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Statistical Learning of Tempo Variations
for Imitating Piano Performance

Keiko Teramura' and Shin-ichi Maeda'

In this paper, we propose a statistical approach that learns tempo variations from real pianist
performances. We used a Gaussian Process (GP) to learn the tempo variations on every
beats. As for the input elements to GP, besides the score information, the metrical
periodicity and the continuity of the consecutive tempo variations are considered. By
learning the real data taken from CrestMusePEDB, GP shows an excellent learning ability
for 'known' pieces those are included in a given training data set while shows a modest
generalization ability for ‘unknown’ pieces those are not included in a given training data
set. Although the absolute error of the tempo deviations between the real performance and
the estimation to the ‘unknown’ pieces is large, it is found that the relative changes of tempo
variations between two consecutive beats, which is represented as a binary value (up or
down) are well estimated.

1. EU&IC

Fox NHBETHFICH O D LB L, FROETE2 R T EEIIHET L EH L
FOREARHREERRZRTENTWVWS, L L, BEICLIEERRIIMERLDT
172K, BRI A DEBFE L EDLZ A IV TCEOREDORS THET L NITHEE
FROBEEOHEBILINDIH N RE N, L LT, ELVEFR, REENREFR
EHBET DO, BRICLIBMERRPOBRN LZEENMTODNIZ L&D D, 2
DEITELEDOHLTIT—BICRESRVHELEOBEHEIL, WNCELWEELL
THBTDIDNEVWIREZ L LTS

1.1 FEITHRE

1983 4F, Sundberg H[1IFFHHHETAMNEET D L 2 REELREEZ L AR T D
ETNERELE. ZOXDICAMPEET D L) ICREENRBEEEIT Y “HER
BT 2HERCTERTDIET ML, TOHL[2,3, 4302 KBRS TE .

ZOBEBEREMNTOHEERET VO LEITHIRIIREL Z2CH T2 ENTED,
=D, VA R—ZAET N EFFHINDEHLDOTHY, [1, 210 LD ITHFETH X A
VIR T AR REBNL — N ERBTIZETLTHS. b O — L, EH
NR=ZRETF I EFEENDEIHEDTHY, [3, 4]0 K 9 I TOEBIER & T O BRI 5
THEBERN Y Mo FRZAEL, TOHEFANLEET IS KO T L
— XD 7 L — X2 REL, HU LAEFEFOERL2GE T 52 & CTHEEERE
MITEITI>HDOTHS. LML, ZHB[L, 2,3, 4|00 hoFiEICE T H M)A
BEMBOFMONDDNRNT A= —REPLTBEL SN, BEZR LS00
LRBFNNMETH - T,

ZO XD e MEE MR T B 72912 2002 4, Widmer HIZ K 5 T V[SIUIKE, MRS
BOFEEZRD ANEZET AR L — L _N—Z, FHR—22MbFRESINTVSIE,
7, 8, 9. TNDHIFNRTFA—F—RROFINEREIFS L, Kookt B &1k
THIENTED., ZOLIBRERBOFH L DL, HEENEMT —4 L
LCHEZbN, TOEBBENPFIHIND X 2ICEEPEDLND. ZOMAIN 2 EKIF
FEFTHI LT R2VD, 7rO 7 =2 MOEBRELPLETLLTEOET =R
FOHKRTELWHBEBMT 2 Z L3I NS.

T HHE &L 2008 4, I —FKLiED—DToH % Gaussian Process (AT, GP)[lO 13,
1412 W EBEBMNTETAEZRELTWVD9]. GP X, HHIN—RAETNVIZHIE
SNDHETNLTHY, BhHlLREET— &t/héﬁwé L TCANEH IO O

BRI A ELTA2ETALTHD. ZOETFTNAIE, EETFTLLELTRHEINL TS

T REER R FBCE R

Graduate School of Informatics, Kyoto University

(©2010 Information Processing Society of Japan



THHRIL PR A A RS
IPSJ SIG Technical Report

e, FERT 2 OLERKIEOFHFHEELEHND Z LTI A= —DFH
EITH2ZENTED. AT, BEGEUORBEENDENTVWD I ERRENTWVD
[10]. 41X Z DE T /v % Usapi(Universal Statistical Automated Pianist Impersonator) &
BEA TR Y, Usapi TILHERFHLAL TIHEZE O FTHEBA AR, FEGERER, TR99 % )3k &
LCHBEITSEN, [6, TTTIRHBEMAOT VROEHZOVWTH#EEELIT-o TS,
T AR ENIIT B AGCBE SR & FAR ISR IS T 0z TH IR HETYH
1 \BALTOT RS ORI - BERFHRO XL 2R LIEbOTHY, LY ERE
OO 2 RATHIL, | HIBEALTOT VROEBHLFETILEND 5.

