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R) Ao zHHL ASE st Agsty 9489 A= tapin~
LBAES 3 Hd 5000mse] W AGET. A 2EE tapou

g A1gd 54 Ad Ao Fedn.

i

= Y8 MNEE FASE plugin~2H

freq scale relative delay scale global

80.0 Delay Time Filter Frequency  Localization

] relative absolute MIDI note Hz gain pan
s ---h3k_bd_gfreq

L
, 1 [@Eood[T00] [omod[ o] [zl
I " o s » 2 [106.004[ 200 | [8:00 [ 0 [127.00 |
Feedback | m
Time - ————-—— I ﬂ‘
1

7.00
s 3 T |
1 [15.00 |[ 0 | [127.00][81.00
0| [300 ][ 0 | [r27.00][7400
o | | 3800

=

gain

absolute

i
o
=]

o o &
=N
8|8
AllA
Blie

-

~
p Delayer~
T

L R IEX®M 1 ----- B
[puon- {0 | STIS B T 5 g

N

:
clip~-1. 1.
! o
{

3

tapin~ 5000
T

=

Audio from Live

Q
-

expr exp($f1*5.28)

dry/wet

\
100% ;4 4 e

=
' pluggo.dryWet~

Audio to Live

:
¢ [ —

[2¥-13] FilterTaps¢ Max 3 X]
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H4L p Delayer~A B I XA speedlim3d)

-
R
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o

viel

N
el

2ol 7

2] 3¢

]

B

5 5 A2 U¥o] tapout~9

a7 Fht

e b

Delay Amt

[ speediim 100 | REETIESIYN

[2¥-14] FilterTapsd Max A B 33 1
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FilterTaps® &4 Z2AAS poly~QL B AE A o]Fo]xlt} o]
AEE= 6719 59A delo] HelA 54 dgs AxstAY 4 sh=

T

L=,
e 3 ZHE 483t dHE reson~QLBEAE

i .

(center frequency)®} &% (quality factor)#kS A&} == A
ojgith, iy e clip~S Ea -128014 1282 WY& AgEW o]=
DSP Al ~#lo] A= HelE H

Pan

Ll

HE2 2741 2 Jo
127 to 127

I:H g:! %II_I. Jél E-l clip -128. 128.
)
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=
& o
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=
& o
&

E) e ] I

3
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+
(-2
=
+ T
k&
-

|Eeg
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+-sqrt

=

line~ 1. line~

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

[2¥-15] FilterTaps¢ Max A B X 2
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FilterTaps: ¥4 (panning) 7S ZH U Q. F=o vjx|3}7] & #|H>
X

71Hke] ALY S ALY p +sqrt9t p —sqrtLEAEE Iy

H
rir
o
e
[o
K
= O
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_?{_',
5
Jhu
Y
o
:|N£
e
L
=
<
N,
=X
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)
Ho
X,
ol
Jft

NS = pluggo.dryWet~A B I %
E S dE Az £3ET o] 4B A= dry/wet AE] H[ES

A8t dE Azt dyo]l As 2o #y 3wl AEE wolEolH
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AL =S H|FAgolAol el FEEE Aol TouchDesignerE Ab
43} 1}, circle, grid, sphere, box 52 IHE]Z(particle) = ATA 1A A
ZHgct gE ol B¢ Mderes Fe HE ousa 3D 1P
NA WA, B F 5 A dAE ZdsE NAE v 2 AT

= granular synthesis®} delayS IE|ES o] &3l A|Zslslar Ao

it

1) TouchDesignerE o] &3 g4 A%

AE o718 gAd s &
A =4S AALe7] AElA S AR 2 A9 ZEFel+= Touch
Designer’} AF&% %118 TouchDesigners x==(node)347|¥ke] H]F=A
Ty AZEojelt. eHHolHHL & 8=
S A¥gsta =gE AT ol AAAHeR
s

Nog 29 555 Wgs) oldld 5 o] HyHolm AN dlolH

Nl

A7 2 CHIYEHE Pl F3He| Lottt MIDI(Musical Instrument
Digital Interface)3®, OSC(Open Sound Control)36), 9.t] o & t}oksl =

Fo AelEE 9 FYs N Agsh AaEY 5P, &1, e
FEE BAE dolHE 0SCE Fal uFAetol Aol o] 2 gAY o
Fe YolHE mgoE e WHAL Fo| Py %A Adse

