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1) 9718 TR oo 1
2) & FAY B 2
2. QT B 3
R I 8
1 ZHE BB 8
2. A% T 9
) &9 F4 10
@ Hl o] Z&F 9 (Tape Music) ~—-----m 10
@ INPUTQ ] -w-mrmmrmmromrmmrmrms e 11
2) BB FA e 12
3) FE&FS WY FAH 12
. FH 7 13
M 71&4 A7 2 A8 e 14
1. Q1E) B o] 2(INPUTO) A%t AF 14
1) o}F°]x=(Arduino)E &€& 3 InterfaceA| & - 14
2) INPUTOA 3¢ Audio Visualizationg ¢ 3 LED 16



3) INPUTO 4 A& Q B4 (Xbee) oo 21

4) INPUTO Al A (sensor)¢t ZrEoll Ao A& e 22
2. INPUTO 22 AZHah 6] %
1) INPUTO sound-1 & AN Z} s 26
2) INPUTO sound-2 & & A} e 28
3) INPUTO sound-3 & A &} - 31
3. INPUTO®l 9 & JRAZH Ao 32
1) 7} 2e} LEDE o] 83 I e 32
2) INPUTOS Aa3g 9 93 Audio Visualization - 33
3) INPUTO9 9% ImageW¥ 3} oo 35
4) G Blur& I} 36
5) INPUTO®| 23 dA9 Fade In/Out - 39
4, ATEER A 39
V223 FF AL 42
R - 44
Abstract —- 46
F 2 1 (Max/MSP/Jitter 3 X]) 48
B2 2 (HE¥ DVDAEY) 54



[3-1] 2FS A 9
[£-2] FEM INPUTOS] AFEE FA e 11
[#-3] F&F9 £2HY 4 12
[3£-4] Forward Voltage --------=-==-=-==mmmmmommo oo 16
[3-5] INPUTO9] sensorel] ¢J3 dloJf && 24
[3-6] Mini INPUTO®] sensore] 9%t dolf &8 e 25

[2¥-1] MIDI Interface®] AZA® 2] WS} - 4
[Z"-2] v& FHe] TEZHE 5
[ZL¥-3] Air Plano -----------mmmmmmmm oo 6
[29H-4] Gypsy MIDI Controller -----=---==--==-===mmmmmmmmmonoooe oo 6
[Z2%-5] INPUTOS} Mini InPUTOQ oo oo 7
[ZH-6] 7IBFe] F& 10
[ZR-7] AA FARG 13
[21¥1-8] Arduino MEGA®} Arduino Duemilanove --------------------- 15
[Z@-0] LED HJ & ---mremrmremsmrmmsmsmmsmssms s 18
[29-10] duty cycle®l Al o] PWMAlI S -----mmmmmmmmmmm oo 19
[Z2%-11] TLC59407} Arduino®] @7 - 20
[28-12] INPUTO LED -----msrmsmrmsrmsmsmsmmsmsm s 21
[2H-13] Xbee A& EF T -oommmmmmmmmr s 22
(2% -14] INPUTOS 225 S e 23



[2¥-15] Sample Wave -------=====mmmmmomos oo 26

[29-16] Pitchell @& Frequency W&} ---------mmmmmmmmmmoooe e 27
[2"-17] S2fol =, 712714l €3 A5 55 %(sound-1) - 28
[71¥1-18] white noise spectrum ---------------=----m-momooooooooooooooe 28
[29H-19] granular synthesis -------------=m-msmmmmmommmooeooo oo 29
[29-20] RGB Touch Sensorell ™& noise sound®] Spectrum %3} --- 30
[25]-21] A AA ] o8t 2ls TF%E 31
[19-22] 571 A8 olHE o] &3k Additive Synthesis ------------ 32
[2%1-23] 7hWle}E &&3F part-19] FARF - 32
[29-24] jit.Poke~ & ZEF A - 33
[19-25] jit.Poke~ & &&3 G 34
[231-26] part-3ol] AF&% O] W] A] oo 35
[29-27] INPUTO® o] 8k AJAFS] M8} oo 36
[29H-28] part-29} part-49] Blur® ¥} ----------mmmmmmmmmemem e 37
[251-29] part-29] A FAGH - 38
[2%-30] part-4°] AA| FAFH - 38
[2¥1-31] part-1, part-4¢] 94 fadein, out -----------m-mmmmommomoee 39
[ -32] A2l A0 e oo 40
[27-33] 2} REANA 748 A FAFH 40
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2. AF 7
gAEA T} deln AR 80 A o] A(nterface)) 7t A
WA ek Aol st AL AFE G LTS S 98] F3F

