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1. AFEE Al2E AT

2 AFeAM= ZA Al 7HA
A WA, EFE B3 wlS
3Fo] granular synthesis!® @35 WAt F+ HA, ZFES H1
A S ofLE = AR EE WE7] $13 phase vocoder!®E Ab
g3t EFERT 52> 3909 wUHsk AeEE WEQUTE olE &

oF8 ALES PFE LAY AT 238

fllo Je

= olFuA Mo
m}A)u O # cross synthesis20) FIE AFRElo] ZTRER oJFd 2=
Qi Fad, A=Y JjEe T ALEES wEo) go Ao et
(dynamlc)—% HA st &+l

<E-2> ZFE 9459 SAE ARE Z2A49 2%

EFEQNF A2E Z2MH ER-:| g 3
CHME ob7) B H24cl(EIcH B17HX]) 22t
granular synthesis ot7|9| BtH Het
B3 ~ D7 S9C} EE5 g 1xe| Hot
=2 390l - B2 WYLz
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19) 914 (phase) ANE AHgetel Felol WAL Fo 99 Euto] EE AN FEE
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1) Samplings ©]&3%F Granular Synthesis

synthesis %5 TE=2At. granulare 242 2
ZJol'gh= £ ‘grain’olA S E  wojolrt. Aol ke
synthesis€} 7 220] AR-=0] 54 kS ZA ZolM Add st
= &% 7 id.

[2¥8-3] 28A9 A1} granular synthesisE &3 933

[ -3]12 440Hz9 Alldtel 7 3¥S 30ms dolz Z7|o
50ms FA4o % Ay EEZ WE granular synthesis &35 283k v}
golr}. o] aE Abgste] tekst 3R FA BAAAE AT
otel AAl AHKH= ARRELR REE g AT o714 AloskE A
(parameter) = A 6747} At}



D MZ(sound sample): MaxE E3 AAFoz AFHI Q= Ab
=27 s5En. o] BgE& MEY (sampling) ©]

al =
record~QLBAES ALgslo] AMEHe= HHolth, & A= 1%

[
5
to
T
2
(m
i
oft
20(21
st
34
n
1o,
By
td
)
2
2
N
i,
o
iih)
1
o
o
|
o
25

buffer~ grain

s
record~ grain

[Z¥-4] record~%E ©]&3 sampling H X

ghs

@ NA3 (start point): &8 AEe|A grain®] AAHEE o= ¥

21) AFE vEele] Aeme MES AT 5 A B
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@ 4o](duration): grain® Zol& AAE 4 ity 1 Aol AME9|
=55 Zol(o: 1000ms) Bt} 4 4 gith. BHZA
Sk AR 1 B AAY F2 do|k AR

%% (playback rate): Max?] play~2BAEE o]83}% graine
A wf A2, Evbes A, ol (duration) & AF T Ut 97
A Bue ARE WA EZA (AR + do] + £5) A SEE

ﬁ
MBI o] A2 Ao}atel grain® &3 (pitch)Z 24T 5 Atk

© Envelope: graine A& ] click noise22)E 3|a}7] 98] A&
AR 2 AR 5% #ho] 0°] HEE sk envelope2d o] & Qstt}.
= £2S window SHrEtal &b AA PO R AR
fFEstth & AT FEHA oA &Y

5 TE7] 9al, @uksk 49 EE Y=+ Gaussian window2d &
o

QBT 1 2AE e 2
] 1(H_N/2)2 0<n<N v
wln| =exp| —= | ——— y <n<N
P\ 2\ o2
o< 0.5

S puffer size26) 2} 7] W&o Max2 /O Vector Size® A &%
t}h, [Z28-5]% o] 49 N=512, 582 6=0.49 S Max2

buffere] 483t R 50|t}

22) Aldo] 7t o® FojAtrt ojojd W U= FE.

23) amplitude envelopes 2u|slH AJzte] W& S ko] wW3lo|oh

24) & R FHE K Eolth A4t FEHIE o B2 A @S AYst
= del fr&3stt.

25) Julius O. Smith, Spectral Audio Signal Processing, W3K Publishing, 2011.

26) AFEHZ o8 9 =98 317] A3 st el HElHe MEY S depdh
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[2™--5] Gaussian windowE&

® 7H4 (interval): metrol BAE =

02 graing AMASEE AAsT) [

£33t granular synthesis® 3 x]o]t}.

ZH
(interval)
rietro 50
i
AlEHE 4o £
(start point) (duration)

W

=,

? AR+ ERE Zo| = BLis A

|

$1,$2%3

Y
|I

e

o1&

612 919 6714 =

(playback rate)

= m

ﬁ o| x £ = =FHE ol

envelope

[Z2¥—-6] graing A8l granular synthesis 3] X

- 12 -



olggh WA o w ME, AR, Hol, £X&, envelope, (& o] &3
granular synthesisE Y& 7 Qlth sHARE dojxt} 7HAo] S 7
of WA A= grain® Aol FTHEIL I thE grain® 3
w2k 5 grain©] A A A+=(overlapping) 235 $3] poly~2 B AE
E AHESTE poly~+ stHe] LBEAE=R oy e FAdd AMHAAE
W1 AT ¢ org oy /e graing A ABAID S 9
ot [29H-7]2 poly~5 AFE3%F granular synthesis¥ %2} poly~2]
A B x| o]t}

ox
X

i

o

t
50 7H

- (interval) | |
- AlEE 100 GE &
(start point) = (duration) _ (playback rate)
metro 50 | |
I~ N i
W o
I poly~ 2| 1
M ETH R
-
oly~ palygrain 100 @steal 1
poly pols — D
H % m grain2| w4 ':'a'u'a— grainEny 0.
: Ii'- - envelope - .
:

