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Abstract Four types of interactive sound processing environments were examined as educational materials for designing
"sound," which is as important as visual elements in design education related to media art. While many students easily use
existing free materials on the Internet for sound for video works and content background music, there are a few students who
seek to generate original sounds based on their own sensibilities or to analyze the surrounding sound in real time as a "sound
sensor” (situation analysis) for interactive works. Utilizing an interactive environment for sound processing, there is potential
for novel sound creation ideas that transcend preconceived notions, depending on the algorithm. In this paper, I will take as
examples four real-time interactive sound processing environments: Max (Max8), SuperCollider (Version3), Processing
(Minim library), and Sonic-Pi, and will organize their features and development potential, along with brief case studies. In a
related topic, I would like to introduce Mozzi, a stand-alone sound generation system that uses only Arduino internal
processing without any external hardware.
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BHTEZ, Xy b EO7 Y —FH (Hg/ L——2 ) v 7
SR /7 O) BIERT DU BIRBLTCE T, TV A
COFEEROIZ, FFODOBSDSLVT AT 4 THEMIZZ S
) _??1‘?%1%1/‘007 LYy MRETIUER 2B, &0
IS REFRITH oo TE -, AlEM: - ARG & 13T 722D
M, A —F v — AWt CTSuperColliderS°Processing=®
Sonic-Pi*Mozzi7g ERER 2B A %2 7 U —/ABA3 2 JiHE)
TNEMZBRDH, HDTEZHE LTV, bieAlIMax8I3 K [E
Cycling’ T4+ PHIEIRBET 2 R Y 7 b1 TH D23, CEO
TMaxDETH 71777 L TCAbDavid ZicarelliKiL
IRCAMCComputer MusicZHFFEL CW=iEE CTH Y . FilE
DMax MathewslEH D4 % & - CTBY L Max % UM M &
HOHEDITEELTZOTHY ., AT FTURA/BABORALZ >
TRELELTCOARANOARTT AT I v 7 EREZIELTE
D, L Lo nEzEA—T =AU THDHZ L%
e/ LB &0,

BB/ ) T %
1. Autodesk 3ds Max.
Autodesk_3ds_Max
2. Max(software).
Max_ (software)
3. MaxHiif&. https://nagasm. org/ASL/max02/index. html
4. TNIY XAEM.  https://nagasm. org/ASL/max01/
index. html

5. Max. Cycling’ 74.
max

https://en. wikipedia. org/wiki/

https://en.wikipedia. org/wiki/

https://cycling74. com/products/
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AL =AY T RBEDODDA BT I T 4T
BeBElZDW T, https://nagasm. org/ASL/202208EA/
index. html

AHG O = R R R
202208EA. pdf

Art & Science Laboratory. https://nagasm. org/ASL/
, https://nagasm. org/ASL/ASL. html

AR L EMaxd/MSP2IT L 5 SR, I HLEL A
s (2002-MUS-44), fEWABF L, 2002
https://nagasm. org/ASL/SIGMUS0202/index. html
AVETIT 4T T — ROREMN AT L - 7T v b
7 —25E L TODOMax/MSP.  DSPH~—R 7 — 120025
HE, 2002, https://nagasm. org/ASL/dspss2002/
index. html

Max/MSP & Kyma & LabVIEW(Z & % %@ﬂf@il‘ob VT,
RIS R E RS HGR SUE2, R ss, 2003,
https://nagasm. org/ASL/paper/IPSJ0303. pdf
HHELEE TR T 0 L2 A B 7Y — Ll LT OMaxT
EVZNRALL BT A LA T Ty N T F—hk
L COMax7. [EHLER PSR @S (2018-MUS-120),
AL 24 2018, https://nagasm. org/ASL/paper/
SIGMUS201808. pdf

RIS Y — L Max” & N AT 4 T F A~

https://nagasm. org/ASL/paper/

RFIDDIGE ARG Z L & LT, IR
(2019-MUS-124), TH#HALES2, 2019. https://

nagasm. org/ASL/paper/sigmus201908-1. pdf
CNVFRAT 4T AR TIT 4T« T — MR ZE

SRS L (EARIE + < o — o ADEGHT. R
PRI (95-MUS-16),  [EHLELES, 1996,
https://nagasm. org/ASL/paper/ss1996. pdf