r°*'

v qs sk Aol ek HIFE AZAY Ve dHoeR A
FHO ASHolHE oz 7 5 A HAH AZHelHt Fo
2 ¥7]19 gxHel o & MIDI(Musical Instrument Digital Interface)d)
£ & 7 Utk MIDI®] ¥eE 2sE FAFHE HUF7] $93 MIDI
Interface”} 7= Atk MIDI Interface= ZEEZ# 2 &5 FAFEo
Adsfis= d42ds o [29-11@= %%7] RolandAe] MPU401
MIDI Interfaces €83 A% EFEolth. LEHS ZAFFE Wl 3
KeX

MIDI Aol&S Fd o2 AEZS A3t A}

F 71o] YataEo] 7HEelEE A A T LA HT
%J 24, 7P miAE Au]au}
A APA, AR S A3 ARE A5 AdEr] 9 b
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(b) Korg - Kontrol ControllerE &
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[Z2¥-1] MIDI Interface®] ¢1Zx2]¢] W3}

[Z28-11(b)¢t [ -2l AEEZY dHEA Al 7HA FHE Ho
T, o]+ 79 B (keyboard) ¢} 3 =(pad) 3 B, L2]31 =X (nob)%}
7 o] (fader) F Bl & ¢ T



(a) pad controller (b) nob, fader controller

[19-2] & dHo HEZHE

AANMA = ANt Ee] HEZH7E 7B weol AREEA Ut o3
Fole 7nks o whE RYgo R AFEA 2EE S i(pitch)) =
FAs7] i, SATERE Fheol & 4 7] wiitel Agsieh [1H
He2 HES &gz g7 7 A3 A ES
oty EfE AX o Iq=E A= ol Alofstaat sk o]
B7b BolAiA [2¥-2](h)¢ UAEH AEZHE Bo] AHSdY. &
o] 9ol o] E (effector)} &H(volume), HF(pan) 5o ZET F J=H
TEolth oA H A=y AFAE Bt s thE ofr|e] W
ol o] Fofxa itk 1 Ad gobe] FEjy A% nhyolzta 9l
HZo| EolA = [29-3lA A7 ¥ Air Piano7b vskth Air Piano
+ H#HW(Theremin)0HH gFA &S w20l Si7t vpy= &

Efj o]t

9 go] Eulo].
10 2jAote] P& Heo] T nFa wavle) el o8 AE 2uE ol
W ATiAel 4 oblolt,



[72™9-3] Air Piano

y
o Al FAYe Fo2 wdshs otk Hre AEZYE
=7b obd mEHze] @47 buEe), AFEAY #

7h, Bl A AT F Ade orIEe] Wol /AEEI AT

[7199-4] Gypsy MIDI Controller
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4% 74

2% <The Tree>= ZA 45F-Fo 2 Yo A 2t} part-12 1/}1'}‘94

A ad=E oloprlstazl SSith gle adlme] el AA E=
Aol B2 AT part-2v wEAY olgte AAEoR FW
el ofell Agsfzkar 1ol BHAl Aghubs -9 S g8 o

ek 1e]al o]oj A= part-39 ALES
ola] -9 TE 5%

part-4+= Wr7F S E 5 AL 24
Hgom ojFo] uiyl i B
e mage gt [¥-1
olt}, Z+ztel part Alololi= 73k W
o} part®] TE&

w4
QzrolLt 9159
EE oz

4,
o
<
oo |f
12

°F(tape music)S

Tolth ol gAaYA Foler ASL ofm @

[E-1] 2% +4
Al3E 0:00~2:25 2:25~4:23 4:23~5:39 5:39~7:40
part—1 part—2 part—3 part—4
part Ry wEAH =5 Al kA
(Ao 25 (£]5-9] 9tdh (37)) Mz B&
. ) E.Guitar + i
- E.Guitar + E.Guitar + E.Guitar +
gl o] Z 5-oF FM +
Synth FM . . Synth
Distortion
sound—1 sound-1
INPUTOS-A sound-1 sound-2
sound—2 sound—3
Mini
INPUTO9] sound-2¢ll INPUTOY]
_ } . _ INPUTO®]
9% LEDo9l| ¢} &F 93 Audio HEZ 2% )
) L 2%+ Audio
A Visualization A ) o
Visualization