34) 54 AdES Fds= A
35) A& 71zt A5 s Fawt

= Ue As AA EF
36) MIESAS Faf HEvto] A3 A §4& 7hedtl e ZRES



O SOP< &&3% Ax #A

SOP<2 CPU(Central Processing Unit)37& A}-83to] 3D S HAEE A
dstar Wy, Agst ‘jroo‘”i'iL 3D TxE e F Ak AA, 27, A,
A& T8l &olstar dY dHolE o 2t
Fle=s 710115 Agettt. A E A v E g (Geometry)3®)
A4S T3 Advit e IS wE T AN
o} [(29-16]9] particle SOPS I}E] F(particle) ] 2t &2l &= 3D
EES A= ey dolE o]t} particle SOPY input 022 AZA% = SO
P& e F9 FEZ Ha input 122 A4 SOPL v Fo] FE3)
= AA7F " gE]Fo] AAE U, input 0.2 4w 3D MA7F 7E
of 7FAaL A9 pointEe] wAHE e So] A ET} sprinkle SOP2 i
nput 022 5o 3D QLB AE 2L =E pointe] F5 FT7FAAA U
2o 49 pointE HF8HA wHETE sort SOPS o]l# A Z713F pointE 9]
s EqrFslA A et o3 particle SOPY input 022 & 5w
HAFHow e Solgtal el FHE FAEY. old sort SOPol <3|
F4 ¢l pointe] WA= QlajA vtE|Fo] F29m AP ET

B A

to
J

spherel

37) AFY A2YS FASL T2 A4e 49 9 A 84 Ao %
A FY AP FAYRE B},
38) UAY DA FEE HEL GFE AR

o

b
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[1H-16]9 #B& S AEdE AHF A
37 Y&l group SOPS A& [1¥-17]4 % noise SOP39S 1243

t}. noiseE F713 olf = Hrt} dHole EHES UEY] fste =z uf
2 FE T3t delayet H =6t o] AL F

S deo] aye} wF
Aol Qe YA AEA AT} switch SOPS OSC 2135 WolA inputl

% 5010k v Jle SOP % duE A Edae dae arl.

=

switghl)

noisgl

=

noisg2

101<e3

nois¢4

[Z2¥E-17] Groupo.2 &3 d SOP 29 dolg




[29-18] OSC in CHOPL..2 Rt Hlo]Zg-ofo] ¥zl AT 5 select C
HOPo.2 A8 F logic CHOPlA 7} wirje]l 3 WA wix7h Sole
WTHE 2YetEs 218 AASAY o2 dZ2E count CHOP
< inputl.2 LAV} 0= AE, MY oAE FHAIE 29 fﬂo]H
oty =, vl wirywmity 1A A7 A5 logic CHOP2 T#<= =
3tal, count CHOPO A= F4 =x7F 1% S7F8t= Aotk 712 coun
t CHOP®] A gko]l 0%-B 37bA 88t =% FZ(loop) wA =
th o] Z A A switch SOP¢] Q1% A€ debng = A& +=3kshH
4709 949 2EE FAURE gk

OSC in CHOP Select CHOP

Switch switchl
? i
\rh

tlect Input 3

@
N
2
=)

op('countl')t'lntroBeat'J

SW 1tth1

2 |r

3 | noise4

[Z¥-18] OSC Az o8 WA HE= switch SOP9 &9
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[2¥-19] switch SOPI A £xH oz EHHE 4719 JHF v F

[19-19]=
4%-0] 4ukzpel
ol ¥ aw

PN
T A

474 9]

24_9_}\] ]

B E HFd WEE BT el

122k 170¢] sphereE 4712 I1Fo 2 &
HstAl iy sEe FEHE UeUE AS
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[2H-20]¢] MEYIANA= [2H-16]% #o] sphere SOP thS-9 sort

SOP= 14ste] 3D 7HA17F 7430 909 pointe] W& dHo= HA )

Fo2H FE|Fo] AAHE TAE FHAUAY F7F= sphere SOPo tra

particle2

transform2

sphere4

[27-20] SOP 29 @ olE &§ 2
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@ TAE FHLES TET A HAA

XRJE Fv= (point clouds)+ LiDAR(Light Detection and Ranging)40)
AAE AFESte] de 339 AHE Yeldle dolgE #dr) ofe 29l

