





Society

Music

of the Korean Electro-Acoustic

Journal

2

Xl 7

<fu
ol

t

[(KEAMS)

ARESUXNE o2

0l 2fs HIZ=/ASLIC.

o
2
=

2HEY 9 x|

vall ‘= 2R

=3
[

e

=







x|

11

=
==
P
FOE, ololA

mlo
12
=2
>
|0
HL
"-I_I.
r>=
ol
ro
>
fjo
40
ron
Im

gold HloEf XtSFA7IH A7 29

) =
COMPath: QIE{ZHE[E ¥ QIE{HO|A 7[Hto] SO &= &F 43

-

HYoHE S SH ResoNationsE &5t0f 2 HEHYI 8 59

27
e
NSZHZREIZAR 2009 77
23

International Conference on New Interfaces for Musical Expression(NIME) 2009

85






ol
ol

KH
oF

Ho

O|F* - Markus Cremer

ot Egflold HiolE XtsxA7[E A7

IS o
= TI

|A
=

(0]

Mz

oMol 2

oot
=

COMPath: QIF

<lo
OH

-
39

S 0HE S 3H ResoNationsE S50 2 HEY3






AR e dex FRESYME o2y M7z 9

17 O 77 o Yoy
St Al 241 olgst
orp al= ALY
de|S A
QUUZE* ool
{8 B

7t A 24(space-filling curve)2 Jo]o] F7k qhof| Q= HE S g #Y
% ghtt. o] B2 Al FAL A, A7) FAML A9A B2l o 7t
Holl A= olgfel Bt AL TALS AUfEhH, o] JAE ol8s

T O
ATelE Mo JTE F 4 Gl WS AR T 71K A= al2A A2

rir
1
s
10
i
S|
i
¥
Of

.

29 H(twelve tone matrix)E ©]-83F 2420t Al=to]| AHE(Hilbert) 37t A2 =41
of ARE = U= Holdl, o] FTFO ¥ A A $XF AE A4S oA
[e]

A AL olgal, 1Fp} sk ofef BRe 2oty 2

o} 4= 9le B ohel B g TAo] AU
cht E4E 26 AR geE AT 4 ot
Wil el AT, 7 A B, LR

)(.
e,
N
FfF
e
=
=
El
ol

2 Frejfela) uhalabge] Afgk Folc}. debussy@cs.yonsei.ac.kr
** IR AAdih Al fuaeg 24 Folok iklee@yonsei.ac.kr



10 ZAFHSAXME o2 H7s

AE

e)E 2= Algorithm Composition)2 <24 718 Fulo|(Guillaume Dufay)2]
THEY HAZES] <AUAHL AR AlY>(Musikalisches Wirfelspiel) Sofl4 &
T o], - AR AriEolAl MBS ol tith Y= Eol 4ol JE=
sfigtct. o] A= HrEEhs FHold Alkbr1719] i) s B tpelRt FejE WA
3 grow, A=7te] 7o) drhd dashtol tigh eeE =th& FI= shatele, At
At B A7heolAl Aol S vl S it $2 e {85 A

e SR daEE 2 o] AViERL QAT VEA o R ofy] T1K] ek 5
o E2az md BEH(Grammars), QEAIS 71&(o] S delR)ol vig) dEae
S TEER slo] HAS] Fof, 22 gofd HE|H, 34 55 Adsks Whel 71
Wo| AMgE]T gItHRoads 96; Miranda 01]. o}Z Eol, ©EnleAutomata)®] 2z} A
Eli(State) 5ol Sr4dl SfulE %t -, o] AHlE 712 Aol FES Dolo] A5A
QA FoHEQl Alde ARITEA], Fob Sl Al wEEES SRRRl wEE Al
dolde st o= Arle FAE o8] Foke AETUTREA dhe ARt ofF
OA|AL QIt}. ol A=) ool wE 27| it g wlEn|EY] gf Tea =EE

Sk o] AT7le] sk = e upeh vfS TR AukgkEe] A4 4 ks

Ao

2 =Rolde 31 Al FAoleks MES e k]l darelEE o83k daL
= Alekstaa) gkl 37 2 TAl(Space-Filling Curves)[Sagan 94]-&
SZb kel Gl HE HE T 9 Ak FA4Y FHE Doke ZoE, TR
shte] dog megsl 4 Qlths RS AY7| wjiZol thegt HofollA ARgE]L

= =
$8G 55 guelRolrh B =Ros 37 Ae TAL olgTt WK

O

i

il

ok
L
fr o ot

o]

]

o
¥

o Qi A3 o
Zo) dj=a, 420 SAETH(welve tone matri)E ol§3 3Bt X 37!
A o] AGE 4 e Holh B AE AL Thedh HAe Feh obd ol
A 3150] SRS o] RN ofolA Hejoly] Thizd, che HtAl Feje] S Al



£ AT = qlen, JHME sfjEe] wE o] el s wiel, ARt RiEA

o] YeRHA ElEP ESE Bt A Al S 5= e e o Y AU o
woll, A Zefolld Bs S0l SURt vIER AREEoJof Stk Ve WSS Hrk
AU on|) AR “ofH o] HEEEY] Aol R 1255 AMEshe
of3iaL QARE 2 =2olie A SetellM WAl 1259 Tiat S AR E=
S 08 HofE g ofeli E=etE AT

oM ARgehe 37t A 4l dHE FAd(Hilbert Curves)E o83ttt dHE
A AFolHME duelEAeR A Fot 7hssh, EW*%J.QE o] golet
S8E 2] w2l vefet 37 A 54 SeldE 58] AR 2 Atk 2
oA T ol ARE flslol o TAle o8t =< % f 247l disted Aot
L

2 seode a8t Aol 31 Al FAde AESke dlE HolARh 5=
FEfe] =3k FEjo]l o Sl 84S ABE=Uel e e thefet FEiE 582
= ek ERE ofE G 33t A HAlE ARSSH=Uol WEbA R 2 E3E QoA
OE A7 AE = qlok B3 37 A S48 sk ez sl 7hssl] uie
of, o= 7HA oM 845 AWl del Sofe] AlEAE A = it

]I

(ol
ﬁr_h:

JOF



12 HRESYNE o2 HM7=z

7+ A 234(Space-Filling Curve)

o

o aurom 2349 FE 339 7 A =
A Ak WEQE ZAS Eath Be Qs oy, shte] o] gl Qe
(unit interval) Aojol] Aolelo} 91w, o] Qe £l Adjoi(unit square; 23]
749) B ful F(unit cube; 3340 99} ALHOR Y ol A0S =3l
T 1), fabeo §ul AR Aao] 0, o] 191 T2k ofnjstul, 3 2dof

