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Abstract

A lot of studies on tone generation methods are proposed, [0 however, tone generation requires
numbers of parameters, which is difficult for users to directly understand the relation between
the parameters and the generated tone. In most systems, these parameters are manipulated in
one-dimensional interface, which is not effective for two-dimensional interface, such as touch pad.
In this paper, the method to transform from audio to shapes, from shapes to audio are proposed
and discussed, followed by the tone manipulation method using a kind of closed curves called
the analytic signal. In order to transform from audio to shapes, the shape can be generated
by calculating the analytic signal of original signal that contain Hilbert transformed signal in
imaginary component. On the other hand, in order to transform from shapes to audio, the audio
signal can be generated by approximated analytic signal by parameter transformation. The
waveform of the tone is related to the corresponding analytic signal, and the manipulation for
the analytic signal can generate the modified tone. This method is adequate for tone modification
from the existing instrument’s tone. It is also expected to extend the application of the analytic

signal to visual fusion performance.



10 Ui

1.1 Ogdgd

goooooboooooboOoobooobbooobooobboooooobboobooooDoOoobo
gboooooboboobooboobbooboobooooobooooooooooobobooooaon
gbobooooobooboooboboooooboboboobooboooooonoo

goooooboooboobooobooobooboooobooooboobooooooooboOooDoon
goooOoocoO0o00oooOoOO0OooooOOo0oO0DOOo0o0oooO0O0ObOoDO0OO0b0OD GUI
gboooooboooboooooboboooboobooboobobooobooboooobOobooonog

gbooooooooooboooobooobooOobooobooooboooooboooboboOoon
goooooboooooboogobooooooooooooooobooobbooboboooboboobbooo
gdooobooobboobooboooooooooobooobooboobooobooooogoo
gboooooboooobooobooobooobooooboooboooooooooobobooooon
gboooooboo



20 Ubhodbootdbootdbotdgtuod

2.1 0OOOO

Uw)DDOOOODODOO00000

0 (w<0)
Uw)=4¢ 1 (w=0
2 (w>0

(2.1)

0000 s(t)00000000000000 Sw)000000000U(w)00000000
000000 (22)000008w)000000000002000000000000000

000000 Sw)oooo

0 (w<0)
Sw)=Uw)-Sw)=¢ Sw) (w=0)
2S(w) (w>0)

0000000000 0o00o0ooU0oO0o0oUDOooooOoOskoooo

st) 0000000000000 0O0O0000DOD0OD0O000sS) 00000 z+4wDOOOO

000000000000 (Coo0:00000)00 2200000000000

22 OJ0O00O0O0OO0OOOOO

gbboooboooooobooboooobooooooboooobooooOooboooon
gobooobooOoooboooboooooboooboooboooooboooobooobboboooob 100040
gobol1obobooboooooobooobooboooooooobboooooobDoobooobooo

oobooboooood

S(w) Ulo) S(w)

0 ” 0

021 0000000000000 0O00O00O0O00

\
e



Amplitude (Real)
Real part

Time Imaginary part
(a) (b)

T

)

o €

- ®

() o

2 3

ot [1d

£

<
Time Imaginary part
(c) (d)

T

v T

x ©

(0] o

2 3

ol e

S

<
Time Imaginary part
(e) (f)

022 00000000 s(t)(a)000000000 §¢)(b)000000000 s(t)(c)0000
00000 30000000 s(t)(e)000000000 3(£)(f)



gooooboooboooobooobooboboobooobooooobbooooDooDboboOoobo
00000000000000000000 (00 £0)000000000000000000
gboboooooobooooobobooooboobobooobobooooobooooboOobooonoo

gbooooobooboobooboooobobooboobooboooooboooooDoboooo

23 0OO0O0oOoooOon

Fw)0DOOOOODODOOOO

i (w<0)
Fw)y=< 0 (w=0) (2.3)
-t (w>0
ogoooo
H(w) = F(w) - S(w) (2.4)

O0000Hw)O0ODOOODO A(H)D s)0000000000000005(t)000 R[5(2)]
0s¢)000000000000000ARH)DOO0D000 §)000 SfE1))0000000

RI5(1)] = (1) (25)
S[3(6)] = h(t) (2.6)

000s(t)0 A()0000000000000000F(w)00000 —F(w)000000 s(t)
0A(#)000000000 (24)000000000000000000000000000

h(t) = % v (1) 2.7)

