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A Performance Rendering Model for Polyphrase Ensemble

MiTsuvyo HASHIDA," NORIKO NAGATA,t* HIDEKI KAWAHARA®t
and HARUHIRO KATAYOSEft

While the expressive capability of music performance rendering systems greatly improved in
the last few years, the rendition of multi-part ensembles still requires more detailed consider-
ation. This paper presents the design and implementation of Pop-E (Polyphrase Ensemble),
a performance rendering model for multi-part music that supports performance design with
intervention from the user. Pop-E first generates expressive phrasing for individual parts,
assigning independent timings for notes in each part. The notes among different parts are
synchronized to generate a coherent ensemble, using a method based on grouping structure
and “attentive part” markings. The performance of “Fantaisie-Impromptu” (Chopin, middle
part) generated by Pop-E received first prize in the hearing contest at NIME-Rencon. The
paper also presents evaluation of the descriptive capabilities of Pop-E, based on the resyn-
thesis of performance by three pianists. The results of this experiment, as well as the results
from hearing experiments, suggest that Pop-E is capable of generating performer-quality
renditions from a small set of performance rules.

Jan. 2007

1. 0000

000000 d Performance renderingd 00 00O
00000000000000000000000 1
0000Y0000000000000000000
000000001980 000 Frydén 020 Clynes
0¥ 0000000000199000000GTTM?
OIRM® 0000O000000000000000

t00000000000D0/000000000DD0OO0OOO
Research Center for Human Media, Kwansei Gakuin
University
++ 0000000000
School of Science and Technology, Kwansei Gakuin
University
+++ 0ooooooooooon
Faculty of Systems Engineering, Wakayama University

248

0% 00o00000000000000® 0000
0000000D000O002002000000000
O00000000000000Rencon°00000
oooo0

200000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000 0O0Raphael 00O Orchestra in
aBox'Y 00000 FPY O0DOOOOOOOOO
000000000000000000000000
000000000000000000000000

Y Renconl Performance Rendering Contestd 000000
gooooooooooooooooboooooooooooo
oooo0o00 200200000000000000000



Vol. 48 No. 1

goboboooooobooooooobooboooooo
gobog
gooooobooooooooboooooooo
goooooooooobooooooboboo200
goboooooobooooooooboooooooo
go3booooooooooboooobobooooon
gooobooooboooooooboooooooo
coooooobo400000000000000O
goooosooboobooobooooooooon
gobooobooooooooooon

2. 00O00OO0O0OOOoobOoo

00000000000D000000000000
000000000000000000000000
0000000000000000002:3:989120
20000000000000000000000000
000000000000000000000000
0000000000000000000000000

0D000000000000000000000
0000000000000 00000000000
00300000000

(1) 000000000000

000000D01000000000000000
0000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000000GTTMY 00000
000000000000000000000000
000000000000000000000000
0ooooooooooo®™®o

(2) 0000000000000 O00000

00000000000000000000000
000000000000000000000000
0000000 ”0 WidmerO0OODOOO™ OOO
000000D00000D000000ORencon 00
0000000000 000000Y™ooooooo
0000000000000 00000000000
00000000000D0000000000000
000000000000 000000000000
000000000000 0000000
Orchestra in a Box'? O iFP'Y O00DDDOOO
000000000000000000000000
000000¥oOoooo0OO0O0000000000
000000000000000000000000
000000000000000D000000000

gooooooobooooooooooooboo 249

goooodoooooooooooOobODbOoOoooo
goooodoooooooooooOobODbOoOoooo
goooobooooooooobooobooooooon
(3 oDoUooooUoooo
gobooooooooooboooooooobooooon
goboooooooooooooooooobooboo
goooooOooooooooboooooooooboo
gbooobooooooooooboooooooobod
goboooooooooboooooooooboood
gobooobol1bo0ooooooooboooooa
goboooooooooooobocoouooooooo
gboboooooooooobooobobooooooboooo
gobooooooooobooooboooOoooooboooo
gbooooboooboobooooooooooooo
gooobooOoooooooobooocoooooooboo
goooooooooobooooooooooDbonoo
gooooOoooooooooboooboooooooboo
gbobooooooooooooooooooon