[Z¥-7] poly~E ©]43% granular synthesis 3]

2 AFNAME poly~E ol&3st] ZH7e] A&
7He] granular synthesis &3= ¥
o|% graine 4ot

=
b4 RS 5 ek



2) FFT 42 o]&3%F Phase Vocoder

@ FFT (Fast Fourier Transform) &4

e A% E Azk(time) o] WE XF] A EHAQ WMEtE e
ATt FFo W (Fourier transform)< [I1H—-8]3 Zo] 43
AT E A7 99 (time domain) o4 3+ 94 (frequency domain)

o MEFoRH P Fohg #4727t ek,

e

FFT (Fast Fourier Transform) #42 HAE 2t & o& o 9
o FEle WS g ME FHE o] g wE STR Ast
= RS stk a8a o] ME @9l window el olE] yHEAIH
shuhe] Zglo] Hroh

- 14 -



@ pfft~E ©]&3 Phase Vocoder
phase vocoderi:= Al

pitch shifting & 4 3= adoljtf. AHFH O Z time stretching® ®
Ay Algro]l Eojub F 3t

Max?®] pfft~2BAEZE A}23 phase vocoders o8 Z#|dS HA
Al FFT#4 S & W7 el eAE Folil dE ARRE
W3k glo] AN S5 =4

]9l 5+ phase vocoder 3] %]o|t}.

N

pitch shifting 2345 %

. phase vocoder E3HZ =8) A%

Tl S
(playback rate)
=88 AlREe)
Z0|(ms)S

L e =Y 2 Hgh

= 0.001"48000/1024

pitch shifting

{octave)

pfft~ gadget 4095 8

[Z¥—-9] phase vocoder X

_]_5_

EE AAZFSZ  time stretching 3sFAY

G obAA ol Mol A ] Rk, s

Aok [28-9]& time stretching}



Aol AT 7Rl AW phase vocoder E37F Ao
3171 93] timereHAEZE A}L3to] AMZ o A 2x A3 & A Ao

il

o] HAE msyto® Witk I8y o] #& FAE S8 FFTE4 9
g g2 HEdth MaxolAd 48000 sampling rate2? & AR
7] wiEel H5E Aol (ms)el 0.0013 48000 Fatd Ko AMEZ9
iy Tk, 7] FFT w42 3 Zed & 1024709 AE
gala Qlorg 7 e 1024% 3 W o e

T(ms) * 0.001 * 48000/1024

;O

I

upba o] F2lef o&] 0.0468758H = #S wat] HoE 77
g9 AMFEE g aga o] ZTEYdES AP &% (playback
rate) 2 AT 12 Qg Hxoly 2= F 8 mE S22 AJAEH=
AL gulgtt. o7]e] §45 dEstd Jor AdE= a3E 2

=

4 Utk [Z¥-10]2 time stretchings & 4 U=

A ol
AAIZFAFRE m Pl M=l =3
i H 1 -
fitinfo~
' 1
| -
e 2 = =

i o = S T
i count- 05121 1 BeileIE=N e ]
> s T
| phasewrap~ e Hetsio] Az
s A L0 m2f

’ buﬁer~°ﬂ =

ssmdoy

record thIS 2
T T
buffer- this 10000 2

[Z¥—-10] time stretchingS 93 pfft~ H x| Y&

__-———--l

27) 1%(1000ms) G AFE3hi= ¥ (sample) & 7.
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AAZE AFEE+= FFT 48 AA record~E £33l buffer~°l A%
At 283 o] AFEEE index~QHAE o3 AAE &£Lof oz}
=
—

2 4 3l59] pfft~ gadget?d 2EZ% inlet2 F3|
pitch shiftingol o] FojZt}t LElH ©YE & £ 9on o i
= [a"-1113 2

) =B
=
l
-
)

- pitch-shifting
(octave)

route mt ﬂoat

"
)

W

‘ \

e\-\\
- - \\-\-----—-—-

L

1

=
o
=
—_
1

[Z2¥-11] pitch shiftings ¥ pfft~ gadget HX WF

gizmo~i FEle] WIS o] &t HFO I|IAE FAT A
godo] M= oM AAZE pitch shiftingo] 7Fsst== vl
QB A Eo|t} 28)

i <N

L &
2 A

28) Richard Dudas, "Spectral Envelope Correction for Real—Time Transposition:
Proposal of a ’Floating—Formant® Method; , Proceedings of ICMC, 2002,
p.126—-129.
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3) Pitch Trackinge &83F Cross Synthesis

