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[Z29-6] simple FM synthesis 3} %]

[O28-6]2 712420 FM synthesisE 7383 shx]o|tk. FM synthesis= o2
7HA gaElEe] wet Adst

rr

HAoR s 4 ded, 2E2(serial)3o),
v d 2] (paralleD)3?, I =Hi(feedback)3®)e] wHalo] EAgi B ZFoA= FM
AHE MHS O daegel met xdete Fo FAd olede
22 AHEEE TSI

36) 3 =2 wdEAYE A
37) Uets] EEA wjdE o uhl
38) dojt A7l gA ol FdFE v X = 4
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@ comb filter &3Fa

comb filtering &¥= A S0l AR AR Afelel] <3|
AAAE qdolt}y. F=2 mpo]=a Afe]o] Al w2} B s Aoz F49
g=ro] dojdd} [1Y-712 white noiseoll comb filtering &35 43l 3189
Egolth XS Fagoly Y5 &9 #e AWt I83 Zo] 3yo
BAAAH EA Fulpold Aot BAFo]l dojdrt mdl(comb)o] =
FAFsES] comb filtergha B

=

o
O

)

white noise

YV YY"

|

comb filtering

YTV

[723-7] comb filtering &3 &}
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delay gain feedforward feedback

[Z191-8] comb filter X +&

9l 2”& comb filtering EIE MaxZ F@T HH|o|th comb~
Abgate,  delay dtetvlEle} feedback THelEIE
W3 7T A9 comb filtering &3 A ¢jo

7= Faolgla BAG AT ZaAAAE 23ta

AeEs wd@ay] g8 dxdos gt

@ sound source recreation

FHE  Aece 71z AgE 22E

AT [1H-9+= buffer~QEAESQ} groove~LBAHEE

A=l AYEEE WA F= HAE Maxz TasH3iTh
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playback speed

m minimum loop time maximum loop time

[1™-9] groove~2BEHES} buffer~2LBHE 3]

buffer~QLBAEZS o]&dt] ALE AES wRg|d AAs & AHY3ich
buffer~QLBAEES T3 EH ALE ME2 groove~2EAEC] playback
speeds  ZASFo=ZA AYEFR AYEE=E vEE 7 Aok olFA
ZZAAE AFEEE sfrecord~QLHBAEE A3 AFEL] tlAFo wav
audio file(WAV)3Y =2 AAs|FAY. [28-10] 28Ad A=
groove~QBAEES Fato ZEANE ARRE 3FE HAFEH ANEEE

=3 71& ARRERT §Asta o =4S Fdsth

39) 997}t 71RO R AYst= HISE SolBE 2er]Q ol
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original sound

e ot Mu»— s o IR T »%-—»-‘b—h—&»— S

playback speed 0.2

,.,._._,“..,‘ —sradl e a—— ,m,:“‘.,‘._«.u-wwwq -

reverse

pro X& F3tel A AZAY g ALEE AWAGOEA AZE A

AEsA-
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3 AAL A= ZEAYS A% SFER AT A

Aol Bade dAze wWe TEF AU Aok we
%S 945

k7] #fste] e 2FEY] JHE s A7

N
(r
)
g
2
fu)
ol

et
ok
aw
o
=,
ol

Hj-$-2] tjAbell stereo delay, flanger, chorus, granular synthesis, pitch shift,

phase vocoder 59 AAIZE AF2E Z2AANS 8 ARRE tIARISHI L

O stereo delay & &3}

left delay time right delay time
wet/dry E E / tapin~ 1000
I | o ; : :
. tapout~ 1. ;
m 11 [Teftfeedback s right feedback !
Pho 5 P K
" irect level : :

. H
-

'
..............................

'

[2%-11] stereo delay 3} %]
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delayv= AREE AlES At EYste ARRE SFaFe|Th
[18-1112 delay SFaHAE Max® T3 djx|ojty delay SFax=

tapin~QLBAES} tapout~LBAEE 0|83l F3HIT tapin~BAES}

]

tapout~2HAES Azt ©@l= ms(LYMAZNMOOIT)  tapinLHAEE
AREE AlEE AAAT7] st AAskE FIkolw Aol
tapout~LBAEE AAAZHE FAd= 9EE dTh tapin~QLEAE)

B0 715 A W AFOE AR AIEE FUT A AR ARC

tapin~QBAE ¥ 7= Hl&S  feedback amountzt FET

i
o2l
ol
ok
£
S
>
o
]
A
%0,
rir
jin}
O
i
Q
(@)
=
(@)
(@]
&
£
ol
flo
g .
oQ
B
R
o
£
&L
4z
i
v