ULZOREIH Y —/L & L TOMIDITEM.  [Elss
WA (96-MUS-18), fHEMALBEES, 1996

https://nagasm. org/ASL/midi0O1/index. html ,

https://nagasm. org/ASL/paper/SIGMUS199612. pdf
AHATIT AT v F AT 4T fEM " Asian

Bdge” lZ OV T (%8 7 — 1), 5ol S kAo
URAE] 519519964, A= MEWIRY, 1997.

https://nagasm. org/ASL/asian/index. html

Real-Time Interactive Performance with Computer

Graphics and Computer Music. Proceedings of the
7th IFAC/IFIP/IFORS/IEA Symposium on Analysis,

Design, and Evaluation of Man-Machine Systems,
IFAC, 1998. https://nagasm.org/ASL/paper/
ifac98. pdf

AVBTIT AT AT AT T = DEHDE 2 —~<

VAP =T == AFATE.  FR SO SR A
2« J51520004F,  FRISUEZEMTIRS:, 2001, https://

nagasm. org/1106/news/docs/suac2000. pdf

B - S B MiniBioMuse-1117 & Z DIF M.  fF
WAL A IEM A (2001-MUS-41),  1EMALFLE L,
2001. https://nagasm.org/ASL/SIGMUS0108/
index. html , https://nagasm.org/ASL/paper/
SIGMUS200108. pdf

Composition of ”“Visional Legend”. Proceedings of
International Workshop on “Human Supervision and
Control in Engineering and Music”, 2001. https://
nagasm. org/ASL/kassel/index. html
”TIMPROVISESSTON-T11" A Performing/Composing
System for Improvisational Sessions with
Networks. Proceedings of International Workshop
on Entertainment Computing, 2002. https://
nagasm. org/ASL/iwec2002/index. html

Interactive Multi-Media Performance with Bio—
Sensing and Bio-Feedback. Proceedings of
International Conference on Audible Display
2002. https://nagasm. org/ASL/paper/ICAD2002. pdf

GDS Music——— F v NT—JBIEEMI FHE Y3
Vo EmT b FRAE SRS (2001-MUS-46),  1E
WRALFRS2L 2002.  https://nagasm. org/ASL/GDSM/
index. html , https://nagasm.org/ASL/paper/

SIGMUS200207. pdf
FHANER L NEFROEMFFRSE.  fHRas s
W72 (2003-MUS-49), fEHMAHEFES, 2003
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42.

https://nagasm. org/ASL/SIGMUS0302/index. html
https://nagasm. org/ASL/paper/SIGMUS200302. pdf
f‘3f4:7’1 T—hEAERKIIz=r— a9, #f i) 3C
(LT RFACE - §53520024F, ¥R UL 3= R,
20034. https://nagasm.org/ASL/suac2002/
index. html

Bio—Sensing Systems and Bio—Feedback Systems for
Interactive Media Arts. Proceedings of 3rd
International Conference on New Interfaces for
Musical Expression, NIME, 2003. https://
nagasm. org/ASL/NIMEO3/index. html

SCANNED SYNTHESISO 7= D F K@i {fE= > ha— /L.

AESIH I a X v g 20035 M am S04, 2003.
https://nagasm. org/ASL/AES2003/index. html

GDS (Global Delayed Session) Music - new
improvisational music with network latency

Proceedings of 2003 International Computer Music
Conference, ICMC, 2003. https://nagasm.org/ASL/
paper/icmc2003-2. pdf

ié?%‘?éﬁ"] E— K é‘iﬁ%f%%_b“»— k @%ﬂﬁ'(i&&iﬁ@‘%[é A T
NE. EWRFEEEE Vol. 3 No. 1, EEEES)
2003. https://nagasm. org/ASL/beat/index2. html
HRA Y H—T x—RA L L TPDScanned Synthesis. &
BRSPS (2004-MUS-55),  [H#MALIEFS,
2004. https://nagasm. org/ASL/paper/

SIGMUS0405. pdf
KM DComputer MusicHFZEo RN, (HHAH YL
2004.

