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AS W Apeak)®7h AT R WA "Ao] ne]l Y A5}
gtk 22 97 98 A%e AASE ol AMHTL Max AHLE

golelete] B HAAS s obFel: IS A9dn. [2H-13]2

[27-13] o}Fols} o 79 vefd 2EY 94

35) A7 FAA FFelu A, A7 AdAE 7Hel7l= Aot
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3) Arduiono$} Max$9 Ao

EEE

i

S olFolx mEI#oA  Adafruit Neopixel® 7]&
gholHeg wrol 2EYO] uA AH AFE dotE Ak offo
[Z"-14]= Al (serial)e AHE3st] Max®] #e HUF= obFolx
HZGo|th ofFolln AT ZAXA glolHE e EFEIIE E°17t
Adafruit Neopixele AFste (a)F F& F AAE HF27] s (bE
A3t (o)A oFFolxet Max9 AL FIANANA FE

SEEES

(E]) I #include <Adafruit_NeoPixel.h> I

(b) Adafruit_NeoPixel pixels = Adafruit_NeoPixel(24@, 3, NEO_GRB + NEO_KHZ80@);
Adafruit_NeoPixel pixelsb = Adafruit_NeoPixel(209, 6, NEO_GRB + NEO_KHZ80@);

(C) void setup() 1
Serial.begin(230400);
pixels.begin();
pixels.show();
pixelsb.show();
pixelsb.begin();

[27-14] A2ld<S AH8Sld AF e We olFolk AY

w
ok

A ANz" A

1) A&E=9 LEDY 45 %4

obFolwo] WeWe FHg ol e WS Aolshy, RGB

[e=]
Mg syl #fal oteiel  [Z™E-15]ME EEe  dEHITh

r
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olFolo = 0~2559 o2 LEDY wWe #©rE A3 (a)
3l MaxollAdl &0l 4E@S deth b)) FES
pixels(A| G 2Efe] o]&) setPixelColor(ZAe] AZE X
ARE 2EQS olF, #AY = 44
R, G, BE g3+ Xolth (D= (o) FielA J4d 3o RGB
AHES Y3 ale Red, a2= Green, a3+ BlueZ UF9 afH {714
date S AAT F de ZYPelth (de 2EHS AFT o
dotes F2e o9A Y=A vg AZs] Fi ZdS whEo]ok
o ojE o] §lth (o) FES U »~EY9] Y3t FEo A7
AGA AL = A=A Flal & 5 v AP OE oAE S0, 10074
o]l HAS 0 ~172 a2l RGB, 18~35+= b, 36~532 ¢, 54~71< d,
72~89= e, 90~1002 2 Uro] & 4 Ut}

4o
S
rlo
>
o

Q
ftllo
of

ol

Ll

—

4>
O_u
ok

S
)
o

e

void loop() {
Serial.available
[ {__RGB[i]=Serial.read(); |

1f(RGB[@]=: 5)
) ©

{ if(i<19) i+

1 f(RGB| 19 ==254 - 3
else { LFCRGBLI9]--258) { o] [Poels setPixelCotor(e, pixels Color(al,az,a3));
a2 = RGB[2]; pixels.setPixelColor(l, pixels.Color(al,a2,a3));
a3 = RGB[3]; pixels.setPixelColor(2, pixels.Color(al,a2,a3));
b1 = RGB[4]; . =M 0~17
Z; = ;gg% pixels.setPixelColor(18, pixels.Color(bl,b2,b3));
B 4 pixels.setPixelColor(19, pixels.Color(bl,b2,b3));
1 = RGB[7]; pixels.setPixelColor(20, pixels.Color(bl,b2,b3));
2 = RGB[8]; o ElMl 18~
3 = RGB[9]; g, =t 18~35
pixels.setPixelColor(36, pixels.Color(cl,c2,c3));
:% i Eggﬁﬂ' pixels.setPixelColor(37, pixels.Color(cl,c2,c3));

d3 - RGB[12]: pixels.setPixelColor(38, pixels.Color(cl,c2,c3));
. =M 36~53

el - RGB[13]; e -

e2 = RGB[14]; | | pixels.setPixelColor(54, pixels.Color(dl,d2,d3));

e3 = RGB[15]; | [ pixels.setPixelColor(55, pixels.Color(dl,d2,d3));
pixels.setPixelColor(56, pixels.Color(dl,d2,d3));

