- 1 S07P0109 DESCRI PTI ON BEAT EXTRACTI NG DEVI CE AND
BEAT EXTRACTI NG METHOD .Technical Field [0001] The
present invention relates to a beat extracting
device and a beat extracting nmethod for extracting
beats of a rhythm of nusic. Background Art [0002] A
musi cal tune is conposed on the basis of a neasure of
time, such as a bar and a beat. Accordingly,
nmusi ci ans play a nusical tune using a bar and a beat
as- a basic measure of €ife” Wen taking a timng of
pl ayi ng of a nusical tune, nusicians play t he S0720102
nmusi cal tune using a nmethod of naking a specific
sound at a certain beascriPaI@ertai n bar but never
play it using a tinestanp-enploying nethod of nmaking
a BSHERAEATRAGING] DEFLCEI ANEI BitdL g Cdet=aMrTE@B onds
after starting to play. Since nusic is defined by
bars and beats, nusicians can flexibly deal with a
fluctuation in a tenpo and.a rhythm In addition,
TeChQéEﬁlnE%?£?an can express their originality in the
[Oooagnpo and the rhythmin a performance of an
identical nusical score. [0003] A performance

Gﬁﬁéi§¥£égﬁt Q£vgﬂ§ﬁghagélé§eylﬁ5rﬁ“ﬁ@éﬁ 2xtracting
device and a beat extracting method for extracting beats of
a rhythm of music.

Rackground Art
[0002]

Armusical 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 béat as a baéic measure of
time. Whén ﬁaking a timing of playing of a musical tune,
'mﬁsicians play the musical tune using a method of making a
specific-sound at a-cértain béat of a certain bar but never
play it ﬁsing a timestamp-employing method of making a
specific sound certain minutes and certain seconds after
starting to pilay. Since muéic is defined by bars and beatsf
musicians can flexibly deal with a fluctuétién in a tempo
and a rhythm. In additiocn, each musician can express their
originality in the tempo and the rhythm in a performance of
an identical musical score.

[C003]

A performance carried out by musicians is ultimately



SO07P0109 delivered to users as nusic content. MNore
specifically, the performance of each nusician is

m xed down, for exanple, in_ a formof two channels

of stereo and is formed into one conpl et e package.
This conpl ete package is delivered to wusers, for
exanple, as a nusic CD (Conpact Disc) enploying a

PCM (Pul se Code Mbodul ation) format. The sound source

of this nusic CDis referred to as a so-called
sanpling sound source. [0004]. In a stage of agp7po109

package of such a CD or the like, infornation 7
regarding timngs, such as bars and beats, gg th
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such a capability and only have the tine
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related to the nusic itself. [0006] As an object to

Umub@m@@ﬁpaneﬁsmtéﬁesn@hTaanﬁs@c&p—FahéedpﬁﬁmP%RﬁﬂkﬂP%?d
performance by nusicians or by a voice of - singers,
sourdeer € i s a conventional karaoke system This 3

[0004] |
In a stage of a package of subh 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-recognize the
information regarding timings, such as bars and beats, by
6ﬁiy listening'to an‘analog sound obtained by performing D/A
(Digital to Analog) conversion on an audio waveform in this -
pPCM 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



SO07P0109 system displays lyrics in synchronization
wth the rhythmof nusic on a karaoke displ ay
screen. [0007] However, such a karaoke system does
not recognize the rhythmof nusic but sinply
reproduces dedicated data called MDI (Misic
Instrunent Digital Interface). [0008] Performance
information and lyric information necessary for
synchroni zation control and tinme code information -
(tinmestanp) describing a Tinmng (event time) ofsspsitho
production are described in a MD format as MD -
data. The MDI data is created in advance by a ¢
systeantiénpleyeatoricA itk avacksopli aybhek Hopardusigh ©
perforns sound production at a predetermned timng
musijcn oaceokdaneke iR ia¥s 5CGECFons of the M DI data.
That is, the apparatus generates (plays) a nmnusica
[0C07dne on the nmoment. This can be enjoyed only in a

lji.m ted envijronn t dedicated the
agﬁ%?%ﬁ{S S4%erfe %%?g 8g%g%tg@d%?%£?ﬁ§fe, gﬁ?hougﬁh

rhyt}\/ﬁ{ Ioguﬁvaggé @h&sﬁ&f&lﬁ/ %p@%hceé%@@mm& ethta called
trme

ra Integration Language), exist in addition

M1pTt QuhBesM B+ ridenbasi g teanceperitscthe sane. [ 0010]
Meanwhi l e, a format mainly including a raw audi o

rooosavef ormcal l ed the sanpling sound source described

above, 4 _ o

- performance information and lyric information necessary
for éynchronization controi and time code infbrmation
(timestémp) deScribing a timiné (event time) of sound
production are described in a MIDI format as MiDI data. The
MIDI data is created in advance by a content creato;. A
karzoke playback apparatus only performs sound production at
a predetefmined timing in accordance with instructions of
the MIDI data. That is, the apparatus 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.

10009]

Furthermore, 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 maihly including a raw audio

waveform called the sampling sound source described above,



SO07POL09 such as, for exanple, PCM data represented
by CDs or MP3 (MPEG (Moving Picture Experts G oup)
Audi o Layer 3) that is conpressed audio thereof, is
the mai nstream of nmusic content distributed in the
mar ket rather than the M D and the SML. [0011] A
nmusi ¢ pl ayback apparatus provides the nusic content
to users by performng DA conversion on these
sanpl ed audio waveforns of " PCM or the |i ke and
outputting them In addition, as seen in FMradio,,14g
broadcasting or the like, there is an exanple I'n
whi ch an anal og signal of a nusic waveformitself is
suchragdcast edamflie t heErotaa tdemresestaf Pexapl & iMF3
whi ch a person plays nusic on the npnent, such 3s [y
(MPRG civoeny Bhdtare i VeodehT Gihmmceudng tage s dhat 1°

content is provided to users. .[0012 1f a '
conmpa Saabayal FOaT 15 r eCbgn s 8o TrAeHE, o sat R Aot

. _bar and a beat of music  .fr r s$he wayehor mvrr,.
dls?ﬁlQWﬁﬁgdgiggeamiﬁ%% Foni 7a ﬁ%%ﬁfgﬁ%?yon al | owi ng
[00% sic and another nedium as in karaoke and dance,

be rhythm synchronized can be realized even if
thepashs PP PIaParReadatuer Fabivoles stich mss ey e tisnire
information 'of the MDI and the SML. Furthernore,
to URGar ByNgePRSShYEy exiStddyaonitcenton thash azmoByl audio
possibilities of a new entertai nnent broaden. _ [0013]
wavddiddier bd, Paut enptise t bi leutahtdudaiuty iegt FAER- a Fenpo
or 5 - _
addition, as seen in FM radio broadcasting or the like,
there is an example in which an analoeg 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.
[0012]

If a machine could automatically récognize 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 cf the MIDI and
the SMIL. Furthermore, regarding massive existing content,
such as CDs, possibilities of a new entertainment broaden.

[0013]

Hitherto, attempts to automatically extract a tempc or



SO07P0109 beats have been nmade. [0014] For exanple,
i n Japanese Unexam ned Patent Application
Publ i cati on No. 2002-116754, a nethod is disclosed in
which a self-correlation of a nusic waveform signa
serving as a tinme-series signal is calculated, a
beat structure of the nusic is analyzed on the basis
of this calculation result, and a tenpo of the rnusic
is further extracted on_the_basis of this analysis
result.. [0015] In addition, in Japanese PatenfyNegino
3066528, a nmethod is described in which sound
pressure data for each of a plurality of frequency
-beathahdsei beecneatdd. from nusi cal tune data, a frequency
band at which the rhythmis nost noticeably taken is
[0Ciddecified fromthe plurality of frequency bands, and

rhyt hm conponent s_are estinated. t ' a;
cYEF eSHrMR %'dﬁhﬁﬁﬁﬁvﬁﬁfhgngégﬁﬁgg?é%gﬁ?gggg éQ%? Hon

t.he specifie e ty m 1 cTeshniigues ich
Pub%%ﬁat&chHPat?%gﬁtgggf %&tﬁéﬂﬁﬁ%gdéggtglzné theq?enpg
a seﬁiLfe-.c%ﬁ_»Q_@%ziLshaé%i figdsintaddresa kegnanatyzing @s a

sic signal 1n atinme domain as in the case of -
timelaRanese s i Ynexamk nedl Rat #rdd , Agplbieaat EonuPtibbte calt it
No. 2002-116754 and those for analyzin% a nusic
nmusiSi gRaknblyasfir egueneybawimiaf tassi pathe ghben gfesult,
Japanese Patent No. 3066528. 6 -

"and a tempo of the music is further extracted on the basis
of this analﬁéis result.
[0015]
In addition, in Japanese Patent No. 3066528, a method
is described in which sound pressure data for éach of a
plurality of freguency bands is created from musical tune
data, a;frequency pand at which the rhythm is most
noticeably taken is specified from the pluraiity of
frequency bands, and rhythm components are estimated on the
basis of a cycle of the change in the sound pressure data of
"the specified freguency ftiming.
[5016]
- Techniques for calculating the rhythm, the beat, and
the tempo are broadly classified intoe 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 frequency domain

as in the case of Japanese Patent No. 3066528.



