thatligeshold.
expected to have an identical tempo is used. 12. The beat extracting
° metierl REEoTdRg-ECTRIM 2 0dechafactfzad rthdt 39 Cthafedt -
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inversely propertional to a variance of instantaneous BFM
between beats of the beat position information.
10. A beat extracting method characterized by comprising:
a beat extraction processing step of extracting beat
position information of a rhythm of a musical tune; and
a beat alignment processing step of generating beat
period information using the beat pesition information
extracted and obtained at the beat extraction processing
step and of aligning beats of the beat pesition information
extracted at the beat extraction processing step on the
basls of the beat period information.
11. The beat extracting method according to Claim 10,
characterized in that,
at the beat alignment processing step, the beat
position information extracted from the entire musical tune
or from a portion of the mﬁsical tune that is expected to
have an identical témpo is used.
12. The beat extracting method according to Claim 10,

characterized in that



power spectrum of the music signal from a time-series waveform of a
music signal of the music; and a change amount calculating step of
calculating an amount of change in the power spectrum calculated at the
power spectrum calculating step and outputting the calculated amount of
change. 13. The beat extracting method according to Claim 10,
characterized in that, at the beat alirgnment processing step, a window
width centered on a beat that matc é)s a beat period of the beat period
information in terms of time is defined and only a beat existing within the
window width is extracted. 14. The beat extracting method according to

ClalitR 132 3¢haR&EERZEd R AWRES i bE&t T e ot st in the
window width, a new beat is added in the window wi ded
beaatEiDSO\é\I)%:Facﬁgg %ﬁ]iléﬂbcat gluqadc:m Svgegoflvgg}_éﬂqatpgﬁéj g

E eat alignmentprocessing step. 15. The beat

pow&Xtracting methodaceerdingsto- Clain 10, chasacterizedhin that.iatdhe
beat alignment processing step, an index value indicating a reliability of

wavéie bratdlignedibiat pasitiert inférmatiomisscatculated and whether or
not the index value is equal to or higher than a predetermined threshold

is HefEtATHIE. U0 6. FhéBeat bxfrdctiigmetiod adcotdmy B TIaim 15,
amoSpw.%racg%ercizzr?éjrjgeth?,trlin%enrgalpﬁ):%\rrg!:neé[%resctpggﬁpeccailfycaulat ed at the
power spectrum calculating step and outputting the
calculated amount of change.

13. The beat extracting method according to Claim 10,
characterized in that, at the beat alignment processing step,
a window width centered on a beat that matches a beat period
of the beat period information in terms of time is defined
and only a beat existing within the window width is
extracted.

14. The beat extracting method according to Claim 13,
characterized in that, when the beat does not exist in the
window width, a new beat is added in the window width and
the added beat is extracted at the beat alignment processing
step.

15. The beat extracting method according to Claim 10,
characterized in that, at the beat alignment processing step,
an index value indicating a reliability of the beat-aligned
beat position information is calculated and whether or not

the index value is equal to or higher than a predetermined

threshold is determined.



beat extraction processing condition and a beat alignment processing
condition exist at the beat extraction processing step and the beat
alignment processing step, respectively, and the respective internal
parameters are repeatedly changed until the index value becomes equal
to or higher than the predetermined threshold. 17. The beat extracting
method according to Claim 16, characterized by further comprising: a
correction step of manually corrécting the beat position information
aligned at the beat alignment processing step until the index value
becomes equal to or higher than the predetermined threshold. 18. The

1 %ea@&&rﬁiﬁ@ rﬁé(tﬁéﬁ%itc%ﬁﬁjiﬁ‘&?@@‘ljai?ffé? rehRActériZzetAnthatthe
cnefiRUE I Sliclo U e e el et
beat extraction processing condition and a beat alignment
processing condition exist at the beat extraction processing
step and the beat alignment processing step, respectively,
and the respective internal parameters are repeatedly
changed until the index value becomes equal to or higher
than the predetermined threshold.

17. The beat extracting method according te Claim 16,
characterized by further comprising: a correction step of
manually correcting the beat position information aligned at
the beat alignment processing step until the index value
becomes equal to or higher than the predetermined threshold.

18. The beat extracting method according to Claim 15,
characterized in_that the index value is a function that is

inversely proportional te a variance of instantaneous BPM

between beats of the beat position information.