1 = RGB[16]; e
2 = RGB[17]; - EM 54~71
£3 - RGB[18]; ) R
(b) pixels. setPixelColor(72, pixels.Color(el,e2,e3));

. EM72~89,90~100
pixels.setPixelColor(90, pixels.Color(f1,f2,f3));

) lxe'ls (olor(al aZ a3))

pixels.setPixelolores=p
pixels. setPixelColor(4, p\xels ColorCal a2, a3))
pixels.setPixelColor(s, pixels.Color(al,a2,a3));

[2¥8-15] Max9 95 L Y3 olFolx WY

pixels.se mmgg
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ofFolio A Fdo] U4THW Maxolr 2 AlPd WMIE wo}
vezd 2Efo] 2gdnh ths9 [A"-16]2 obFolxst dTH=
Max®] | XolH APdE HUPE Maxd FHS F REow
oty Jitter309] GBS AYAA obFol2 Hul= (a) HEH
Fakol & el wel AAIRto g2 RGB AE THEY HUiFE (b)
REo2 ydrh

[2%-16] oFFol=9t dF5E Max 3

Max A& AME® ¥ REom rojzith $4 R WA
[2%-171¢ LEDE Alolsts Max Aot () HEolA 94
AAAE (b) Fiol A Gatel oAl k. (o) $EL Fae] 712 xo)
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WMatE LEDY M7 &7 o] Feurt

serial ¢ 230400 [l

—

:

e
|

(f) FEoA S+ - (pitch)#hH = F(amplitude) <= Sl A<
2AslF. LED Z2EH UFoxl a~fH&o] RGB#S Yo
date AE AAN FA HYE SA8H FTFY #e T AdAe=
Yol Aojdth, A RGB g2 (g) F&9 fiddle~QLEAENE
Fal stRU7E AT AARE AR F7FY g & F Ak FAFAA

e FEo date AS AXTNCE EolevE e
RGBZ #ujsled THE & At <E-6>2 A fiddle~LEAEZR

Solet g BoFE

37 AARe R &9 'Yl &%, WS

i
>
okt
rlr
to
[z
2
|m
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<E-6> 3% &% #<4 RGB 4

e4% 6% @ -
==4 (RGB) 4

pitch-69, amp-70
(69,0,70)
pitch-64, amp—-80
(80,64,0)
pitch-75, amp—-90
(0,75,90)
pitch-72, amp—-95
(72,90,0)
pitch-72, amp—-100
(0,72,100)
pitch—-64, amp—-100
(64,100,100)

o

Maxe] AH2E HoEE obFolmz HlAY, ¥ Z2IRY A5
53 LEDS] ¥she o] 2| Mo ek LEDS] T4 section
1~section 4% WrolZith 47hA 9] wjgol weh TR A £ 9ol

gesdt. Wedd ~EfY Uhold HEd s AL

)
datAL, AR dste M FHYE FPskx, dEYL
z2lel 24T ¥ @l weh o] AAtow HE & JE=

3l th LEDY] section 74 = <E-7>° AH2stATh

_24_



<¥E-7> LEDY section 74

It

_ = i =l L (T

¥s . W=y RO 5 ol M+ 5%
ooy 20 X0 %0 B2 e
L < 83 00 Ol = ol K-

70 o — 8% = IF 8 g _ @ = iy

+ S & - ol X0 o8 o
W K ™ .Woﬁok_a__w ax.__u_v o = ¥

or O_ — o o__”_ n0 <N — . K
PTG £ =z <1 o o N0k oy

a._ __oaLITA m.A _Ih_ le./.m I L

H 50 ® ol 5 J© m X =l
= o S K - o ® oo =
T o gWEE ol 0 D 5o =
2 T3 6 o ® I

=

=]