40) Maxol A A4 F3lel 458 @ & e enAdE



@ flanger &3}

flangert delay Age] mEF o) SFaAHAolth F 71X TUF ALEE
239 ARH Fols T ZEAIWE, AF Hold o5 Ao wishe
e 283l ALgsE gio|th A A7 AAgtoZ W33l flanger
F3E FET F Y, 7)E stereo delay S

oo
rop
B
m{m
>4
ol
ol
2
&
£
5

\_

g2} El(parameten)o] LFO RE# oS 183024 FdHgITh

left delay time right delay time rate(Hz) depth

be | s | o o |
a— | m
hJI SR ; ‘i L | —

.............

........ m mﬂﬂ
Ieftfeedback - . ngmfeedba:k
ﬂ i L *~
direct level E ﬂangerleygt: g m m

L it e, -7 A Y TR

[19-12] flanger ¥ X
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@ chorus &35 3}

chorus:= delay A€o =EHo)

29T ) 99 ARG il wAsHA BE “defoltt. chorus

delay timeoll rand~QBAELDZS o] g3l

2 g3to] P,

left delay time  right delay time

{ {leftfeedback
P R

right feedback

: Vaidas
{ ’ direct level . chorus level !

output level

S

™, o3 AREE FA

Saye=
A8 noiseE EEH o)A

chorus depth

chorus rate

TR

low frequency noise

[2”-13] chorus 3} %]

12) B9 A=



@ granular synthesis & &3}

granular synthesis= YEE ARRE=E 22 AIZE @919 grain(fE 27Ho=

2N A aE FA WHelth msE ud o] 3¥9 graingol
AEA AAEH, LeAd ARRES WFo] olFofxith [17-14]¢F o]
Maxel Al munger~QBAEE o]gste] FAL F U T7He dFErEE
Z73it

grain grain rate grain grain size grain grain pitch stereo
seperation  Variation size variation pitch variation spread

15
munger~

[71¥-14] granular synthesis =X

nunger~2BAES] 7} Heju|Ey} ojujals vl ofe) <E-2e} 2.

{#-2> munger~L BAE 7} dgiujg 47

otetolg ¥3 om0l Jls
grain separation ME X2+ 2tA
grain rate variation ME X2+ 2tAHO| B gt
grain size ME X2 37|
grain size variation ME X2+ 37|19 B} gt
grain pitch ME X2t0| S5
grain pitch variation ME T20 2H Wt gt
o= o= = oS I BA
stereo spread ME SS9 AHYL OI0IK B gt




munger~QBAES] ulelu|g ZF, grain pitche 29 AFTOE ALlste
w4 e "I 27 Ao e 082 ke dEe 12 fod, 3
SEE 9= 2, 7 SEE 9t 409, B2 0.5% 3 SEHE ok, 0.25¢ F
SERE ofFfolth. [¥-3]2 grain pitch ¥ehw]E e AR Eo|thad

[3%-3] grain pitch d-g}vEl g A

IH2H0| E 27" |o22=025| 27'=05/2=1|2'=2 | 22=4 2"
oo N=EIE | 22618 | 1=2EI1E - 12EHE | 22EIE | n=EE
=2 okl otel otel == 2 Oteh <

® pitch shift S3F& 3}

pitch shifte= S449] =7 glo] S&ol& WA7| = FFaFo|th MaxolA=
ZTX2499] pitchshift~LBAEES Agste T qualitys F3t
pitch shift S¥FaFH FAS AAL + Atk FY FHole centd TA=
22T 4 9od ms B9 gide®) FFE FEI £ Yo [2P-15]=
MaxollAl pitchshift~QLBAEZS AR23}e] pitch shift SFaxs TA3
gz

43) 5 Folno AATF TEAH AL o] &3 HEH T2 AF AT HE W oSt
[Z}% <Midnight Peaced>E FAo=z)], FT=ustn FAistd: HE vtjo]sts],
2 A48H9) =8, 2018, p. 4

44) ZTXE 1F4 59 A z=EHA, 94 W, 9% BAS A fAE A5 AE
7€ o)t}

45) 742 ©@9lolH, 1200cent= 1SEFH o},

46) & oA OE 522 X A3 Wslsle &doltt
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Trensp

Quality | Glide
Lo o0t ( 0.00 ms

quallty $1 pack 0.0.