3 Qo] 2340 R S e, S Aol 93 alEe] 3x o R A
FeE vl

g r

rr

ofl

l/

(a) (b) ()

(a8 1) 37 A FU Yol Yool Mol RA AEL(0 @)l YA US m, o] RA AEE R
S

o2 miEo| == 3%

=,
(@]
=
(@)
o
omn
I}
re
I
_l_L

i

R
ol
o

ﬁ
o
lo
o

° 3 |, ehK(injective)Hlo|x|= gkxJul, ZIxKsubjective) ]
o) B4 AU gl E3t o] THS §1 et 3 A7lo] H gyl 27o] 719

7heldefel(cardinality: 3he] o] 447k BUsto] FHElo] gitHSagan 04]. ol



S A TS AE 7] BAsH, o] Aol Aeal Qe 22k B2 33k

BE QASL T UK BT SN 4 9SS o
% 204 o] ulE TS AAQl FelE veholek 1Y 20141 6749 HAIBE

& 2 4 o, 3 A o] 4708 AA()ol ZAFTAL TPaRAL ol 37)
o] el AAoR 47fe] Yas mE A 4= ok A WA A2 o] o] 47je)
AbE B As FHS Uit £ ) AAZEeN s 16719 gt 2t
FPgaEa ol 13749] Qo] Ao WE YA o A % Sick A WAl HAzH
Pl el AHoR 6471e] UbE AR FEE Hola ik offde] 37He)
AR B 0 7le) 9as Ak Feje] ddH]l 40 maS etk

b AR

=, 3 A TAS 22 o) Sl Qe ofE Ao A sl A&l AL



~
o
30
m
ojo
1o

fME ol x7s

\

\

B N R
L]

B N T

L | wha e |t ta [k

S
A

=]

EndCn
Eese

)

S
S %;%
it e
Eﬁi‘%sg—ajﬁﬁ_ﬂ

G

(O 2) 2HE 27+ M2 ZM(Hilbert Space—Filling Curve). 2t2t {HEE] BEHO| HHE(iteration)22

USO0Xl= FEHE LIEHARACE

AHOE T A THE 9lo] Il B 5 o], A%H Y T4e) Al

- L B T
So] yhrow HgHomK T 2 ERolME olg] 280 37 A% 74 % @
HE(Hilbert) 42 AME319IT 1 2)[Hilbert 91]. SBE AL Eojo] 25k} chy)

= 3WE(David Hilbert)7} 18910] 3&0& Avfst 27k Ao Aoz dqa|Zzel
Fo] 7ishH x| (locality)o] & EAHTR= 7o) Utk

IHE 34 238 It A FA Yubg o R BiE(iteration)o] H4E TS 2
A s7ke A =M, vHEEE eAE 2H(order)Zial FEE 8 3oflAE vHRe

2 WA AHE 20| mAS ek, 3vo] uiEel FeS e



-] [T

N0
= [
(a) (b) (c)

(32 3) 3ol Ht=E Hefo] PHE ZM. (a) A WM 20, (b) & HAf 24, (c) M Hwf 20,

o2 MEAoR ojfolAt WehE AFAR Pefetae Ham, AAH ez of
ze, 1 9 o] 1usiehs 4] 9k ool L-AlARloR 3

Alphabet: L, R
Constants: F, +, -
Axiom: L

Production Rules:
L -> +RF-LFL-FR+
R -> -LF+ RFR+FL-

3 9 7 A QlElelA ToksiA| 2ke 4= 9l

f
ok
E
[m
4
1o
-
r (
filo
10
ot
éé



16 HRESYNE oZY M7=

O o]

|

g

KeNe:|
a =2

].

A

<=2 3(A.Schénberg) 7} AIQE
S99] A 7] WRE, = A9

12

JOJJTW

X HI

A =

a4 s
en, LHx| dofl= 2t &

S OH|. 7+

o A tHm &

—

o

doil=

_9_
=

2= A HA

=
[
3
3
O
o
1

Ao Sols H#Y 20| TelE HEelz o]
B 80| Hxd el SE0[ LIEE|0f Qlct.



Ok
r:'.
=il
Mo
[
rx
mjo
=3
oo
rot
ne
k=l
m
ikl
ikl
JH
3

SEERe 7H A WS HF % A(0)o] $IARH. A& 201, 18 40A A 58
‘0,3, 1,2 10, 8, 7, 6, 5, 1179] = w7 9le}. o] Sl %] ZefX(pitch
class)E oJrjshk= o=, Oﬂ-e— :;701 02 °C’, 12 ‘C#, 112 ‘B’ &2 "= 559 F
3hS Uepact

o m3x0] 7M A Bell= UY=L AsIFeN(inversion 2 mirror)7} YRR &
Ao A Fehe B w2 VIR w2 o2 W W2 o2 = WA Ao

(12 - P ) mod 12

o} o] AXL © 4= oIk P galo] WX ZUAZ, modis mE S ofugict
wEe] A 9o] ZhS F1o) hoR Ui - Uhods Unlx) ZhS Zeishs ikl
= mod 12 QXIS Hshe kol BE S 004 114j0]0] gro] e ek
golwao] Unjx) s 7} o] X WA Aol ST 3 VleoR 98 ede Az
A

O

|

=

(transpose) 4|71 glol $IAIal7) Erk. of ZkS %Al mod 12 Ak} Fajdlck Ao
wdste e 2,

(F+P) mod 12
o704 F= 7Fd A Foll 91Xt 52 9A] SHAE onfgit) olE S0+ WA 3

o] =8 7 A WA Foll YA 97} 7lso] Ew, 9, 12(=0), 10, 11, 19(=7),
17(=5), 16(=4), 14(=2), 13(=1), 18(=6), 20(=8)c| Hr}.

=

o] =RE UFoA LEHOR gloW AY FA(0) ¥F S AR BE S5
o] uehdth E3E flojAE o= o] Wezbd AFEi()Y] HE AxEe] Uehd
o} QEZA x o7 9oy 9y o9}t 7 ARES AY(R)3 Feirt v, of
oAFE Y= ¢l Sebhd IR, A9 )l 19 e 5ol vehd
ck. 0%7%1 3 (retrograte)olzt ZHO| =AS UFIE BRE FEiRA, 17 49 EIEofA
95 AL Agst 99L 11, 9, 4, 5, 6, 7, 8, 10, 2, 1, 3, 0’ e} =k

]
O



18 ZRHEHSYXNE oY M7=

T A o] SURE ¢S BUBRE Aol 2l o] Al 1ol St 2

E30] 550 ARERA S AL S| ol sl Sote] AVdEr I 5).