E (point) 2] @%‘(Set cloud)o|gtaie Hel=d 33 TS ~qlske] F3
el HEHBE V= I IEES JPRow FAE 23dE 3
TouchDesignerol| 5= PLY(Polygon4l) File Format)2¥x™ It 32 2=
£ A Ldg}h point file in TOP ¥ #HolH= 25 ¥QE Zeh¢-= to]H
£ =ooW ofg [29-21M493 o] Z} Ao XYZ HEE & F Utk

[2¥-21] point file in TOPS.Z Z =% PLYEW HYg9 ¥QAE FFPo=

40) #dol A S Abgste]l Al /NS E Bl O RALE AAFeRA AE

ZAet AA

41) AAE 3D B8 & ] F37 ¥HS XS A48 == 948
42) 3D 2AY =2 A& 32449 HoHE AXsr] g3 W

43) https://sketchfab.com/3d-models/ethiopia-street—point-cloud-to-mesh-
dbea052416314865a8f8c9765e2b1190
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[729]1-22]¢] point file inS. &
form TOP 27§ ¢} Noise TOP 171E <2

“\
pointfileinl

pointtransforml

(%]

-

% point trans

pointtransform2 noisel

[2¥-22] ¥ E EF= ¥8S 93 TOP 9oy &&

[ -23]19] point transform 19| A translate, rotate, scale, pivot, unifo

710

rm scale &S AT YA A2

Sholl &= vkt AlE A A S

z=

AR FF A=l 2, @F W

Point Transform pointtransforml

?aali

Transform Weights Align

Common

Input Type  Position

Transform Order | Scale Rotate Translate

Rotate Order Rx Ry Rz
Translate |@. 86
Rotate [-90

Scale ||l
Pivot [0
Uniform Scale 0.

Invert

22

Off

-0.2
%}

[2¥-23] point transform FL& z}gu g
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<E-4>E 7 sdetvide d3e AP selnh o dereEe 2@

Itetol & o=

translate HZOIE ZeAREE X, Y, Z &¢#=go=z 0l=s
rotate XY, Z & JIECe= 3N

scale EOQIE ZtRE0 3JIE T8

pivot Mol J=dsS &4

uniform scale 2E =0 ol sLst HIe=xz 3AJIE =&

s A3 dEste] 295 A7 = AT Ed A (expression)i) S

A}g3 71 = o} point transform 29] rotate YZ©l| ‘absTime.seconds’ %

HAAS ) ol Z2AE AA AEets F#SHA TouchDesigner7f
AdH MY A5 S M 2 d9E2 A AS A S

P
amTT
woE Fepese 9447

an Y
A s Ad=HA
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>

JZte] Aol meh WEkst whEojE o =M

=< F JA do2"-24]

re

44) 2 golg el dEtulE S THoRZ Aojstr] 3] AMEstE dolH Z=
(Python)®=+&= 7heksk AAba & =3t}
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Point Transform pointtransform2

22 i

Transform Weights Align Common

Input Type Position

Transform Order Scale Rotate Translate
Rotate Order Rx Ry Rz
Translate @ ]
Rotate @ 254
Oo
[ absTime.seconds * 10
L1@
Scale 1
Pivot @
Uniform Scale 1
Invert Off

[Z1¥-24] ‘absTime.seconds’ ¥ 2] point transform 29 o] &

point file in TOP< SOP¥ th2 74 GPU(Graphic Processing Unit)45&
AFEEH7] w2 ¥ e ¥QEE HEE st Wy S 3o Hgeith
HEnt & HFY 32d8S 9

g3t HjFdel A8z

1

I SOP# point file in TOPE o] A}

¢}

b <

45) AHFE Axdeld] 1Y A wed At Avgre BUH %
she AgAE 199 Ael FAGuE ek



@ cameras &3 A7 A A

B HEJ A= 4709 camera COMP4)ZE Al-g3to] utE] =
AN Ao A vetREZ v X3t ZF camera COMPE 3F1h9] camera blen
d COMPZ dZ%t}. camera blend COMP+= 948 o

OMPS| A% Zt W]&2 2@ste] AHe 23

= 2= o

e
iy
2
ro
8
3
@
3
@

(e=]

1

3 s AIHE 7t e ¥ EdHE FATh
MP+E sequence TtV HZ 48 AlG Zho] w&& =43 4 9t} [

H-25]= s HetvlE e ol mE =9 WAste] i dAolth

camera COMP ¢/

Sequence @ Sequence 1
B Oe  0O@sS equence B Of
——sequence 1

<o

[2¥8-25] camera blend COMP9] sequence Z}& | Elo] W& &8 W3} oA

o=

46) Component®] £ TouchDesignerol sl &4 715 335741 Holg
TS Rl H59doz A = = 7dHolY FEH e QYo
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@ Az"E Z4 FHE on A