@ fiddle~< ©]&3t Pitch Tracking

fiddle~Q B A E29 = Fulg AHEY Ao MZo] o A
(peak) & #A5te] 2312 F4 (tracking) 8tth.30) =k [19-12] 9}
Zol ofy metw|EE xHste] AMEE = Stk EFEE gl A&
Gd& o}7]o]= & pitch trackings F3 ©% Fgst HolHE &

ot

b

XSS 2 pitch tracking 29, auto 0 = FA|

amp-range 40 50 402CH 31 50202 amp levelE &4

(EEIGREY  500ms O|LHofl HHS(0.5)24212] 20| 47= A TXIE S243iX| Y=

[CElcle el  500ms O|Liof =1Z0] 2dB 0|4 HE H 2 nXE A&

RS 471l #ES(partial)2 B4
r HAIZHAFE (input sound)

ﬁ;ddie~.1 0241203

1Inpack 0. 0.

speediim 250

0. Pitch tracking2 S8 @0{Zl 1] X|Zt(note)

[2¥8-12] fiddle~ X

29) AAZF AF9] pitch trackings Yal THEo]x Max QLB AEZ San Diego te
w9 Miller S. Puckette <=7} 7R3}t ),

30) Miller S. Puckette, Theodore Apel, David D. Zicarelli, [Real—time audio
analysis tools for Pd and MSP, , Proceedings of ICMC 98, Ann Arbor, 1998.
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@ FFT #4& 84873 Cross Synthesis

cross synthesis= ¥ 7}# 2#]= stAst= gafoln) 4 -13
g-25 AT o FFT A g8 1% o] o & Fuo+e
Zstea, AE o gho] ofd F
envelope®] AZ T AREE st A4 O AER ARREE
& 4 vk [2%-13]2 FFT
Agl-1e AEste S BoE

X

=l
}
rlr
oy
o)
i,
v
-
fol
&
rlr
oo
1=
Mo ne & KU P>

e
Ml (A2 AR E)

AZEE Fhf= €Y
(frequency domain)22
HEsEl0] 2y

AMRES CHA| AjZHEY
* (time domain)22
getsio] £3

cross synthesis?}
2 ARE

[19-13] FFT ¥4& %% cross synthesis
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= AdFoM e EFES] AARE A5 (28 -1) 2 FMAASD (28 -2)

[Z¥-14]= 712240 FMEAAS AAIZE 459 cross synthesis
s xolt}, FM$Hd &

< T #E ARSIl savb WEke weid FMEA S
envelope®] #F3tes AART. wepr] ZFE AT gFo] TS
SR wgol FHE ARRETE HAE enveloped FEIE BAIERC,

=
AFo] 5HE HAA i AL ALES TAE 5 ok

°] carrier frequency®] pitch tracking= F3f &

carrier modulator maodulation
frequency frequency depth

[ |
L}
1 | |
pitch-tracking® Sal § | m
YUE MIDInoteZt2 1 T i 1
Fits(frequency)2 HEH 1 B | .
; ' ' ’
[ S 1 =
== :
|
1
L}
|
|
L}

FM eHd 9|

envelope

|
ERm—— ——

I FFTE42 E5f cross synthesis

Gain

[238-14] AAZF dF9 FMPEA S92 cross synthesis

31) Fu< WZE Y (frequency modulation synthesis) &2 7|5 Fualo] HE
FIFE JYste] wjgo] THS AxE Y S IS 5 Utk
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i)

o,
v

>

-

W Mo

o

_—

o AAEL FRES A% G8de WE AA
|228e [29-151% 2k

FE AFE AALCR vlolag Bu PFER
St Maxeld AA ZzAdel od g A
of §F 2EE AH vz YA

Flute
_ﬁv"”"*‘
;\’e‘,ﬁ‘?“;‘l}.
fﬂ‘
—— Computer
: Fr
sampling fiddle H synth
FET analysis FFT znalysis
granular phasa Cross
synthesis vocoder synthasis




1) g4 A|AH

2 AT E Ee vFL (@ WA & TouchDesigner32) & o] &
sto] W=l o] AZEf o= AAF 0w TS e F s
Rb ofuEl OSC33) ¢k DMX3Y 5 ofe] 7kA] A5 s Futks &+ 9
o wof] vheksk mlt ol & Ao AREE w) wi-¢ H e st
B AdF4E OSC A3 E 7Iwte®# MaxolA TouchDesigner® do]E
HUes AAF. oju) AREE AE-E9] HolH+ idoz &5

A9 +al(pitch), A= ZE2A] 5% #h(amplitude level),
83 B F359 5% oltk. TouchDesigner?] CHOP35
reference/'d2 OSC BA102 HAH3 A=29 HolHE HFLY A

& 2= o2 Fr) uepA] AL

Mg

N

[

=2
(=

o
ol
o

Ir
o
o
o
1

32) Derivativeel sl W A7 AEjE|n Aeviiols 918 nFd Loy &
ZEgol.

A9 #Eoltt.