3

H
IIIIM.

1:1.........2 .i e
(O3 5) 3 449l 0. YHE ZMo2 SEZHE Mot &AM w2t S8 S22 S0| AHEC
qwlu 7k e i) AHR Wl AN whitel 29] AlBse) 2715 2

7]
7t gk SR AR ARSI Gl SEERS] A9 Fo] BEF 127)0]7] whiEe]
12*12 ] 3718 zZh=r} E =Fo] 3ok s
SAlsl7] flete] F7E4Ql Bl FXEE 7IXIAL 16%16 719 SEERE AT T
SHAlskar, A 12*12 F719] Ao atAo] Auhz W] SHkS efate] Ak SOk A

519k



e FHe 1 A A

o= ZM(Peano Curve)

SUERS AMSSIERhE of| B A A ARl waby cherst ot
ol AddE 4 ok 7HE 2 X Al FAol tigt Ae ofefz] oAl A-AlH|
¥|=(Giuseppe Peano)olAlA Zoks 4= Stk GsHilofA 2 QulE Zhk= $5iAjo)]e
3 el 189040 f1 27l0le] RE e Bk shhe] F4L WAtk 1Y 6
oA & 4 lol, o] T TAl(Peano Curve) 7 AT FE= Hi50] A 4= 9le
H, AX9] H&0F o]FofR] - 4=5kA9] 802 = piecewise linear continuous curves
- o] FeR ool gk e o] Eek SUwES} 2o FPeo] EEES TSR

o Ak o 9= FHioltt

-

:
a
a

=

|
|
|
=

=

|
|
|
55

=
==

SE
S5
SE

%

(a) (b) (c)

(322 6) mllc ZM(Peano Curve). (a) & HW 20, (b) F HWl 24, (c) M HW 20

2. 7-24 ZM(Z-order Curve)

4512} HE(Morton)©] 1966 0] A|Qket Z- 2 E(Z-order) =2 X%~ @ &j(Morton-order)
TS 7relaAE 294 (locality)o] 2 HEE]7] wiito] e st foplhe %
Mg Fefe] 7t Afe- o[t Morton 66]. o] g AME TAS cirEtel miEE
Rhjshen] AME 4 Sk o] FAolck 17 7oA Z-96] B4 vehfolr)



20 HRESYNE oz M7=z

%/ﬁz%

22z / 22z
(a) (b) (<) (d)

(3 7) -2 ZM(Z-order Curve). (a)~(d) X HIl RQEIE Yl W C7IX| 2&.

ohel g

AEA7} 128 719S ARKE 0%, o] ZIHS 1 ol wA] 7 S5t oe} o
Zol(duration)tt Al7|(dynamic) 5= 287} §A3E FeE 2= Felo] ot JMew
Ssl. & S50 Zole AVISE B ZolRel 71 Lo, T olF He A
R o 2 AP ek Uehis Fejel 1 Flsse] Aokegick

F2E A BAL olgaby, St ofjel i 84w S| 1efdt 4 Qs S0t Al
A 7R3kt diokee] 27F 8 A1 71Thst Q] L-A|AE0Z HEEA o g J1Ao|
7hs3t) wiel, Tl Bgo] ZRset 4 et Bk 13 89) A9 3xeow
spgEl YHE FA9| Feis vehhoick

SAHER JAEY] 9 231 ST FoA SR 3aRY =& FAJsl] o]E g9 7
o] T2 *1]71_% UH'LL% St %, 32K 33t iﬁ% THo o] e %P_H—s}



Hr

O
o
olm
ol

Hr
ojf

N
N

Ho

SRR EERY
ek web

_04

1219

3k AL

Hf ot

Sk
2

g

(e} e]
=

I

He

94

(])J__

Wm

7] gz,

o] 2k

s
514

T

423

d

go] o

257

ole

AZ1A e

==
=

s

et

A

9 T o] B

of Lol wet of

L oo
— T =

A2l Fol]

ohe

[eXe=Ke)
R

B2 TAlo] o]Roj2)7] wiE



22 HRHSYNE oY M7=

of, @A H SRke WRITAL stEfEiE A SetelMe] Helke Adide® It

TS 31 Al Al 54 F sk FAdellA Ui A9 (locality)olet. = 53F
A =4l 9 FEe] HokE Hu, I RS AR FEje o] thE SelME
Bt "ok 37 A FA2 ol 2 A 2] w2l ok 37t A Aol &

Softfs 2ote] 54 5 Shiw (A0 yEE- seo] ZAE] Hu, ol T
A A T Aigls ool Fapt e Brk

AEOIHE AR B oAl SBate] ol A SololH weAe) 128)
A7k SR ANgERs ok o AshAIA olel ek Seseke AT ol
AT GJu]e] SBSP] A WA T TaYe] Bl olriuE 2 4 9]
o S 2 =Rl AN W SRSololts SHT Fehel 20k o Sof
A B2 e 240) Sotajel 2gel dhste] At Aolck webd Ak a9 o
H& oM AAES SUwHe} T FelR AR F, T S FHL olg3te]
Aslo] ok AYTITHE, Shte] 3 olof 7 Sobe A4t FUT HIER Lehbs 3o}

Fl

T2 e 2] B o SR 27| fAR(self-similarity) S ZH=cRe Zlolth %
| Aojalo wpAos Uehba of el AZH(hierarichy) O Lk
the o] Qe 2 2 ket THR0) SAMIT AL FRO) GAMES R Fol 4 9)
L defolth. Sore B Ak ofefat SAMIS AMHE ATse] HBS B Awl)
A she Aol Qleiek. B4 Bh A BAY] Bt Fef Hito], WHEAo] UehtuA
d5k0 LAl o low meint
L A= Qolh=AE 24P Slslel, 21le] o] U ¥, 1 ol 2
A6l el 894 g ACIESI(TE ) wu& CER

=)
r
2
iy
1
e,
ox,
Olt




20

15

10

{5 o | ) S 1 P W S|

1 3 5 7 9 11 13 15 17 18 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53

(A2 9) 2xie THE ZHo= WHE F0 0l U2 = CfAl O 30| L= Atolof

oX
HT
WE
i
=y
gl
&
o
n
>

E3 2ol WP Lehks o) Qlick thel
O P4 AYAEOE WEL (94| F o Hobdte|, ol 712191 4] o]
3 Qo A0S skl weh PHOR A8 4 ol B4l B 4 gk 17