[0017] However, in the nmethod of Japanese Unexam ned
Pat ent Application Publication No. 2002-116754 for
analyzing a nusic signal in a time donmain, high
extraction accuracy cannot be obtained essentially
since the beat and the tine-series waveform do not
necessarily match. In addi i on, the method of.
Japanese Patent No. 3066528 for analyzing a nusic
[oErgnal in a frequency domain can relatively inproves
the extraction accuracy than Japanese Unexam ned .
Paliertveippl Loatilen n@ulbdd cafi ofeNgIes200Prad87Ered Patent
However, data resulting from the frequency analysis

Appd R ai P lﬁ%&l%‘é@ &PheEOP%ai‘alé%%‘E stolpferng lygd 8F pemusic
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uctuates greatly,

wav@feﬁﬁnﬁbyngtfEb%@ggarla%eﬁéﬁé§t onrhy atihe:heat stRé kBehod
specific nusical note . keeping track of these

of flapetuati oasent[ @818R06HELOr dbpgbyaliyking Bnpasstbkegnal
to extract beats of a specific nusic note that

in terdpenakhyyf Hons lat eamveslani vty rienpraysisc dhet gagraction
wi th conventional techniques. [0019] Enbodinents.of _
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conventlonal circu Enbodi nen of t
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the d%r%&%e%@? gnafy51s contains 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 tempc {(time
pericd) 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 Iis impossible to extract beats of a
specific music note that temporally fluctuate over an entire
musical tune with conventional techniques.

[0019] 7
Embodiments of the present invention are suggested in

view of such conventional circumstances. Erbodiments of the

present



extracting nmethod capable of extracting only beats of
a specific nusical note highly accurately over an
entire nusical tune regarding the nusical tune whose
tenpo fluctuates. [0020] According to a first
aspect of the present invention, there is provided a
beat extracting device coﬁbtréing: beat extraction
processi ng neans for extracting beat position
inventbomatposvicfe a a hydchm okxarausimal damiese apddbeat beat
‘ al i gnment processing neans for generating beat period
extratbimmt et hodi ngapieldestt postraonlnhf onaut i Bpats of a
extracted _ and obtai ned bX t he beat extraction
spepr-btes sy Gdand dfd FoFhLYl | @ﬁ?%@a%%]ét s BT hdNpeghtire
n_i nformation extr acted t he_beat
musi%?#ac FBR préCedsitng t%ﬁ% o %%Pi%ast%n%f Fhese pekpmro
£1uReLLed s |nfornat|on [0021] According to a second
~raspect “of the present invention, there is provided a
Oob@@t extracting nmethod conprising: a beat extraction
processing step of extracting beat position
i nhotordiran od a ridum efpectust cahet wreseand iaveeaton,
al i gnnent processing step of generating beat period .
thenef dematdcondgsi ry bdwet besltrgudsing oleviskorampirdsing: beat
extracted and obtained at the beat extraction
extFpEE®es| R atess idvd @eanel |f§?ﬁ n§*bEarsing {Bpapegesition
05|t|on 8 _S07P0109 mat i on extracted by

inBEREt QR r aBf i on pFOCELE g 2 PaetealC e BAS  peat

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.

[0021]

According to a second aspect of the present invention,
there is provided a beat extracting method comprisiﬂg: e 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
inforﬁation using the beat position information extracted and
obtained at the beat extraction processing step and of

aligning beats of the beat position



nmeans on the basis of the beat period information.
Brief Description of Drawings [0022] [Fig. 1] Fig. 1
is a functional block diagramshowing an interna
configuration of a nusic playback apparatus
i ncluding an enbodi rent of a beat extracting device
according to the present invention. [Fig. 2] Fig. 2
is a functional block diagram showing an interna
configuration of a beat _extracting section. [Fig. 3]
Fig. 3(A) is a diagramshowi ng an exanple of a S07P0109
time-series waveformof a digital audio signal,
whereas Fig. 3(B) is a di agram showi ng a spectrogram
infoehathbs digidated audithesbgnal exfregtiy] FEeHLINY a
functional bl ock di agram show n an interna
meangopfi gog dedvhs off d:b@eé’tea@xpﬁééf’goﬁnﬁ?%ae@s?%g unit.
_[Fig. 5] Fig. 5(A) is a dlagran1shOMAng an exanmpl e of
Brie D?FﬁﬁlEE%Q%éo “OM%Sof a-digital audio signal,
g.-5(B) Is a diagramshow ng a spectrogram of this
[002 'gital audio signal, and Fig. 5(C is a diagram
SEP n%Ja%H&%tﬁaEEeg ﬁﬂEtﬂ@¥§iQ$IBéH dibigg a6 ghbating

si'gna [Fig 6(A) is a diagram show ng

an 1Q@§£néft@5N§&§ur£&uﬁﬁ%ﬁ?@O&h%h@anQ§@£@BIapphratus
extracted by a beat extraction processing unit,

inclwhengasn FaooBiini @ adivegrtarss howt hyy béat i@
- S07P0109 intervals of beat position information that
accoirdialji gonem -present invention.

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

[Fig. 3] Fig; 3(n) is ardiagrém 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
audic signal.

[Fig. 4] Fig. 4 is a functional block diagﬁam showing
an internal,cohfiguration of a beat extraction processing
unit.

[Fig. 5] Fig. 5(A) 1is a diagram showing an example of a
time-series waveform of a digital audic signal, Fig. 5(B) is
a diagram showing a spectrogram of this digital audio signal,

and Fig. 5(C) is a diagram showing an exlracted beat

waveform of this digital audio signal.

[Fig. 6] Fig. 6(A) is a diagram showing beat intervals
of beat position information extracted by a beat extraction

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



processed by a beat alignnent processing unit. [Fig.
7] Fig. 7 is a diagram showing a window width in

whi ch whether a specific beat is an in beat or not is
determined. [Fig. 8 Fig. 8 is a diagram show ng beat
intervals of beat position information. [Fig. 9]

Fig. 9 is a diagramshowi ng a total nunber of beats
cal cul ated on the basis of beat position information
extracted by a beat extracting section. [Fig. 10]
Fig. 10 is a diagram sheweng a total nunber. of beats
and an instantaneous beat period. [Fig. 11] Fi gs0120i08
is a graph show ng instantaneous BPM agai nst beat

.. humbers _in a |ive-recor. L cal €; 5 [ Al i%nmkdlt -
InteEvy. SlﬁfiQe%td?%%%ﬂgﬁEd?ﬁ%rﬁﬁékg%tgﬁggdgségﬁ%ﬂggafhst

proc%%%%dnﬂgogrﬁeé@ 21 5pueald ed cRERULEr nsyn! hesi zed-

recorded nusical tune. [Fig. 13] Fig. 13 is a
flipwghayt shpwing an exagphe showsnpraooeduion ofidth in
correcting beat position information in accordance
whidM tWheaheel habbétt §id ot val ae. ipFpgat 19 1y.1814 i s
a flowchart showi ng an exanple of a procedure of
detegutiowst-i cal |y optim zing a beat extraction

condi tion. Best Mbdes for Carrying Qut the lnvention.
[ 6623} 4b Fisp7PbToD 2 (GFoERE™ 8%?‘6&???3?9%%&1 ic e
beafgggg%qggtin 8r$Q%anPhe

[Fig. 9] Fig. 2 is a diagram showing a total number of
beats calculated on the basis of beat position information
extracted by a beat exfracting sectiocn,

[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 BFPM
against beat numbers in a live-recorded musical tune.

[Fig. 127 Fig. 12 is a graph showing instantaneous BPM
against beat numbers in a so-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 example of
a procedure of automatically optimizing a beat extraction
condition.

Best Modes for Carrying Out the Invention

[0023]



present invention is applied will be described in
detail wth reference to the drawi ngs. [0024] Fig.
1 is a block diagram showi ng an interna
configuration of a nmusic playback apparatus 10
including an enbodinent of a beat extracting device
according to the present invention. The nusic

pl ayback apparatus 10 is constituted by, for
exanpl e, a personal conmputer. [0025] 1In the nusic

pl ayback apparatus 10, -2 1@ (Central Processing
Unit) 101, a ROM (Read Only Menory) 102, and a SRARPLOO
(Random Access Menory) 103 are connected to a system

R, i ol idf B L02cstor ol drogiaen The

execut ocesses based on these prograns

preSiKPtt he BAM 03 s s§ipiiing as1a wer kedgrased. id G061

7 so connected to the system bus 100 are an audi o
withdatacrdeeodi fig secdiwink®4, a nmediumdrive 105, a
conmuni cation network interface (The interface is
[oo2ghown as |/F in the draw ng. The same applies to the
following.) 107, an operation input sectio '
ﬁg@rfhdle&; Ola)gzl%lfdidéﬁlgéﬁlmi Aber+age”” 13111156%}#1 / O port
113, an ort 114, an_input section .| :
configgrafihg apl IF-)iDD‘“F’Haﬁ FliHda ia\%)"‘ri;é‘%s B gier?%{elg&% an

embogg%%p%gag?agéggéé%%%&btﬁ%ﬁf%ﬁgﬁggtgggekdphgc%biéhe

h _ o anot her functional bl ock
pres%n%o%ggekgign?y%ﬁﬁﬁhggiclggayback apparatus 10 is

constituted by, for example, a personal computer.
[0025]