)

o

=

@

-

section2
BS

section 1

section 2

section 3

section 4
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2) 72E Az} A A2

d LED +XxE A%

TE2ES WE7] g4 AE 0cme] A HdF 18FE AHEEA I,

2 B AT B TAS £2 olgAAT MeHY ~EYS

TE TEEe oo wWer] dMAHe =
vhel(batten)< WA RISt wiEle Fo], FE AHAE A%
ofo]ofo] o], HAFET} ofd QFRHYGE o] &% LED A 7] F4,
obFole] 4Y s F= USB A9 Ada o] 5 HAE 93l
ozl Wyer  FILEAoh [28-191= FddA Az AdX
THEolth, Ed B A A2zl LED9 Aol: AX Ho

o] FAA7] Wil obFelkel AF #HE F71 A& Hdd WH=
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T8t d k. wkeF HolElE Eul= USB |A4A4lel Ao|rt HA A

e WA Eobe A% ALANBHS dUWss wEe A8 5

Atk FojolAd = 50me] USB AAXE o] &sle] u#olE Azl A
TZ=7FA HlolEle gto] FHA &Far, #H o' Al(atency07}F LAY EHA]

gkt 9% mdeAE A/E FFI AP LeWH He 14

% 2R HE|H QEX 2ol usBHIM

O OF— ~~ Il

batten

Neopixel LED [ o Y Y 2 K %

[27-19] Foie] 75 4R =g

slolag Fil Eelew dmuste]l Aeci AFHD YUY
YPE A= Maxz AP Hof LFEFEo] HE¥H I,

orle] e@Ad ALES ZEAN AL FAAN UNE 59

38) FAdEUlE ARt AclER FF7]E pest s ARERITH
39) W= = F 7Aoo g&5e dAske A wRth
40) AN 2="elA o] E8]A Wste] vkl thek A AR A A Agte|th
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HolE 2 ¥# olFolx e Wi, T2 TEOZ HoEE Ko
LED g Aoja@th ntlg olgs) oj FYo| 78 FxB FF
W QA TSI whdel 9, ok 2FoR FA A e
QA st SEUst AFAE T2 Wel X A1, evolHE
M H @] A3t} ALeEst LEDE Aolshick (19

AHEE Al 2H" FA o,

el o)
\// (Mac 0S) (o)
st [ | [ Max | =

»
|

ARE Hlo|Ef

[27-20] 34 A= 74
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m. d77i<e &F 38

1. 2% 74

<E-8>L HAFS AAAA FA Folth FAF <Sail>& dFEUIL
shte] e HiE AdEHA St Fsliste =
StATH A-B-C-A'2 o]Fojz FAoZ A HEQ 4/481xloA B I E
rubatoZ ¥HE HEEES F
T4< 3, C HFE9 gF Fio WX =49 ax4E F

s
6802 WAE wEgth A SEE oA 448K W g

Lo

AREE ZEAYS &St stE
FHAAEE sfth tEYU7E AFATE ok dAe]l Ha AFd

=% %Fo T2t ovg Aok

o

fid
rl
o
¥
30

<E-8> FAF9 FA

T A B C A
Al2t 00:00~03:22 03:22~04:33 04:33~05:38 05:38~07:20
o|0| el ==, DRE HiCH ZZS Okt Y HHol &t
LtOr2t
Bt Xt 4/4 rubato 6/8 4/4
reverb,
=3 cross~+ granular
granular .
ANIRE . phase vocoder granular synthesis,
s Al synthesis, synthesis flanger
ZEHId phase vocoder Y g
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2. ZAFAAY A= % LED 7|l& 3§

1) A IE
A FEE= Hi7} Az A EFgstes AS ousles BEOZFE
stEY7Le] & ZA AFste AT reverbd] #kol AAIE] ®ol
SYHEE SHAA g AE ARZo FUHEE FAdT. =3
granular synthesisE %3 stRY7lY HE AgEg AL 4287}
ULEE APAZ AIEEE AMEste] TS SFaHE FHITH
ATHE 27 BEe 89 Zolg M sw e AFskd A
FEdE b0 =4S £2¥88UL, 29 fE(swing rhythmH4Vo g
AEe] ¥zl 2g4 weAs AAY =3Y granular
synthesis2 M¥H 2 4 22 AL 359 =4& F33,
glissando M3} phase vocoder?] A ATt reverseE o]&3] 247}
seiT YEet EdE 2T
<E-9> A BE T4
otE A
Al 2t 00:00~01:32 01:30~03:22
granular synthesis
AI2E granular synthesis (grain pitch = 0.25, 1)
T2 A& (grain pitch = 0.25) phase vocoder
(playback rate = -0.5)
LED section 1 section 3
41) TFARHoZ HiEEHE g54S Ty, G SS o]83te e HhA