1004 339 = ZA, 9loje] o] e F Th 1 o] e ) 74 1 Ab
o] gto] 9] FHg LEhylch



e ol ®M7=s

O

30
m
tlo
1o

700

600

500

400

300

200

100

a |||I.|.|.||..|||II |

A M~ M OaoWwm A ~ Mmawm A ~Mmoawn A~ Mmoo wm - M~Mmoao;mA R~ Mmoo A M~ MmGn
o N MM g o W WM~ O A MNMNMM g N W W~ B0 ::m O
— T T B B B B R B i B B o1

(3 10) 3AHH HE ZMOZ HHE SAU0A, oo 20| LI2 & CHA| 1 30| L= Atojof
=



37 #S 2HS 018% YDAZ BT 25

(o]
=
ue
WE
o
|
10
=
Ll
i)
o
1o
=

I e
1 (o]

N
rx

fu)

ol

=)

rlo

H
)
©
e

fo
9#
)
=

ool 4 b A Ao SR AR ASE T 4 Sl £ 5 A 24
o NARIOR 2o /bsst] o], ofdf 7h] 845 Tl Jefstel Sotalel oy
2 20 ARAE AR RE RSt o FRe B2 Ag 4ol e 47t
Ao wl A OR Qlste] Anlgls SobAlel AL AV 4 glom, ol ol gsl
o AISo| ARe B B 5 WIS vk
* A AAPAIY, BeAl TR 0 AREAATATAY TR e
;

WA Agto s 484519 [2008-F-03L-01, WA 9 bl Zel=E 95k Akmpaet



26

ARESANE oL H7S

s
FaEd

Roads, C., The Computer Music Tutorial. MIT Press 1996.

Miranda, E. R., Composing Music with Computers. Focal Press 2001.

Sagan, H., Space-Filling Curves. Springer-Verlag 1994.

Hilbert, D., “Uber die stetige Abbidung einer Linie auf ein Flachenstiick”, Math.
Ann. 38 (1891), 459-460.

Butz, A. R., “Alternative algorithm for Hilbert's space filling curve”, IEEE Trans.
on Computers. 20 (1971), 424-442.

Morton, G. M., “A Computer Oriented Geodetic Data Base; and a New
Technique in File Sequencing”, Technical Report, Ottawa, Canada: I1BM
Ltd..



37 g THZ olgE ¥nAS HT 27

<{Abstract>

Algorithm Composition using Space-Filling Curves

Yoo Min—=Joon, Lee In—Kwon

Space-filling curve is a continuos curve that passes though every point of
arbitrary topological space. It has various features such as recursiveness,
self-similarity and locality. In this article, we describe these curves and present a
method of algorithmic composition using them. Especially, we generate rough serial
music using Schonberg’s twelve tone matrix by applying Hilbert space-filling
curves. Then we present various space-filing curves and their extension to N
dimension. By using these curve, composers can generate musical sequences in
which various musical elements that composers design appear equally and which
have various features of the space-filling curve.

Keywords: algorithmic composition, space-filling curve, twelve tone matrix
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TS olgsle] KA vEA Alo]d] FAE dohl= dl itk dRbAQl iy wkde] 7
O w7 golo] AryF H-o] Balx Adof 9low, olu :=E 2/23Z(note on/off) X
=5 Aot BAM|EA FAE dohd 4 itk o, vY AR 2RE R e e

o
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cloluid] Rl ¢ (dynamic time warping, ©]J&F DTW) da12]&2 #-83}o] A4 ot
L0} AR oA s Aozl 24 vlE- AHH2 A 2 ofxe] et B/
HA AAE AlFskl, oF olgsto] A 4150 glolE(label)o] $i= Edlold HiolHE
&5 A = ok vl 9 19 o] I EASIRITH

— MIDI Real recording
i

AN J

o
VANV bomdmis T - - 1IN DTW

(3™ 1) MNAR M 0|0 MURRE FEFE 2Z/MEH A DTW Lu2|ES 01831
AR 2C|0 M| AlZt ZHE HotHHL.

o A9+

BZ Z1x)of| T35t el A}Eﬂ Kimx} Whitman®] g2, 7}(singer) Q14 AjA
dojlA 2A FEs fAsks S ARKSICHKIm 02]. of7|A= 2 FZo] His A4
e 7A=, & o}E‘ﬁ(harmonlc)o}E}L Ao 7]Hksto] 1 A& (harmonicity)E 7|2

= HAMEE ZR7E AYsielen, 20719 k2 HAERE A9 55%9] AdsS H3ith




32 AFRHSAME o2 HM7s

Tzanetakis= 22 AAE 915t WAl 2d ol = 79 Fa3t wAldS AAIst
St )71t 7] Aol Qlofa ] tield, 1Al 2)ddies 7Eo] Hal Al=gt
= Sh=(ground-truth) T2 A= IPFofA 9 ofgizo] Aotk e o] FAIE &7]
23t FEAENT(bootstrapping) WS AA|oFS=t|[Tzanetakis 04], o174+ 8712
S S 6719 i dalelES Aol ARgSklen 1059 A= Fofof tisto]
75%2] Fekes A=l sl JEM o] Ffole FEAEHY WHoR 550
2 AL the 242 7sRigedlE BYSHT 9] RE o disle] SUT AU
SP7lof= B2 Alte] Arith

Hr} Z2oll= Rocamora®} Herrera7} d#o] Al
3l ol EAS vlwslgtH{Rocamora 07]. 2 &3, gkl 18|
T2 37k ER9 dloleE st of7le] ofg) ERe| SN £ dnEe A8t
Hom, o2 HiEkoR 46T9| TRt Qo tsle] AZE e mAl(Support Vector
Machines; SVMs)1} MFCC(Mel-frequency cepstral coefficients)S &85} 78.5%2]
olAlEL oIlrh,

ool AlelH HE HAMEA BRE 97k vlAl 2y Wiielx 7} 2 BRe
W orle sile] 8-S ololo] ERoR Y| Sislel YL wEUS AR Y
wel)o] Anste, o2 <lsle] Eelol Holelt HrjzoR REsh el e
oA ool izt siazte AARit

<
T
1=

=

B

2 XA T aAR R} Qlrk A dAloA= nloA HdE o]t AR «
Hes JEstorn As2or Bl AL 2o, Fidle S Skt Eglo]
Jole|=HE 235FskAe] EX(acoustic features)S =0l ol viEdE W)

