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1 “Tonalism and the Nocturne.” Detroit Institute of Arts. last modified Jan 16, 2012,
accessed Oct 3, 2021. https://web.archive.org/web/20120616104611/http://www.dia.o
rg/exhibitions/whistlersite/8.htm.
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19 13 Choreographer, 1983, 2 1% 14 Le violon de Crémone,
ksl 1997, #H =2
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3 19 <Resonant Chamber)>, 2008, Animusic
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3.2.1. 7] 29 HA: voldF ]

strings
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cello double bass
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MIT News. last modified Feb 01, 201
7, accessed Nov 12, 2021. https://news.mit.edu/2015/violin-acoustic-power-0210.

“MIT News: Power efficiency in the violin.”
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ox o2 4] Wel AL Foho] Tl wAE L AT,
A3 B3 ABridge) Atele] o7k BAAFE H ke g 4elE

A3 &2 vlo]SdF orlolA =83 sAde HoFe T
FEJEH, dEF AL Ho]&de] G2l F S AAHoer FHeo=w
olFo A deHlE AAR EFshe o F FENE AAH Ade 7HA
A AT 22 Y de duer dFAel o8 mif g sde 1
YA, d2 ol o3 =AW B AY, W HE(Vibrato) 71H &
el A7 fAE HoluA &g AoA mAEH RFste Bas B
T A AloldF ArEd ¥ MY drlER E F Ae &
g7} geFstal W2 2HEYHS ZEAAL 9ol A3E wE =43
AL A9 2oz FAAFHA e Ae & F AT
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4.1. Bass Echo

9 29 <Bass Echo>, 2021

Bass Echo[19 29]&= A@A7F AH &7 o' nlo]&d= 94r] 9
Y 74 FHE 2 dYE dEE FEoEN F4ete QlEEH
B mto] ZFo|th, B ZFAME HE5HES ¢Jste] MIDI 54 A
¢l Roli LightpadE ¢]€3=d], 15cmol] E3ol= g Avle] xH S HA
24y o] A& 7FE2E o|FoH glem FSR AAME Fdtq AFEATE &

o o4 mRe 54 YAE FEi HES Woe A 7 bitel



T ME% AA s -

il N

a9 30 A== 1 Roli Lightpad

Roli Lightpadi 2230l A ZEguo]x~e] T2E urgste] &o]
4782l A3t v TH ol HAAC A Jhed 7EE JAE U] ks
stth. A @A7E Lightpade] 54 A& £o2 F24, #Fo] F A%
A HE o] st=sole wHo] WAUIIH, FA AW Bjx
2ZYolet 2AAE Fatol 2FAAQ A FAel < MY 7=
oA AAF3} ZEZ o] AL &EVF ¥ AAe EEge HL
=7 doh dAEY Ut vokelAd AgstA BET] fsked, Al
2 Ao EAste 543 4 g J"Ex g2=E2(mpulse
Response)& A3 AME Hlo|HE o]&sled, € I =F
2 EAS 243 A2FA zg(Convolution Reverb) =S 283

=

iy
i
AU

2 ZAFoAs AFAY A Aol g0 dAret 2 CGE %4
H FxE0] AA2HGA AN E T4 B S BoFEn. ol 4
At #le] Ed o] (Real-time Ray tracing) 7|5t 7]&<l LUMEN3} w A

Aol (Mesh Shadinge Fstel B4 e g3 AT 3D Eel
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oA AEHCIAT + AT o2 214719 IRHA AJ4H &
HE ATl A&t sk, A FHE AL 5 AMEE e

2 TEAR AXEQ o Unreal Engine 55 o]&st¥t. A2 &3+
Unreal Enginee] 12y & AP Al Fshes 71€EL 8351901,
of7]9} 5o g2 C++ A A AA T AT

B Ao e AdAe] AB Ao w0 Mt e CGE ®F
8 pREol Adags ANNCE S RHe BT o 2
=9 2" HFEH 2982z Tls i AARE #@ol E#elA

Uk 7)<l LUMEN[ZZ®E 3113 HA] Ao]d
¢l Nanite[[1832]18 B3l @A W] =83}
dsk= Aol 7hesl AT WEelth

(Real-time Ray tracing) 7|
(Mesh Shading)¢] &4
ZAAgE 3D e &

(A
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Bass Echoe= # Z&E9] T4
= AFOEA, AMEHO