Hs] wkakry we A v
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LED?] HE& section 13 section 32 AFE3 T} section 12 <<+

A ZEel] g3 Blo] A3 o] QYA AL WEWIL, section 3=

[e) [e] [e] [e)
AFe F3 DF A FEe £ $F goz MAD AL
ki

A [1--21]12 A HFES FF W3} ARRlo|th

wo| 22Hoz 20| MYX|= Hst pitche} amplitudeZoll [}2 w3t

[2%-21] A 9E & W3

2) B ZE

B I E+= rubatog 3 ¢ A HALE FAI, U FE
5T Ad2gE A4S A3l " Z(tempo)7t A A8 WA AL ST
cross~2BAE 1200HzET Y FI+E AASIH  granular
synthesis®] A& FE& ol&3 E7EL IAs FEs AHAA
ARgsEloy We 999 Faaent SYHEHWA ARSI Bl
HYPE AT ©]E grain  separation¥} variation®] #HE FH3}
BAA~H LS 47T phase vocoderES 3 1% Hol AT}
reverse® o]  EHEAE AASHL ol T, olFFY AL

T
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<¥-10> B #E 4

HE B
Al2t 03:22~04:33

phase vocoder (playback rate = -0.5)

cross~ t+granular synrthesis

A2 E
(grain separation = 8,
Z2 A BT Separaton -
grain separation variation = 3,
grain pitch = 0.25)
LED section 2 ‘ section 3

B IEY section 22 &3yl 93, dolH Ul digd HAAE
712 HASAY. 2o [138-22]19F o], theFst HolEHE ZE|
g835t7] f3 ()Y FEL 49 dHeolHE &93ta (b FiEe

ANZIOE Boor AeEel HolHE 2Y}ES Yok

sel 48 49 50

[1¥-22] LED 29x¢ X
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section 2¢] LED+ B I}E <9

of
o
=
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o
Ll
o
ofo
e}
W,
flo
=4
(ol
ob
4%
I3
w
(@)
Q
=2
=]
w
Lo
=
to
)
rlr
@
5=
[t
Lo

S EO ALY aFxH BYUIE dA=s7] Y3l section 39

—
t
-}
=2
o)
>
>
ofo
i
>
>
Ao
[
=
o
Au)
n
)
i)
o
ol
©
)
flo
Y
X
N
2
w
o
S
=
=t

TEO| =2 Hats 2&

[2%-23] B }E 759 W3}

1200Hz, 1000Hz, 800Hz ©°|3tZ uH FI+E Z93)S™ granular

synthesis$h 9d=o] A, F¢, 1ee PN ZZe Fie
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ooz Uy ALE WBL B olft AL fEo AA Bes
EHIAAL, T5L LEH AFYdE e T3 F29 F22 A4
7 98l AgaRE, nee sEUsle gAse de 2l
AFsE THIAY =3 1o R EHIEHE FELS grain pitchd
e 2~4E AANTLSE Aojate Fote] nxHE FiES FEITh
<¥E-11> C BE F4
oE C
Al 2t 04:33~05:38
cross~ t+granular synrthesis
(Z=1}4= 1200HzO0l6t, grain separation = 8,
grain separation variation = 3, grain pitch = 0.25)
cross~ +granular synrthesis
AI2E (F=1k=%= 800HzOI|ol, grain separation = 10,
T2 A& grain separation variation = 5, grain pitch = 0.5)
cross~ t+granular synrthesis
(Z=It2= 1000HzOl 3}, grain separation = 0,
grain separation variation = 0,
grain pitch = 2~4(AAEZEHXH))
LED section 2
C WEs LEDE 94ulolHE Zgsla Za Azm £x98
AT Wk e U5 Bl Sote] WHHWA LED % s
SEE gofe] Al wA, WA gHCEE Yo ol EF
HA7F A% T84 Ho] 2 9574l ojn|A & I [IH-24]
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4) A B E

Zalo] Wl ~(climax)¢! C FEZF ZUx ¢ FH, A FEZ WPHM
6/8 BlEol 4/4% BA Eolxith o] REL Fdfiste vVt F= AIVIE
Ay =22stE AL EH3}YT delayet flangerd] A FHE o] &3}
steuyzkel o] a7t obd mig AYAd EHSUT. flangerd
rate?} depth®] AN A2 43S WSIAA #kg &Y WIS
T 91 granular synthesis®] grain pitch #S 42 Fo| H°E 48}

