b

saioms 2 PREDNASKA — Tabulkova syntéza

W

» Generovani €islicovych signalu
o Aperiodicke signaly
o Periodicke signaly
o Zvuky telefonu
o Tonova volba

 Hudebni stupnice

o Temperovane ladeni
o Priklad v MATLABuU

» Tabulkova (wavetable) synteza
o Tabulkovy oscilator
o Interpolace
o Zmena (posunuti) zakladni periody
o Priklady tabulkove syntezy
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FACULTY

wacmer Generovani Cislicovych signall

CTU IN PRAGUE

b

W

« Signaly — funkce jedné nebo vice nezavisle proménnych, ktere
nesou informaci o podstate a vlastnostech svého zdroje (nebo
Informaci zamerne do signalu zakoédovanou).

* Priklady signalu
« Co neni signal?
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FACULTY

e Generovani Cislicovych signall

CTU IN PRAGUE

b

W

* Neperiodickeé

* Periodické, harmonicke
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FACULTY

sazme Generovani Cislicovych signall

CTU IN PRAGUE

b

W

* Exponencialni signal
x(2)=a-€&" xln]l=a-c

x(t) = XeP!
0.8 r
t=0:0.1:8; N
a=0.8; b=-0.5; Toa- N\
X t=a*exp(b*t); 0.2 \\\\
% 1 2 3 4 5
t
0.80 C
0.6 |-
o
0.4
0.2} T T
. I ¢ ¢ 0
0 1 2 3 4 5 6 7 8 9
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FACULTY

wacmer Generovani Cislicovych signall

CTU IN PRAGUE

* Exponencialni signal
x(2)=a-€&" xln]l=a-c

doba=8; fs=10;

= ' : : : : : !
a=0.8; tau=2; Mm"mgmmgmmgmmgmmgmm}mmg _______ .
7 R s
t=0:1/fs:doba-1/fs; Y RN SO e s SO S
x_t=a*exp (-t/tau); I L I B S S Sy
=1 [5]
0.8
pb=10; -
n=0:pb; 04 I |
c=exp (-doba/ (pb*tau)) ; i T T |
X n=a*c.”n; : [ 2 ¢ 6 o o 4
— 1] 1 2 3 4 a a 7 a 9 10
% ¢c=0.6703 =1 (i
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FACULTY P

sazme Generovani Cislicovych signall

CTU IN PRAGUE

b

W

* Exponencialni signal

a*c
1 £ L L L L L L L L F
0] O 0<c<1(c=0,67)
0.5 T
0 T T ? ¢ ¢ o o o o
0 1 2 3 4 5 6 7 8 9 10
1 F L L L L L L L L L
(0] q O c=10
0.5}
0
0 1 2 3 4 5 6 7 8 9 10
150 F L L L L L L L L L
O c¢>1(c=1,67) ¥
100 - T
T ‘]’ |
fre) [o) (o) (6) @ @ CP ? t
0 1 2 3 4 5 6 7 8 9 10
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FACULTY P

sazme Generovani Cislicovych signall

CTU IN PRAGUE

i

* Exponencialni signal

a*c
1<> L L L L L L L L L
O 0>c>-1(c=-0,67)
ol l ? \ @ o © 1o © [6) o
_1 r r r r r r

(@) A
] J
—_—) N -
— ~h
—_—) O -

o

Oﬁ

I

=

RGN

0 1 2 3 4 5 6 8 9 10
200« C L C L C C L L .
c<-1(c=-1,67) |p

100 [~ T
-100 r r r r r r r r $ C
0 1 2 3 4 5 6 7 8 9 10
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FACULTY o o

sazme Generovani Cislicovych signall

CTU IN PRAGUE

b

W

* Jednotkovy skok

1 t>0 1 #>0
U(t)=< %[ﬂ]:<

\

kO, tSO O’ ﬂ<0

1ﬁ

0.5

t=-2:0.01:6;
x t = [t > 0]; °

r r r r r r
-2 -1 0 1 2 3 4

1~ Q Q Q Q Q
0.5~

T 0

r r r r r
-2 -1 0 1 2 3 4
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FACULTY

OF ELECTRICAL
ENGINEERING
CTU IN PRAGUE

Generovani Cislicovych signall

* Jednotkovy skok

r

u(t) =+

0,

\

k
1l
0.5+
t=-2:0.01:6;
x t = [t > 0]; ° r | | | 1
-2 -1 0 1 2 3 4 6
26 [ s ¢ 5 1 % !
X n = [n > 0]; os-
T ° '
2 a1 o 1 2 3 4 6

1 t>0

uln] =+

t<0

1 #»>0

0, »<0

01.10.2025
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sazme Generovani Cislicovych signall