-

o
A5G itk HoA] o] AFolA

o

&F

e

4.2. A Lightroom String

M ‘ ey e Y
13 33 <A Lightroom String>, 2021
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A Lightroom String[ 1% 33]& <lA&sts] JHFAX=S
éﬂi% ol & 53 Ad A7V AFAHRE, jF AT AA

e
ofo
e
X
re

, B2y
2 Z#](Breath Controllen)$¢} #|t] 1B EE o] &3l o]xe] M=
‘:‘0“—12 = AL F /Y FFY HolEd &5 AFH AlEdHlA
o7 wrEojua, 18d /Mo EEH MFES AT F e U
23 Ao} AAE AFeE AS HEE A
B d7A= A Lightroom Stringe &3t 713 Hlol&de] &S
iAo g Aojete AL dolA, AlAAQ "o A7tA vlo] & &
] &

3
A © AEE AN 25 A
AuAoAE WA A G Fn ALe 24

AAE A U7IE 7HsA S RoFoh A Lightroom Stringoll A X.o]

S

7ﬁ|
AR BEe oo, B ATold oM HWsidd sele Eeld
Aol M AZste] dASH WS FAR AFHE FHAT B
FAE A% 4F AP Fahd @A AA orlelA et g o
B A AW 71 AAZ FAYL W] ofeh, B ATA
A AFAA AF Aol UF WA Afs4 = vY BBY

5 Hold, "9AZ =dd

58 OAY AP ol:2E o] g $8 A
W78 FAOR" FIHC

KeX
F=HCIgH3], HCI2020 Sh=th 3] (2021):492-497.
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5. A5Z8 278w

5.1. AEH ol AA

511 <A Folx dEF HolH

A4 Bl AT ¢ S 483 /% eshs
stth ol S1ste] ASAVE YHFHE Bl AFel AEY 5 Ak

7-bit MIDI Data

Status byte Data byte
MSB LSB Data 1 byte Data 2 byte
1001000001111 11101111111

# 1 MIDI Hlolg =

MIDI ®lo]El= % 13} o] Status, Data 13 25 Yell+= & A F
o] HlolEES=E Ho|gltk MIDI HlolE o] ¢katg]o] 3+ Status bytes
MSB(Most Significant byte)®} LSB(Least Significant Byte)Z I oQt}.6)

6) Huber, David M. The MIDI Manual Carmel, Indiana: SAMS, 1991.
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Status byte & MSB& ZwHbo] =& F A, ddte] wjojx =], Control
Change #tc]l ¥¥%+= F<A, Pitch ol d8HEH+= FUA 5 A o

G5 E= dolHe /72 vtk LSB 999 bit: 0FE 1571x 9 W
A el Ade Ad 2~ ghe AA3Io. F+ data byteE2 8709 bit F
= DN bitgE AQsta TS ARESE 0F-E 127 Abolo e @E
o}, ‘%, o 9] d o 2 Pitch Hlo]El= Data 13 Data 29 949& sz &
oA, ZF 14bit= A4 0FE 16,383 M9 datags B+

5.1.2. st=4o] UEFH ol =

2 AF A7AAE APA} DAY oo Fued & A 9
FE 2eF UM ARA, doiee a4 8RB 4A 23Y &
St AY FHEL AFHuA Aok

nekcar

T

1% 34 Nektar SE 49 3o} #o]olx- MIDI HAEE

AEEANA TP A= +F d9AAE 22l
MIDI AEZ2lo|th B A= 49709 H¥to g 47) Sgr &2 3
= MIDI HEZHES
2% FE3] @]

AA WA exal A I

do
)
[z
i
BN
o
e
v
(g
o
A
[-']I
1o
Y
29
£ (0 4 me

Y
i
m?l_',
N
s
r]

=
)
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=
=
3

)
o
1o
Hir
P
o



Bend7} B&=o] ¢tk @, Pitch bend®E ojv] £4£8 ~EH3 HAEEZF
o @F3lr] Wil 7|5S n&Adsa.