@7 W9 Aessl 2EEES Ao

<E-12> A’ 9 FA

BE A’
Al Zk 04:33~07:20
A granular synthesis (grain pitch = 0.25, 4)
Z2= A4 flanger (Left delay = 300, Right delay = 500,
flanger rate = 0.~0.6, depth = 0.~0.1)
LED section 4 ‘ section 1
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ARgS AT 1 -25]

4lo| HH Af2kx|= st

[2%-25] A’ B E 759 W3}

SRU7l Ao Max® F@ ALE ZeAAY SREAE o)
e BAg FooAA AFQR, oo XA FHHA AFUT

2 e srY7t
Fole= A2 E e ¥ F AT E=ZE phase vocoderg F3l
2Y7t 2E4ts FH AFo reverse’t B A7 ARAEHE &V}

=4 F AA ¥, delay®} flangers &3 3dtEY7 48 E v

aele] SFEAE iRl AEE ALSE WE S UUT 49
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7
< %31 LED 9% dF5H+ "HEU Y RE Azt A3 Aotk
2hE <Saill>& MaxE AHEstY AAIE ARRE ZEANES 53
AZERom etr)e] EXANES 7FZE3E7] 98] granular synthesis, phase
vocoder, flanger, delays &3ttt AE Z2AAES  AFo
gt ofrlel FH, 9, Mo FdHo] ngEML &Y
StEY7F 593 2S£ Maxs T3 E910& A=< HolHE
ol H4dke] LED/} 23H o=
ALHE 8% +F #9 dHeolels= LEDY Azks FAZdH. ow,
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ANE2E Z 2 Ml Al (real-time sound processing),
sara4489@naver.com

B S 2 (computer music), Max, Arduino,

t

2
[

2 E|0I Cl 0 8 2 (multimedia music), 0ICI0{OFE (media art)

Keyword(Z 2 0{)
A

2
(=]

A
=

E-mail :




ki
Pl
i

GPE

ATs, Tede &ojAbd, | (M9E3AE 2013)

A9, A= fgAleS ¢ W2, | (Real Lies Media, 2017)
— oMY, TSo53s, |, (AAY, 2003)

~ A3, rAYe oe3 v, | (st

— V. J. Manzo, "™ax/MSP/Jitter for music; ,

(Oxford University, 2011)

— Curtis Roads, The Computer for music; ,

(MIT Press, 1996)

e

AEw
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— o]®17}, THolxo] HAAZ ALE ZEANES o] &3 JAHYEH
HEF e xR A, (FUgn e EEv Yo
sk}, 2018)

— Holg, Iyol AFY AN ALE ZEAAL o8
el ol 4F AL A
st 2019)

3. fAolE

— CNMAT: external Max object, OSC

http://cnmat.berkeley.edu/

— Arduino

https://www.arduino.cc/

— Max

https://cycling74.com/
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ABSTRACT

A Study on the Production of Multimedia
Music using LED and Real—time Sound

Processing for Harmonica

(focus on Multimedia Music <Sail>)

Oh, A Young

Department of Multimedia
Graduate School of Digital Image and Contents

Dongguk University

<Sail> is a study on the production of multimedia using real-time
sound processing and LED of harmonica performance. The interaction
of the sound in real time and the response of the LED installations
made the auditory of the light a multimedia work.

The Max program produced sound real-time processing. Harmonica’s
real-time sound processing was applied to music by creating sound
effects through granular synthesis, phase vocoder, flanger, and delay.

With the renewal of the instrument’s rhythm, range, and timbre, it
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differentiates it from traditional harmonica music. The sound data
coming through Max was sent to the Arduino and output to the LED
installation. The pitch and volume of the sound are used to express the
color of the LED light in real time, and the movement is expressed by
Jitter’s image control. The LEDs in the installation show the dynamic
movement of the strips.

In addition, the control of the pixels of the LED and the study of
unstable values are required.

As a result, the audience could feel that the music and the LED
installations interacted. The integration of music and installations is
controlled through a computer system and works reliably without data

delays or errors.
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2. <Sail> patch : FFo] A& Max 3% &0

3. <Sail> Arduino : Z+EZ o) ALH olFo|x IY
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