WFFE s (2004-MUS-58), fHRALEEZE S,
https://nagasm. org/ASL/paper/SIGMUS0412. pdf
AT I VA A =D D DEEET ) —F K
U PR AT LPMC3”.  EMREEFRSCGE Vol b
No. 3] , ZEilFB%E, 20064, http://www. art—
science. org/journal/v5n3/index. html , https://
nagasm. org/FMC3/index. html

AT TALT Y TR HFIIBT D
Va—#Y v ROTEHER.  [EHAESE®E
(2007-MUS-72), f1EWALERFZ:, 20074F.  https://
nagasm. org/ASL/paper/sigmus0710. pdf

Yo RO TEC X 5 BRER DB 2D C.
T MALER 22 FE R A (2007-MUS-73),  fHHALEEZEEY,
2007. https://nagasm. org/ASL/paper/
sigmus0712. pdf
BLOBHEEGO Y 2 AF ¥ « REOHEHIZ OV T,
HA B 250 TSR 2 20 LOAE R TR RS E R
H AT AR FL, 20104E. https://nagasm. org/
ASL/paper/onchi201005. pdf
?ﬁxﬁiiﬁ?éﬁﬁﬁ’%@77"ﬂ —F (). EHHREE
TR RMENES (NLP) WFJE Bk (BfriFseis
) NLP2011-158, fEF-EHUBIEF 4, 2012. https://
nagasm. org/ASL/paper/201203NLP. pdf

PRI B RIS &4 2 2 Ko S @B BT 5 O
PP RS (2/4) . HRAHAFLHERE (2012-
MUS-95), [E#ALEIS4:, 2012. https://nagasm. org/
ASL/paper/sigmus201206. pdf

Computer Music/X7 4 —=< 1 AL Z D204ERTHA L
T2DN. TERAFRF S (2012-MUS-96),  TEHRAL
Hi&4 ) 2012. https://nagasm. org/ASL/paper/
sigmus201208. pdf

WWR) 7 0 ) AZ RIS HRBHRE] ,  HARFER
MR P20 I4FEEEM RG] ( BAY

MR FE, 2014. https://nagasm. org/ASL/
paper/onchi201405. pdf
WA AT DR T 70 —F (2). & A
FLERP RN TE S (NLP) WFJE &t (Befrif7E 4k
) NLP2014-44, EAFFHIEIESS, 2014. https://
nagasm. org/ASL/paper/201407NLP. pdf
BEE S OV AT BT W T, B
HH 1R 2 S5 — Rl - AT 4 T B S
(PRMU) WFIEZ R (HEffrAff R y) PRMU2015-54, &
T #HiEES%, 2015. https://nagasm. org/ASL/
paper/PRMU201506. pdf
Assembling Music. Proceedings of 2nd
International Symposium on Sound and



43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Interactivity, SI15, 2015. https://nagasm.org/

ASL/paper/S12015_nagasm. pdf

Bfihy e TR TSR (2015-MUS-108),
TEMALPRS24s 2015. https://nagasm. org/ASL/paper/

SIGMUS201508_1. pdf

BEIRA~DT 7T —F . R RRE (2015-
MUS-108), fHE¥RALFRS2, 2015. https://nagasm. org/

ASL/paper/SIGMUS201508_2. pdf
NEZRERANALT T 4 — KR JIZEL" LR ¥
FA VAV N DELE, = BTA LA A a—

T 4 720157 4, EC2015FEITEEAES, 2015.
https://nagasm. org/ASL/paper/EC2015. pdf

JRBE " MUSE” ([ 3FTas & L CTIER D7, TR
PRS2 88 (2015-MUS-110), 1EHALELS4:, 2016.

https://nagasm. org/ASL/paper/SIGMUS201603. pdf
Jipz 23 2 B” MUSE” 12 & 2 LB O rTREMEIC SV T,
(S CEPSTIEE il s ST T
AREBAERENF S, 20164E.  https://nagasm. org/
ASL/paper/onchi201605. pdf

PR b5 2 B < ATRetE: - B2n) L I EBAGHEIERATE
Wit (2016-MUS-111), 1F#RALIRF 4, 2016. https://
nagasm. org/ASL/paper/SIGMUS201605. pdf