[Z1¥-15] pitch shift 3| %]
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® FFT £4& o] &3 A7t phase vocoder 3 & 3}
7P FFT £4-& ©]-8 pitch detection

=018 TSt AEdte THde ARHmeo wE BHH Fue
(frequency)e] W2 EXoZ Us 4 gtk A7k @2 BAe A3 513S
23 E-(spectrum#4n3}aslA] il
A

BAe qEn AeE A1del Fue ~fERS Fesle] BAslr, E3

oAU B Aol FHE T EHHTES

- o217 UAE 2y

[Z29-16] sFe]o H

[1F-16]o0A £ 4 U=o], Fgo ¥WHEHFourier transform)S Azt 4o
ANBE FIu 9oz wWHIgozHN Fig EAo r|xrl " FE
22

X
AH8E 34 FEg)o] W3¢l FFT(Fast Fourier Transform)e Eg]o] W3 w
w2A A4kg Aotk FFTe= 4% &4 119 vAg Aolg FEsh= H
fr8-3Hth49

47) E4& ol ol = JEE, XFH YE5FE v T Zoth

48) 5, [FFTH3SH S30], LPCAIS @ LPC Cepstrume o] &3 &34 241 | (A=)
2k oiskd de}*ﬁwr, 1997) p. 13

49) 5, [FFTHE, S%0], LPCAI4= 2 LPC Cepstrume ©]&3F 3 £4 ] (A=)
Al stel ATt 1997) p. 38
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W) peft~QHAES o] 83 AA|7F phase vocoder X A+

[18-17]2 pfft~RLBAES o] &3t AAIXE phase vocoderg

W29} pfft~ mypvoc~LEAES] 3] o]t}

loadmess (sgaz

‘ 2 —

oa = i =

metro 4000 I_‘J‘
.’—.:_‘w_,r

Ex i
=N

e

phase vocoder ifx|

<
1 playback rate
‘N m |

. 8 | 1 e

o O
) fm

x

i
\ 1699238
>

, =g AZtEY [
:
v xILs

Feeeeseeeee I TR R R R .
i e I index~2EMEE S XH 1 5 1
O - - | | SIE MAS0) 1 bufter- ! R 1
1 Lo Al2C ' / -
' H : Ol SSEARE Y ol 4 i
\ ¥ : - -

‘ Al S —
! : [ ' 1
A - I - 5:2 il o052+ T
g i C W M

' H

H 1 [] L]
= o .
EEETr— Pl i i 1 W o= i 2 S
: ' g N H 1
............ [ 8 N Wl
A ' il 2
FFT 24 20000 ms. = 882000 at ' 1
44.1kHz = 1722 frames of spectrum (] 1
buffer~ this 20000 2 data at a FFT size of 1024 points ' m 1
(512 sigvs. for this subpatch). 1 1

[Z28-17] A A7} phase vocoder 3 ]
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record~QBAEE ARgSle] 58 ARREE buffer~QBAEC] A%l
ol A oA FFT &4 e] o]Foixith FFT &4 7 #44 ulolE+=
ZeY(frame)0) G = g0} AP loop size] EIF ZHY DHE
Ar&-gttt 44100 sample ratedDE ARESHAl HW 202+ 1722=Z# ol 12+
208 vrole 86l doelth. o]yt Alxte® Yl loop sizes: EZH Y
o2 UHsle] Frh prrt~QLHAEA U3t & g
=93}7] 938l phasor~QHAEC] playback rate #S YYIth UFE

2

YA PPFoE A, 5T AP wdRFes wa

il
i
>
Mo
[
>
[

o

AT AAIZE phase vocoderE TFadE7] $)8he]

& F7F5k3Ath phase vocodere ARZE 5 BlEo] s2lAH 50| HiL,
AAE HSE FEo] AL AL Hl9-o E4gE 12 Gz ANz
st @Al ABAIATT] M, AKHoE  SgHES  HdS
EYF0 ok P} metro~LHAEDE AgEtY FAHOR ZEHES AF T
NE0 2N 12% G E HALE Edste] Z2AA siFUATES) reverset =&
A& ZEANS Bt 729 ThEe o