(19 35]= ¢

2z HEE2A W 3HE THHA ] AAH
;é}

of itk kel 4 1—;; 847} Jﬂﬂ% WE e £H HA

A AY At AA A Aele) dete %aahq S U )
o] 2ol = 3 o] (Fader), ’“fﬂro]tq(Shder o] SoF MAA AL
Sad PR A EAGAT, ezl g ge CC Y
$0) ed BHoE FAE YT + AL B F Shfolslol B
471e) Aud Ao wdah © A% BdsAn

4
1>
—
5,
i
-3

8% Low-pass filter 2]

A w571 98k, 0-3.3ve]

sgre] Mgk WaE ey
15ms 9] th7] Aol me =% o)

9 A
Aggre] & G4k A7 120ps o H
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2

2~ FEl(Low-pass filtenE A3ttt 2% 2 JE=
oy A4 ARE g & A Fils dEd 1 ¢
As 7] s, dA < 7IEoE o)A # Ul
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Q2 o

=

ull o
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filo
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E
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ofy
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a¥ 36 45 ~HEY HEEY

>
Hluj

OFD o2
ol
N

_ﬂl g2

s

Nl
f
_|>;

[Z29 3612 vl T/ J8H& WY

Abxlolt}. oleldt HEEH= 7]1& 2 A4 olA
o] <& (Modulation WheeDo]u 3 %] #l =(Pitch Bend)®E. o T
AAdor 2HY F o, & AFoA A&t AZEY]
I= Atsitta ATsit. 28 ¥ HEEZ 9 sid 24

7 A gl EH oA 2Eo] FF o= A FE
AYE \SS F JEF siErh obF Fo| ThsiA[A
XY #3x9o 0o #AIstA ot 29 Hdee Z5

[

W41 o rleo

<
=<
to (2 o

w oy

lo & o

ft

- 4] -

A&

i

£ % r2
fo
offt

o,
fr o

rr
oo

Y

m

o

Tom o X om oy omt W
4y o ot o ox e & 1o

[>

Y
ot

OB
to & o rf 2

ot

3 B H 1_11 1]_



513. £2ZEd o] A FH ol

ulol €% of715e] &uE AW sl 4bg)
LZEJOE ASHAT. B AEAM AET

o}7] ey =
9 waThe g2 A4y 2Ee Hed ATEgeR

samp ;
PETER Si[l]UuHIEK GIDRGIO TGMM!.SH“ " g

3 o]

Solo & Ensemble StringsE w®}&to g o] X-}_‘iﬁ‘ A Zroll Q3 drgetr]
23 AL FHSAT. AT AZEYolE ExH o MRS Yt A
g b2l o] 223 wd(adaptive mode)VS o] &3t W =d AH
HE AA @77 He 4o AES HATY @9E E43 H,
dAHetr|7l =94 AE&S Tt &"E e AAHE ZEIOYHOE
AEE F JAEF Zst, HH3A Fojx = MDD HolEHE EUQ=E
AR AR 7] 58 ATFFShE WA oE FAI.

7) Tommasini, Giorgio. “Time alignment of the phase of a set of musical sounds to b

e used with samplers®. Patent filed September 23th 2004, issued December 16th,
2008.
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Sample Modeling®] 7b4 @wetrle @&t o 7HE ofF=
dgobr)sste teA, A g Arel AR CC ghow AFae
Zo] ohdl, AAl @weobrlel 54¢ wgste R Wiy B
X WEESe FHSHE CC 5L AeA7t mEsA Wsksizte s34
£ AFHolA 2o AgPL AT Jom A HHF Tl 2
Ege)rl BEF ol

ole|ZEold EF ole|ZH oA LE =7
Legato 60 <= Velocity <= 90
Arpeggio F A% A 98 A <= 40ms
Portamento Velocity <= 60
Detaché 64 <= CC 64
Attack 90 <= Velocity
: ol AWk ASHA e FEHE
Trills i,
A Axk A
whE A 2 gl
Runs

60 <= Velocity <= 90

¥ 2 Sample Modeling Strings®] ole]F@ ol & A FH

o}E] & o] A(Articulation), £& 7wy 7|How BEE AL 9]
AFA BT AR & TEoUE PE Edrh FEe]
- TR otEEHolAES JHAL o, o E
Aoz grgsts Aol 7HE oAF 2= TN 7H

K
' F AT B AZEY ARk 4 Al9] Velocity #, oA 21

2

) , A AdRbo] EHFHTIF WA= A
ol 4 &2 A 54 CC gol dAA =2 =Ad e =3
otelZd ol ol AlTEA 2RI & AFolA AR

ofel Eelolde CC FHt Ate T3 dAF= Adx
= AE A 87E=

tlo &Y

r'l
o[
Qﬂ
2
2
&
R
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o4, 237 %*301 WS ZEaield MDI HlolEe] E4% 4 =
Ao] AT AFOE G BEFFEE HAHAYT 9o BE AT
mZEOTL AFEE 4 WA AEE BB AR Boe 2