In the music playback apparatus 10, a CFU (Central
VProcessing 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 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
decddimg section 104, a medium drive 105, a communication
network interface (The interface is shown as I/F in the
drawing. The same applies to the following.) 107, an
operation input section 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



[0027] The nediumdrive 105 inports nusic data of
music content recorded on a nedium 106, such as a CD
(Conpact Disc) or a DVD (Digital Versatile Disc), to
the system bus -100. [0028] An operation input
section 110, such as a keyboard and a nouse, is
connected to the operation input section interface
109. [0029] It is assuned that a display 112

di spl ays, for exanple, an image synchronized with
extracted beats and a hurteln - figure or a robot that
dances in synchronization with the extracted b8a¥g0109
[0030] An audio reproducing section 117 and a beat

Gt . : o ds hedd Q t
to %%%%&%%nkggat§éﬁ%i(%ldEk.%%% ceANest 8dsyordhes opar

rtion, the beat extracting section 11 is
[Oofﬂnnected to the I1/O port 114. [0031] An input
section 116 including an A/D (Analog to Digital)
con¥enéelud k6A va lTisciophone tesihd nddtal 6B™WsAd a
m crophone 116C i s connected to the input section
contientterkaceded 160 Amedidio 1$6gngtcBnds a2 nuli E-SIRATH
- picked up by the - 12 S07P0109. nicrophgnes%$ggl%g%
Disqorprert BYDI hPoIRE} it tdddi §1SFgnaF by™e 3Y
100.
[0028]

An operation input section 110, such as a keyboard and
a mouse, is connected to the operation input section
interface 109,

[0029]

Tt is assumed that a display 112 displays, for example,
an image synchronized with 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 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 (Analeg to

Digital) converter 116A, a microphone terminal 116B, and a

microphone 116C is connected to the input section interface

115. An audio signal and a music signal picked up by the



the A/D converter 116A. The digital audio signal is
then supplied to the input section interface 115.
The input section interface 115 inports this digital
audi o signal to the system bus 100. The digital
audi o signal (corresponding to a tine-series
waveform signal) inported to the systembus 100 is
recorded in the HDD 121 in a format of wav file or
the |ike. The digital audio signal inported through
this input section interface 115 is not directly
supplied to the audio reproducing section 117. 307rP0109
[0032] Upon receiving nmusic data fromthe HDD 121 or
. _th nedi driv t.he 10Qynd1he,
i Crg g aaTh B650dT NG SEet (o 104 eretee this mubre ™
the g@t})acggvég%%?r e1the 1¢iegit 8k cawdied 56 Gdnallhe audno
ata decoding section 104 ‘transfers this restored
supiiQidt @l audi onphgnsdct ot hetddr@aper 115113 tehriopglt t he
system bus 100. The I/O port 113 supplies the
sectdicgi talkcatidce $iHnahodrtznsitery ed aifyrdughndihes 533 erRi©
bus 100 to the beat prractingﬂsection 11 and the .
the auditen bepr 880ci s sbwiidall #rdipopsatal THE TheFPemILng

106, such as an existing CD, i, inported the
to %W@msﬁﬁéefoﬁaVﬁF%{f@hs%?féa]r?edi%r{%refivgolﬁg.e syStem bus

Unconpr essed. audj o t acqui Skhpeu 0
100 ORRLSSREC 0,8 FROLED AL SR ER el oer) oo

ener an e stored In
evo ERAZIEE g SR bt awon o e
input section interface 115 is not directly supplied to the
audio reprocducing 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 audio 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/O port 113 supplies
the digital audio 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



conpressed audi o content is returned to the system
bus 100 through the audi o data decodi ng section 104.
The digital audio signal (the digital audio signa
is not limted to a nusic signal and includes, for
exanpl e, a voice signal and other audi o band
signals) inported to the systembus 100 fromthe

i nput section 116 through the input section
interface 115 is also returned to the system bus 100
again after being stored3 m the HDD 121. [0034] In
t he nusic playback apparatus 10 in one enbodi meR®7F®10°
whi ch the present invention is applied, the digital

rcaldio; S QRJ.esReRdiNg 501801 | MR- $8EI 88her hand,
dlreﬁé@@f%?ﬁé%?%%a }%hpggted tg the system bus 100 is

compE%@Qé&eﬁﬁéﬁbtébﬂﬁghﬂ/ﬂ@ rp@tndd3-anthd herstcsn Sugspllio@d
to the beat extracting section 11. [0035] The beat
thro@hl agti Agd sectdon debodial sscomnenehbrbdi fowt digftal
beat processing device according to the present
audioneénhibbn (tne| dideis-ad lbedticextpaeli dh ProceeditRy ¢ &
, 12 for extracting beat position infornation.oflg d
musichytbrebf akd RIS t F9& §FERBeat BPHgnment 2 ¢

othdinPonnat PR 151 e BERE oS0l tt Re. ST Bty brt *°
cron RGBS 0 OIS ik e Beal gl ogiionn
int%%égfégigséggi%%§§ifééﬂ}ﬂég‘ﬂan@HeOBygﬁéma£ﬁ§dlmw ddwen
after being stored 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 time-séries waveform signal)
imported to the system bus 100 is sransferred to the I/O
port 113 and then is supplied to the beat extracting section
11. |
[0035]

The beat extracting section il 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 alignment processing unit 13 for
generating beat period information using the beat position

information extracted and obtained by the beat extraction

processing unit 12 and for aligning beats of the beat



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 fromthis
digital audio signal and outputs the result as
nmetadata recorded in an nty file. In addition, the
beat alignnment processing unit 13 aligns the beat
position information extlrdacted by the beat
extraction processing unit 12 using the entireS07P0109
metadata recorded in the nty file or the netadata
posi%9556599£%%5gﬁgﬁ)é&ﬂ?&@t%@lb&uﬂﬁep@éiﬁcﬁktﬁﬁﬁﬂmQhEd to
have an 1dentical tenpo, and outputs the result as

prochBLafgt gnfecos ded dHe damay bifl eniThbsawalgeovimchi ghly
accurate extracted beat position information to be

infoehhaiped step by step. Meanwhile, the beat
extracting section 11 wll be described in detai

{oo3leater. [0037] The audi o reproducing section 117

includes a DA converter 117A, . an output | ifier
1A7Bshewrl @ |Fis peaker™ 13761V TRe 3/ pgpldiratzin%f =

. supplies a djgital i.0 si |
SiomRRaTSGSARROLE A00Th e DACCBRVEY Lar ATk

i ncluded Lgtigeﬁgﬁggékg(3%3%%%0%@Qt?ﬁggigﬂoﬂ1ﬂhf6§%ﬁtion

PrOCHPRT EoHVert ef converts the digital audio signa
fromZ%’ﬂBls' ﬁgait%§ a@fgoé-ﬂﬁia]f -0 hepht® ppet-dhdld niso

anal'og audi o signal, and
metadata recorded in an .mty filie. 1In addition, the beat
alignment processing unit 13 aligns the beat position
information extracted by the beat extraction processing ﬁnit
12 using the entire metadata recorded in the .mty file or
the metadata éorresponding 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. Meanﬁhile, 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 audic signal
transferred through the system bus 100 to the D/A converter
117A included in the audio reproducing secticn 117. The D/A

converter 117A converts the digital audio signal supplied



supplies the anal og audi o signal to the | oudspeaker
117C through the output anplifier 117B. The
| oudspeaker 117C reproduces the anal og audi o signha
supplied fromthe DA converter 117A through this
out put anplifier 117B. [0038] The display 112
constituted by, for exanple, an LCD (Liquid Crystal
Display) or the like is connected to the display
interface 111. The dispLa¥51;2 di spl ays beat
conponents and a tenpo valle extracted fromthe .dio9
data of the nusic content, for exanple. The display
112 also displays, for exanple, animted inmages or
fron yhieed /iOnposynéhpohniat dornd ke whelivusignalo0sof
The comruni cation network interface 107 is conn 28d
supplyies fde gRerREt 2168° The Hruisit %%WMP&BESFaﬁ 10

i tri t i nf
enr SEETRE oo BpREerer SRt nE Tt g SopRLSR IR OO R
SR o t. .
rep?ﬁ oF%%%P%Eaﬁggﬁ S%Hé%%i?l%atig%izﬁﬁgﬁaﬁg%?ggHng{%e

contiSi & AARhERhr88gR ERLET SYAbukeMp1ETa crMusize . pl ayback
apparatus stores the attribute information sent from

[0oo3d1e server in response to this acquisition request
in, for exanple, a hard disc included in the HDD 121.
[ 0040 isPheyatl?i boetinisrdrdt,ofcof exheprhaisi @n LCD

, content enployed - 16 SO07P0109 by the nusic '

(LipHg) Faole tappREaPls Y100t nereideske rforapariesired 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 ﬁusic.