(hldden Markov models, HMM)& A}$= thAjo|ch



|:||0
g
>
10
HI
POI
E
mjo
o
|'O|

Ego|d ol XSFM7IE A7 33

A A

Oxg Qt]e AZ9] PCM(pulse code modulation) fo]H. ol G| vl 3}t
Aol oI} B o] 5| oMlE HX|A|7F Ak 4159} T Efele] glom, o)z
FE 2o 45 AT 4= ek S v iy mpdo] Zf ofylof| igt RS R
s7] Sp8l o/l ok Ade AMSEITh netq B Way) RejE gl 712w
ule] mole] A9, o]mRE FHE orjedk] HAHRA HEe THEL oo orje
AE HlolHR=RE FHEshs 2Rjlol| Blste] B Fiedsih ey ik om ofe} o]
nyzRE A eteE A ARthe 2l 27Fssith nHelld 4dE Aleole <l
Zre] ggo] glon®, x| erjoojy BAmEE N5g sk Aol 483 5 Q]
mholc}. whebd, nlTolq T Lriesh A erles MR 2 AR g
sl gtmeze] Wask Hek theol o} $islel Auia sl B4 At

1. 320} O|d
o) 25E TAE 9Tt AlA| @T]eE nlwsle] APk ZQjo]| olAkA el L3Fs})
ExozL gzulchroma)E S5} &), o= A&2nk= ox] 24 AETES 714

Hﬁi

9l7] wjFolck. ZZul wH(chroma feature)= 2ok AT oAl 24 (tonality, ML)
= Agshs b @ol ol8= M, 53] (key)2t F=(chord)e] QlAjof| mij-e- F-831A 291
o]tq1 HE QU]Qo] 90] 7ko HpH OB Ze(tuning)E AlZlol|A] o]Fo]x]x] §QkS
= Jlou®, o5 IRRisto] witol et erjelt fi eHeE FHs| A 24
z}g] AZupr} 7k 7|2 (reference) S 7IA| == o]F-3]7(shift-rotate)dfojof b, o]
£ 9Iste] Serra?t Gomez7} A|QISE HHE A3t Serra 07].

R
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Chromagram of real recording Chromagram of MIDI-synthesized audio FRotate—shified chromagram of MIDI-synthesized audio

c T T T T T o T T T T T c 1K T T T T
C# C# C#
DOf| ] | [}
D# D D#
ﬁ E E E
CF F F
£ F#| = F#
£ apl G ]
G# G#| G#
A [ A A
A A AS
=] =} B

o 50 100 150 200 250 0 0 100 150 200 250 o 50 100 150 200 250
Time {z=cs) Time [secs) Time (secs)
Global chroma vector of real recording Global chroma vector of MIDI-synthesized audic  Global chroma vector of MIDI—synthesized audic

016 016 018
014 014 0.14
oa2 012 0.1z
o1 01 o1
0.03 0.038 0.08
0.06 0.06 0.06

0.04 CCFDDFE FRAGGFAARE 004 CCFDDFE FRFGGFA ARE 0.04 CCFDDFE FRFGGHFA AR B

Pitch Class Pitch Class Piich Cla=s

(38 2) Ax 2|ZY(RF), 0lc| 202, 0l5-3™ 0|F(QER)! et 20t (chromagram, $)at
224 320t #E(global chroma vector, 0f2h)2| B&. M= =2 Red Hot Chili Peppers?| (Otherside)O|Lt.

7 2004z AolRt o] Amnf mlAo] ofuel FEkE nAleAl F ERId 4 itk
A er e (dE) et vt e (7)) S| A=nti(chromagram) it 223 Sz} ¥
E|(global chroma vector) Afolofl= T HES-0] Zlo]7} Q)82 < 4= glow, o] ZAujo| T
sto] ZJHd(correlation)o] 7Fg 2 3k 7102 5lo] o] F-3|HshH A eu 2ot FAL
= & 5 UHRER

ole} Zho] & Agnjido] Ut FAUT 7IES 7HAA| HW, ol Hige® DTW il
258 olg3io] AR Lot i F orles AU 4 qrk

2. 2L H¥HE

HIE ] sd2Re HHo] /0 ATk Aggs] & 4= Qi) slrjels, mlH ore
oF AA| 2T o} o7k th=al of7|of| elifsiA] Rk w=r]o] ¥Mar) Qs 4 qlenE
A eE| oMo e ARk} tigtittals BAS = glth olF =53] flsiA
L g2nt 9AHES Ad(front end, A OE ko] T QUjeE Sxog HH3F FQvt 9)
om, of7le] DTW duegjEs 283ttt 4 Zz71#9(dynamic programming)
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[Myers 8117} -§A5F DTW k12|28 Zol7} T = AAS Al 3Pgolae] 7}
2 3h(cost function)E Haslels wpgoR 24skE YRS Per) 77 38 A7
ujzele] ojslo] DTWE AMg6lo] AEoR 9o wamwd ZAe Hojzr

P pm e [uchs geman e fwer e
e ;s m m b= - E= 3 s ] A .. m m m
=kmm T W T
bires, R [T
el et
AN
" a%
L]
£1 =1 R T[] Hree [¥] [rx] o W
o] rii | ‘ e ‘ | [ Y
Aprord ¥ | | | | ]
[¥] ] [] ] ‘ Il [ix] Fl
B
13
s st oy b e sty Aty WS

(I8 3) AISC2 MYE BZ/HEH FA =& 'V = BZ 2R NV = HEZ 222 LEHHC)
|

HE L2 M50 IR(Q), #8522 ¥2 FACI2L), 2211 X522 ATl FA(okH)7t =lct,

HMM Z&jAjato]o] (HMM Classifier)

SlE vhEsE wEle Al T B4 wWals A AYE 4 glo] 5] S/ er]eo]

Heol ZoJ5lA| o] &=lcH Rabiner 89].

