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Development of a robot capable of counting the beats by separating
music and recognizing beats from a mixture of music and its own count-
ing voice: Takeshi Mizumoto, Ryu Takeda, Kazuyoshi Yoshii, Kazunori
Komatani, Tetsuya Ogata, and Hiroshi G. Okuno (Kyoto Univ.)

Ba Mg RER At

LR

I FARFRER HRFWIR MR HEEL

BEEY
. < B (@, f)
BREOEERE <
b
ﬁ(w,f) » RERK
£ P
. ;;F*ﬂﬂ 53 .
_F .
M- 247 dakad PN

X 1: ¥ A7 LR & Robovie R2 DY 1 7

T, E—hEELIX 4 DFE/L NN, 2 5ERV AL,
INGL RAMS BB —DOBEREEDZ L ThHS.

BE, BRESEENE DL O REELSUMIET
IZaDSRVDT, BRI L DOFEIHITEEL BV,
RE 3 BHEAE

FHBL, FRIL 2 —PMEEE, T— 2, =, 4] &
SHREIZEVERETS. T3 REEZELERICIE
D R1DE>BE—NER, T2bbEREDTVKRDA
ICEILKEKHEIVLEERBERIRHATES.

FRHL A - N HEEOZA I VT ORBHIZEELRM
FTHD. BEEL, FEABRIZE>TEDT 72 b
DONBEIZRBDIDOT,LTCRILAAIVITHREIES
YE—NIBOFEENTERSBO>TUEONLTHD.
B, BHARENE W TE) TREETDHS.

3. 3DDBRBEDRRE
BAFEL Y AT LADREREZ R 11ZRT.
31 BRE1:BEE7 1 VYICLZ2ERENE
TS DR AU B OMENT ¥ 557
BADHIZEIKBERT7 A NE 4] 2D, BEED
SHEERE % R 7 — U T8 (STFT) D AT ML
EFRANVTR )DL IZETNVETS.

Mo  (a(w) —wl (@) [Y(w,) .
(S(w,t)) a (0 I ) S(co,t)) W

W(CO,I‘) [Wl (ﬂ)),W2(CO),”- »WM((D)]T
S((D,t) [S((D,t),S((D,t—l),‘-- ,S((D,t—M)]T
S(w,1),Y(@,1), No,t) ZEhTh, BHE BEE (Y1
DA, TS HEINSLZR) DARIINNVTHS.
O BB TV —h, wikDBT 1V E, a(e) XA
r—0 v TRECTIE M ORBATHITH 5.
ZRETNT YA LEUTICRTY.
N(t) Y(t) - Y(t) w()
wit+1) = w(t)+mea@)N(@)SE)
a(t+1) = a(t)+ [l - ¢(an)N@))a)N(D)]a()
Mo W FERE, ¢ RFEREERTH D, ERITET Y
ABTEIZHED DT (y;) = tanh(|y;|)e®0) 2 {F 5. Rit%
fHRICT D720, HEK o 138’ 7.

2-439



32 BRE2:YTLIMLE—R NSV IICELD
E—h 28

V—hOREHBIIC - NBEVNFRTEZYTIVE
LA =R NTIVFV IV AT A RBTS)SE] % HVS.
RBTS D AN EREANEINAEHREEEENTH
5, ANERZ M BPFTHY, FVRBENIRELLLR
WEAREBL TWB, HAR 4 D ERBEMOFHERETH
D= BRI — bR, E - 21T TRERINS.
V—h X147 - NEEIZBIT DAY — NDLIE, T4
HHENEOMBEHD 4 pERPERT.

Y—MEEIRODESITHEINDG. £7, TBES
PO 4NERBEATE -2 THT D @ HERFL NI,
RIZ, BHELBE,EZHE T2 0ERFLV NN LT,
INBID RFENE D & ¥ 2 UL L),

Y — N FPHOER: 2200 ESRATH L. BEWK
HLIFEEESDIL EBNVRHOE—ITHS. AIb
Y B d(o,1) RAEEE D87 —ZRT NV p(o,t) =
IN(o,)] 2 HOTRO L SIZEHINS.

pp = max(p(w,t —1),p(w,t — £1)) )
pp < min(p(®,t),p(@,t+1)) 3)

_ } max(p(o,1),p(@,t+1)) —pp  ((3) B3L)
do1) = {0 (otherwise)

tix TV —Ah, o ZEEHRTHB. £, BEIL 4096
point (93 msec), ¥ 7 M EIE 512 point (12 msec), > 7
Vv T EREY 44.1 [kHz) £ T 5.

33 BBRE3: REHE

AR, FRIXN A - NI KE T L TR
BT 5. XoIZ, /NHOEFERS T—] ,2BB46 (=),
UFTT=1 1) EHEEIEZI T —MEELERE
T 5. FEEITIERFICHFL .