35) CHOP(Channel Operator): EA, 2tje, 7]=d Y, =919 =3 DMX,
MIDI, OSCE *33 ZE dolg AEH(Data Stream)d UgS Agsty g+
I Qe 2y olE.
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—— Computer

Max
}osc

TouchDesigner

Lata Scaling

uls
3]
hu
i
m

¥

Ling S S ) 20 Rencer III @

> 30 particle e | ™= | ™ |

@D 3D Line
TouchDesignerolA Line SOP36)& o]&3td 3x¢2 F37tef] A
(point) &2 o]Fojx AE ¥E 4 At} 7] Pattern CHOPE A}
£3to] Ay Z2 2 ME(sample) E B S WEIL line? position
yétoll wisgstd ZF Ao yHEE vkE & v & dFelAE FEF
A AFHE ZFE ARREE A48 798 ARIgE o] &3Y O
2]a o] A}QIste] amplitudee] OSC
e B AT wekA olFe ' 2
o] ZFE AFol 9 wstet= AlA"e =

rln
of
015
1o
2
|~
N

36) SOP(Surface Operator): 3D ZES 9l AMgst= «H@olg. 7|5k, SEF
A AE, 2ElE] Fof ARg-Ft)
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3D line 44 3D line0| noise M &

Arola} 4 Atelmtofl noiseE CHsiE

noise?} 40|= MEE =&

 mEm
noise A4

[Z23—-17] noise line& W=+ TouchDesigner X

123 o] lineel & UE WIS
%—17]3’/} Zo] noiseE AT &
g8tk 1714 Math CHOP| multiply §X]¢] ZFE A}

-9 5% S wiF3le] noise’t AolE AEE AL ube =
KeR o

7F8t7] 918l noiseE A -£3itt.
o] Z& ARIF9} t]ste] 3D linel

A=
AthE st A2 line®] w29l A AL noise

[1#-18]12 2FE 59 <19

[ —18] TouchDesignerZ &% line¥} noise line
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® 3D Particle System
particle system=> H| ¢} ¥, 523 Z2 2d A4S = def #
ArgETE IR A 1o e = ¥

= =
AT AFEE mz Aol o8] 27 AL WREE EAE A7
3}

External Force x,y,z Zt £2 7|Fo= X0 ZHE85t= 549 &

Wind X, ¥, zZ B8 7|22 YAl EE5HE Higre| 8
Force
Turbulence X, y, z 2t B0 2 tFe| &
Turn Period LR7LEESHE 7). HE4E A8 Hest =D 248 2 835¢
Drag IHE|20| M2 BoE7|= 4E
Particles Birth MME OiE|E
Life Expect niE|Ze| £

i
o
1o
.}
o
o
2
b
o
=
@)
@
o

Particle SOPelA A &g <+ 3l ] 8
collision &A% F7lsto] Ak A= WAl & Qv [19
—19]°l4 Sort SOPZ 3xHl ZelAd Ao #HAxE Ad & + s
eHgolgoltt, ol 3 YA HEE Random WA O ALt
W oo AAAEE gA o] FAE

Particle SOP®] inputlel collision &22E Yo QA7) sid &4

of @ote u F=she a9E e 5 AUk wEbA o37]e] F(sphere)
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= A&std gaso] 7 <kel Z2E A FHol= & <
723 input2°ll= YA FEst= ¥ (force) S HMEE ¥
Metaball SOP 3] & (force field) & WEE QA #HOJHZ
THAAE AAdlF] ol Kol AAE AT = 9k o3l

fQAES FeHR Bl i AL FAT 5 Ak

T D

_

3D line2) ZE2 HHH turbulence H&

@ |
g
>

ficu . HEEED ST T [ T | ]

Sphere S0P collision H&

EES
1

Ed
B
[

R [ ]

Metaball SOP force MM

9]
|
i =
I f

e AaEEa ST ] T ] ]

- HEEEE

[Z2¥-19] particle2 W83+ TouchDesigner 3|3

Force SOP9 #to] AA wl metaball 202 U7} ®olal, zho}
A o A7 HAA "k olw]l collisions FAlol Agstd [19
—20]29 A% ojux g} o] F ke 73l ReFoZ HITh LFO3D
CHOPE o] &3t forcegteo]l AEHA SR 0(H) ¥ L(HUDAIZ &

5
ZolA stAaL, of7lel Abe= ZRAPL % #2 wokel g9 A&

37) Low Frequency Oscillator?] &ouz 3o Fu AFTE WAA7E 27|

RN
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+=o g o AA WIS EE TS
Y —-20]2 TouchDesigner® &3t line particle?} collision,

=
force 2A%E F7}38Fo] W= circle particle©] t}.

[Z¥”—-20] line particle?} circle particle

® Luma Blur

TouchDesigner?] Luma blur TOP< inputl® 7] (luminance) %k

of whe} HA @9 F input0S A TETE 97]A] inputOolls 7]E

Azt AREAQI blur &3F A Est 2AF Y, inputlel 7]& YA}

E Iz Yo A T4l AR A o SH AL ofF
FA= §ﬂ+7} A&
7}

gof Blo] W= ojuxE A4 & 3t

o) [e]
T4 =

off
2y
=2

[2”8-21] luma blur 32 W3}
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29 e FRA O AEEY] daM s Gao] AEHOoR W Le Ay
= u) S welslor 5] wWEel 293
AL BA Aol 4 ol wel el AT wepy AN

2 9He wEE ARE dolHE xyelE FAe Agdr] A4
= A &

o

AES AT
[ -22]19} Zo] OSC EAlo® MaxolA W& AT folgHE
DMX Al&9] 70 9A 0-255 Atel9] oz wskst & DMX Out