1. St £4

QoA gt 2 vl erjesh A7) elmgte] Hel ARul WAzt JFHoR
AgEIgioL), ot ofHs] ST 24 AR JAT QlonR BT HnE |
FEI 715G AFIAE et mbA o7l TRIE A o] 7]Zsle] th A

7WA)e] Sapsin Be Aldisiock

® MFCCs (Mel-frequency cepstral coefficients)
® PLPCs (Perceptual Linear Prediction Coefficients)
® LFPCs (Log Frequency Power Coefficients)
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2

2 QU= 44.1[kHZ] 9] A& FupE 7k 2HE AlTolr)k o]z flof A
S| B 35 A AHELE B AS(1AE) = Hekskal A1To] Ay =
H91E 130[Hz]~16[kHz] = Agtet F, of7]of 25[ms] Zo]¢] sff(Hamming) &=
ol 10[ms]ulct 2-8510] 5 1007)9] uA Z#|o(feature frame)S AYAJSIIch

<

: 3 o

)

i

2. 24 (Models)
ox] el 7| F4 7HS AMgstol 1637]9) ©rlo sfalmie Edold HoleE
Aiolzt), ol 11Xk o)o] o], 350817 ol4fe] w4 seele] Sgshs oFow
o, Az, SR ZET, Tela galeld B2 5 WHSRE 202 ofgEth ofs
10%2 =9 QJ(validation)& 13} WAFIL, Urix] 90%¢] HolgE ol gste] sl
ek 2425e] sAe] dhslel BA/HEA HMME TiSe] % 6702 HMME 8
sjom], 7heAkGaussian) AME3te] WX LS msllth A7) mue 4
e S Aeihidden state)S 74\, 2 Al 2748 Extsle] AMgstock
Edloly dlolele] ao] mele] Aol mx Gge =AY $Iste] 20%, 40%,
60%, 80%, 1)1 100%¢] doletE 7Hxl Zkzt meEke WS ol o B dlolg

:
2 st i o QiskE B gE 4 glo] HBker} Fobd Flojek 7K alo]

0%

oy o o f

23

O9 4= gl 5o AR glofEQ] RS WIRE A 7HR] EAof dig A e(%)E
HojZok vlE bl @=(monotonous) S71eks E5S oL 37EA] o) o
slo] dlog 3719k Asol vlEleia SV & = Atk E=3F 7] tE B4 7 A

Aok 12| A4 Y & 5 STk
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Results for validation st (M=2)
72 . : .
e e Pessient oL F,,_éﬁ
) SRR e B T
- T IR S
i JE| -
N ol S B
o~ ; /
7 PR |
I N . ]
A
I S P [E=—-
N : - —O— - PLPC
I B S I L -
ES 1 : 1
20 40 80 80 100
Data size (%:)

(32 4) Heldlo|d Hlolefoll gt 27| 45 (M=2).

19 5= &9 HlolEet A 380l gle HIAE HiofHE o83t At Aol

ES
Al oF 7%

=

Accuracy (%)

TI9 4ofMet vissdt |, = Shsgof ARE HlolE Y] o] soldE 1 s B Y

2
slow), oS Fslol A He el T T 4 gk Ea ek

F7RieS o & U

Results for test sat (M=10)
33 T T T _.-.:
-
T I_,.,-F"f
e -
e P Ao
P 3
/o | -
............... }:....:.........:.........?f._[]
& .. L
..... . S R
: o
: ~
. | —e— wrcc
------ il - —H0— - PLPC |
: & LFPG
60 80 100
Data size (%)

(a2 5) HAE Hlo|E{ol et RYo| As (M=2).
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Y 62 B =RoA ARt AR Agslo] AFoR AR RAmRA <14 A3}
=2, (@)= The Beatles®] <No Reply>, (b)+= Lily Allen®] <Smile>o|t}.

(a) Ne Reply by The Beatles.

Bk 8 S Dok Cowewe i doke ben
MO AR AR LB WO A0 GRG0 W7D HES LRE LR LI LU EOA tHA tEA U tON G GRS S BP0 B BN RN S0 RO RS BN B0 EMA EMS ER0

'ﬂ_*.onﬁ =] =
Cr .
Yot o ]
e
L2
-5
L

’"-_ [ [ [l |Iml|ml|mﬂ_'|rﬂTEL

o=
ne

A&
LR
=

(32 6) (a) The Beatles2| {No Reply)2} (b) Lily Allen] (Smile)0il CiSt HZi/H|HZ 22 ZHu}
Vo B 22 NV = HEZ 228 LIEHAC
HE 22 IEH(Y), £+3202 Y2 AACIRM), J2|1 RSS2 HoTl ZHA|(ok2H)7t 22Ict,
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2 =olA
ol'g

L gof AlBolN B RES THal] 913 vjAl 2ol glo]
B2 4 ojgko T8 4 gl Al WS AN A7) Fl 7ol
= Sl Alat AlsEloR AstE Edold tﬂOlH—% AEE 4 glor, EARQ B8

ormejzo] ofefet HlolElS Qs SES T S QR Aol & 4 ok

i)
°

FF the HARIAE 7159 of=] ARl AARE AHE =
=9} AS(posterior) THE, B 71H9] X3S ol gse] HA/M|EZ
2 =wsl= A[Elis 20; Vembu 05]2 A+ 1A= Ak St
viel go] ofg] 5§ Fopt HAM|EA 2 AVERE tue e 5 et ol ¥
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=3 7Pk 5of RQEJ gl =45 7l 582 o



40

e o2 ®7s

O
3H
m
ajo
_|0

s
FaEd

A. Berenzweig and D. Ellis. “Locating singing voice segments within music
signals.” Proceedings of IEEE Workshop on Applications of Signal
Processing to Audio and Acoustics, Mohonk, NY, 2001.

Y. Kim and B. Whitman. “Singer identification in popularmusic recordings using
voice coding features.” Proceedings of International Conference on Music
Information Retrieval, pages 164-169, Paris, France, 2002.

T. L. Nwe, A. Sheony, and Y. Wang. “Singing voice detection in popular
music.” Proceedings of ACM Conference on Multimedia, New York, NY,
2004.

L. R. Rabiner. “A tutorial on hidden Markov models and selected applications in
speech recognition.” Proceedings of the IEEE, 77(2):257-286, 1989.

M. Rocamora and P. Herrera. “Comparing audio descriptors for singing voice
detection in music audio files.” Proceedings of Brazilian Symposium on
Computer Music, San Pablo, Brazil, 2007.

J. Serra and E. Gomez. “A cover song identification system based on sequences
of tonal descriptors.” Extended Abstract for MIREX 2007 Task on Audio
Coversong ldentification, Vienna, Austria, 2007.

G. Tzanetakis. “Song-specific bootstrapping of singing voice structure.”
Proceedings of IEEE International Conference on Multimedia and Expo,
Taipei, Taiwan, 2004.

S. Vembu and S. Baumann. “Separation of wvocals from polyphonic audio
recordings.” Proceedings of International Conference on Music
Information Retrieval, London, England, 2005.