10039]

The communication network interface 107 is connected to
the Internet 108. The music piayback apparatus 10 accesses
a server storing attribute information of the music content
via the Internet 108 and sends an acquisition 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 acguisition request
in, for example, a hard disc included in the HEDD 121.

[0040]

The attribute information of the music content employed



constituting a nusical tune. The information
constituting a nusical tune includes infornmation
serving as a criterion that decides a so-called

nmel ody, such as information regarding sections of

t he nusical tune, information regarding chords of
the nusical tune, a tenpo in a unit chord, the key,
the volune, and the beat, information regarding a
musi cal score, infornatioEgregarding chord

progression, and informatidn regarding lyrics. |
Here, the unit chord is a unit of chord attache&gﬁ%%gog
musi cal tune, such as a beat or a bar of the nusica
by thmewusilenpadabecbnappaeaiwd ortheiticdndeegapdprgation
sections of a nusical tune includes, for exanple,,
conglglattiig FoBPEEEALi RFBE matliNén INEPBRA tHen sttt tuting a
osition of the nmusical tune or the tinesta .
s {0l o P PG HE Bt PLATTHE Qe iT 0 D1 nél (HSECTHT he
i | ayhac r 0 4.0 e ' to
thaﬁ%ﬁ%ﬁ‘%ﬁ%%pggséﬁ?gggnﬁéﬁ§?%h:#Eﬂhggligggg§??g%?s beat

regigﬁﬂﬁd QR HREQAEMBET PRe Ofu i cANWUHB, Ofi nUS e =98Nt he
basi s of characteristics of a digital audio signal,

regadWiiGly WnldrdBeodesati hedibel omind,0043kmphi gn 3(dit
shows an exanple of a tine-series waveformof a
chodl gittted kawdi ohsi gnahme) tand trowrathatinfhemation
tinme-series waveformshown in Fig. 3(A) sporadically
regdnwbinges Mpgithdnscorey 1SHTPRID" irdrediragcharge
I nst ant aneous peaks. This porti.on )
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 bdr of the musical tune.
In 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
audio 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 the | arge peak correspond to, for exanple,

a part of beats of a drum [0044] Meanwhil e,

actually listening to nmusic of the digital audio

signal having the time-series waveformshown in Fig.

3(A) reveals that nore beat conponents are included

at.  substantially even intervals although such beat

conmponents are hidden in the tine-series waveform of

the digital audio signal gaV|ng the tine-series

wavef orm shown in Fig. 3( Accordingly, the %ﬁh%%109

beat conponents of the rhythn1of musi ¢ cannot be

extracted based only on the |arge peak values of the
lndatqai@ﬂgerluaégemvéfaérlha%ﬁ@% PeRHE g. B{ﬁ)POITWAS] Fi g

3(B). shows spectrogram of the digital audio
mdww theE tlﬁﬁ@es@?? SCHRVETRAT SHPowt OFn SERGPLS( A ? Sirt

t he spectrogramof the digital audio signal shown

of qﬁ?ﬁf §fs % Bf""it is known that beat conponents
[Ooghdden in the tine- series waveform shown in Fig.

(A) can be seen as portions at which a power
speehiHM kNSt @t anepusi st Ghanges mskgni becemé | ¥igital
Actual l'y Ilstenlng to the sound reveals that the

audipOrdiic@rs atvwhibchhtheipowesr Spectauwahorns shntvanéousi y.
changes significantly in this spectrogram correspond

3 (At oceveeishéhbtcoopenkads. cdireonyasdts exter docilngedeati on
11 considers the portions of this spectrogram at

subsiiAndd alRe poRer 18peEYR UM aqusougémﬂ@i}o@eat components

|nstantaneousl¥lgggg rleglg@lf%gggﬂggfgge a4 & udio

are
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 audio
signal having the time-series waveform shown in Fig. 3(A).
In the spectrogram of the digital audio signal shown in Fig.
3(B), it is kneown thalt beat components hidden in the time-
series waveform shown in Fig. 3(A) can be seen as portions
at which a power spectrum instantanecusly changes
gignificantly. Actually listening to the sound reveals that
the portions at which the power spectrum instantaneously
changes significantly in this spectrogram correspond Lo the

béat components. The beat extracting section 11 considers

the pertions of this spectrogram at which the power spectrum



of the rhythm [0046] By extracting these beat
conponents and neasuring the beat period, a rhythm
period and BPM (Beat Per M nutes) of nusic can be
known. [0047] As shown in Fig. 4, the beat '
extraction processing unit 12 includes a power
spectrum cal cul ator 12A, a change rate cal cul ator
12B, an envel ope foll ower 12C, a conparator 12D, and
a binarizer 12E. [0048] Tge power spectrum

cal cul ator 12A receives a® igital audio signa

constituted by a tine-series waveform of a musiZCHIF010?
tune shown in Fig. 5(A). [0049] More specifically,
instdreatiegitsdly abdhgesi ghahi Suppltiled asf tbm PRetagdieonents
dat a decoding section 104 is supplied to the power
of gpecthiieal cul at or 12A included in the beat
extraction processing unit 12. [0050] Since beat
[00tShponent s cannot be extracted highly accurately

f the tine- [ f
Vot SEartI5A Bt A SrEknkl e s bR, R BR T ks

alculat'es a spectrograms

beaé(;@riolcﬁs,i rz}g’rhgzg meﬁségﬂl)@'aIEcE-I_BE(EEQ%?éaEO@%E:?MinuteS) of

Transform) on“this 19 SO07P0109 tine-series

mus MAEHPHA known.
[0047]

As shown in Fig. 4, the beat extraction processing unit
12 includes a powér spectrum calculator 12A, a change rate
calculator 12B, an envelope follower 12C, a comparator 12D,
and a binarizer i2E.
[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).

[00459]

More specifically, the digital audio signal supplied
from the audioc 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 Fourier Transform) on this



[0051] When a sanpling 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 nsec in realtine with
the nunber of sanples being 512 sanples or 1024
sanpl es. Various values set in this FFT operation
are not limted to these. In addition, it is
generally preferable to performthe FFT operation
whil e appl yi ng wi ndow Tuh&ton (apodi zation
function), such as hanning or hamm ng, and S07P0103.
overl apping the wi ndows ("ranges"). [0052] The power
timespecteanwaeatcotat or 12A supplies the cal cul ated
power spectrumto the change rate cal cul ator 12B
[00310053] The change rate cal cul ator 12B cal cul ates a
rate of change in the power Spectru sqgfjied fraom
t Keeponed aTpbEtd riAf Ly Sfof %%\%t{?orae 1o signa

.__specificall the change rate calculator,1
10PYNe Mo hﬁ geéFf?%FE%??% 'éﬁ“ﬁﬁ%?ﬁ?ﬁoﬁnéﬁ E%eggp%%eﬁHz’

the 38§ L rLum suppl td]i?f'sf F0M 4 he hawer i%pEEEEQ%ISﬂ(Ch AtQ ve

thereby calculating a rate of change in the

5-30PQWRE i8PEELT HMe BYi fiepedd edlibpeblkOEMPUct NBeing 512
differentiation operation on the nonentarily varying

samplRWebrspechr yamptide. ohkangesr ahtueal satl atrortHiZ2B riT

out puts a detection signal indicating an extracted
operkedbnwavef oom khoived ntdi thes(.C) In28dd80iARO109- ider e,

peaks that rise in the positive direction of the
generally preferable to perrorm the FET operation while
applying window function (apodization function), such as
hanning or hamming, and overlapping the windows ("ranges™).
[0052]

The pdwer spectrum calculator 12A supplies the
calculated power spectrum to the change rate Calculatqr 1ZB.
[D053]

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
calculater 12B performs a differentiation operation on the
power spectrum supplied from the power spectrum calculator
12A, 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 outputs a detection signal

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



extracted beat waveform shown in Fig. 5(C) are

consi dered as beat conponents. [0054] Upon

receiving the detection signal fromthe change rate

cal cul ator 12B, the envel ope follower 12C applies a

hysteresis characteristic with an appropriate tine

constant to this detection signal, thereby renoving .

chattering from this detection signal. The envel ope

foll ower supplies this ch;ttering-rennved det ecti on

signal to the conparator 19D; [ 0055] The conparat or

12D sets an appropriate threshold, elimnates gV F0103

| ow- |l evel noise fromthe detection signal supplied
Herdy gmalwwe tbavelrdope fol tlonerod2d veand regpplhestt hlee

| ow-| evel - noi se-elim nated detection signal to the
extpiHmd heat vpEefpoOSEPOwTHE: Fithr o467 IE FERFOFRECA 2S5

bi nari zati on operation to extract only the detection
beali ¢ IoNTa\Fng a | evel equal to or higher than the
[00%{Ee3h°|d fromthe detection signal supplied from

e conparator 12D. The binarizer outputs beat

PRSI QBCEE@J&?HE}K@H&{E&C@A g ghb e £PERI thONenHige
beat conponents constituted by Pl1, P2, and P3 as
ratdeiadalia coresconfdedht Ne@ie bye f1d18.0We@052L apBlies a

SO07P0109 In this manner, the beat extraction
hysipFoeessidigranktkeri2tic 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 12D.
[0055]

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 signal to the binarizer
128,

[0056]

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

recorded in an .mty file.