AEEE HAIEATH

E=)
NG

50) 7182Z1 24 Tz @9

5D %93 A H

52) Maxoll A 443 A7t FA 02 bangS WRHUYE LBHAE

53) FES JIES ATE 5% JEHAEHE HE Mt o AR AT FE | o] g
Z& [<DRAWING DOWN THE MOON>E JFAe=Z)|, Fxudgdn Fdugd:
HEH|t o) g3, AL =&, 2017, p. 22
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@ FFT £4& o] 83 pfft~ noise~2BAHE &&

noise sound

'n—1

! threshold
- threshold ‘ m

----------- Y05 after noise gate

—_— :
| pM~ngate~ 10242_|

‘gl
8
. n l B
goe

5

[719-18] noise gate ¥ X

s 3@ T Zag Qos A2 &go] AT 5 Utk ofFA

=
o
(i,

o
N

aes AAMT7] A pfft~ ngate~LBAEE T3 MaxolA =
Aol Emoise gate)VE @SR [1H-18]2 noise~LBAENZS o] 83}
SolA BT F e A2 AeS TANA o= APlE UHAZATH
pfft~ ngate~QBAE %] YRS AWEH, cartopol~LBAEE A
AREE ATEE >~QBAENE Fill 74 Fukeo] mE 54 amp @
HlnEo], 54 % #EO wod SdHM, vod AdHu.
thresholdNE Agsto] 54 7 & olste] Ale= Alade aAdd < 9l
Aoty SHAEE A after noise gated] WL HE TIFES] Ago

AeHee & 5 Uk

£

fr
N e

rlr

_—

54) &g& AdstE ACE
55) Maxoll 4] B}o]E wo]=2E AAIE LEAE
56) Maxoll Al & 7§e] Al1d 3g wuste LEAE

57) AAAA, 712l HhA



2. 98 Nz aF

D B& AzH

AbEESt G HFEAS TR AsiAe ARREe] HolH el |74l
Hgallof 3ty & AFtolA= tape musicH Faeo| 54 F)
e Y dEHEAde ATt 47 e AeE azd 984S dEstd
HEEE ovAE T After Effect®9} JittersOg o] &ste] F4

omIAIE AZe F, SyphonfOs T8 ArenafVE A W Z=AE|(beam

i\
dlo
ofy

}I_‘
3

projectoNZ HF E¥ste A2®S AAEEY [28-19]s I8 A=ES

=488 1ol

after effect
— [

y, d arena projector

& o

jitter

(29-19] |97 A==

58) AdobeAtell Al ZEg HAE 2A T8 A& D G AZE ool

59) Maxol U2 ofZeAcldolt. 7 gridel We matrix AHE Fa| AL Aoy
OpenGL, BA E#7, evle nadeoldold So 1% Ate TAL & 9

60) ol FEACIH ke Y4 TAYL FHT F U LEx2olTh

6) Qae Aolshs VI Z2awe g glojo] slka AARE A4k s)%o] st
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9 AF
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“

2) After EffectE o] &

el Az,
279 ko] A% <9

S
=

/Ko]-

<

=

4
5%

il

o] tape music3}

S

28

Ao A e}

After Effect

Ny
, —

of

o

KeN
=

shae] F4 T(range)

e

stk [198-201

A7

98

E
ol agolth

ofl
oo
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tape music®]

bl 94 detr|Eol dFskith

ojp
L,

Pk [18-2112 59 &%

~N
Klo
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3) MaxE °]-&& I Az}

Maxol= 94 Azdls 7 4 Sle litter 7]5°] SleH, ol &3l
S pfft~QHAEES AX Fy}

s & H, jit.glRBAENE AMgstd ARSATh ARE G4
jit.worldRBAEME AX HAFH FHo Yvehdoh [18-221% Maxol A
733 sonogram ¥jxolw, [1Y-23]1& Lo AFs FIA FA
UERITh X2 Fo, YE& ARteld, 7] @2 T tigo] e 7

gholt.

e
P

sonogramé2-& &3}t tape music

o

audio input

B
24
i gy 78
jit.gl.videoplane @transform_reset 2 éa

: 16.95365
jitworld @eanable 1 @fps 25 @erase_color 00 0 1 @fsaa 1 @floating 1 ps -

o2
0

[1%-22] sonogram 3 X

62) FIFo| ME S FS ALY Mo wpet AZsg G
63) Maxell Al OpenGLE Aojsl= LEAE
64) MaxellA F4& d=9E E9sle LEAE

to

- 31 -



[19-23] sonogram < 4¢
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4) Arenag ©|83 P4 A"

After Effecte} MaxZ w0 @S HAFT=H F71 sl 3%
AZEYOQ ArenaZ ARSIt Maxold wHE 9G4S Syphond o]-&3}od]
Agsl T om, After EffectollA] HE @42 FYS T3l Beisith SFES
AR AY HAe ZHE AL £ don, 4 A e F4EH 3