SHAMe BZ 45 QlAlS flet EYold H0lE XsFA7E a7 4

<{Abstract>

Automatic Labeling of Training Data
for Vocal/non-vocal Discrimination

Kyogu Lee and Markus Cremer

We present a novel approach to labeling a large amount of training data for
vocal/non-vocal discrimination in musical audio with the minimum amount of
human labor. To this end, we use MIDI files for which vocal lines are encoded on
a separate channel and synthesize them to create audio files. We then align
synthesized audio with real recordings using dynamic time warping(DTW)
algorithm. Note onset/offset information encoded in vocal lines in MIDI files
provides precise vocal/non-vocal boundaries and we obtain from the minimum-cost
alignment path the corresponding boundaries in actual recordings. This near
labor-free labeling process allows us to acquire a large training data set, and the
experiments show promising results when tested on an independent test set, using
hidden Markov models as a classifier. We also demonstrate that the data generated
by the proposed system is good data by showing that the overall performance
increases with more training data.

Keywords: singing voice detection, supervised learning, automatic labeling, MIDI,
dynamic time warping
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A&
2a)3(sonification), &2 &7t tjAZHo|(auditory display)= AEE FHlslo] or]
& ATE ARG 2E uldith & o FAF R sk, Anjgke QAo of

J%l BlddofZ(non-verbal) 22|E ol-§5to] HlolBlE UElAL tefet FH AHE *
A 4= Qlok=s A2l 78k Fal HolEEe] wAIE ofFaY AleEl] WAlR Heks
+ ZolcHKramer 97]. 28} Aj2let visssHA| axfehe AREEC] 2SS YA 59
= oy A flel & o UEF ke Ae HEE S, Gkt dlsd] ofEgAlelA
A Gl A8H o] ek 53] old FZ taZol= dlofeloll ae|zo] uisg v
HEo] Tl wheoll 7HEAQl 4o sy dAE & 4= ke & RS Adrk

2 oA SEle QEUl WY QlEjHjo]et JhA A[2skQl Hlofele] AelslkE ff3t
olejdle]H. 3k4¢l COMPath(Composition with Path)S AAJstH 1L 3ok AMAIES
Argolld dole] Frs Tefe WHoR o BE Ao wEY, 71 55 w0t A
5] ot Al AESS Ao avlE 52 5ofo® vRE 4= Qlth COMPath= 4=
of wt thE 2859 20| 7hedithe SR 8 ARE tARIsk: A A &
oFS Ashe A Yotk Hollk, el 5537 FEje] =oF A2 QlEH|ol iz A
omlE 7RI

2 Eeollie P4 w Ao digt RS B2 COMPathe] &jujo] tfsto] =9
s, o] =0} TRRRIY} S+ wbAle] thsto] ARAIS] 7sstAl Hoh I ® AL
& Aol tieh =o1¢} A FF Ao ke A Aol

_ =

[

wd AT

ojujx], ZfZ S Z FH dlofg FtollAe] Az AESS A2 FollA UEt
W) Sfek Al ol glof gtk g dhERel ojsl fojs elel gH(wave terrain
synthesis) 0t olujzl UPIC A]AE][Xenakis 92], Metasynth[U&I Software], vOICe
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method[Jones 04], “12]al Rasterpiece[Yeo 07]¢} Z-& 1= $HJHH[Roads 97]¢] ¢
3lol, Alty9} Rigast= A4S0 Théat OIXH Jefze) guke wiEl goby WS
E202/ IP2E AxE 4 98-S HojFItHAlty 05]. 3HH Browni} Brewster—
A ezl sk AE el 1 lfﬂii—% CHAl 2" = QleAfel gt 7ks e AR
s71%= skt Brown 03].

HhE, 2 =BolAl 22l dolels zslslol AR Al % 914 Blel BHoR A
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aEjsl Az Hefd ymiAlolde Skt ZEE tHiolio] ZEEZIE SIITh
Ontrack [Warren 05]2 AFRP7} APAlQ] BARZ 7[e2 Qw5 746}01 e 5ot
A7) v o B RS 2Aste] YulAold AsE AFFIch olet SARM
Strachan< “9Jz] ¢lAl o] 7ks31 A7) o A7 1E AA5HI=|, PocketPC 7|Hke] o]
ALEe Ao Hush Qo TEule Fof AAE chsl] g mull 913
ko] A]~Hl(Global Positioning System, GPS)¥} mp3 AR 7152 $HcHStarchan
05]. City Map[Heuten 06]¢] 78-%- Azt oliglE0] A A=E HAS = QA sfi=
QlE2lEl gt 331 Aejat Qlejso|zolck ojtol= UplAlol ke 91gt AZk4 wl=u A}
S0l &3 @2 ARIE°] Nones 06]o4 =2} =il k.
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ool Qe Aol Hlasigle W COMPathe] E4e theat

® COMPathojx= 22jalE 2aE WHAIOl 4188 AlshA] gk WhH, A% AHA|
2 2e|2 TRIBIAL Uobrt ok WS Slat QlEo|A Tefgitt. ofefat wiet
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Sound Engine

ChucK

FLASH

Google Maps OPEN APIs
FLASH API

User Interface Data Mashup

“ Mouse interaction

ﬂ Location information

El Mashup data (XML)

Bl Data for sonification (0SC)
Bl Graphic/ Sound

(33 1) COMPath 7&=

1. ARS8 QIE{H|0|A

COMPath®] QlEj#lo]Ae 22191 A= ARESIAL Qlow, IHdstal 7] s ek

UCHTE 2). 7= W(Google Maps)o] APIE o|&sto] AREAL A &e/dollA A 7
28 AYskn 44 5 =S sk

ARAR AmAfl BReAE Zejslo] slbo] 1-E(node) S A3 4= YL, of7lolie
28 ulyh AT, U PAOE AGAP) RS SR SR, AR 24
g =S Aolol 4] Frt AAHA Hu, o} wet dolge] Lejsp} o]Fojick
EG AHE ARE 7 wSo) 9XS SO s SR 4 Utk 3).