[0057]



extracts beat position information froma tinme-series
waveform of a digital audio signal and outputs the
beat position information as nmetadata recorded in an
nty file. Meanwhile, each elenment included in this
beat extraction processing unit 12 has internal
paraneters and an effect of an operation of each
element is nodified by changing each interna
paranmeter. This internal raneter is automatically
optim zed, as described | However, the 'r“§H%¥ﬁ109
paraneter may be set nanually by, for- exanple a
user's manual operation on the operation input

sdet itbAs1mennef POBI8 Wt 9ximmakalos propeasiposititon 2
information of a nusical tune extracted and recorded

eXtEg{tgh hﬁa} Fiopd taen FBfatatal By PHE Fedt"ExCPALEFon

2 ft
G T EHABTE. 2 F0B58]S The Do A gamene Cet?
POSPEF] q’bslﬁ‘lé&m%ﬁll&)nlgspgéég&ﬁa Oc%cﬁldegﬁq%manprﬁ'E?S%lQ@

eat position inftormation musi cal tune or

Meaﬂ%ﬁl@l JRE PREELONS L EXRESH efh 1ih AR 28N oxitdent i 6al
tenpo in the beat position information extracted by

proddis heaturgxt nachizenipt OELSEi Pigr i tte rk2 and0@B0E££dbe of
beat alignment processing unit 13 extracts even- '
an dpdmertialn bfakschsethnast formexafipic bit kbeagdhowaably
Al to - 22 S07P0109 Al of Fig. 6(A), tined at even
inteinml iDfremedles . fTloks tigernal 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 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 aé 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 portions expected to have an
identical tempo in the beat position information extracted
by the beat extraction processing unit 12.

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

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



net adata of the beat position information extracted
and recorded in the my file by the beat extraction
processing wunit 12 but does not extract
uneven-interval beats, such as those shown by Bl to
B4. In the enbodi nent, the even- interval beats are
timed at even intervals of a quarter note. [0061]
The beat alignnent processing unit 13 cal cul ates a
hi ghl y accurate average ﬁg%IOd T fromthe netadata of
the beat position infornfifion extracted and resﬁg%%q09
inthe nty file by the beat extraction processi
unit 12, and extracts, as even-interval beats, beats
A1l hal i Fig -a & (P hredval eveal tis tiﬁ@eaWéﬂagefp@?ﬂi Be T.
[0062] Here, the extracted even-interval beats al gne
metadiise o qﬁeaﬁEaEePPéﬂtéﬂ%mﬁnf?FWQHjODGFﬁfraCted and

cocfffgh i BRASPRIE AP bt Prgalfe? B broceseing
umt nfzequpé %Foegnag%a&tr%yehuﬁévgrh%ete%%\in pR¥% S gacmas

posi tions where the even-interval beats woul

tho%lssftownwys p1akbows .t h&, heat RSkt nenti NERE rr&t—é@n of
al beats timed at even intervals to be obtained.

1ntéﬂ%l3]beaﬂ$e aBeatciakidgameaepr ogessvals Ui ta If:defdmeste.
beats that are substantially in phase with the
[00@Ven-interval beats as in beats and extracts them
Here, the in beats are beats - 23 S07P0109
syehbeat zedl shmen bk Lrtesaididc Wwaat 3 3afidlarsdtehc? ude

higﬁf?eaccurate average period T from the metadata of the
beat positicn information extracted and recorded in the .mty
file by the beat extraction processing unit 12, and extracts,
as even—-interval beats, bealts having a time interval equal

to the average period T.

[0062]

Here, the extracted even-interval beats alone cause a
blank period shown in Fig. ©(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
allews the beat position information of all beats timed at
even intervals to be cbtained.

[0063]

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 in beats are beats



even-interval beats. On the other hand, the beat
al i gnnent 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 nusic
beats (quarter note beats) Accordingly, the beat
al i gnnent processing unit 13 needs to distinguish the
in beats fromthe out bga&g._[0064] Mor e
specifically, as a nethod“for determ ning wheth
certain beat is an in beat or an out bea? t he E%QF%109
al i gnnent processing unit 13 defines a predetern1ned
syndlirrdgwednivdth Weteat enesli orbedte evehailatel valudeathas

shown in Fig. 7. The beat allgnnent groce33|ng uni t
eveqﬁtr&@t@@ﬁﬁ RedtehatOm tse&tichcPgaed FRS thrawihidsipment

dth W t beat t | uded.
prod 43S WRdon w ALK W71 oA ol bedt. oUfopgsphats Hith

e S0 MDA cseD ey iy BBt Con, o

out %%%r%gbealtg 13acadds @k i fhRROhAtaNwheat cnahi ch
is a beat to interpolate the even-interval beats.

actl066]siMpeatrspeghhtcal| yotd Aeaeanpl Rcasrshoyy,i rthe
Fig. 8, the beat alignnment processing unit 13

bea&»dﬁﬂgﬂM@nevemobaEeinglunbEaIS,neﬂdﬂwt@sdﬁhosegsh@hnﬂmw
Al to A20, and an in beat DI, - 24 S07POL09 which
in heats Jeam stbstant Pakt§-in phase with the even

{0064]

More specifically, as 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 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 not included in the window width W is an out beat.
[0065]

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 interpclate
the even-interval beats.
[00¢&6]

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

beats, such as those shown by A1l to AZ20, and an in beat D11,



interval beat All, as the in beats. The beat

al i gnnment _processing unit also extracts

interpol ati on beats, such as those shown by A1 to

Cl13. In addition, the beat alignnent processing unit

13 does not extract out beats such as those shown by

Bll to B13 as quarter note beats. [0067] Since nusic

beats actually fluctuate tenporally, the nunber of

in beats extracted from ic having a | arge

fluctuation in this deterfitnati on decreases.

result, a problemof causing an extraction err(?‘%wowg

call ed beat slip occurs. [0068] Accordingly, by
whigtesiet tai bgatheuvataetbilthel minidew wildbhthyy faeger for
~nusic havi n% a large fluctuation, the nunber of
inteswaladeed Phlbeal sthnciedses andThRcb ekt raajc]tqrﬁ??n& r or

can be reduced. The w ndow w dtg% ener
PTOGe SRSt AR T eéﬁaeeX%%%rmtfeotrp SPCS neS‘h% |ng

thosoe g}ft ! eggzd&l' ar9e, 1 uctug d%nﬁkhetf% ndow Vlﬁl‘i_ti}ﬁn%%'%

as a par amet er, suc as 1 ncr easi ng

proe'eaégi% m%%ﬁeagss bgat @i Qnent, PLacessiagnusk tidse

assi gns, netadata, a beat attribute of the in

shoWfdly imal yded1bnathguavt slovetd didatw.or the out beat
not included in the window width W In addition, if

[006W extract ed beat exists within - 25 S07POL09 the
wi ndow wi dtth W the beat alignnment processing unit 13

Since music beats actually fluctuate tempcrally, 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 error called beat slip
occurs. ﬂ
10068]

Accordingly, by resetting the value of the window width
W larger for music having a large fluctuation, the number of
extracted iﬂ 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
parameter, 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



automatically adds an interpol ati on beat and assigns,

as the netadata, a beat attribute of this

i nterpol ation beat as well. Through this operation,

the beat-information- constituting netadata including

the beat information, such as the above-described

beat position information and the above-described

beat attribute, is recorded in a netadata file

(. may). Meanwhile, each elenment included in this beat

al i gnment processing unit“13 has internal paranget $

such as the basic window width W and an effects.ogfrfP 102
an operation is nodified by changing each internal

the pairaimet eridth0@70}he Asedeselidutrdbeoveceshéngeapit 13
extracting section 11 can  automatically extract .

autepagridaldanegshpghipraceetatebepat eRfopTat PBA. fFBHnhe

digital di I | b form - St t
met fiicus St MG A *LhE: BBAF Xt TRt | Ol BRGLESEPRODGR L+ 12
1 And,Lhe Beal ) LT gOMeNt; B 0GG8SLAg UB)E, L3, Il beat

we e'xtragf)luﬁg se%:?i%%erpaerjf or'ms not only the

con§%¥€q¥ﬂd@ag%?gggﬁa whet heln@ Beathd= AR ricRmBeabnor s@dh

out beat so addition of the appropriate beat

as tHY &Relald-errpheaessat bhereinn beimfgmahlient anabtaé n
the beat information of quarter note intervals over

abodhtdHdrieenudeaal atunebufdP7id rokaretehiod nf er metadata
cal cul ati ng an amount of various nusi cal .