AJELE FHE 4 o) w3t 22 T o)A Al Zsl= 7| 2A Q) I effects) =

SR 835 BRSNS & U} <E-D+= FEol| ARSE Arena U &3S
gk Arolch
{3E-4> Arena F3&E 3
B 51 &%
transform S AXY I A=E HEADIE at
edge detection | GAQ JAHNHZ ZLole gt
opacity daol EHCE ITHolF= gt
goo a2 2301 ot 2
blur Fas Sl BX ot 21t
radialblur FAo ST JIELZ YA o= &1t
twisted as FEE gt
suckr das B SHIHH ol S
flip gdas 8 2 £HOoZ F¥E 21t
trails oo AEs XEMFE 2t
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5) Syphone °]-&3 |4 HlolH A%

[18-24]F= jit.gl.syphonserverQLHAEE A}gslo] MaxolA A&k
I ZHYL Arena® BU7] Y3 gjx]olth AR HEAEDe] o] E&
AAQst] AWME oF1A Jit.worldLEAEA SHHE I ZHIES
jit.gl.syphonserver QEAER QJHAZ|H AMujo] FHHT}E [1H-25]=

THE Zelo] Arena AH HE FUE FArolnh

[

jiLworld @enable 1 @fps 25 @erase_color 00 0 1.@iSaa 1 @ficating

[1%-24] Syphon A% 3%

Column 6 Column 7

[(18-25] Arena H = &9

65) Maxoll A symbol, list5¢] HolE|E& HEeAY YEhE 2EAE
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3. TAUY Az" EF

D 24 EYF dHolyg F&

24 EdgZ(motion tracking)6® AlAe] 3+ F/<l Kinect= RGB 22 7hve},

IR emitter, depth sensorZ 3= ot}

depth
sensor IR emitter

color
camera
(RGB)

[Z19-26] Kinect A=

F=o] YA R emitterols A ©ojo] B3k HEe WA HE
Ao WALE gHS =9l depth sensorollA] Wro} QlAETh A FAlH
Ao A o= X Y, 29 33 HEE thEo] A3t

Kinect+= =9 USB Alol&< ZAFH Adsto HolHE A2 +
B d9= macOS 7IREY] A4 AlA HolHE FE= @ F U

AZE Rl NI MateSNE AHg-ste] zla)atydch.

66) 52t A3t HolEE E¥sle 7H
67) Kinecte] BRU OB S AFEHE AGLS F dE AT EY 0]
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2) 243 EZA Holg w3

Kinects 3 wl$9 £2<dS 7HA3ta, N-mateE AFg3ske]  skeleton

datas FZ3t} skeleton datax= HIH AA FRE Bl ZF #H9

SAYS FAE 2 Aol o] HolE+= 0SClopen sound control)8) E41S-
53] MaxZ dE®h [17-27]9 o] skeleton tracking WHES A43}slo

¥ Kinect for Windows
User detection —_
7! Skeleton tracking

[18-27] skeleton tracking ©]®] A

Ql

68) Open Sound Control, &%l €= & 93] AzE HEYZa Z2EZo|Th
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7oA wi9-= Kinectet 2,500mm(Ee|mE) EHolxl AHel| gle vxRd
AN QlEH o]~ oA £Relt)h [18-28]S NI-mateo|A] =4 EFAL

AL FY9& AAsF= 1ot

Areas: :
=  Uvepreview: | user(s) detected  #°°"ttereresesesssatsssaenes
i 1:(66,3509,1131,0) - :

: salsctadacse : Seareedsnsasianieaniannien
: ~
L 8 mm “
|
Z 3509 mm o ¢
: ~ ',
Radius 1131 mm o]
i Delay o0s o

Aread B3] FUe HYNE & glov], X} 7 seeleF Fatel Yool
Z04 948 AHa 2 5 o radus wS AL AR Qo) WAL

ofmgty. SAoA wl¢= & wWHol] 1600mmel ALY UjellAl f2o]7]e

radiusell Y=o} w0 F4UE EFeh= IS HASA

69) 22 Aol MW Qolo] AFE TE T wel Polo] AFel T3} wrh



9 2 _ 42
o el
Al

[1%-29] e} 24

[Z27-30]¢] format> EAR HolEE oW FH= HFDA
HolHE HuU7] A, dete= T/l weth 54 ¥ W3] 7hssith

[21™-30] NI-mateol| A ] format A3
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Nl-mateell Al E&Z S Hlo|H= OSC FAlS B3l Max®E Hujok sh=tl, o|&
9Jate] PO} port’) WEZE AANFHk st [2¥-31. FYd AFE

WEo A dolEl7t B4E7]d local host™? P F491 127.0.0.1% ettt

oFzzo] AT EoloA port HES AX|A|AE BAlo] 7ls3ditt,

..............................................................................................................