0005t)000000000000000000000000000000000000Os,(t)
0s,()0000000000000000F(w)00000 —F(w)000D000 () 0 s,(t)
0ooooooo

24 JUO00O0obOo0oOoOooobobbOoOoooo

) 0000000000000000000000F000000000000
| FIRE“3(0]]] = |Sa(w)l (2.8)

0000000000000000000000000000000000000000000
0000000000000000000000000000000000 (28)0000000
s.(t) 000 Re?5(+)]000000000000000000000D0D00000000000
00000000000000000000000000000000000000000000
0000000000000000

0000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000

0000000000000000000000000000000000000000000
0o0oooo



30 tUbgtdbootdbootdbd

3.1 Uuooognd

00000 s,() 000000000000 S,(w)0000000008,(w)0000000
Fw)Oooo

Sy(w) = F(w) - S(w) (3.1)
oo Sy(w)DDDDDDDDDDDDDDD sy(t)DEII:IEI sm(t)[lElDD
5(t) = sq(t) +isy(t) (3.2)

000000000000:0000000F(w)00000000000003¢)00000 s,—+is,
0000000000 s,(f)0000000 s,(t)000 s,()0000000000000000
000000000

0000000000 Fw)OD (23)0000000000000000000000

3.2 UOOUoobouoobobobobod

gbooooooooobooobo 210000000000 ooooooooooooooon
oooobooocoobooooon



40 UOoO0Uootdboodbd

4.1 0O0O0OO0O0OOOO

0000000000000000000000000
00000000000000000 150000000000000080000000000
00000000000000000m+10000000000 () = (50(0),30(1), ..., 50(m))
0000000005 (m)=5(0)0000000000000000000000000000
FFTOOOO
00000004100000100020000000000000000 (¢)(d)0000
000

4.1.1 00 A:00D000O0OOO0OOOODOO

0000 3000000000 £(t) = s.(t) +iH[s.()] 0000000 nt) =H s, (t)] +
is,() 000000000000KXOA '0000000000000000000000000

000000 &mp(t) —mmp() 000000000000000000000000O0O0O0
ooo

l.n=0000
2. 5,(k)0 3,(k+1) 000000 =2EERER) 0poQgQs,,,() 000

3. Spp(t) 00 000 Emp(t) — mp(t) 0 200000000 k000000000 Spmp(t) O
S (00O

4 nOn+10000002.0000000

obobddd-=1000000000000000000 4.2,430000

4.1.2 OO0 B:000000OO0O0OOOO0OO

gbboobobooobooboooooooboooboobooobooooooobOoOobObOoOooon
0000000000000000000000003.000000080 &my(¢)0000000
gboo2000000000

oo0bDO0O0Orn=1000000000000000000 44,450000



T T T T T
= 1r B j - (s B
@ ®
o 05F . S 05F .
> -
g of 1 £ oF :
(@)] (@)]
© -0.5F . © -0.5F .
£ £
-1 - 1 F -
15 | | | | | 15 | | | | |
-15-1-050 051 1.5 -1.5-1-05 0 0.5 1
Real part Real part
()00 1 (byo O 2
35 30
30 - — o5 | _
3 2r 7 S 20} -
2 20 7 = _ i
g 1) 1 Ll ]
< 10 . <
L i 5 F i
gl ! ! ! ! 0 L-u |||II|I |||I .l
-10w 5w 0 5w 10w -10w0  -5w 0 5w 10w
Frequency Frequency

()00 1000000

0 41: 000000000000

()00 2000000



Imaginary part

Imaginary part

1.5
1

0.5
0

-0.5

-1

-1.5

T T T 1T 15 — 1.5 T T T T
] . 1k i = 1F
. S 05fF e T 05
= =
A g or 1 £ Or
1 g 05 i E’ 0.5}
- - 1+ . _1 -
. 1 1 1 1 1 _15 1 1 1 1 1 _15 Il 1 1 1 1
-15-1-050 051 15 -15-1-050 051 15 -15-1-050 051 15
Real part Real part Real part
(a) S100(t) (b) &100(2) (¢) Moo(t)
140
120 .
100 B
80 .
60 .
40 + -
20 B
o u 1 1 1
-10w -5w 0 5w 10w
Frequency

1.5
1

0.5
0

-0.5

-1

-1.5

Amplitude

(d) 5100(t) 000000

042 00 AQ0OOOOOOODOOOOOOO 10

Amplitude

T T T T T 15 T T T T T 15 T T T T T
- = 1 - - - 1 - -
® ®
E Q@ 05 B Q 05F B
fa >
1& of 1 & or 1
(o)) [®))
E g -0.5 B E -0.5F B
. 1+ _ 1+ _
. 1 1 1 1 1 _15 1 1 1 1 1 _15 1 1 1 1 1
-15-1-050 051 15 -15-1-050 051 15 -15-1-050 051 15
Real part Real part Real part
(a) 3100(t) (b) &100(t) (¢) moo(t)
80
70 .
60 B
50 + B
40 .
30 + B
20 .