3. J0O0DOO0O0O0DOO0Oo0n Pop-E

Pop-EOOOOOCOOOOOOOOOODDOOD
gobooooooooobooocobooouooooooo
goboooobooboooboooooooboobocolroonooboo
gbooooooooboobooooobooooooon
gooooooocoooooocooooobooooo
gooooboooooooooooooooboonoo
go00o00DooO0O00Pop-E0DODODOODODODOOOO
gbooooooooood

3.1 DO0O0OO0O0O0oOo0ooobooooooao

Pop-E0O0OOOO0ODOOO0O0O0330000000
gobOoooooobooobooooooboOooooo
gobooooooooboooooboouooooboooo
goboooooooooooocboooooooboo
gobooooooooooooobooooboooooboo
gooooooooooooooooooobooo
goboooooooooooobboooooboooboo
goooooooooooooooooooo340n00n
goboooboooooooooooooooood
gbooboooooooboooobooboooo 1d
ooo

3.2 0000

Pop-EOO0OO0OOOOODODOOOOOODODOO
goboooooooooobooocoOooooooboo
gbooooooooooooobooooooboooo
gooooboooooooooooooooDbooo
goooooooooooooboooooooooboo



N

TL—THEEORE
BADRR

@ﬂﬁﬁmﬁ,@ Eiiﬁuﬁlﬂ/t—j * 79]5
I
[7‘»7%&5] [7%»‘/3 Vik— h) i
|

FHZEDERRE
GREIL—ILOER)

Iﬂ

A —— — — | i—
B < —
EEC :- —
A
’ A — — — — —
B ) —
= i —

HER-"
o

01 Pop-EO0O0O0ODDDDODOOO
Fig.1 Flow of performance rendering by Pop-E.
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Fig.2 Example of an attentive part.
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Fig.3 Example of an arched phrasing expression.
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Fig.4 Attention transition.
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Fig.5 Scaling of non-attentive part.
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Table 1 Score information for Pop-E.
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Fig.6 Example of attentive part and synchronizing point.
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Table 2 Pieces rendered by Pop-E.
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Fig.7 Middle part of Chopin’s “Fantaisie-Impromptu”.
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Table 3 Control parameters for “Fantaisie-Impromptu”.
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Table 4 Control parameters to three performances of reconstruction by
Pop-E.
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Table 5 Correlation coefficient between performances of
the original all players and the reconstruction all

players[e].
ooooooooo gooooooooo
goooo 0ooo/ooo ooo/ooo
oo A 0.70/0.91 0.37/0.86
0oo B 0.53/0.68 0.41/0.38
A&B 0.59/0.76 0.40/0.55
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Table 6 Correlation coefficient between performances of
the original H and the reconstruction h.

h H N A
00 A | 0.76/0.94 | 0.55/0.86  0.37/0.88
0o B | 0.52/0.51 | 0.20/0.26  0.54/0.63
A&B 0.61/0.62 | 0.32/0.47  0.48/0.72

07 0O0O0O0O0n000000O0DDOOO/000
Table 7 Correlation coefficient between performances of

the original N and the reconstruction n.

n N H A
00 A | 0.65/0.97 | 0.60/0.79  0.00/0.97
00 B | 0.36/0.83 | 0.44/0.17  0.68/0.49
A&B 0.48/0.89 | 0.50/0.39  0.44/0.66
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Table 8 Correlation coefficient between performances of
the original A and the reconstruction a.

a A H N
OO0 A | 0.66/0.94 | 0.41/0.78 0.28/0.91
0oo B 0.70/0.69 0.42/0.30 0.20/0.43
A&B 0.69/0.77 0.23/0.60 0.48/0.72
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