[29-31] NI-mateol| A 2] P2} port A3

w-¢-¢ 24 HolH= N-mateg AA OSC Ho|HE Maxel] Hifjojxit.
udpreceive LEAEE= T2 AZEQ oA HULZ OSC HolHE HHS
U= Max LEAEo|} [1¥-32]%= udpreceive2LBAER ZYH ©o|HE
route QLBAENS} unpackLEAEME Agste] HE, &, A&

bole &l X, Y, Z gL F=3 x|tk

70 ZzEZ wet YEALC] /b5 FHE Adste Faolth
) ¢4 AR B FHHolT
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= ; 0.1601 [ 1.0437
m vil 2
Y X Y

X z

[29-32] OSC dl°lH

unpack 0. 0. 0. =

z

route Left_Hand
unpack 0.0. 0.

X W z X

& ) A

%

route Right_Hand
unpack0.0.0.

m 0.1346 [l 0.1427 [l 2.1681 [l 0.4917 |0.3508 [2.1708
08 16 75 27 27 74

Y: z

24 ANE 329 dolgE WFs] A i) WAL

A7k et

&

SEE B ENEREY
M9l Kinect B4 WSS HolubA) ook BA7E BA] bR, w199 QkF-o]

E=Tam!

mEt ¥ o] i EFFHS EMET HEHE EJth <&E-DHe
Fofo] mE AA EFA ol tigt A% A5 HeRith
(E-5> T2 & EA tAAE 438 A

v 2t2to] 1Al GIOIE O @2 eHFe

el ss A ege

8 &2 maC £S z2 e e

&g Mz} =S gs Lhs Lhe

Helg SHFC == z5 Lhe Lhe

SRS HASEC zs zs Lb Lpse

3210 =R 2s g3 Lhe Lhe

22000 01BRITH == == 2s oS
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4. ¥l o]~ PRIZONE A& |+

QlEjs|o]z~ PRIZONEZ = FolA &t =59 AAAel gk eBAq)s}
Ao w2 UHE Alztskstaal A&k QlEjH| o] ~olth. PRIZONEL: 47)<]
LEDol| Hi-¢-9 717} AEgo=A A, sobH, A a3E FA
Yozt ol Aolslr] S UAE ASE Agdon, opdga ASE
Aol LAAZ]7] Y3 micro controller™rt ek o]2|dk o] fo A

Arduino UNO70E AR-g-3ted QlE|#| o] 2 PRIZONES @3t th

D ArduinoE o] &3 Aol A&E 7=

Arduino= micro controller boardg 7|RtCe.E AL AHPE B A S
gAE S vHE7] 3 =F0|R AZEY S e SAolth B AFoAE
Arduino UNOell USB @& #HitEie} st o] &3t 22 HlolEleh
B4 S s ALEs] e MaxZHE Z-Zke] HlolE] ke ArduinoZ

dgsfiFolok girh [17-33]2 PRIZONES] A5 A|2~Elolth

75) wlolAE ZZA|A9} W EL 842 o BAg Vseol A JHA Aot
AA LEDe} 22 ZAAES Léﬁ}oﬂ AHEE o ok

76) Microchip ATmega328P wnlol22 HAEZHE 7|¥to g 3} Arduino.ccrt 7fak
LE A2 vlo]3E HEEY HIZo|th
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Arduino UNO

[71%-33] PRIZONE <QlEjH o]~ A% A]~H
MaxollA] Agure do]ElE Arduino® AGs)F7] 938l serial EADES

ol g3tk [1¥-34]= MaxolA] serial LBAHEE o|g3slo] LED 817] #tol
i3k HolEE dgshe sfjx|olth

LED G|0]E{ Q!&

[719-34] serial 41 73 3%

T AGEAl, TE 7179 HolEE Fawy] 97 4 el sla



serial T4le T3] HelMe 24 TR TN £EE IAAAFHF
St} serial LBAE AZAH print WAX] B2~E FE 3 Max consoleol] A
usbmodemeol] s Fsl= portE dojFth. LEDC Bl7] ©lolH+ 4719 fAE
ol wjFFo oldza HArAEZz HIHAT [29-35]E ofFoln
SHNERB(IDE) -5 &-83to] IE|H o]~ A2ES Y3 shHo|tt