O
-
o
o
o
of
:<I>L_11
BN
ol
i
b
!
=)
=
o
[
fol
|
o
3£
>
M
)
K
§o
2
o
i
T

S &2 TEo] HFTAHOoE 2YIE AFA

—— Computer

Max
l 0sC

TouchDesigner

Dty =ealing

SACN E.
Db e B - 3 —_—

Bl
o
rHI
i

[29-22] =% AlAH
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D %4 3st=99
2 AF = GrandMA2 9 43 VL3000 spot3® ZW7|E AFE3st
Atk AL ATEY O] GrandMA2 onPCE o] &34, AFE S o] L3

A A 2PE AESS & 31, MA 3D AZEYojg} A5 H$

VL3000 spot 2 RGBMA
5 A%t x9yrel 7%

=

(moving light)©]t}. LED FH 2lo]E= oyx|e] A3k 71 94, Ao
o] gojHo= og 7| d2A 24, FFFHS sty AL =

] :

VL3000 spot W< 3 did 28712 DMX xjldo] g} oF
S0, 6u1e Y75 AHEsl7] SsiAE 168719 Alde] Fasit. &
] A, dES} Zo] 168 E (bit) & AHE-3te Fepv|e7) gloer =, DMX
S+ 3k Aldo] 8HIER o]Fojx lor g ASE Hl o 16H|ER
W gks)|of shr,

ol

2

@ Ethernets &% DMX 4% A

DMX+= o =93 ‘T‘Eﬂr% Aojshs tAE T4 UES A9
wolth, 512414 DMX+: ZH7zt SHIER Aoxw, 0FE 2557142
s Zteth wkeF o st Aojrt deste] 168 EE AREShE A
2708 DMX @& ARE-gteh. shube] Alold & 512709 DMX A4
Aol = glom o]Zlg dte] ‘Universe'etal et

o]
=

to o 1o K

38) Vari LiteollAq W= ZW7]E spot F= WHHYE v F+= dof £9o]3lt}.
39) e, AAT, #A23 DMX512 TRZEFS o)L LED FHalo]E XA
Al2Ell AA g Axsks], 2012.
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E A5 XLR AlolE fiAl olgHyl Ao &&
Ytk XLRE AlolE 1% 3FH2S] Universe®t A
ogd 4 glu 5@:%‘3 | Adst= A HEo st=9ojrt E s w

of Aolstr] gl olulule Ea %1

oltjulE Abg-dtol DMX A%
403} sACN4Do] gt} = o} I 2~Z 0] 83}l9] UniverseZE A4
I Qe ZREFo|M, 3o olgyl Alo]lE=E 30,0007 o)At
Universe® A& 4 Stk skARE Art—Net> IP F4F 2.x.x.x &
£ 10x.x.xE ARE3oF stth= A¢ko] vt webA o & FA SA413
o] A& AdES st & ATelM = sACNe Abgsielth. =% &
<9 HAFHE olgY AolER ddstay [29-23]¥ Zo] 2&9 A
dol A sACN Inputs &4 slsld HE| & A AES AFRE 5 Stk

Netwark
DMX

Pathport [ i Atone

valid Regquastad | Made | Destination IP Lnu::alE-tiArrmL-nt SACN |_|ni'|'i

[ ves | Yas InputUniesse t 8 1

Hew
SACN
Input
Active

40) 25 Alojste DMX e 94 FX #8 A3 E dFstr] 93 sl ek 21
718 27 24 W XY E Ao AZEY Y L] Fald ARgETH

41) streaming—ACN2 Z#E HEYAE %3 DMX universed ZHF oz A%
3t7] 913 ESTAA whE FA1 gfefolt}.
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]

@ TouchDesignerg &83% =4 &

TouchDesigner?] DMX Out CHOPS ARE-3lo] DMX A& WHd
T ot 7 Fe3 HEE Network® oA Network Address$f
Local Address& A3 +& Zolth sACN ZEEZFS AT 49,
ZE% AFEHE stHe F7lel dZdsta AFH olgHle] 1P FAE
TEor ARG, £ V| IP T4+v 192.168.0.xE A|&sE =R
o]9} Hgo] AFEY IP F42E5 192.168.0.x x= 999 apH= &
Foh sHAIRE S FAE H3Eo] st Faues T A9 ASUF MR

EA A o2 ggofof Sk (DY 2419 9%
olm x| ¢} o] AFEQ IP F4E FEOo 2 W31 TouchDesigner

°] DMX Out CHOPY] Local Addresse] ¢]#sic},

Internet Protocol Version 4 (TCP/IPv4) Properties X DMX Out  dmxout2
? i - /Y
Generl ? el o™ 50+

You can get IP settings assigned automatically if your network supports
this capability, Otherwise, you need to ask your netwark administrator
for the appropriate IP settings.

(O Obtain an IP address automatically
(@) Use the following IP address:

192.168.0.50 ZH Z&9] 1P
192.168.0.140 HEEQ IP

IP address: 192 .168 . 0 . 140
Subnet mask: 255 .255.255. 0

Obtain DNS server address automatically

(@ Use the following DNS server addresses:

Preferred IS server: ¥ AV v

Alternate DNS server:

[ validate settings upon exit Advanced...