filehamegtler | Bekushbbe aiereth &lengnii thcihdetett Pokt ot
- 26 SO07POL09 information extracted by the beat

aliggﬁqqﬁngqﬂ§e§§épgoﬁnii 13 has internal parameters, such

as the basic window width W, and an effect of an operation
iz modified by changing each internal parameter.
(00701
| As described above, the beat extracting section 11 can
autcomatically extract significantly highly accurate beat
information from a digital audio signal by performing fwo—
step data proceésing in the beat éxtraction 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 out 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 cf varicus musical

characteristics obtained along with the beat position



according to the present invention in the nusic
pl ayback apparatus 10 will be described next. [0072]
As shown in Fig. 9, the nusic playback apparatus 10
can calculate a total nunber 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 nunber of beats :T?alnmmerofinbemS +
Tot al nunber of interpolatifon beats (1) In additiq&
the nusi c playback apparatus 10 can calcul ate e/ FO102
nmusi c tenpo (an average BPM on the basis of the
inf et isosictitoacicrtiobrat henbext ractred thy ot kecbéar 11
extracting section 11 using equation (2) and_equation
accqiing fowrhBePERS e LB0TRY S AR dge Beatisdri Bgayback
%%gnplgﬁg = ngst beat,go;ition - First beat
2PPHRETHS o) FETot 8F AGRGEIPOF Bedts - 1) (2) Average BPM
[Oo{gfnj = Sanpling frequency/ Average beat peri odx60
( In this manner, the nusic playback apparatus 10
can Qbt.aknihheitotal nhersof egbscandpbheadyerage an
BPM using the 8inple four basic operations of
cal@iiddu®l Gt aThihsmBkk-oWs 2Bdat SOAPGHO balshe mdsbeat
pl ayback apparatus 10 to calculate a tenpo of a .
position information of a first beat X1 and a last beat Xn

extracted by the beat extracting section 11 using equation
(1) shown below.
(00731
Total number of beats = Total number of in beats +
Total number 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 by the béat
extracting section 11 using equation (2) and equation (3)

shown beliow.

[0074]

Average beat period [samples}] = (Last beat position -
First beat position)/(Total number of beats - 1) {2)
Average BPM [bpm] = Sampling frequency/Average beat
pericdxs60 ‘ (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



nmusi cal tune at a high speed and with a | ow | oad
using this <calculated result. Meanwhile, the nethod
for determning a tenpo of a nusical tune is not
limted to this one. [0075] Since the calculation
accuracy depends on the audio sanpling frequency in
this calculation nethod, a significantly highly
accurate value of eight significant figures can be
general ly obtained. In adg'tion, even if the
extraction error occurs darfing the beat extracti
process of the beat alignnment processing unit f% PO103
the obtained BPM is a highly accurate val ue since an
the grusgrc pdegbehér epbarstupel Ween calicudetcon SemBevVERf al
hundredths and a fraction of several thousandths in
mus i ls tediec ditafi BAThetRoRS FUDH7EItE Bn '¥diiPREnISiHe this

a1 TG Sretae - BR Al Hai g eafe .tﬁé‘{ii phrigiEmining o
temgclJ UC'II uat Iuosg.cgfl %ukgn‘ﬁ %];t al:mrﬁ_sde(i?l lﬁﬂ%s WH Ch

cannot real erto, on the basi's of "t he
[ooeat p05|t|on i nformati on extracted by the beat
extracting section 11. As shown in Fig. 10, the

mMgsineepkay¥bagk-appar &t usc Y aset sebbadst bechatardial
of the even-interval beats as an instantaneous beat

samppeimod resjuandycahcuhas esaldel 4 nistramteghedus aBPM usi ng
equation (4) given below. [0077] 28 S07POL0O9
sigrifsitcamtdiyebidghBRPVREbprgte Saks iqfg 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 is
between a fraction of several hundredths and a fraction of
several thousandths in this calculation method.
[00761

In addition, the music playback apparatus 10 can
calculate instantaneous BPM indicating an instantaneous
fluctuation 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 thé even-interval beats as an instantaneous
beat pericd Ts and calculates the instantaneous BPM using
equation (4) given below.

[0077]



frequency/ I nst ant aneous beat period Tsx60 (4) The
musi ¢ pl ayback apparatus 10 graphs out this
i nst ant aneous BPM for every single beat and displ ays
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 tenp of the nusic that the users
are actually listening to ﬁnd can utilize it for,
for exanpl e, rhythn1trarn? g, grasp of a perfor ce
m st ake caused during recording of the nusical Eﬂﬁg,log
or the like. [0078] Fig. 11 is a graph show ng the
i Assaanharowss BPM Hgailnst Seeat indnbers of a
l'ive-recorded nusical tune. In addition, Fig. 12 is
frequegcygAnshentagerne Perkt anzmsod$*BBM  agai nst beat

nunbers of a sq-call ed conputer-synthesized- recorded
nEPCaRe Uit SAATS TR HPorPc BRBArT SOR of "the

inséﬁﬁﬁﬂﬁgbugpﬁﬁﬁogggfg@é%eﬁéﬁ%fLt%%%kcghdtaggpmg§sathe

er ctuati on an the

gragd V& heeopded: gysi eal ch tingyn cHY SisispihRgcadserkhge 111.
comput er-recorded nusical tune has a cCharacteristic

Usedd@lant ReabgNROsChangestiherei rrdse ihgssnBy¥neous BPM as
conparison. By using this characteristic, it is

a dipasdibhblteohoofathenmat ucahd tyi detoet ndhire twhet bér the music
certain nusical tune is |I|ive-recorded or

thalcdimputierrresoe dedt uphl ¢ hl ¥riseridesn toi apdsspbl vtilipg it

forysgzgogggmp 2973 ythm training, grasp of a performance

mistake caused during recording of the musical tune, or the

like.

[0078]

Fig. 11 is é graph showing 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 by
comparison. By using this characteristic, it is possible to
automatically determine whether a certain musical tune is

live-recorded or computer~recorded, which has been

impossible.



A nmet hod for making the accuracy of the beat position

i nformati on extracting process higher will be

descri bed next. [0080] Since the netadata indicating

the beat position information extracted by the beat

extracting section 11 is generally data extracted

according to an automatic recognition technique of a

conmputer, this beat position information includes

nore or |less extraction errors. In particular,

dependi ng on nusi cal tuﬁe%? there are those havig%

beats significantly fluctuate unevenly and t hose?/F0109

extrenely | acking the beat sensation. [0081]
[007ALgcordingly, the beat alignnment processing unit 13

assigns, to netadata supplied fromthe beat o

ekt maEhpaniopriElessd daumiccCUr2cyact eFfabP$d t Pifiderr
. _value indicating the reliabi|ity of this t adata and
Informadmer CAtrgceper RERESSS ¢ RShHe (i} ﬁ@yr%mrﬁ Sd next.
[Ooagtadata. This reliability index value is defined

as, for exanple, a function that is inversely

o] t] [ & .of ' BPM

B By P T e dadatt on- (5 Pro05aT
infdildalid kkyrbpdey ByliYarpance 0frachshantaneoss BPMs

(5 This is because there is a characteristic that
gendhf IyadadAc ex0f athedi astantangaus aBPugenekrat:| y

i ncreases when - 30 SO07P0109 an extraction error is
recqpugegdn netheibeat oéxéraepwiepr dddssbeat position

information includes more or 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 beal alignment processing unit i3
assigns, to metadata supplied from the beat extraction
processing unit 12, a reliability index value indicating the
reliability of this metadata and autocmatically 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 equation (5).

(00821
Reliability index o« 1/Variance of instantaneous BPM (5)
This is because there is a characteristic that the

variance of the instantaneous BPM generally increases when



That is, the reliability index value is defined to
increase as the variance of the instantaneous BPM
beconmes snaller. [0083] A nethod for extracting the
beat position information nore accurately on the
basis of this reliability index value wll be
descri bed using flowharts of Fig. 13 and Fig. 14.
[0084] It is not too nmuch to say automatically
obtaining specific beat position information at
accuracy of 100% from Va Yous nusical tunes
i ncl udi ng beat position information extraction
errors is inpossible. Accordingly, users can
an emnualdipncerreet itheabheatl posthé oredatnfertmdtoren process.
extraction errors through a manual operation. If the
Thatexts,achiconcel pbi 81 tr abndex eagivey ifodrdiand FRel@FFRsSe
parts can be corrected, the correctkon wor k beffnes
as gy gagienereRt. t1B0BBT LA R eoS BEMy PREGHERaPTA L HC
sgomﬁng an exanple of a procedure of manually
[OO%Brrecting the beat position information on the
basi t reliabil. i.nd a ‘ 8 P
s hEe B B R G N SR F L Pl The e
mor&XJdRGHERA yPHLACERST PYs i & kdhiNGloudadinAtihendgatvalue
extracting section 11 fromthe I/0O port 113. [0087]
willBbe 204R01894 AtiSJEPL S&:hdhes hemtriext nackhdnFig. 14.
processing unit 12
[0084]

S07pP0109

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 errors is impossible. Accordingly, users can
manually correct the beat position infermation 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.

[0085]

Fig. 13 is a flowchart showing an example of a
procedure of manually correcting the beat pbsitiqn
information on the basis of the reliability index value.
[0086]

At STEP S1, 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.