LEDCONTROL §

int LED_pinA = 3; //LED_pinA WSXIH,

int LED_pinB = S; //LED_pinB W4XY,

int LED_pinC = 6; //LED_pinC #W$Xpy, 62 {8
t LED_pinD = 11;//LED_pinD $4X[E, 119 c4OjE{E

d setup()

.begin(115200); // ‘1 " sU AR
(LED pinA, OUTPUT);
ie(LED_pinB, OUTPUT);
pinMode(LED_pinC, OUTPUT);
pinMode(LED_pinD, OUTPUT);

id loop(){

int value3 = Se
it value4 = Serial.p

if (Serial.read){ 2748 QOjEf s ¢
sgirite(LED_pinA, valuel); //LEDEE W&isc

Write(LED_pinB, value2);

Lo 1te(LED_pinC, value3);

oghrite(LED_pinD, valued);

[1¥7-35] Arduino IDEE &&3%+ LED Ao =9

78) ZE2O9S JAY F JA EYFE EFoH, A4S Z2a9S A9
Arduino B2 g2t 3= ZYLe T9FE= ~Ax 2 gdo|th



Arduinod] HiAE & F ~7} £& e PWME 2 Z Wx)o] 713 doz
gAY As=Z o2 4lsel 2 75 & 4 Utk PWM2 b g 2359l
3} 19] Hl&-S 245t LED ¥7] #e 2 1S dYS ON A7y 02
OFF AlZith [28-36192 MZ o2 Al 7Fxe] PWMS Yehdth
Joho] %12 duty cycle8Do] 10%% wie] PWM &3S Jepdth F, F719
10% B¢+ lojgk= Al3E YRz, ymzA 90% FHe 0olgts A3ZES
Rtk aga $3 st 242 50% 90% ¥ wle] PWM E&3e HojFE)h
ol#gt Al 7FA duty cyclee] T2 PWM Ee OE oldEZI lE=
AJF(encoding)Fek. Al E S0, Ve M-S FFsha duty cycdeo] 10%=H4
0.9Ve] opdg1 237} 9lagdHrh PRIZONES 5V o] FFH 7)ol duty
cyceo] 10%=}® 05v7F E¥€th olgg e Bste] LEDS Wi

287k

g
o
tio

O>4

O

On = High Level Off = Low Level

[719-36] duty cycleol] @WE PWM

79) Michael Barr, “Introduction to Pulse Width Modulation(PWM)“ (O’Reilly Network,2003)

=z

80) HEEE = F7]
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Arduino Kinect

— sound signal ® \
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[29-39] 3 ANz’ A=

[Z3-39]= FiollA AR & Alzdlol gk AA=olt. Foiol HAI%
Kinecte} PRIZONES Alojst7] ffste] Fof Zoll el 3 thE AAsI0th
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o] FolHth <E-5>9 Aol uwet vwd kA EFEY HIEs EAT
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P Z2ANE 40l Wrgete] Witk Arenadl wEte|Elo] F4ag
=& WS s gUd dHEHE FATh olE fst 0C FAle
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THSATE tape musice AAAHOZ ALYl Hlo|x AglE 24HE S

Folth ) 1S 2] Ustel HE AT panningghe W
Walste] @A $Aols NS FUh CHEAARE dot 29 gHE

AREE(low impact sound8®)e] F71E A WA st} Fefo| W2 TRAIF T
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3. AT 7= H&

D ASlE

<E-10> AVHE 4

Al2t 0:00 ~ 3:10
N2E T2 44 pitch shift + delay + chorus
scale
HAS I opacity
blur
PRIZONE &1t X

ASLE A Hj-9-9] FAE= [T1H-44]9F 2o pitch shift, delay, chorus AH&=

Z2ANS AR Beel selng e Baxdst weldAR ush &
w718 AEw,

A%

itch shift
2 J
[ccoms1 o0 8
.'-Elial ?=|§1 m pumsnmuamS!
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' delay
Outpitlevel  LefFeedback | LefDelay Time RightDelayTime  Right Feedback
o B O O D
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2] pitch shift S¥FEHE AX HS LFHF, 7129 wiert E +

FeE AL HlSE BASIFAT. 1 22&3 99| delay times TES

Fol FZo 2 volgA % YA dFAth 1 F chorus FFEHE AA o
FE FAgEo] oloprler oo MxE ¢ s F stk