8
=13

A 3
1% 242 UEd Aol

23
I 7 otE g olA

ol
(o0

CC ¥z =4 W =7 & 7185k
CC1 Vibrato Intensity BB E A7 0
CC 11 Expression Ao} & 0
CC 19 Vibrato Rate HHEE &% 30~80
CC 21 Bow Noise o wpE& 64
CC 22 Overtones o] F=2& 3 0
CC 23 Vibrato Delay HBEgE A 31
CC 24 Dynamics to Pitch Aldgo] & 5 W3} 50
CC 25 Velocity to Dynamics A% A7l mE Al g 127
CC 26 Attack Time g3 dof HEFste At 64
CC 27 Release Time g3 do] e ARt 110
CC 28 Attack Detuning & v A EQFE A 40
CC 33 Dynamic Modulation A &A1 mpzk Al EQHEA 35
CC 38 Attack ARSI I A 64
CC 64 Bow Change g Wk WA E9a 0

¥ 3 Sample Modeling Stringse] &2 <l CC(Control Change) ¥/t &8 &

B azegolddt A3 Zo| Bd Bge Agdoldsit W
E<S MDI "ol e CC #o=Z AAT 4 At} A9 = A=
AARS W ford AvEe yed AU PP AAE CC A
e 4dd Aol

B E(Vibrato)e A B L= 3 vl How EEW &
9 Fo ] o H3lE FE= J|HOoR, B AZTEY oA A|xH J|EFOZ



CClel XA = Vibrato Intensitye= W7o A 2] vlHZEY dul ¥
sstA € E ZAJAE Yepdh

A 1‘411'?—%9] o}7]o A FFoE ppollA ff7HA = THHE= &
o] Zroks Wttt dAWetr]e Aodde &e duiy mE S22 d
n A 7] = A] o) E}F/}H TE AAREAY. B AZEojoA] AlxEHl 7]E
ko2 CCllol A A% Expressione W7o Ae] AlodPde HATEE 4

UM HEGES AZe BEGgE FHo| duly AWEA EDAE
Aste Aolgtd, HIEGES] WEE HEGEY &5 F1 @A W3
e w2 7523 Jeh 2 2ZEYojol A AlxH Z]Ege= CCl99

2 A F Vibrato Ratex= @ etr)o)Ae HlHEES] M=

B AT EYo]oA A"l 7[EZGEo g CC22¢ AAHE Overtones=
B djgolgta HYsAuh B Z2 A= &3 d9 npzo] A=
SHA o] Fol A YEtde * =

el 2 S
Atk A ghol BEH o A4Y 2R, by AFe] BAHYE W

B AT EY oo AxHEl 7|BZEo g CC239 XAH Vibrato Delay
H B G E A7) 7F a2~ A —%\ﬂ'%}\% o AA= vHZAE 7]Ho| F
LE 7 7MA Y A AA TS 3T

rr
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o= CC249 AA = Dynamic To
Pitche =2 Aldds 2dst7] sty & £x7F F438HA4 Bk
2 =27 dolA do SHT i & Lo Yo Ay

S
=

KR
=

B AZEYojoA A" 7]BZEo 2 CC259 AAE Velocity To
Dynamics& 1272 AAstH, AdkS Z3tA 23S o @A CClle] ¢
iAo wef Aagleol 27 AAEEs 43514 o Eth

B axEd oA Attackolgk &o] Hell oA A Al ol gt
ol FET/HA EEEtE AIZFE gt AlAH Z]EZIo = CC269
¥ Attack Time& Attacke] ¥F HAEE SAY =4 4AHT w A}
gt} Attack Timeo] W&4E AHES WE2A F23 ©lS Al #
o] |7, Spiccato o}l ZE ol 77k AEl7F P

r;'ﬂ oo N

el

B AZEYo]olA Releasewt 7HHS A S uwf A o] o]Fo]
HE W7kA dYe AFE ERkin Al2" Z]Egte s CC27o AAE
Release Time Release?] T& AEE AAsoh. Attack Timed vhzkr}
A 2, Release Timeo] WF&45 AWES 100ms ool wWZA F+=23
A& Ao 73 Spiccato oFE]ZFH o)Al T A 7F Wt

°of7] AF Aol Ao EAF AAE F
otye}, drty; &5 AMAl F2ol=xH o CE‘rs}
A A I v A "ok B AZESJojolA Al
o XA ¥ Attack Detuning2 73k Attacke] Hs Alo] &o] wWE &£%
2 gAoln Fo] B HHE Mdste AEE =43

W

AFolA &3t ol vpEE Ao, AAl 7] AFA= A o
ZIAF SR FL3 P £xE e F3Y F RleEE F npE A
TE A FZo AT F gtk B AZE oA AxE FEGS