[0087]



extracts beat position information fromthe digital
audio signal supplied fromthe I/O port 113 and
supplies the beat position information to the beat
al i gnnent processing unit 13 as netadata recorded in
an mty file. [0088] At STEP S3, the beat alignnent
processing unit 13 perforns alignnent processing on
beats constituting the beat position informtion
supplied fromthe beat exhractlon processi ng unit
12. [0089] At STEP $4, & beat al i gnment processjn
unit 13 determ nes whether or not the rellab|I|§§% PO109
i ndex value assigned to the alignnment-processed
nettadarEa B8, egual beo: grxtdghien phancas ihy eshiot dl2
N(o). If the reliability index value is equal to or
extpigiferoatapoRitgcnt IphpENETEM dron fee gigdgas audio

d STEP S6. |f the reliabil d
=1 ofad [ eanREog B  REO &%1&%24%@%}8%%@5@%%%@ giost

pOS'gggg%§H?&m§I§onS§b %hQ388££ k%%%%!ogrog sgﬁﬁgﬁﬁﬁ%t

rocessing Is erfo

t t tish ) i#ncduded in the nusic
13 Q“f a[ g‘é‘p%%Fgfﬁgelbﬁ 9%0“@1 At STEP S6, the beat

[ooggjgnnent processing unit 13 supplies the
beat - al i gnnent - processed beat position 32 S07P0109
imﬁnsm&@isa,tthérmbdﬁ(}xmyﬂmehl4p39caesadataniEcb&ded
peréggms alignment processing on beats constituting the beat
position information supplied from the beat extraction -
processing unit 12.
[0089]

At STEP S4, the beat alignment processing unit 13
deltermines whether or not the reliability iﬁdex 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 54, the
process proceeds to STEP S6. TIf the reliability index value
is lower than N(%), the process proceeds to STEP S55.

[0080]

At STEP $5, a manual correction for the beat alignment
processing is performed by a user with an authoring tool
{not shown) included in the music playback apparatus_lo.
[0091]

At STEP 56, the beat alignment processing unit 13

supplies the beat-alignment-processed beat position



a my 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 nore highly accurately.

[0093] Fig. 14 is a flowhart show ng an exanpl e of

a procedure of specifying a beat extraction

condition. [0094] A plurslity of internal paraneters

that specify the extractPén condition exists in th%

beat extraction process in the beat extractingSO7P 109

section 11 and the extraction accuracy changes
infoegendimdoorhehé/papanet 814 v uesadapgc sediongeg, 1iin

the beat extracting section 11, the beat extraction
a -wodedsi-ng unit 12 and the beat alignment processing

unit 13 prepare a plurality of sets of interna
[OO%Qraneters bef orehand, performthe beat extraction

process;: . for 26N pal A iea;nysegtga%@qo %g}f{i%g%t} "$r, tne

above-descri be | ndaex va

beaﬁ%%i%%n a @bk 2k oAUg) O i5d anad i d S SYRR! kedyko the
at

_ extraction processing unit 12 included in the
desd®eded OHILAGLETAGySesiERNvAlud ) om tihe pos@ipokt £d1l8xtract

33 507P0C109 [0096]
the beat position info:mation 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
éxtraction condition exists in the beat extraction process
in the beal 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.

{0095]
At STEP S$11, a digital audic signal is supplied to the

beat extraction processing unit 12 included in the beat

extracting section 11 from the I/0 port 113.



At STEP 512, the beat extraction processing unit 12
extracts beat position information fromthe digital
audio signal supplied fromthe I/0O port 113 and
supplies the beat position information to the beat
al i gnnent processing unit 13 as netadata recorded in
an my file. [0097] At STEP S13, the beat alignnent
processing unit 13 perforns the beat alignment
process on the netadata sggplled fromthe beat
extraction processing uni [0098] At STEP g&ﬁP0109
the beat alignnment processing unit 13 determ nés
whet her or not the reliability index value assigned
[00%@ the alignnent-processed netadata is equal to or
hi gher than a threshold N(%. If the reljability
i AdeRTEGaPlRs i Shedeat t%t&@cﬁﬁgﬁeprPﬁaﬁsm%uw thfi s
STEP $14, the roces roceeds. to STEP S16 f_the
exLragisa kst PophbieRn %% %@m?fsl%v% on %ﬁ R %lta# gudro

S:Lgrp rlocseugyfsplg_re%cgggﬁn 1[30%%%] S EJBﬂQ:'Igg gﬂ:é beat

each the actlon proceSS|ng

pos£{¥ﬁﬂx¥yfd%h gﬂgﬁnEOpEQ&G@éﬂﬂKbﬂﬂBﬂﬁe%% %B@e§§§lng unit
paraneters of the above-described paraneter sets and

13 41€ne tRIRGRSSeFB8FHEASLE CarSTHERE BL2.16Af ter STEP S12 and
STEP S13, the determnation of the reliability index

[oowval ue is performed again at STEP S14. - 34 S07P0109
[%iog%EP 813, the bealt alignment processing unit 13

performs the beat alignment process on the metadata supplied

from the beat extraction processing unit 12.

[0098]

At STEP 514, the beat alignment processing unit 13
determines whether or not the relisbility index value
assigned to the alignment-processed metadata is equal to or
higher than arthreshold N(%). If the reliability index
value is egqual to or higher than N (%) at.this STEP S$14, the
process proceeds to STEP S16. If the reliability index
value is lower than N(%), the process proceeds to STEP S815.
[0099]

At STEP S15, 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 S12., After STEP S12 and STEP 313,

the determination of the reliability index value is

performed again at STEP S14.



STEP S12 to STEP S15 are repeated until the
reliability index value beconmes equal to or higher
than N(9%9 at STEP S14. [0101] Through such steps, an
opti mum paraneter set can be specified and the
extraction accuracy of the automatic beat extraction
process can be significantly inproved. [0102] As
descri bed above, according to the nusic playback
apparatus 10 including a bfat extracting device
according to the preseﬁt3 nvention, an audio
wavef orm (sanpling sound source), such as PCN1898F0109
having ti nestanp i nformation, such as beat position
[0100df ormati on, can be nusically synchronized wth
other nedia. In addition, since the data size of the
t ERBEt ahd TnfTrEmtIlon amsuekrastefeupeht Pusitglopbility

, information, is between several Kbytes and sev
indopp e KBy PESORAA PSS Ri #F chHETSF Sradh ,Na<a’°3 B %ﬁ% S14.

[Olgraction of several thousandths of the data size of
HHe audi o waveform the nenory capacity and the

i n n dpar i chy t
e R e oL L PR ERR po oAl Y 80

specdd@sceli had ahevex:Aseolsh ng-dia-ddie ofushe phaybacke beat
apparatus 10 including a beat extracting device

extr@3eeAbai pgot:0sst ben pisesenyni Miventtilen imptoivedpossi bl e
to accurately extract beats over an entire nusica
[01%2dne from nusi c whose tenpo - 35 SO07P0109 changes

.~ or mnusic whose rhythm fluctuates and further_ to
As described above, according tc the music playback

apparatus 10 including a beat extracting device according to
the present invention, an audio waveform (sampling sound
scurce), such as PCM, not having timestamp information, such
as beat position information, c¢an be musically synchronized
with other media. 1In 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 audio waveform, the
memory capacity and the processing steps can be reduced,
which thus allows users to handle it significantly easily.
[0103]

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



create a new entertai nment by synchronizing the nusic
wth other nedia. [0104] Meanwhile, it is obvious
that the present invention is not linmted only to
t he above-descri bed enbodi nents and can be variously
nodi fied within a scope not departing fromthe
spirit of the present invention. [0105] For exanple,
a beat extracting device according to the, present
i nvention can be applied ggt_only to the persona
conmputer or the portable si ¢ pl ayback appar at Us, ;50109
descri bed above but also to various kinds of
apparatuses or electronic apparatuses. [0106]
changworadi mygstie whespr esehemi Avertyades Best TpssherohC
information of a rhythmof a nusical tune is .
cregh® radtedd SBEAE 21 BEENbdPY nf W TRt Or Y §gﬁef‘%}?é8 with
using this extracted and obtained beat position
Othe Ui Héti on, and beats of the extracted beat
[Olfﬁfition information are aligned on the basis of
s beat period information, whereby the beat

PRBILLAR1 | N Or (Rt L108 Afs areRedil preusheal niohei &anis
be extracted highly accurately fromthe entire

not MUSHiIGAd torwng. £36+thS0ZPE1O% e L AINS EmbAdieahts and can
extracting device characterizedby conprising: beat

be extiactlivomprocessi njtiveans $orpextatactepag tbagt from the

spirit of the present invention.

{0105]

For example, a beat extracting device according to the
present invéntion can be applied not only to the personal
computer or the portable music playback apparatus described
above but also to various kinds of apparatuses or electronic
apparatuses.