[18-4518F 2ol &4 5% ol "t T omAE AAHAL

3t} After Effect2 A2e 942 blur £35 AX E5=(opacity)<

A7|(scale)7t Wshgtel we} 23] FFHIAT 5 ol FopAH Ar)=

Z237 EWsiAE, % o] AXE A7}t AT BEEHSA weste]

2) A9 E

CE-11> A’ B 74
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A2E ZZ244

edge detection
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w25 wolzrt w1 skets =2E 0[Ol Fvn

SAsE g 935S thoFs FM synthesis €a2]&3 additive synthesis®

b " serial FM + parallel FM

- additive synthesis
s | [ amp envelope

[Z13-46] tape music 42 A& 3 3]
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ot HIHE Tl AHE AREc HFHSE amp envelopeE 7=,

B3 PP ALSE AN Y3kl A% AL 1000ms2 AHsFAL

&3k attack S AE]7] 918+ functionLBAEE T3] %7] amp &g w24
S WEFeA S22 panning #b& HSMAATFHEA EA w725
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3) BYlE

<{3#-12> B9%E T4

Al2t 4:48 ~ 5:32
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edge detection

Hats scale
blur
PRIZONE &1t Sacl oA

BalEo|A= AAIZt phase vocoder SFEHE ARl FHAgld flanger
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3. A E

- Arduino

https://www.arduino.cc

- CNMAT: external Max object, OSC
http://cnmat.berkeley.edu/

- Max
https://cycling74.com/

- NI mate

https://ni-mate.com/

- Syphon
http://syphon.v002.info/

- Proforma

http://www.proformavideodesign.com/news/kinect-performance/
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ABSTRACT

A Study on Interactive Multimedia Performance

using Max/MSP and New Media Art

(focus on Multimedia Music <Eternity>)

Lim, Jun Hyoung

Department of Multimedia
Graduate School of Digital Image and Contents
Dongguk University

The purpose of this study is to create theatrical performance
converging with new media art by overcoming the time and space
limitations and trying to expand the range of expression of the classical
play. Each media is connected as one through interaction and leads the
play. An actor’ s words extended the range of expression through sound
processing. Computer graphics are linked to the sounds and change
their shapes with the volume of sounds. The LED interface interacts
with the actor through physical computing. This thesis is divided into

four parts; sound design system, real-time video control system,

- 75 -



interface system, and interaction system establishment.

The sound processing used in the study is implemented through Max
program. Sound design is divided into two parts. Tape music Iis
produced by editing sound sources which are created with additive
synthesis, frequency modulations, etc. through Logic Pro X. Real-time
sound processing of the actor’ s words are created with delay, flanger,
chorus, granular synthesis.

Generative computer graphics were made with After effect and lJitter,
and were finally printed through Arena. OSC is used to change the
shape of graphics. The role of OSC is crucial to communicate with Max
and Arena. The shape of graphics is changed with a volume of actor’ s
voice. To do so, OSC is used. Also, for sharing video images between
softwares, Syphon is used. Syphon is a communication protocol that
allows video frames to be shared on a network.

The interface is manufactured with Arduino and LEDs. The brightness
values of the four LEDs are changed depending on the actor’ s
performance. The actor’ s motion data is extracted via Kinect sensor,
which is transferred to Max by OSC. The data is sent from Max to
Arduino via Serial Communications for interaction.

Various media allows theatrical production to be expanded and
interacts with theatrical elements. It also gives fun through interesting
elements to play genres that can be boring. Through this, it is able to
produce a multimedia performance that effectively converged with new

media technology.
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F-Z-] : Rimbaud <L'Eternité>

L'Eternité

Elle est retrouvée.

Quoi? — L’Eternité.

Cest la mer allée
Avec le soleil.

Ame sentinelle,
Murmurons l'aveu
De la nuit si nulle
Et du jour en feu.

Des humains suffrages,
Des communs élans
La tu te dégages
Et voles selon.

Puisque de vous seules,
Braises de satin,
Le Devoir s’exhale
Sans qu'on dise: en fin.

La pas d’espérance,
Nul orietur.
Science avec patience,
Le supplice est stir.

Elle est retrouvée.

Quoi? — I'Eternité.

Cest la mer allée
Avec le soleil.
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H5-2: A% DVD 49

1. <Eternity> &< 973 : 20199 11€ 16¥ o3z} A<= 3d I

2. <Eternity> Max patch : 2}&o] AF8-H Max 3]
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