Z 2 TR TIE, Usapi 2B OT VREFHO FHICHA WK REE®REST 5.
Usapi 7 V REBOFHNICHWDIZH T > T, BELLRI2O0NAEAFEEOTY 5
Thbd. BalFFFCT VR EBOFFE E L THE CTh o7z, JAMINE L #EiitENRIL T
XL ANNFEMEETRLEZ. DT, ZOFEMIIONTIRRD

2. TYUMREEHDZD DR

ANNFBMEEID BI2HT- Y MIDI T — % OF VR HEEIC BT 5 S THFZE[11, 12]70 5,
T AROEENILE M & EE E PECEEL TV B X, EEHEBOT —X05H
HENL DT VRO EEZOWTRNT 1T o 72, % OfE SN AL T o B M & KR 51
ORI T LAz,

21 FERE
CrestMusePEDB[13]D 7 — % /> 5 V. D. Ashkenazy K238 28 L 72 F. Chopin fE il © 2
5 #h(fH4% A Z2)D Tempo deviation 7 — U Tfif#r L7= & ZAK 1A, B D X 9 725 R
BREB T,

1 3s
o ‘ wf |
25}

power
power

U [
Wil . ‘l il |
NW) iy osk [ i
Pl o R -
RS N . SIS, WAL e

Cf ) Al

. AL A T T N ' —
1 1 1 1 1 1
L 1/beat | L B B 1/beat 1

X 1B : 3 a1+ 0RO T VR EBHOMD
ALY S VIR B

X 1A : 41O T o REBOMD
AT N VIR

1A, BT, 4T ORMOT Y REBOT —FIZONTENTR DR T &
Z7 =V ZEHTEAT, P LAY b ThD. B0 EEL, 1HH7Y OJF

Vol.2010-MUS-84 No.12
2010/2/16

H(1/beat)y 2 KT H DT, Hlz21X 1/8 THNIX 8T 1 A EBKE kY % BT 5

I MWL ZENENHEOBEEDOEZATEWMEEZ LS TWDE I ERDLND. 3T, 4
BT L BITHBOBELRSS, FIZHEO 8 HF0L ZAJAKKTIZ 4 T & X 1/32, 3
WMFDLEX 124D L ZA)TEWEIEIZ 2> TWA, ZhiE, AEiCHE o ih o 1T
XD 7B DB NEENDE T E LTINS,

22 EfHE
Fio 77—V 2T CHWZO LR URhEZ Wiz L &0, #Higd 2 _>OHRICBIT
57 REBOFAK EK 2A, B, BT 2T VARELBOZES QWA Z X 2C, D
2R,

£ o
n‘ th tempwoS 1n th tem;;
2A AT OEREEIZEIT 2 EEET D 2B : 3T oM b EkET D
F U REB O AN 7T VR B O HAR K
= =,
: :
g g
gn gn
= =
Ens Ens

o5 v o5 7
1 th tempo-(n-1)th tempo

2D : 3 OEEIC BT kT D
TV REB O 25 DEATIN

S v a5 i
n th tempo-(n-1)th tempo

X 2C : 4 DRI T 5 EKET D
T U REE D FEL OEARIX

K2xboh5 L5 ICEBET 2 OM TIXmWHEBEN R b s, FZEE, HBEREIL 4
WTOBEA 072, 3T OHE 076 EEWEEZ R L TWD, —F, BT 507 K
EEDOES KD, BT 5T o REHOESOHBEEZR-L 25, 4 OIS
-0.17, 31T DA, 033 L EL L HIRWHIHBER AN, 202 D, RLU R
DOEIRT VREBIA OGN N—T, BENEHNTHL I EnbhoT.

(©2010 Information Processing Society of Japan



THHRIL PR A A RS
IPSJ SIG Technical Report

3. BEFE

AIEI L VAN o1 T U ARETORBERE 2, 2000 OREAIVIALTEA
NFEEZRNTT VAR EE %2 TGS, 7o REBOFANT 1 HEMTITO bD & L,
1 T EICHEZA DN EEFERNOREHEINDIANZREZHCTH AL DT VRE
HETHNTD. ZOREEY, EERFEFEET XL LEANNBEEOHERELE LT
ERALL, ¥ 77w ATEETSH. LT, TOMERRS.

31 HARME

nHHOT REEEFTHHFEM 2L, CrestMusePEDB-DEV TEH SN TW5
Tempo deviation % AV 7=. Z ® Tempo deviation |7 > RZF D H D TIE2RL, I &
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BhThH v, EBR1  FEHERERTIIETORM A2 FHICHY, EB 2 U brkiEsE
B ClIIMEEN T FN LLAL 0 B8 dh & F 8 2 ) 72 Tempo 13 Global tempo % 7R 5.

()3 #F % h (i)4 $F D 2

ID g Tempo ID A4 Tempo

35 | Prelude Op. 28 No. 7 55.59 36 | Prelude Op. 28 No. 15 27.85
38 | Waltz No. 1, Op. 18 234.94 37 | Prelude Op. 28 No. 20 165. 45
54 | Waltz No. 3, Op. 34-2 131. 14 53 | Nocturne No. 10, Op. 32-2 108. 31
55 | Waltz No. 7, Op. 64-2 201. 00 58 | Etude No. 3, Op. 10-3 49. 68
56 | Waltz No. 9, Op. 69-1 159. 11 59 | Etude No. 4, Op. 10-4 71.20
57 | Waltz No. 10, Op. 69-2 153.13 60 | Etude No. 23, Op. 25-11 32.55
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