) S99 A
@ d"lo] &< (Tape Music)

HeolZgotol s A% H53 7]E(guita) b EE F SYo® AMES)
Atk 71EH(guitar) 1A S3e [Z¥l-6l@)A® E2, A2, D3, G3,
B3, BAZ =& = Zlo] dwbAelAul, o] AFM= 60 =& T+
el [Z2d-6l(b)ellA ek 2ol D2, A2, D3, G3, B3, E4& Z&3t AME
shth E25S D2&o= Wd olfE A ALHH(FHS)S D2&
O % o] D2¢F A2Atolol] €55k, D29 D3A
Atole] fHH4ER ste] ME Zhe] S S-S WwEAT P e
A g w 2Ad =4 gE =4 Fed oY =

3t
e Brg mdsa.

ﬁd
o
2
e
Y
Co
i3
-,
N\
i
)
w

T |

9. e
(=) (b)
[21¥-6] 7]Ere]
Ee AEss FEE §AS wE7] A8 ¥ Aick)7t obd bl
&9 &5 At w56t

At o] Frdy AN FEHS AAS
2kl & SteinbergAtoll A 7lbE A ZE Q)

o] CubaseE ©]€3F 2™ mixing¥} mastering< DigiDesign Protools
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@ INPUTO 44

ZkEo] AH&¥ INPUTO®F Mini INPUTOE €83k &g+ AA Al
7FA ol th. sound-1S A9 E3HAolm AN LS AN T &

glolt}. o] part-13} part-49] YEGT. 283 sound-2% FuFy)
S Hdetr] gk golth A P23 AEjoll A 9o gbut
S HfFside A AEs dadel =go=z yehdidloh

sound-2+= part-29} part-3¢] +8& A= AFEEY. sound-32 Mini
INPUTOO 9F &-8-%th. Mini INPUTOE part-4°l4 8571 €31
st ole M EE FAAAMY FE g 7w

sttt 1Y AR ZgolA vEtue AHEHE YER AT Mini
INPUTO®] &4 F= 3%94 a2 deloleh JFFaHE o] E8he]
of & @A A Th

rl- 23 O i3I
s 5= #%

[£-2] 9tE¥ INPUTOY Abe= -4

part-1 part—2 part-3 part—4
INPUTO sound—1 sound-2 sound-2 sound—1
Mini INPUTO sound-3

2) 949 4

Aol Ae mYdFES Ay
o] 12 $5H LED9| Hlo] ¥4 s ek ol 254 AAHrt
LED9] @2 ¥ &
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o] eko = ojd ve] A5 tha] Lo AlZtell 4] HigtrEol ul
F7F | % Ul RS olopr]ate aFAlth part-2¢4]= 9] -9
dute]l HAL 7hiAE BES RojFErh INPUTOS] Aol o8] #AehA] il
Hojxl= X3 BE5e WERHAY part-3°l4 <= part-2] W] AR ]
3 7Z4EE Moz gddd. INPUTOS LEDSF e A8 uehjo]
HE HolF ol %ol Ui 1%
LR AT part-4el A= thAl Bjojd vt =4S dEbiSith Gl
el o &3 AR BFo] vehte AW RS vERE I shith

3) F&r =99 74

[%-3] F&5¢ =5y 74
part A7k Zzv 285
0:00 HA D I L AR P PIES
blue + purple e
part-1 0:44~0:50 . HE AAs A,
) ) fade in 40% A = .
0:00~2:25 . blue + purple UE7kA] 7 W] o o}
hl 80% mela el gl
4:23 Lk ool gl o3|
part—2 red i Z2FR w2
2:25~4:19 | 4:42~4:50 fade in 4ol AH 1ETES
40% B g
. red Aot a1 o FyZ
part-3 ' 100% =8 2 pdsit Tos
4:19~5:39 5:39 blue + purple | gt WA AFE3HH 4:40%
cross fade gl A B sk
Mini INPUTOE 7}X|aL
rt-4 A3 SAE AH 2
o 7:30 fade out e
5:39~7:40 BES YeRda A=
ol gk =78 el
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xrje] FAL Holmgete] A7k wel TAH. 7t parte} partafoll

g L83l el slel WakE /A Shth 18T bluesh purple
o A2 AHge ANET BHEg AL AohhArh FEFE 2 part
o =E A QPYE I IESYE =AS AFEA TASH Bk