2 CC339 AA=H Dynamic Modulatione o] ol Fal A A <3|
=2 Ao &3 do vpE A7 ELASHA FAEHE zx

3

kA CC260.2 A3 Attack Timee o] dHol ¥+ A7HE %
o B AT Eod A AxH ZJEZOE CC38 AAH Attack
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Al olEl @Yol A WEHAY, kel AAHESE WA B Aol
WA 231 Hade £ER XSS fx Ak

ATAE A vlol &-UE 1) AoV E 3AHY LEAER
= gt st ARRZEY ™ol whet A
2 F23sl7] $18ke] Unreal Engine 5 HWEIS F3iA C++e}
239E =29 E YAt Unreal Enginee Epic
Games jit7} WhE AAIRE AT P 7|9F Al A oW, C+2 FFE =
12l A £25 =Y F AW o]F Fshed 3D A

H@7kA o) A AAMZEE Hask ko], ARGANA AAIZte® AR AR 2

2
re
off

Blueprint

=

8) “Unreal Engine 4 - First Look“. About.com. last modified December 29, 2017, acce
ssed Oct 2, 2021. https://web.archive.org/web/20120524062935/http://gameindustry.a
bout.com/od/trends/a/Unreal-Engine-4-First-Look.htm
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5.2.1. T2 AA Fx

Game Manager

Midi Ports
Midi input Controllers

Midi State

Assign Actors

A 4 A 4

Cinematic Camera Pawn MusicalActor Midi Manager
Camera Settings Instrument Type Midi Ports
Camera Positions Physical Parts Midi input Controllers
Post Processing Physical Constraints Midi State
Send Midi input
Light String Wheel
Scene Lights Components Wheel paris
Offsets Bow Offsets Rotation Offsets
String Offsets Wheel Composition
I Violin | | Viola | I Cello I I Contrabass

09 38 AE AAE TARE Fene TaE

(29 38l B ZF AFE TS C+ S5 F2E UE
W Aotk mE AAHELS Unreal Engine 59 Actor2R¥ A<&® 74|
EolH, =5 MDI =g AHAA FaFs wolA gt F54

o] At} Game Manager F# 2= HY HAL TIs+= Cinematic
Camera Pawn¥} w®|t] ZEE Zbo} Y HEEZHE st #eA=
MIDI Manager S5 Zdlo] Al A4t MIDI Manager= vl& A
AE ZE |53 Do sFste MDI 2EE §§& ZEIH AZ3}
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1, 30~60mse] A& AlZF C&Oﬂ ¥ E = MIDI # o8] &2 Musical Actor

o} I & FH=EolA AL 4=
% MIDI Manager®] ©lolg AG /\Jioﬂ 74gd F Utk o] T dHF
= Z

o
< AA3AY Static Meshg-‘ﬂ Az WS s z=dae 7]

5.2.2. Amety] ZE HH
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[E 304 AT 9,1%01, A olF2E ofy] amEdedAE 4
9 2o wsiel AHE CC ¥ AN Y Filo AnHown x4
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Note <=
Note Range Min[Index]
+ Position Range

Index =0
Note= Data byte Index == Last Index
Position Range = 8

Last Index = Last String

No

Note >
Note Range Max[Index]
No

J,

Target Finger Index =
Note - Note Range Min[Index]

ote Range Min([first] <= Note’

Note <= Note Range Max(last] Target String = Strings[Index]

Note >
ote Range Max[Index

No
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Control Change

Note Off Note On
v

k

Note Num = Input Note
Note On Time = Input Time
Velocity = Input Velocity

v
Velocity

Note Num = Input Note
Note Off Time = Input Time

CC index = Input index
CC Value = input value

v
CC Index

v Y
IsIn
Active Notes
Yes V Yes
Vibrato Intensity = Expression = Overtone =
Remove from Add to Active Notes CC Value CC Value CC Value