18 (i 0 0w o & & B . . i I | I T R
-10w -5w 0 5w 10w
Frequency
(d) 5100(t) 00O DOODO
043: 00 A0D0D0O0OO0DO0OO0DOODOO0O 20



Imaginary part

Imaginary part

15 T T T T T 15 T T T T T 15 T T T T T
1F E e 1r — e 1F —
® [
0.5 E Q& 05} — 2 05 —
> >
or 1 £ of 1 £ or 1
(o)) [®))
-0.5 E g -0.5 — g -0.5 —
1 F E -1t — Tk B
15 1 1 1 1 1 15 1 1 1 1 1 15 1 1 1 1 1
-15-1-050 051 15 -15-1-050 051 15 -15-1-050 051 15
Real part Real part Real part
(a) 3100(t) (b) &100(t) () moo(t)
140
s B -
2 80} s
I -
< 20 + 4
0 L 1 1 o |
-10w -5w 0 5w 10w
Frequency
(d) 5100(t) D000 DOODO
044 00 BOOODOOOOOODOOOOO 10
15 T T T T T 15 T T T T T 15 T T T T T
1+ - e 1F e e 1F e
® ®
05 E Q& 05} — 2 05 —
> >
or 1 & of 1 & or 1
(o)) [®))
-0.5 E g -0.5 — E -0.5 | —
Ak - ns e Ak .
15 1 1 1 1 1 15 1 1 1 1 1 15 1 1 1 1 1
-15-1-050 051 15 -15-1-050 051 15 -15-1-050 051 15
Real part Real part Real part
(a) 3100(t) (b) &100(t) () moo(t)
%
S 60F .
2 3 -
g 30 .
< 201 B
18 IR TR T 1 I | I A IR TP
-10w -5w 0 5w 10w
Frequency

(d) 5100(t) 000000

04500 BOOOODOOOODOOOO 20

10



060 0OO00000O0OoOn* CloSynth”
HREEN

5.1 CloSynth

000000000000000000000000“ CleSynth” '00 5100000 5.10
0000000000000 0o0do eM4iD0d000D0D0O000oODOoO0ODOoDOooOoOonog
goooo0o0ogooUooooooooOoDOoOoOO0O0Ud0UUooODDOOOOoO0O0OoooOogoooon
00000000000 0oo0oooooo0ooo0Doo00ooooooDoooooOoOoooo
0000000o000ooooooDooooDoOooo0O0OooUoooDoooDooOooooooon
oooooogo

00oooooooooooo0o00doo0oo0gooooooooooooooooooo
000000ADSR (Attack, Decay, Sustain, Release) 0000 0000000000000 OO
O000000ooooo00ooooooo0oooooooooooo0oooooooDooooon
OooooMIDIODOOODOOO0ODOOO0ODOOoOODoOoOoooDoOo

Lhttp://butchi.jp/documents/d-thesis/

11



Oscillator Grand Piano | ¥ Amplifier

CtriMode: |10 (Low freq.) T
TR C|V|B|H[mM / R{T|v|(u|r|ofF

gsl:00b00o00ob0obooooobooog

12




el ULOLUOUOO

oboboooboooooooboooboooobooboooobooboooooboboooooboooobon
goooobooooboooooooboooboooooooboooboboobooobooboboobbooo
gbooobooooooobobobobooooo 20b00b000000b00b0b00bO0
gboboooboobooobooooooooobooooboooboooboooboobooobooooboooan
O00D0O000DOOo0OO0DoOg “CleSynth» OO0OoooOOoOooOoO

oooooooooooooooooooooobooobooobooooDooOoOobObOboOoOoooogvy
gboooobooobooooooobooboobooooboooooboooooboooboooboboaoon
gboooooooooooooooboooooboooobbooobooooboobooOoooon
gooooboooobooboooobooooobooobooooooobooooboooboooo
gboobooboooobobooooboboooboooboooooboo

13