3. e 74

[LR-Tloll A e} Zo] Fojell= g Weo #8549 g o] INPUTOAF#}
7F AES FdsA Aok part-1olE AAElE o] &3te] Z<¥ INPUTO
°] LED¥ o] HFHE &3] Z2ZAT ol drte} w=gk [3E-3]A e} 2o
& T FlA AeARE =1 FAA0R Aol =4S Ko
=tk part-2614= oMol G99 S HAF WE 7MY, prat-3elA = Tl 919

o]

2 B% Bgael FuE 1ES P Ak

[2E-7] AA ed25



III. 713 94+ 2 H&

1. Qg o] A(INPUTO) A2 &

Interface INPUTO®] A &ol A 714 T3-S & Zo] Z=7tet A+
of g AGoltt Yo JAA W =3 A7F Hol Ut =

sto] @Al F o gGA AEE olsls= ]
4313t INPUTO+= LED®}F dlo]g Falo] Ao o
o}

49 B@, 94AA EE, A2 ZAE BAG] 24

rr

A9 A

INPUTOE &
ofde=A & =
Al71a0 gl oA dlold FAl]l HA"EA S e LEDE &83H7] 9

F oolgRINEE FAd WA A nolam AEge

N

(micro controller)1D7} & Q 3}t o]8]dt o] FoA] wlo|mzr HAEEZg
£ AHEE Arduinol?E  AFE ST ArduinoE AREShe] =9 of <l

LEDE Alojstar dHelHE HAFste] HiFe ek <dols Fawo}
INPUTO®] o4 %3S 7FsskA 33

1) o} o] x=(Arduino)E &&3F QAEHo| 2 A3}

Arduinos 2 ZAAE V|Wto g 3 IAZF FAFYH ZIEo= AVR
1

S 7IHEe R gk HEef AXEo] s 93t §3 FHIDE)YS

1) PCo| 2ol Uil = o] mpo]g 2T 2 AM o HifR e 17, oo Ay &
A 1%

v, v]§ A7 A AP E Axshs ve]ARZ 2 A9 dFolth
12) mfo]| AR AEEE HITo|t}l atmegal68S o] &3l HEZUE o3 = Ay
AA THEO] E3k

g,
W =9, o, Au,

7t glol AHE S ush 1} ALALER TIPS TE 5
= 2
23 qrlA Aesks B4 AT

o]ﬂ



(a) Arduino MEGA (b) Arduino Duemilanove
[29-8] Arduino MEGA<®} Arduino Duemilanove

Arduino®] &£ F+ Arduino MEGA, Arduino mini, Arduino Duemilanove,
ol#HA AA 3FTFE Uxl=d 2 Aol HeolH o AgsHolth F
Arduino MEGA+ [Z2¥-8]d4 H+&= ZAAH Arduino Duemila noveX.
oAl At a2 2 A4S A gt vk ofdra 9 &

Apoll AlA ] HolE ghol Eo7bd wE] A7 Zmage] s Al



Aol o)gt &2} 1 HolHE FHFFHE Hlle oS gtk INPUTO
ol &= 1270¢] Al (touch 37, slide, push, distance, see laser, light,
nob 270, tilt(2D))7} AF&% =4l Arduino Duemilanovet® 3 A7}
67H8Fel = A eFol 12709 A& Ab&st7] 98 JHdArE 1570
Arduino MEGAE A8ttt &3H 6712 AA7F AME%+E Mini
INPUTO®] 749 3D sensor®} touch sensor 370& AF&3FS Tt Mini
INPUTOON = AlA7F 670%E AFE S A 7] w2l [Z2E-8](b)e] Arduino

Duemilanove® A3t}

2) INPUTOZA 8 9] Audio Visualization2 93 LED

RGB LED+ WH7F =71= 4 e £33 INPUTO’F RGB LEDE
ol Ao r FAS] fste] ARSIt RGB LED+= B A 414
(touch sensor) 370 E o] &3Fe] Z}7} red, green, blueE YER|A o
2y 7ke] A 55 Arduinod| ¥ =¥ WEojo| wel LEDe| v
T} Arduino® o} ¥ 5Velrt 5ViY¢e R RGB LEDE
AFg3E7] 98l ITP-20506-TO2 2ol LEDE AFE-3F3ith.