[0106]

According to the present invention, beat position
“information of a rhythm of almusical 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.



position information of a rhythm of a nusical tune;
and beat alignnent processing neans for generat.ing
beat period information using the beat position
informati on extracted and obtai ned by the beat
extraction processing neans and for aligning beats
of , ‘the beat position information extracted by the
beat extracti on processing neans on the basis of the
beat period information- 36 The beat extracting

devi ce according to Claim1, characterized in tdmtro109s
the beat alignnent processing neans uses the beat
position information extyagied fromthe entire
nmusical tune or froma portiron of the nusical tune

1that pLseexpect ed 40 ahave anakdenticaly tkg;mmp%lsw@

beat extracting device according to O ai m

charactgrir-zedibn pba&eé&&héﬂﬁﬁan%xﬁbacékﬁﬁa@tb@@&ﬁnﬂg
means i ncludes: power spectrum cal cul ati ng neans for
postalaulatidgaziopower aspbegtiunedfa e ivadi cuskgnand
froma tinme-series waveformof a nusic signal of the
misiag; aémdnmeh’angeog%@mg gulany dPrngeReaAsiiproeat

calculat}@g anmount _of change in the power
peripRctipmeaion seéadpyhe h%eab@%?l@ﬁ@ctlpéﬁfmatlon

| c d the 37 S07P010
- E4r i Gk SBBORESor e hangeca  HHGBaRP BRPTaLt! Mg
dev].60 A60Q50LNG 0LOLBE M, 1 v SIALACLELI Tty 0 that

‘mea &
?%elb processi ng nean
information extracted by the beat extraction processing

means on the basis of the beat periocd information.
2. The beat extracting device accordiﬁg'to Claim 1,
' éharacterized 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 identical tempo.
3. The beat extracting device according to Claim 1,
charactérized 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 cof the music; and
change amcount calculating meansrfor calculating an
amount of chénge in the power spectrum calculated by the

power spectrum calculating means and outputting the



defines a w ndow w dth centered on a beat that

mat ches' a beat period of the beat period informtion

internms of tinme and extracts only a beat existing

within the window wi dth. 5. The beat extracting

devi ce according to Claim4, characterized in that,

when no beat exists in the wndow wdth, the beat

al i gnnent processi ng neans adds a new beat in the

wi ndow wi dt h and extracts3the added beat. 6. The beat

extracting device according to Claiml1, . 807P0109

characterized in that the beat alignnent processing
cal FERNSq GAlLUWales caAnLAdex val ue indicating a

reliability of the beat-aligned beat position

2 1 nfpE N 4 Oneadich dleliRy WeRese whethelin@reaatldike 1i,ndex

value is equal to or higher than a predeterm ned
chatdwiesholedl iA tThe bbatbextratigmgrderircecascopdnagns o

Claim6, characterized in that the beat extraction
defm@c@sqmowearn@lthaﬁéntﬁ?ée%e@@ aldspinehe tpretessfny

means have internal paraneters that sp eC|f¥ga beat .

beafetmct &# BPEcEsst n@ertfa%dﬂrlﬁ%‘ﬂﬂ%nal@eaﬁ Fi aﬁn‘é’n‘Fe

t d te
N i s
l. t
5 18 LU ASE RIS B gt BigleTq et e

cha533@é¥%z%gcgﬁdhﬂgttOwﬁ%ﬁ'ﬂ%ﬁbeat:g%1§%¥7pglgae window
characterized by further conprising: correction neans

widfgr cheaneall ¥1egrnesti photdies DORmg2ESI id@8 a new beat
information aligned by the beat alignnent processing
in treansndoti kitlhe Endexxvahdules the added beat.

6. The beat extracting device according to Claim 1,
characterized in that the beat alignment processing means
calculates an index ﬁalue indicating a reliabllity of the
beat-aligned beat position information and determines
whether or not the index value is equal to or higher than a
predetermined thresheld.

7. The beaf_extracting device according to Claim 6,
characterized in that tﬁe beat extraction processing means
and the beat alignment processing means have internal
parameters that specify a beat extraction processing
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 accordihg to Claim 6,



beconmes equal to or higher than the predeterm ned
threshold. 9. The beat extracting device according to
Caim6, characterized in that the index value is a
function that is inversely proportional to a

vari ance of instantaneous BPM between beats of the
beat position information. 10. A beat extracting

nmet hod characterized by conprising: a beat

extraction processing stepg8of extracting beat

position information of a rhythmof a nusical t&®gp01C9
and a beat alignnent processing step of generating

chaR8ate -iR8H 8 ERLRORt LGN, USIing; :t Berbeati poshid @ ror
Infornmation” extracted and obtai ned at the beat

nan@Xt IAGreB Pk A 8B4 NG a SR iandrofinabigat hen bebignaf by
the beat position information extracted at the beat
the edatactlignmprocesstags siepraamst ketibaths bfidehevdlont
period information. 11. The beat extracting method
becemsordiuag to O ahheher theartet erededcrninpattheashHel-
- beat alignnent processing step, the beat . _position
9.i nFlep rﬁﬁa}gfoﬁ%%@ﬁééﬂaddﬁ%ﬁ?t%%fmnﬁe tRuSitear fune

or fraom ortion of the nusical tune that is :
Chargisareact b° Havk G i THT GA Fempoti SuOSeH ™ 13578

invég?gl e? %gggéﬁgngftg$q%aﬁ£é¥ | JAg oiﬁ%@ég& eous BPM
chardctertzed in tha 9 109 “the beat
betdd 3eLkANCPr OLESSLNY S Lk i udesmaBiHRVEr Sspectrum
cal culating step of 'calculating a power spectrum of
10t hen MESC dcghak ihEoMEandbd NErhseidtes ized by comprising:
a beat extraction processing steprof extracting beat
position information of é 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 at the beat extraction processing step on the
basis of the beat perio& information.
11. The beat extracting method according to Claim 10,
charaﬁterized iﬁ that,
at the beat alignment processing step, the beat
position informatibn extracted ffom the entire musical tune
or from a portion of the musical tune that is expected to
have an identical tempo is used.

12. The beat extracting method according to Claim 10,

characterized in that



wavef orm of a mnusic signal of the nmusic; and a change
anount cal culating step of calculating an anount of
change in the power spectrumcal cul ated at the power
spectrum cal cul ating step and out putting the-

cal cul ated anmount of change. 13. The beat extracting
nmet hod according to Caim 10, characterized in that,

at the beat alignnment processing step, a w ndow

wi dth centered on a beat Bbat matches a beat period

of the beat period information in ternms of tine dpr0109
defined and only a beat existing within the w ndow

wi QL hglent 8%%@%&%913& @Eegxgﬁéﬁa g. net hod

accor g to ara teri In t at, when

t%etp%%t; dpest Poh @a(iéﬁlalﬂrfgh%te 8@0%m@1£ﬁi@g new
beat is added in the window wi dth and the added beat

powdS pdd@ehedraththaubeat s ajhgnnenin pr ecesssagicst ep.
15. The beat extracting nethod according to Caim 10,

. wavefamactferni medicnsipat] af time npedic;akingnnent
processing step, an index value indicating a :

r el cabnbit gmetnt heabaptalbdingwé¢P Béatapeslation an
information is cal cul ated and whether or not the
amoyrfg & FARGECI $neblial PP Hr SR gHe™ CRAAUAAted at Ehe

re det rm ned reshold is deter 40 ., SO7P0O109
pow E e Leb PAETT RS AR 1 SBPiAG o o8 af 1 15,

Cal&f@i%%tg& zed % ?gﬁ Lnternal parameters that
ea extratii on processing condition and a-

3be&ﬁx9hk9ﬁﬂ%%%ractlng 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 periéd
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 addéd beat is extragted at the beat alignment processing
step.: | |

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

the index wvalue is equal to or higher than a predetermined

threshold is. determined.



processi ng condition exist at the beat extraction
processing step and the beat alignnment processing
step, respectively, and the respective internal
paranmeters are repeatedly changed until the index
~val ue becones equal to or higher than the
predeterm ned threshold. 17. The beat, extracting
nethod according to O ai m 16, characteri zed by
further conprising: a cernection step of manually
correcting the beat position information allgnedxam0109
the beat alignnent processing step until the index

1/al Be. 95&96@&%@1‘# ge%oal ghes-dhan ¢ aim 15,

predetermn 18. The beat™ extracting
chafBihod AcLQrdicRgtt On M IS rakdaractakiczegdebney hat
the index value is a function that is inversely
beapreoporddanal ptocasyang aneedofi dmsirantabeaus aBPyhment
bet ween beats of the beat position information. 41
pro@eTROLD TonABSTRACEx Upbna t etet iarg: @xdirgictabnandpoessing
signal recorded in a wav file, a beat extraction
steprarbddindeani plignexet am%ce%a}gset@@at l’SéEPFFbﬁelY'

information fromthis digital audio Qﬂ¥
and otiﬁeptﬁe?pteﬁelf"@s aPFeJaga aa’b%ﬂeaterrescﬁ‘rrﬁea ﬁaéiﬁ
In.additio at al i gnnment ssin

Chari%ecglﬂngtﬁsl %g‘gt sk 1Lileonbeo &fehs et ad%?> agr e%%)

thaﬂrhﬂygggkétgkh§néﬁd¥ﬂ#ééﬁgﬁdthe result as netadata

ecor Beats of a rhythm of nusic
17ar ergXtyact %Q;trl?ﬁcﬁﬁhﬁ AceHhat etyolide derpneducizng a

~music signal of a musical tune.
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 acceording to Claim 15,
characterized in that the index wvalue is a function that is

inversely proportional to a variance of instantaneous BPM

between beats of the beat position informatien.
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ABSTRACT

Upon receiving a digital audio signal recorded in
a .wav file, a 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, a beat alignment processing unit
i3 aligns beat information of the metadata recorded in
the .mty file and outputs the result as metadata recorded in
a .may file. Beats of a rhythm of music are extracted
highly accurately while reproducing a music signal of a

musical tune.