[298-26]2 A2td d ¥ gix ov[AE Ayt Aol vt 7
W2 o7 #AlY ¥ (rendering)40S L 2o A WH3lo| wl A A S

:TL
g AeE 918 Switch TOP®S A-&-3 T}

[27-26] AZE Zd d dE ojuA

47) AFH Z2I9E AREste] Aoy G
48) o1& 44 Tl g



o=y AFdA o3 s AFEtrl fs AFEE Max,
Ableton Live, TouchDesignerg AA|7to.2 A&3st7] fsiA OSC &4
S AHEs Zad deoldE Fa #gtrh olwf QAL FA(address)
S (port number)e] ™ dtito] FHIFE SrellA dlolHE Fa
o "2l o] UDP(User Datagram Protocol)4)E AFg31A = o

A% '127001'2 24T XE HE o] A9 004 655354019 WM&
£ o= dAsd Hw F4e ¥E WSS AAT sendol dlolEl A
5 99 ¥E H3Z7} AW receive® AEAT. [21¥8-27]S
B TouchDesigner® OSCE HuW7] Ao /f¥H F42Z5 WA F7}st]
QB Hagk tolEess viro] s F A AAAT. [17H-28]
$ TouchDesignerol| /] 49 ¥FE HIE AHAI Aolt} oo TE

xE W
4% @

tﬂ

fi

_OL
=
M
rlo

|

Howt 27 2438 F9 st HFHZE gdst Adsg AoE =
54 & 4+ Ak
49) E¢ EAo [P FAR 2 TAE EE Fxw Fagly Wt}
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= hange
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Q
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OSC Fa F7}

- -
repen ey prepend /introOddBar repend .’introBeat

S

'I

osc ©%

[2¥-27] OSC &4 A& d Max A oA

OSCIn oscinl
? ek i

OSCIn Common

Active m

Protocol Messaging (UDP)

Network Port 1010

[Wolor-|WiValalg=IXN 127.0.0. 1
OSC Address Scope E3

Use Global Rate m

[1¥-28] OSC &4l AH&-¥ TouchDesigner®] OSC in CHOP
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Liveo] 202 dHolE+= OSCE %3 TouchDesigner® =%
Designer®] ¥ elolgrity dAT 2t by g dsHo Jday

2 H83 ol T FH)

o o

Mac OS
. )
Ableton Live PSTET
Az : f \
Ll MS :
: :
osc : MaxforLive TouchDesigner : A4
it
L

MIDI controller

[29-29] H|FLolA o)A A&d AE
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2h5 <Liminal>< 20241 119 99 =t ofsfge =gl 13
¥ 'SEEING SOUND, LISTENING IMAGE (He &%, & 9
2024'o1 4 = AH A

[29-30] F¥ <Liminal>9 &4 o7 X
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[29-31] &F <Liminal>9 Fu +4
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2o 74

B =59 Z3¥ <Liminal>< granular synthesisS BPM(Beat Per Min
ute)dD) 1159 Fx52)F<to|th, i wWste] wzl A4 A-B-C-solo-D-E
o] Ao Z Yozt

<E-6> F FE 9 7] 74

= Ol =

A 23, HHAE

B MAE WE, =4

C MAZE, W&, &&, O0t%, granular synthesizer
solo A AE

D MAZE WHAE, Y S&, granular synthesizer
E MAZE IHE &, #lIolA, &, granular synthesizer

g Euit} o} FA4E& o2 A o} g5 dddd WaE Aot granul
ar synthesis& AF&3tH & A ¥
7F RbEo A7 = drh B g




<E-7> ZFY FHEd +F&FH
IHE 4B M== sss i
A delay, reverb
B delay, reverb, granular synthesis
C reverb, granular synthesis, audio effect rack
solo delay, reverb, audio effect rack
D delay, reverb, granular synthesis
E reverb, audio effect rack
<E-T>2 ZAEd Aed SFgadE el ol HolZSoS Al
2ksk djo &= cut, reverse®) T HHE &3 SFEHYE FAO F
SAAT N2E AF Wk ol HolZgotn $FEI} 2UL F3
NNeAAE AR dry/wet B &S vl FEvY 24 AAPT 1
gl 4 A7), AAEE, DY oledd 59 FAE tEA AR
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HolZgote] Aol AgE wol= ALE =] el webd dE IR
AT E sphere?] A719} 9)x7F wslettl, [19-32]0] YEIGE
ANz ol Syl dyo] EfQo| T
o] AANF HolxE= FERZ ZEI A
W= vEO|H,