Multi Rubbing Tactile Instrument. Proceedings of
International Conference on New Interfaces for
Musical Expression, NIME, 2016. https://
nagasm. org/ASL/paper/NIME2016_nagasm. pdf

Towards the BioFeedback Game --- with
Interoception and Rehabilitation ——-. Proceedings
of the 8th International Conference on Virtual
Worlds and Games for Serious Applications, 2016.
https://nagasm. org/ASL/paper/VS—Games2016. pdf
Bio—-Sensing and Bio-Feedback Instruments -———
DoubleMyo, MuseOSC and MRTI2015 ——-. Proceedings
of 2016 International Computer Music Conference,
ICMC, 2016. https://nagasm.org/ASL/paper/
ICMC2016_nagasm. pdf

ERE#E > T DNAFT 4= RSy 7 RESD
ISHIZOWT. AR EIFTS - S, ERTR,
2017. https://nagasm.org/ASL/paper/
IEE2017nagasm. pdf

HEEESE O 72D ) 74 A MMER Y AT K[
<. TEHRALBR PSR (2017-MUS-118),  {H 3R
#4 2018. https://nagasm.org/ASL/paper/
SIGMUS201802. pdf

RN Y S S NE AR A S A g
DFFEPEIZ OV, & JEEFRE 2 —~v o
Ra=r—va VRN ER (BURTREWRE)
HCS2017-102, EBEFHmESS, 2018. https://
nagasm. org/ASL/paper/HCS201803. pdf

Realtime Musical Composition System for Automatic

N

i
-
F
%
w_a
i
e

Driving Vehicles. Proceedings of 2018
International Conference on Entertainment
Computing, IFIP TC14 ICEC, 2018. https://

nagasm. org/ASL/paper/ICEC2018_nagasm. pdf
PCEREE COLBIEERICBII D LA T DX D

BRGE] . AARFERINTEERH FE R 2019 R FEH K
SR, AARERMIRITS, 2019, https://
nagasm. org/ASL/paper/onchi201906. pdf , https://

nagasm. org/ASL/Latency_Jitter/index. html
FAL A RER Y — )L & LT OPCERBEMERE O F ARG
TR 2T (2019-MUS-123), TS HALERZE 2>
2019. https://nagasm.org/ASL/paper/
sigmus201906. pdf , https://nagasm.org/ASL/
Latency_Jitter/test. html
VxR A DU AT A A N DT DT RER Y
AT L~ PR N FE— SR L L LT
L R TR S C o — A LI 2
(Belriroeasy)  HIP2019-87, w15 #HE(E 7=,
2020. https://nagasm. org/ASL/paper/HIP202002. pdf
Jean—Claude Risset IEHCNHT. [HWALHEFSHFIERE
(2020-MUS-128),  1H#ALEE4y) ,  2020. https://
nagasm. org/ASL/paper/SIGMUS202008. pdf
Risset Rhythm JR&CAET. HASF MR RN FE2020
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KRS ESER, AARAETEARRA TS, 2020
https://nagasm. org/ASL/RissetRhythm/index. html
AVHETIT 4 TIREERIRER Y AT LAORIERE. E
FHERBEFRE a—~vraa=F—3 g N
ZEERl (BeAfTpFgEass)  1CS2020-49, B 71 HaEfs
4 2020, https://nagasm. org/ASL/paper/
Hes202010. pdf
B o "Muse 27+ "Muse STITHEEER & L THEX D
Dy EHLE AR (2020-MUS-129) ], fEHRAL
FlE4s 2020. https://nagasm. org/ASL/paper/
SIGMUS202011. pdf
Vx/VRA + U RTA VAL NDIeODA VBT
T A TR Y AT DT T, B RE(E S
s N
WitFsEeRd)  HCS2021-29, ETEHEEYS, 2021.
https://nagasm. org/ASL/paper/HCS202108_HQ. pdf
[Real Time Risset Rhythm Generator] 7% [Live
Sampling Risset Rhythml] ~®iA. AF R
74— T L2021 U, WA - EAEH
W{E%%, 2019. https://nagasm. org/ASL/paper/
FIT2021_nagasm. pdf
B AR AT A EmotiBit I3 HT RS & LTl
R B0 THRAH SRS (2021-MUS-132),  1E#
WLERER4s 0 2021, https://nagasm. org/ASL/paper/
SIGMUS202109. pdf
TR E— FRBBHE— N ORI KIE T &AL
hE:. https://nagasm. org/ASL/beat/index. html