=

[2¥-24] % IP W33 DMX Out CHOP &3
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Computer
ERE
/ (f Yy
{:{d N P
%3»* Max e
Tablet PC
Ml
ol o
MIRA TouchDesigner S -
Y Z23H
e Wi-Fi
AlRE
0SsC v «
% = - \><]
DMX
Y 2& =g
[Z¥-25] ¥4 A& A=
[2¥-25]+ FoielA ARG S AREel F4, 9o & AlAHE A
AEoltt, EFEo A&k vlo]3+= SHURE® SM57¢]™ X4 (mono)
= AFeE Qe Wohth o] ARREE e AEdelnE AX HHF

EHZ 85" Maxs

A ARRE ZEAGE AA A297R FHE

OSC Al & 7|Hto 2 Maxol|A TouchDesigner® A7} A= d]o]
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B7F AEEar, o] FAE g vrEold g TzAHZ Y9
t}. 11\3]5’_ A}%Esﬂ 574 HolE&= 0-2559 A= HEE o] DMX 4l
T8 2 Z&o dFEy HFHoR 2YIU|E Aot gl o
#olE = HESpcE MIRA42DE ARE-sto] Max® HAIZF ARE X2
Ade 9407 Aojstt},

2) OSC TAIE o] &3t Iy A A|AH”

AREESL AN R AsEHE vHlFde AFstr] 28 0SC T4l
AFE3Fed MaxolA4 TouchDesigner® AF>=29] Ho|HE 435} t}.

lljsz=n W

prepend finterval prepend /pitch plepend ffft prepend famp_grani prepend famp_fx

IPFEAR} ZE HIS

[Z8-26] OSC T4& % Max HX

[(13H—-26]2 Maxol|A] udpsendHBAEE A5l OSC AT E H
U= g xolct. Ee] AFE2] HolE o prependBAEE o] §5}
olF= AAaFH Z tlolE7t o]Fo] dAsh= MEER FX
3t} udpsendi IP F429 XE WEE A AgdFoloF shi=dl, 3 7
B ouelA 7 AZEO7 FAlske= Aolr] wWiEel localhost?!

127.0.0.1% AAsth XE Mse o=z HA e
&

2
?ﬂ%—

rulm

i

42) Cycling ‘7414 713t iPad &
7 Aol 4 Qo

olZgAlolde R WiFi 9424 53] MaxE ¢



OsCin gscind

Pl

[Z2¥8—-27] TouchDesigner® OSC In CHOP

TouchDesigner® OSC In CHOPS AAL [I2¥€-27]13 Zt}
Active-On 2.2 0OSC B21S 843t sl53, Max® udpsendolA A
ek A Ze XE WS E st 0SC §Ale]l Al Max9]
prepend® Al A Q3] &+ AP} #FL2 o529 Aol AAEI o] HolH

= AAZ 9% AF 9 DMX Ase] ARgE 5 Qi
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m a7 719 &F 3%

o] AAZF AFFE 2 AT JEBFEHBE A 2
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S Z83 e vgoe] 2ZE KATTUNE>S 20219 11€ 13?4 =
S ol FellESel JAE FA B A, 5 9 XWelA
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2
ofo

B 2o A granular synthesiss ZFEQ ofFAE AL2E=9) %3}
= grain®] Zolst 1HAS FAlo 2Aete] EFES 7 A
Wekadtt st grain® Aolrb A b FAl Ao,
9] o] Wojyrh= o] dA olox]= #7HE (legato) T
HAFSE legato graniolth. 18|31 © 9% (tonguing) THS HAFSH]
o3l grain®] Aol7b #al HAS A A3kl tonguing graniE wF
At WA EFES] AFe @A FoF Antel] A &EH= granular
synthesis @37} Z3}574 A 9¢HA == AT

(29 -29]= ZFEC Zt 4 ¥ 333} granular synthesis &3}
Z W= legato grani®} tonguing grani® 3}&-S vl w3k Zo|t},

=N

i

o
L o B T

d
—_
{

>~
-

do qle

mln

Flute - legato _— legato grani

Flute - tonguing tonguing grani

[ZH-29] SFEY FY 2 933 granid 33
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cross synthesis &¥°] MZ tE envelopes A &3] F 714
AM-EE WHEQITE cross  synth—12  AFRE=9]  attacke] Al
release’t #t. FMEA I EFEL ARREE AT & F71=E
comb filtert® J{IE AEoto] dEE=R TIEet fARSE AFE3
AFEETE A3 1ZRFHEE Y. 183l cross synth—2+ wE
attacko] ZFil release’} ZAth. wEbx FFEY AlR-E F

A
ve Uz AFAAT o7l delay ERE Frhs] BIAS

T R UL R W
Ab-EE FEst <E—-4>E cross synthesisE #83to] wWE
A=l EAY 1 g9E Hoe
<¥-4> cross synthesisZ® &3 A=
Al2C FIME Af2C TR AA &=anls

EFEQ 345 HHsH

cross synth-1 comb filter 24215t QlalE 2 J|Efo] A4 T
o del EFEQ| SME 71 S4E7t
Cross syn elay 2| 0|{K|= Batxol A2 3

A EE ESQiHel edidetes eE EFE AFe B 519
legato granis AR&3Fo] bAA QI =917] B x£3}e] YHIE HAREH
714 AE v FiuE 7B F A legato granis HAA
AREgEo R M ofgkel WSS F913L, phase vocoder= F A HRE
AR 1=2etE & pitch shiftings 4
< 7