[2%-32] ol &ote] &ol wdl 2719 A7} Asets 53
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T Ex ]

2eo] Bds #@A dAste] el =44

= s S 492 Foj3tstel
ZAYT. Gl FUHE Fstn dlele] A& FolEe wdsLA
e oA % 4vlel camera COMP7H 4185 91tk

[29-33] 25 @} shlest ol Eate] sl Rl e ofHA
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3) C 3E

glo]Z &oto] Si= JEFRE AFAE sphere®] yF AAE WA
th. OSC in CHOPS 2 FAlgh HolHE select CHOPO.ZE A
sphere SOP9] y% yeln]Eo] Fzsle] AAto g 9% o5& +d3)
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Sphere sphere3

ype [Polygon

sphere SOP2| 0| Y&

0
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[Z298-35]5 e wetx] A3t y5 A
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audio effect rack¥} reverb, delay &3 Aloj= vt AEEZ Korg

nanoKONTROL Studio® 7} AF&E AT AEEH NME FHES

356)3}e] Ableton Live, Max for Live?] &3 & 39} TouchDesignere] *
A gaas ABAAT [2-9-37] VY AEED ] wHe FHojre] n
3 5l

o W etk v g Aes
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[
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[29-37] TAdA A£€3§ Korg nanoKONTROL Studio® ® t] wj

55) https://www.korg.com/us/products/computergear/nanokontrol_studio/
56) dlolEl(key)9} Ft(value)s A #|o] AAst= dHolE +x
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3. YAt

—Ableton Live: https://www.ableton.com/en/

-Korg: https://www.korg.com/us/

~Max: https://cycling74.com/

~Reason studios: https://www.reasonstudios.com/

—Shure: https://www.shure.com/

-TouchDesigner: https://derivative.ca/

~Yarden Klayman: https://www.yardensax.com/
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ABSTRACT

A Study on Real-Time Sound Processing and

Visualization Artworks Utilizing the Saxophone

Park, Ji Eun

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

This study, centered on the piece Liminal, explores new possibilities
in multimedia art by integrating traditional saxophone performance

techniques with modern real-time sound processing technologies. This

_59_



research examines the tonal richness of saxophone playing. It pushes
the boundaries of conventional instrumental performance by integrating
it with electronic music and visualization, creating a novel and
immersive multimedia experience.

Specifically, detailed saxophone performance techniques—such as
tonguing, half-tonguing, embouchure adjustments, subtone, growling,
split tones, falling, and scooping—were actively utilized to construct a
new sound spectrum that is unattainable through traditional methods
alone. These techniques expanded the performer’'s expressive
capabilities, dynamically interacting with the processed sound to endow
the piece with unique sensory and auditory characteristics. The sound
processing technology was designed in real time using Max software.
This enabled immediate interaction between the nuanced elements of
saxophone performance and digital processing, during which the
physical energy of the performance was creatively reconstructed in a
digital environment.

Utilizing TouchDesigner, a visualization system was developed that
tightly synchronized with the narrative progression. This integrated
expression and combination of sound and visuals intensified the
audience experience. Furthermore, this allows the audience to immerse
themselves in a narrative shaped by the dynamic interplay of both
auditory and visual elements. Yet, the study identified an issue in live
performance settings: the acoustic sound of the saxophone was
perceived as louder than the processed sound captured via the

microphone. This made the processed sound less prominent than the
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tape music. To address the previous challenge, further research is
required to optimize microphone placement and refine sound mixing
techniques. A particular focus on emphasizing specific frequency bands
to enhance the presence and clarity of the processed sound is also
key. It is also essential to design integrated hardware and software
solutions customized for spatial acoustics and stage configurations.
Developing systems that can adjust to different performance conditions
is crucial, ensuring reliable and consistent sound quality across various
environments.

This study is valuable as it explores new musical experiences and
expressive possibilities by integrating the traditional saxophone with
electronic music technologies. Merging sound processing techniques
with visualization extends beyond the auditory realm to offer a
multisensory experience encompassing visual dimensions. Moving
forward, refining these technological approaches and optimizing them
for stage and performance environments are expected to open new

horizons in modern multimedia performance art.
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