Active Notes

Current Note On Time -
Trills falg Prev Note On Time

== true

Arpreggio

Legato

Trills Flag = true

Note Off Time -
Note On Time
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139 Aol BE BYT FR 454 Aol 4L T
o2 £ olg@doldel A8HE W =W ul FAST B AP
A4 AHgF @retrle] MIDI Jo] WE ofelFdola Hg Pge &
ol A Afoly glo] B HAL AHA A
B by ofy] 8% 2ZESol: 54 MDI vlolele] Ao uebA
MaA oz BEsE ofe @Yol dge] =A% [19401e 1% o
&% £ZECIE BH3te AE olEFHATY BEF 2US F

i
)
i
S

cc 93 =4 W 20 2e Awg O
CC1 Vibrato Intensity H B E A7] 0 4
CC 11 Expression go] &5 0 5
CC 19 Vibrato Rate HEZGE &% 40~65 2
CC 22 Overtone g3 Ao ¥ 0 3
CC 26 Attack Time o] ol F= AIZE 64 2
CC 27 Release Time go] & wye= At 110 2
CC 38 Attack o] nm&slE A7) 64 1
CC 64 Bow Change = ek s 0 3

-
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4 Fo5o WE CC 4y H9 AA

eSS ABH o] 2o AATFOZ WHTWH CC HoE F4
o @uoly] AW WL MRS AR JFow Lo @] 7]
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EHo]2E T35t ®HEgd gto =2 AAE HATE2 [F 494 Ul x
o] Vibrato Intensity, Expression, Vibrato Rate, Overtone, Attack Time,
Release Time, Attack, Bow Change©]t}.

AEED §3 Z24 Wy MIDI Type 7125 5} &
XZF olF Pitch 0 +16,383
Y= °olF Vibrato Intensity (CC1) 64 +64
Sk Attack Time (CC26) 64 64
HEET 7% 34 Release Time (CC27) 110 +17, -110
Attack (CC38) 64 +64(inverse)
e Overtone (CC22) 0 +127(On/Off)
drzygd Hg Be A= Expression (CC11) 0 +127
Al 2zHQl #HE He A= Sustain (CC64) 0 +127(On/Off)
Adk &5 Velocity 0 +127
9k A =4 Note 12 +49
25 doly Vibrato Rate (CC19) N +/03

F 58 FFol AgsteE AESEHEC W2 MDI 8 7

0& &9sta, Fdoz Z
st CCl& AFste] vlEGE 7] A7
= CC263F CC27, CC38< AFsts, CC38L CC263%
I o S B o= M o B = B - =R I )
A = 2
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f
&
m
B
ol g
o
£ =2
b -
X
o
o N
-
o

CC270] 7}
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7 AFH 3, 1 e AgAE BEoe Lol A T F 9
o 283 HATEe WMEL CC22E 53ty &9 EHAAS 24T &
A=, Y H AHAdAAE AA% HO 1277449 e dFsta, &
o] FAEAUL w 002 WHA dE3oh
Z4d W nlo] & v]-&- A= ZEZH o]~
Vibrato Intensity (CC1) 0 0 0
y [+120] [+102] [+84] [+65]
. 65 54 48 40
Vibrato Rate (CC19)
[+50/-65] [+40/-54] [+39/-48] [+32/-40]

36 o7lol WE HEGE #¥ CC W] Wt zo]

AA dAHer|E2 22 5 dFstdd= o1y A7, Y H
7], €718e] 49 &5 gErg o Uiz HHagE YA
gt oA HESE NEs ofr|vitt A= VER, AW, ARH
o] 2A AAI AT NF FE2 st=dol7F ofd DAWS] AXES
of dAlolA EFEE b2/ H&H+= CC HEo = Ay

p(u) =(3.3— u)3P0 +3u(3.3— u)2P1 +3u2(3.3— u)P2 +u3P3
g(u) = plu) x 127

0<u<33
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A 2)g MIDI J84x= 3.3v A%k J=oll wet Ovi-g
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(Bezier Curve) Wg41& o] &3t Wixo] I w7} W5 BA AL F
FE g oA B Aoy ojyreold 7] Z# d(Key frame)
Aol F2 ALt FHOEMY B ZeAEdAE ¢4

Ao =44 A me} AFA HEkste] 7-bite] To
T UA sk

= A
Hz =99

[4:4] 28] FAlol A uE Ovoll Al 33v Alole] ohdm 1 Mol &
Aol A ALET ¢ w
S)ARZIRZAAE 33v o3t Y

H
FhaA ] ARghe GFol AswT 1T o 919 T T
=
|

i)

19 41 Expression, Attack Time, Release Time W3} 1gf=

[28 4118 WA £24& FaA 71&3 MIDI dHeoly 18 %
dRE FHs= dAojt XEL& dEEH= A¥8F dAdola, Y& &
Ao Atz A Z¥€5 = MIDI 7-bit gkolth.