] g-3to] HEHol= EFEC
*”—a— HE ZAxses a¥3E Fu dA¥bd oz ATEE %3k

43) ARl e AQS AR 0) Wk G ARKel S8 FAAT BB Efolt.
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BREE 143 siirt wiEEHy ZFE A5V 99 2 E9H
Hdow Mg wel tonguing granis ARGsHe] 1At iz E UL
T 12ElH Y92 legato graniZt H|o|A AFREE JEdS )

dHED 7IEF 549 cross synth—1 AR2EE o] I13AE T
S A B EaR AR

CHE:= BHES K& Aol dladir 1e3sh Aol A&t
ZFES g2 oFAH AREF AIZSEH, attack®] F I release”f
2, F299  HAF8E cross synth—2 AREEZE BIUE 9
E&Aola AMFA wEo] FUh
mpRle e e A'MEE ZES whiE] 7R whA] M5O R HEZol:
AAYH e Z& dEr gRlow AFRs sHAINE A& A
MzFS &8 2ei7te B9V i ARy ASdERY 44 ¢
S legato grani®}t tonguing graniZb A A AFE-H T}

F-55% 7 gEEE F2 2 ZFES £ MaxE A8

:

AN AR E ZRA Y] FRE FYT Aot

<E-5> BEY FQ EFE FHI AlEE ZZAA

nE Fo B2E 7 M2E Z2AY

legato grani
phase vocoder

legato grani (bass)
B 9% tonguing grani
StEEA
cross synth-1

legato grani
C 7L E cross synth-2
phase vocoder

legato grani
A g7 tonguing grani
phase vocoder
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A= = ZAA = granular synthesis &3+ 1 AAZ 4780zt
© MgelA vEE Aor o] gy % ¢ #2 YA (particle)
A ZkstE ), o] A= force kol 9@l vheFstAl &2 olH 7

Z gEA LAt E3E o]7)o luma blur &3S A g3sle] 159
7

o &% gkol AL AL waol: @Rz AAFasn

B OAFA g ST PR Shte aa (=)= E0
sto] mlebi, ol AL WHE Belet FxE a Urkh [
Y-30]& AvhES] 94 Msfolch

[2¥-30] ABES] ¥4 W3}

EFE dFE At gotel ol A8 ey vEal grani
€42 dwvlt} line particle®] FE)7} Yepdo}t, 18la1 S2)o]
ANEEA WA Ao Fele b JAgt dob Stk del &
Eo AFe] mat Wigletet St wobdas 9] ofd®

o] AR, 5% #ol AXFE noise line? FEHZ eRS
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[Z¥-31] BoES 94 W3

7} e Q] particle systemo] wWzZo} 7w vpERd)

=

BIE+= F

o] ATENMQ line particle FEfolA] circle particle® HH3}star
tHA] line particle® Zo}tF Zof circle particle FEH|Z H3}sE & o]
FE7F A= Fetds BHEVE vigldnh S4lo Eol= fdAke] ¥

% HojE

H= 117 1x 1
FAAL BG5S AFY Foho|WaT Ug IO

[1¥-32] CItES] }4 W3}
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(19 -32]= CHEZQ o
819l drag #tel 0.1% A éﬂﬂ 719 2ol e E A2

y
i force kol #A&shA ¢h=th ol ek Ak A Aol wh
A Beks ZrbelA W s AAY Bt g8l3 AFSE T2 A4 9
v &% ol Wt luma blur &7} HEFH o] A7t HbFol =
A Hdo] peER

[2¥-33] A" BE] ¥4 W3}

nAlEte 2 AT HEE A EYFE AR Ao FA A Al
At AR ZRE AF9 Sao] weEl 1 Yol AXH, o
7V AleE TEAANES AgstdA AA line particle® W3kt 19
U AYE Hu 479 i gobRth mpxur FEolAw S0ty wl
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ABSTRACT

A Study on Interactive Multimedia Performance

using Real—time Sound Processing of Flute

(focus on Multimedia Performance <ATTUNE>)

Lee, Eun Hwa

Department of Multimedia
Graduate School of Digital Image and Contents

Dongguk University

This study is on multimedia performance that applies sound
processing of flute in real—time and controls video and stage
lighting responding to the sound. All sound processing is derived
from the performance of the flute. And the video and lighting are
also transformed by the sound data.

Sound processing applied to the flute is granular synthesis,
phase vocoder, and cross synthesis. All sound processing is
made by Max. It is applied to harmonize and make up for the
insufficient harmonic tone of the flute and to implement a new

timbre.

_5]__



Video of line and particle system, which is a visual element, is
mainly used to effectively visualize the sound. In addition, data
of sound such as pitch and amplitude level has been received
through OSC communication and mapped to parameters of each
process of generating video. Therefore, the video responsive to
sound could be implemented.

Similarly, stage lighting is controlled by sound data. The OSC
data received by TouchDesigner is converted into a value
between 0—255 to send a DMX signal to the lighting console.
Therefore, it was possible to create a system in which sound
data controls the lightings. Stage Ilighting has not only
contributed to visualization but also played a role in maximizing
the immersion and realism of the performance. This further
provides the audience an experience in which the auditory and
visual senses are connected.

As a result, it was possible to create a more advanced form of

multimedia performance visualizing sound.