[3£-4] Forward Voltage

(Ta=25T)
Rank |Test Condition Color Min. Max. Unit
Red 19 24
IF = 20mA
1 (Per Die) Green 3.0 3.6 V'
Blue 3.0 36

# 0.05V tolerance for the forward voltage may be caused by measurement inaccuracy.

[3-4]= ITP-20506-TO2 LED®| Forward Voltageld& EFHTE
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Arduino®] o}$3% Z2 AQto] 5Vo]7] wjFof| orgAel A THF
A= Ado] Hasit. LEDY F3Hd4R] 33VE VFBE Hal
o Aol wel ALketH 1.8V7E #

filo

oV - 33V = 18V

2, 18Ve] Aol Bastu], the el ubeh 9009 AF2 AL§HaAL,

1.8V / 0.02A = 90Q

RGB LED9A green®} blue= V7} ZAWF redi= ©27] W&o 90Q
o] A3E green?} blued ZolFAo™, redv= Y AEHA wet
140Q& AF-&-3FA T

5V - 22V = 28V, 28V / 0.02A = 1402

[29-9]%= LED9] wjd& HoFEth INPUTO® LED 34 Zol+=
120cme] ™, LED®] 28 dlo] X (gradation)16< €3t 10942 Y+
LED#S A28tk Mini INPUTO®l & 87§¢] LED #id& Eith
3 e widol= % 21709 LED7F 017 glem sde] Az o
12cmelth. INPUTO AAo] AF&¥ LED:= 210700lH A& Z3L
gted 9V 400mAh AAA F ME HER AdAst AT

aly

f

19) 4271 SHORAEHE)
15) Z=d)s
16) gAH R A
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(a) LED jde] =4 (b) LED sfdd

(c) INPUTO W59 LED <

[Z2¥1-9] LED =<
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LED+ Arduino®] Al PWM(pluse width modulation)1DAl & wWro} Hl

O 2 EhdTh PWME ZEAXNC] YAY ZHo = ot 3|2E
Aolste 7IWMelth [19-1012 A2 t& Al 7He] PWMS HofFEth
91l aYe 10%Y W] PWM £ HoEth &, 7719 10%s
obvt N Z 7} ONO] U A 90%% 9t A F 7 OFFo|th, 18a of
g F ade 77 50%eF 0% Y W PWMEE S HolFEth o Al 7t
A PWMEEL AA 2429 10%, 50%, 0% Mz & oldza
ANZE AmY3it dE 5o 9VE HAY FHo| o] Fojxa PWM=
Hol 10%etd, L A3 09Ve] o= Als7F Y2tk INPUTO=

5V Aol FHE7] wiel, 10%2 A5 05V7F HoA == 3l
th. &, PWM< ¢]&3ted LEDS ¥7ls 24 & 5 gl

O = High Lavel A = Lows Lewal

0%

[Z29-10]18 duty cycleo]l 9] PWMA &

Arduino MEGA+= HY 144199 PWM =¥ W& 7FA a1 )
kA TE sk LED #l¥ 9 RGBZ Zt7t ddx o2 = PWMA &= 3707

17 H2 FH(hE) ¥z
18) Michael Barr, "Introduction to Pulse Width Modulation(PWM)” (O'Reilly Network,

2003) #=

_‘]9_
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Abstract

Interactive multimedia performance
<The Tree> using the interface INPUTO

Donggyu Lee

The developments of musical instruments have made it possible for
composers to define various musical expressions. INPUTO and Mini
INPUTO are interfaces, which provide passages between performer
and computer. In addition, they can help composer and performer to
express their feeling freely and they also can create a new timbre
of sound.

INPUTO was made of wood that express emotions of the tree
with matter of nature. The work <The Tree> represents the
feelings of wood, such as despondency and vacuousness of the pain,
death and metamorphoses of wood, which are caused by outside
influences.

Part-1 portrays the natural wood itself. It produces the image that
describes the dreamlike, mysterious feelings. Part-2 and Part-3
represents the pain and death of the wood, which are influenced by
outside world. Also, they express the strong sound and audio
visualization. Then Part-4 expresses the vacuousness which
emerges when the wood is born again in a different form.

INPUTO uses the Arduino, LED, sensors, Xbee wireless
communications and it is expressed in sounds and images by Max,
MSP, and Jitter.
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The goal of this research is to represent the work <The Tree>
effectively by INPUTO and Mini INPUTO. They made it possible to
control the sounds and images and help to define the various moves

of performance.
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