9) Mortenson, Michael E. Mathematics for Computer Graphics Applications, 263. Indust
rial Press Inc. 1999. ISBN 9780831131111.
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138 55 vlol ¥ £2 PBR €23 (Albedo, Metalness, Normal, Roughness)

6.2.2. Hl&2} €2 LBAE

Hl&2HViola)= HiolSdE T tha 2 16)0A A 18X 74A] 27]
2 Holde @R, vle]£dH npRTIA R o7& E Afoldl] 7]9-
AR AFFT New £2 oHAES wo|eURT oy BEo
3717k o ZA%, wE ot Ed ol HFe] rhesithe

Y 5 YRS HoeW £2 euAES AR Fu
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19 57 Hl&2 €2 PBR #©l2* (Albedo, Metalness, Normal, Roughness)

6.23. AE £ RHAE

AZ(Cello)ghs WAL “Z2717F A2 BlEd’ & ulsis olgdy
ofojel W& Z(Violoncello)e] ZoF WA o|th 10 A= Sz =
w9 FEs dHrlold. HF A= «l AL Ao F= A5
HAA AAT, dAZE vl SRR He 595 AFEA 28T +
A= HollAd dzo] AA4sE LHAEE A7|dqA Yes S35
AT JF5A4S FA FE F UAES FAFIL AZE Y Fo &
Bot7] hed FLskAl gkobsd AFaorrt st efrlolr]el, vEE ¥
A3 2 etaR-E JHAL A AFEH. ARE AFE W U=
AFA] 7hE ZHo® JERIttE HAA FA FAES 243t 9]¢
2380 AR =S A&t

10) Merriam-Webster. accessed Nov 19, 2021. https://www.merriam-webster.com/diction
ary/violoncello/.
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19 59 A2 &2 PBR #2* (Albedo, Metalness, Normal, Roughness)

6.24. & Hlo]2 £E QHAE

S E gk o] ~(Contrabass) &2 t & u]o]~(Double Bass)= Yl &2

Aoty Jhen g AE ez, b Aede waeke Al
Z

2} > H33 SEHOE 5 11 AARE &

= A% Bt & vlol2s AUgE rE A AE AFE U=

HolA 7} & 718 7HAERES Z7|E AAsAa, A= g=24 o7
H ]
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B AZFAA ATEHI B8 Meolxe 4de] ofd 53 ZEZH o]~

£ 7)2o= o] ERth ofgo] 3l C 2o AY B o] HES A
ASATh =M HE wolx AW azEdoldA AWY 5 Y&
A gEolE AFY & A AT WAeA 58 HE wolak ox
Egjols] 9ArED AFAA FE AL D S)E ofrloA Bt

11) “5 String Basses“. Billbentgen.com. accessed 21 July 2012. http://www.billbentgen.c
om/bass/5_string-basses.htm.

12) “Fingering of the Viennese Double Bass.” KC Research Portal. last modified Ma
r, 2016, accessed Nov 20, 2021, https://www.researchcatalogue.net/view/226826/226
827/0/0.

_73_



o AL F7ksH7] MR, FUT AV @ 4] o] FoHAA A
33 g0 o2l g0l EL, /1Ee 48 HE Wl AFATBA A
22 BAPE WIE 8T WEe] Bag Jgol ohyw Uy A
54 gtk aEv b 2% A Z2aYe ol8d AFE oF
2o AR AFehe] elA WA ToRA gomz A P )
o]z AFo) BAN IHT ARFEZE 29 WAE WG] 9she] 5
d AL AYSAT 538 HE Wolxe AES UM A FRe AY
of7)sh BAMAE 4 5% (HA0E BAHoIglsld Z2ag HAY 5
V4 EF FRG 5 AU

_74_



6.3. &7 &2 AA
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&2+50]™, Bow, Instrument, Bodyell @3l H#< Pivot RS 7}
A3 doheE FEAHC] Utk whx] BolA] gre A wgy %ol 7
Zko] PivotEol ¢71& FAsk= WAlE B3 =& sgjdor A4
= o] AT
. Body Pivot Instrument Pivot Bow Pivot
EE N s aa az g 22 v
Hho] & 2571 1470 970 270
H]-&-2} 2671 1674 671 47N
A= 2671 1371 1074 370
Ol & Hjo]x 2671 87N 1371 571
£ 7 7] LEAES 7} Pivote] AZ4E & WA A
[#£5]= o7l LEAES Al Pivot A= A4dd &84 WA=
o] W& yERAT WAl shuE Physic Constraint7} shubd F-2hs o
dd® Pivot#e] #Fd% =82 dES olEw. A4 HAEH