FEEILDXA VT HBAOMEL. FMCEFEOR
TZEERD 32 DHFETRD, ZOBEH L —NEARE
SEDICHBET AL THEL 2. ZHIZ XD, RBTSIZ
B3 DBERTHERLEoAFKENTES.

FHEIDOENIZ L >TRBTS oD EAMBELNZNE
BRHEBEPRYNZDEHS BDEVHZ. TOBEI,
HFLOE—NDFRRELN S FTIRAEOFRSERI
EOWTHEBEEZFO> LI A BxE, fiEORESED
[—] B, FPARBENEOLNALLCEHRIEHLELE —bH
BEA T8l T2 %575,

4. E—b RHEEEHDOHMEER
4.1 EBRRE

7R MZIE Robovie-R2 % AL 7-. FHEIX RWC &
BF—HR—R[6] DRE 257 —FENLLT YV RORR
% 3 [ifi (RWC-MDB-P-2001 No.52, No0.94, No.56) % 1 %
TOMAL 2. FEFHEL 71 7 OERIEH 1.4m, BF
BEERE v 7 DOHEMIZHN 40cm & U 7.

Y- PR, R SEORESS, EAENLEER
HELAED, KERLD 3 RETH /-, &/, FEX
AIVIEIVHENIL, REOT YRR ThAEZED
ML £/, TRTORBIIAY 5414 Tlror.
42 REBREREER

RBTS OFEEREEZK 2 CRY. K&V, BFEFEOMELRL
T, 1 B B BIAR R CRANEN, X512, 3 thEGS
WGBREICRT S, 2%, BREOIEL BWHAIET

L3
o

-3
o

(=T~

beat interval [frame]
Ey o (-2 ~
[~} o

0 20 40 60 80 100 120 140 160 180
time [sec]

2: ARFOHFEIZ L Y — M AHBEH DL

v RBLETHERESELL Tha. THICHU THEL
FSAE, FUREBMIIBBRTEZDT, BEEOWN
[EIX RBTS OMEEDBALE BT 2 Z & A3bnd.

2 HHEBBRICRT IO, BRFL2NEL ZBER
FEL BWVERILEREE NSy RV T ORBRAILK
1.9[sec] BV . BRIL, AAETIEERL B o188/
AXDRYEE )AL, REBRYBEZLNDS. UM, HE
URBWBATE 2B TT YV REALADBHRD 16 [sec]
BN B0OT,RBTS HEDHEOREL NETHD.

BE,TFRIRIBD, REOAXAI VT2 5VH
LIZU 56, BREEOHEIZ L VY — N FBEID
WEIXNBZ L HERL /.

5, &8

AT, ORY Mo L2 TME+ B T, TR
EHOETESETIORY M 2R /. FHEMEEDIT
FEBBEAHL RBEREID 2 Oh o ERIND L EX, §iH
DREIIE RBTS %, BEORARE —MEEILADLEA
FETEHL A, TOE, BREICL>TE— 3R
FMETTEEENR D A0, BIET7 ANV RIZE->TH
RERNTEST DL TRRL - FOER, 7V REMfIC
BT — M REaehomELERL /.

EEBRE ORI, ERBICERT I ZTEOKEN
DI, TV RBEAANDBRBEEDOWNE, P —MF
ARBEOREOWENKETHS. ZEREHOFH LTI,
E—bMEEORBIILIRELBHIIEIRI LIV A
MWEZOLND. BIMEFCERBT S GEIIWBNRHHNC &
BEENRKEFNOTCHESBELND L. £/, AU EEZ
FBARETEREFEI L FERELE—-PDT I A
NEEZLZRENDHD. WEDOHEELL T, EBEHL -HE
RRBEANT RNV IUTHEBREHERETDH L
WHHEEEZLND.

F /-, KRPEOPAM % FLii{ 5 /201 HRP-2 FOD
Ry M X 2E¥HE SO -FMERLITO>FETHS.

BiEE ABIRO—L, MR GCOB DXHEE S 7.
S CHk '

[1] S.Kotosaka et al. ##ERE T % AV IRY b DY X Iy 7 BEE
R, BADRY M FRE, Vol. 19, No. 1 pp. 116-123,2001

2] K. Yoshii et al. A Biped Robot that Keeps Steps in Time with Musical
Beats while Listening to Music with Its Own Ears. IROS,1743-1750,
2007

[3] RHEMAY NIEBE—F Sy /It B2 ARG RS
DRI, S1, 2007, 1258-1259

[4] REME Ry P FENFED/OD MFT & ICA K& BNA—T 1Y
H AR DT, WALE 70 EI 2K, 2008

[5] M. Goto An Audio-based Real-time Beat Tracking System for Music
With or Without Drum-sounds, Journal of New Music Research, pp.
159-171, 2001

[6] 48t RWC FIRAEET —A~R—2: R a 5 —FRF —aR—
;oot EEEYNTRT — 2R — R, B FHH, 2001 %, 3542,

1

2-440