sy EAORMMBICET 254, https://
nagasm. org/ASL/Glocken/index. html

WRM e ) A2 2T 5%, https://
nagasm. org/ASL/Chronostasis/index. html

NAFT 4= Ry ZHREE I — https://

nagasm. org/ASL/BFseminar20151012/index. html
https://nagasm. org/ASL/BFseminar20160228/
index.html , https://nagasm.org/ASL/
BFseminar20180331/index. html

SUACA » AHX L—3/3 . https://nagasm. org/1106/
installation/index. html (partl-5)

IPA TARBE) BAFSACR. IHBULBRHEMERERE, 2005.
https://www. ipa. go. jp/jinzai/esp/mitoipedia/
seika/year/2005_1seika. html

- a3 25 A [VPP-SUAC) . https://
nagasm. org/Sketching/VPP-SUAC. html
e filE o x5 A [PAW-double] . https://

nagasm. org/Sketching/PAW-double. html
Ty Ipx—XLiEIESH. https://nagasm. org/ASL/
Jaminator/index. html
EF+ %Y (Dodeca Propeller).
nagasm. org/ASL/12Propeller/index. html
Brasgs [GHI2014) . https://nagasm. org/ASL/
GHI2014/index. html
Bio-sensing Platforms for “Wellness
Entertainment” System Design. ICEC2018 Tutorial
Workshop, 2018. https://nagasm.org/
ICEC2018workshop/index. html
b b =Ry EFEBEEPE. https://
www. suac. ac. jp/researchcenter/interact/
cooperation/
SUAC %7 v RF¥ A U (EIR) 1 UE— ME#f.  2020.
https://nagasm. org/1106/sound/index2020. html
0SC. https://www.cnmat.berkeley. edu/
OpenSoundControl
https://nagasm. org/1106/news4/docs/ jweb. jpg
https://nagasm. org/1106/news5/20170419/
https://nagasm. org/1106/news4/tosaya/index. html

https://

Max6 H §it. https://nagasm. org/ASL/max03/
index. html
Max7HF.. https://nagasm.org/ASL/Max7_1/
index. html

%t - Max7HGF.. https://nagasm.org/ASL/
Max7_part2_1/index. html
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Sketching H 7t (338Max8). https://nagasm. org/ASL/
Sketch01/index. html

SuperCollider. https://en.wikipedia.org/wiki/
SuperCollider

SuperCollider (GitHub). https://
supercollider. github. io/

https://nagasm. org/ASL/YouTube. html
https://www. youtube. com/watch?v=vtbUT2R2qmE
https://www. youtube. com/watch?v=SwXv1hsB8qw
https://upload. wikimedia. org/wikipedia/commons/f/
f0/IxiQuarks. jpg , https://upload. wikimedia. org/
wikipedia/commons/5/51/
SuperCollider_screenshot2. jpg

sc—140. https://supercollider. github. io/
sc—140. html

SuperCollider HFZ. https://nagasm. org/ASL/
SuperCollider/index. html (partl-7)

Processing. https://processing. org/
https://nagasm. org/ASL/Max7_part2_5/
index. html#processing

ProcessingHFl. https://nagasm.org/ASL/
Processing/index. html (part1-5)

Sonic Pi. https://sonic—pi.net/

https://nagasm. org/ASL/Sketchl12/figl/027. jpg
Mozzi. https://sensorium. github. io/Mozzi/
ArduinolZ KA \F v RANVT U OFEB.,  EEROLEZS
SRS (2021-MUS-133),  1EHAF S, 2022
https://nagasm. org/ASL/paper/SIGMUS202201. pdf
Mozzi¥¥ % 7 U —. https://sensorium. github.io/
Mozzi/gallery/

https://github. com/sensorium/Mozzi
https://sensorium. github. io/Mozzi/learn/

Mozzi FM . https://www. youtube. com/watch?
v=5wUFoPzmQh8