Physcial Constraint AZUEEL & & HFELS
o =%
=

F FAoE oojn7] S5t HAW B4

agzow obrle H2g mAsy] aIA, vl T @l WA
Be BE AUE R, vo] S L A4 ojn)A dAlg FH o=
Me T, vlolgd QHAET} olg) 2 oM JaH L£EIE RaL
Ay ouA = wESFYT 7+ oo olmAe o2& oy Y&
o shasel Wae A4 B9 o Waoln FAL JFoR HAE
7t 9e we HARTE AL AF £ do| HHTE Aot FAE
o) ol7t A%% o) 45, = Ao ATr} BrE AL EaT)
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6.3.1. F7}IE(Legato) 53
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oA de FA%T. o)A e AMER g FrolA w11 A X
&g sty EAdstd dS uA Joh Aoz [O9 63194 &
T 5o, HIVIEZF 843 Foe o WEks uA gL ANE A
2 g8 d& oozttt #UtE A TE FOoE o]%FdE £5E A
E o] ¢lEH o] 2~9 Attack Time(CC26), Attack(CC38) Wl F2171 4
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Abstract

A Visualization of Virtual Acoustic
Instruments Through Interactive Media
: Focusing On The Simulation Model

Of Chordophones In The Violin
Family

Ireh Choe

Visual Communication Design Major,
Department of Design

The Graduate School

Seoul National University

An artistic expression method called audio visualization or the music
visualization, which is created to visually express music and sounds, has
been showing historical continuity. Among various styles of arts, it has been
the style of abstract art that has paved the path for audio visualization by
utilizing geometrical forms to visualize music. In the middle and second half
of 20™ century, the animated imagery technology which enabled a breakaway
from the static characteristic of painting and sculpture was invented, inviting
an unprecedented scientific advancement that had analyzing the physical
nature of sound by mathematical graphs and numeric figures possible. The

past advancements affected a grand influence on an adoption of abstract art



to be established as a dominant visualization form of audio visualization,
along with the reason that the artistic style was effective on reforming
measurable objective data of musics and sounds into the set of easily

implementable visual images.

However, such method of visualizing sounds led the extent of the
musical application to be no more than a series of scientific phenomena,
consequently inviting the exclusion of subsidiary elements of music and
physical traits of sound’s sources in favor of theoretical and numeric data
such as pitch, volume, frequency, and chord. Therefore, to depart from the
biased inclination of current audio visualization applications, the present
study focuses on method to audiovisually reflect various root components of

music like instruments, players, and existing space on audio visualization.

Prior to producing an artistic audio visualization work that inheres
virtually sensible tangibility and materiality, 1 selected four types of
chordophones: a violin, a viola, a cello, and a double bass. Those
instruments are noted for highly delicate and complicated sounding method
and particularly dynamic movement paths during performance. The specific
selection is set to demonstrate the best possible result by implementing the
new type of material audio visualization method. As a first step to
accomplish the result, virtual acoustic instrument simulation programs of
which the reference models are string instruments of the violin family were

chosen.

For the planning stage, I analyzed conditions of activating possible
articulations and variables for simulating physical aspects of chordophones in
the violin family for which virtual acoustic instruments programs have opted
as sounding models. Based on the prior research, suitable hardware devices

for operating the software are developed or selected.

As commencing visualization in earnest, the present study executed

- 11 -



thorough analysis on the operation principles of real instruments, movements
of string players, and related physical interplays. It was possible to conduct
designing virtually reinterpreted string instruments and the spatial stage,

embodying them in the animatable third-dimensional objects.

For the last procedure, recreated instrument objects and elements of the
stage were refined to be responsive to intuitive inputs from users and to
perform proper articulation movements. By implementing previous
developments all together into the next generation graphical rendering engine,
the interactive media art that supports audiovisual communication between
any user and digitally simulated instruments and stage elements in the
photo-realistic virtual environment through MIDI input hardware could be

created.

The purpose of the research procedure is to pioneer the comprehensive
extension for audio visualization by merging both realistic simulation of
instrument’s sound and realistic 3D graphic rendering technology. The
present study is meant to prove that the abstractive artistic form of
conventional objective data-oriented sound visualization is not the only
effective way of visualizing music, suggesting that it is possible for the
music visualization to embrace the much more wider range of expression
method and concept by adapting currently advancing audiovisual simulation

technology and presenting new perspective on various elements of music.

keywords : Interactive, Media Art, Visual Music, String, Chordophones,
Virtual Instrument

Student Number : 2020-23944
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