Hol= ARE AAsH 3 ARgA}7} “‘Start Scanning” ©5 29 COMPath= 7=
T W, GH, 718 AY w7 T Rt AEE dEYloA ¥ 5 TRt At
=719 uAAZ o}gato] Aol FASHL o]F o} ulgo R 4SS 4ok e
A ofolEe Bajo] @A) WA NS BolE(IY 4, 5).
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<{Abstract>

ComPath: A Music-Making Environment with Interactive Map Interface

Sihwa Park, Seunghun Kim, Samuel Lee

This paper introduces COMPath, a map-based software platform that provides a
novel and unique environment for geometric data sonification as well as creative
music making. COMPath allows the user to create musical events from various
types of geo-related data with simple and familiar actions on an online map
interface; by specifying a path on the map, the user can collect a set of local
information along the route, which is then mapped to musical properties. We
discuss the potential of interactive online map service as a musical interface, and
describe the design and implementation of the wuser interface, data collection
mechanism(mashup), and possible sonification mappings of COMPath.

Keywords: online map interface, map API, musical sonification, mashup,
interactive composition environment
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2] 2 Alzk 20099 119 209 #Y 7:30
&2k Joan La Barbara(voice), Yoon Sun Choi(voice), Robert Dick(flute), Jane

Bloom(soprano saxophone), Marty Ehrlich(woodwinds), Oliver Lake (saxophone),

Dave Taylor(trombone), Tomas Ulrich(cello), Samir Chatterjee(tabla), Sarah Weaver

(conductor and co-composer)

2.

MC|o| 2

Z+od 7|3 Center for Research in Computing and the Arts(CRCA), University

of California San Diego

5% Performative Computing Lab, CRCA, UC San Diego
A 3 Az 2009 119 209 A9 4:30

o322} Mark Dresser(contrabass, conductor, co-composer)

il
lo]7]3: The Banff Centre

AAF Telus Studio, JPL Building, The Banff Centre
x| FAAAZE 2009 119 20 #4 5:30

ata)
[

o4

e

&2k Lee Heuermann(soprano), Charles Nichols(electric violin), Sam

Davidson(clarinet and electronics), Chris Chafe(electric cello and composer), Geoff

Shoesmith(tuba and electronics), Knut Eric Jensen(piano)

HITIAE

zho] 7)1 Sonic Arts Research Centre(SARC), Queen’s University Belfast
%k Sonic Arts Research Centre(SARC), Queen’s University Belfast

] 2 AlZk 20099 119 219 €4 0:30

&5=2): Pedro Rebelo(composer and piano), Franziska Schroeder(saxophone),

Manuela Meier(accordion), Steve Davis(drums/percussion), Justin Yang(saxophone/
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- Ak Quartet X — Z2W(1st violin), ¥4-¢1(2nd violin), 713l(viola), 2Afg+
(cello), ©l53l(3ls), Z2)Xl(saxophone), o}-<5(visuals)
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1. Hope' s Dream (®=: Mark Dresser, Sarah Weaver)
<Hope’s Dream>2 WAFUNIF2] A2z} A HolEAkel P. White-Davis HopeE ¢
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ole] F579] F2Hgesture glossary)S Fat] 55 &4, A5 2EY 5 TRk S
ofo] WalS AAIgon], AFASL olgt g ule] SAla & UEYER HeE
GO ol ARl Falof wet AFE st

g 72 fofdh M 2 Follae ATt S3Fe] 57Iske ofFolAA] elokon, £
axefo] mlsl shHol B A AL ol ARl WA= 1 A% ARH A
o] i HolRA Eu, o] Fola= o] 'lErt ANk ow ey 7 R A4
o] HrgA o]Folx ool 2gt ko] A el ottt

2. Disparate Bodies (X=: Pedro Rebelo)

o] Be] E4o. “Tgjg) sjuke] U Ak ofwre} g 4= Q). ATAL U Ao} 7
53 ATE AZEY o] FE|Y] XA} ofHE 7} X|Hof| n]g] WAL ofF ol-85te] 5oF
o] P& YA o= Alojd 4= Qo= ol2fet WHAlE Fote] G 53k Aol Histe
AFR o R AR wET FeRE s 4 4 Stk B3 AR 7 PEE okE

REY

o= v fu
oz o 7S T‘%’B]-?iq-(lﬁﬂj 3).

Cue 10: [99"] . " - '
Cue 8:[88"] \\/ /

Cue 9:[88"]
Cue 11:[98"]
rY [ |
L

(322 3) (Disparate Bodies)2| 12T AT & U
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3. Rock, Paper, Scissors (22 Chris Chafe)
Chafe®] 221 <Rock, Paper, Scissors>+= 7+ X]Oﬂtﬂ 3R} AlolQ] “719] vl ®B”

Aalol) whet gote] the lae] el Fow, U] 2 welo] Fuet ot 2}

ol ok 254 M ool A WA S oL A el
Ak 719] u9) 2 7710) mgo] A|QiElo] AgtElol, Zug Bkl T SAlo] AxE
KA Siek ekt A A stetel) thas ofehgol igick

4. Green—colored Harmony (2= Z1Z)

ulx]2t 9] <Green-colored Harmony>= =+ A7} njg] Fu])% ofHof o5 A3y
A9, AF WAl Qo AHoR JFY A0l wed ngnky ¥ 4 gl o
T o] 2 AHE IEIARE oln] YEYA Hbof wE 0.1~0.2[s] H=e| o]
2 g% Ta o mE Seke HaslelwE LA Bt 3o ARe) 3 dF
W8 AR AIZIEIRE offuujoldo] FAlo Heith

o A ol Foto] AGE Hrhel VET W SR o] A8
716e Asta, e B0 714He 8 F557] Sste] 2u] 2 K1 T

A golstolol HEl e 3 Abrjeck
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guig] 3 71&9] 7P 583t 94E o Fdie "EYFE T 4= 9ok #Hxylo]
A FAS S EYA 42 EﬁwlgﬂEO#%J(KISTIH THhor = 17]
7HIE([GB])E A5 4= o= A8 o] A=Y, ol =] 7Kt HIES=9} o
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<{Abstract>

ResoNations: an International Telematic Music Concert for Peace

Woon Seung Yeo

ResoNations is an international telematic music concert(real-time performance via
the internet by musicians in different geographic locations), which features new
contemporary music works for peace performed by renowned musicians in five
international locations. The performance took place on high-bandwidth internet with
JackTrip audio software developed by Chris Chafe and Access Grid video software
developed at Argonne National Laboratory. In addition to the local concerts, it was
available online as a worldwide webcast.

This paper introduces the fundamental concepts of telematic medium, discusses
the significance of ResoNations as a telematic concert, and describes the details of
network technology as well as music program for the event. Future research topics
on telematic music are also proposed.

Keywords: telematic concert, networked performance, telematic media, broadband
network, delay
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