_52_



21 : ZZ <CATTUNE> o1

=]
T

ATTUNE

= 100

J

Lee, Eun Hwa

1Py
ki

Ha
%8
r

=
Fi

L

-DIPHP

L2
b

/4

f)

=

q' e

b

13

L -
7!
F

17

/*

f)
il
L A

O Y

1|
-
|

]

|

1 X

21

- f% E ﬁbF 1:\15'

5

25

'y
kY
|

X

p’ i
F 4l
'gvu

B

— —

29

pope oo opel

=l

b

-

N —

l

f)

hoos poos oo pop®

33

_53_



37

-

CES

41

i

i

=

..ofqp"

A

A

———

¥, |
Fi -

57
N
[

!

707

-

-

-

|

L
ESy

L

ol

_54_



>
0 O

r

i

[6)

IFi

L 1 ]

-

b

he

.
=
-

102

&

n L

L —

_55_



_.'_"F'#. 1!’-_\'# - IF" .-

g L1
o= |

114

e T

| ——

_7 _i_-

i

(o .IP_-

= Ip7
|

7F|'7 E
== |

= 'TFF ar

- T—
—r
—

o

) /'_“'\ﬁ:'

.h"'lt#.

-

118

'7%

==

5
=

~ —

&

>

——
ol

£ as

126
[/ I

% _.'_| _P_-

aely ™

Ll )

r

[T V.. BT |
==

[T 4
i

T
L J

=

Pre, ppfaphe o]

I}

_56_




)

¥%-2 : F% DVD 4

1. ATTUNE : 20214 11€ 1349 olsiFoe==4 ¥ 23}

2. ATTUNE_TD : 2Zr#ol AF8-% TouchDesigner 3%

3. ATTUNE_Max : 2o AFE3¥ Max 3% =t

_57_



	I. 서 론
	1. 연구 배경
	2. 선행 연구
	1) 플루트의 특징
	2) 작품 <Bamboo Forest>
	3) 사운드 인터랙티브 워크샵 <PLAY>


	II. 기술 연구
	1. 사운드 시스템 연구
	1) Sampling을 이용한 Granular Synthesis
	2) FFT 분석을 이용한 Phase Vocoder
	① FFT(Fast Fourier Transform) 분석
	② pfft~를 이용한 Phase Vocoder

	3) Pitch Tracking을 활용한 Cross Synthesis
	① fiddle~을 이용한 Pitch Tracking
	② FFT 분석을 활용한 Cross Synthesis


	2. 영상 시스템 연구
	1) 영상 시스템
	2) TouchDesigner를 이용한 영상 제작
	① 3D Line
	② 3D Particle System
	③ Luma Blur


	3. 조명 시스템 연구
	1) 조명 시스템
	① 조명 하드웨어
	② Ethernet을 통한 DMX 신호 전송
	③ TouchDesigner를 활용한 조명 콘솔


	4. 공연 시스템 연구
	1) 공연 시스템
	2) OSC 통신을 이용한 인터랙션 시스템


	Ⅲ. 연구 기술의 작품 적용
	1. 작품 소개
	2. 작품의 구성 및 기술 적용
	1) 음악의 구성 및 기술 적용
	2) 영상의 구성 및 기술 적용
	3) 조명의 구성 및 기술 적용
	4) 무대 구성

	3. 연구 기술 적용의 예술적 효과

	Ⅳ. 결 론
	참 고 문 헌
	ABSTRACT
	부록-1 : 작품 <ATTUNE> 악보
	부록-2 : 첨부 DVD 설명


<startpage>8
I. 서 론 1
 1. 연구 배경 1
 2. 선행 연구 3
  1) 플루트의 특징 3
  2) 작품 <Bamboo Forest> 4
  3) 사운드 인터랙티브 워크샵 <PLAY> 5
II. 기술 연구 8
 1. 사운드 시스템 연구 8
  1) Sampling을 이용한 Granular Synthesis 9
  2) FFT 분석을 이용한 Phase Vocoder 14
   ① FFT(Fast Fourier Transform) 분석 14
   ② pfft~를 이용한 Phase Vocoder 15
  3) Pitch Tracking을 활용한 Cross Synthesis 18
   ① fiddle~을 이용한 Pitch Tracking 18
   ② FFT 분석을 활용한 Cross Synthesis 19
 2. 영상 시스템 연구 22
  1) 영상 시스템 22
  2) TouchDesigner를 이용한 영상 제작 23
   ① 3D Line 23
   ② 3D Particle System 23
   ③ Luma Blur 27
 3. 조명 시스템 연구 28
  1) 조명 시스템 28
   ① 조명 하드웨어 29
   ② Ethernet을 통한 DMX 신호 전송 29
   ③ TouchDesigner를 활용한 조명 콘솔 31
 4. 공연 시스템 연구 32
  1) 공연 시스템 32
  2) OSC 통신을 이용한 인터랙션 시스템 33
Ⅲ. 연구 기술의 작품 적용 35
 1. 작품 소개 35
 2. 작품의 구성 및 기술 적용 37
  1) 음악의 구성 및 기술 적용 37
  2) 영상의 구성 및 기술 적용 40
  3) 조명의 구성 및 기술 적용 43
  4) 무대 구성 45
 3. 연구 기술 적용의 예술적 효과 46
Ⅳ. 결 론 47
참 고 문 헌 49
ABSTRACT 51
부록-1 : 작품 <ATTUNE> 악보 53
부록-2 : 첨부 DVD 설명 57
</body>