CTU IN PRAGUE

b

W

« Jednotkovy impulz (Dirac)

1, #»=0
oln] =+ !

n=-5:10; il
x n=[n==0]; 04r

0w @ 0 © o ®© © @ ©6 6 © 6 © o ©o

! ] ] !
-5 0 5 10
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FACULTY

b

W

CTU IN PRAGUE

wame Generovani Cislicovych signall

* Obdélnik

* square (om*t, delta)
* stejné jako generovani sin()
 delta ... % z periody, které ma byt kladné

>> ol t
>> 02 t
>> o3 t

square (2*pi*f*tl) ;
square (2*pi*f*tl, 25) ;
square (2*pi*f*tl,75) ;

f
W

r r r r r r r r r r r ]
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 0.02

T 7 T

T

T T T T
— 0=25%

r r r r r r r r r r r
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 0.02

4

T T T T T T T
— 0=T75%

r r r r r r r r r r r
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 0.02

01.10.2025
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FACULTY

wacmer Generovani Cislicovych signall

CTU IN PRAGUE

b

W

* Obdélnik

* square (om*t, delta)
* stejné jako generovani sin()
 delta ... % z periody, které ma byt kladné

>> ol t = square (2*pi*f*tl); il o=
>> 02 t = square(2*pi*f*tl, 25); T
>> 03 t = square (2*pi*f*tl,75); . . .o . |
— 0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 0.02
. or .
>> x min =-.001; x max =0.021;
-1r r r r r r r r r r r r 7
>> y min =_1 . 2 ; Y max =1 . 2 ; 0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 0.02
-—— b d 1ﬁ 5 L 5 L |5 L L 5 L L L
. . . — 5=T75%
>> axis([x min x max y min y max]) | Lﬁ%
1t N

r r r r r r r r r r r
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 0.02
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FACULTY

sazme Generovani Cislicovych signall

CTU IN PRAGUE

e Pila

* sawtooth (om*t, DELTA)
* stejné jako generovani sin()
« DELTA ... maximum na intervalu 0..1

>> pl t

1

sawtooth (2*pi*£f*tl,0) ;

.t L 3 L L L L 3 L C C

r r r r r r r r r r r
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 0.02

-t L 3 L L L L 3 L C C
=05

r r r r r r r r r r r
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 0.02

T T
— A=1

r r r r r r r r r r r
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 0.02

01.10.2025
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FACULTY

sazme Generovani Cislicovych signall

CTU IN PRAGUE

i

* Pila
* sawtooth (om*t, DELTA)
« stejné jako generovani sin()
« DELTA ... maximum na intervalu 0..1

1F | : ' L : ; : T L . .
>> pl t = sawtooth(2*pi*f*tl,0); or 1
Al |

r r r r r r r r r r r
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 0.02

Al A aees]
>> p2 t sawtooth (2*pi*£f*tl1l,0.5) ; o ]
Kl 4

r r r r r r r r r r r
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 0.02

T T
— A=1

r r r r r r r r r r r
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 0.02

01.10.2025 BE2M31SYN — Synthesis of Audio Signals
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FACULTY

wame Generovani Cislicovych signall

CTU IN PRAGUE

i

* Pila
* sawtooth (om*t, DELTA)
« stejné jako generovani sin()
« DELTA ... maximum na intervalu 0..1

1F | : ' L : ; : T L . .
>> pl t = sawtooth(2*pi*f*tl,0); or 1

r r r r r r r r r r r
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 0.02

Al A aees]
>> p2 t sawtooth (2*pi*£f*tl1l,0.5) ; o ]
Kl 4

r r r r r r r r r r r
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 0.02

>> p3 t sawtooth (2*pi*f*tl, 1) ; A1

r r r r r r r r r r r
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 0.02

01.10.2025 BE2M31SYN — Synthesis of Audio Signals
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FACULTY

e Generovani Cislicovych signall

CTU IN PRAGUE

b

W

* Analogove cCislicovy prevod

1t

0.8

0.6 -

0.4
T=1/f

0.2

0]

|
~ .V
NN

—> X[

-0.2 -

0.4+ Ts=1/fs

-0.6 |-

-0.8 -

1t
(0] 2 4 6 8 10 12 14 16 18 20
—>n
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FACULTY

OF ELECTRICAL
ENGINEERING
CTU IN PRAGUE

* Analogove cCislicovy prevod

Generovani Cislicovych signall

Amplituda
Harmaonicky prubeh
e : : '

= ) N S SRR SRS

I e LR T RRLR LR

|:|_|-_1 _____________________________________

2 RPRRRRPRES A, S ISR
:;‘ 1 SEEEEI SEEEELLE R
| -0.2

0.4

0.5

0.5

-1
o
01.10.2025

0.005

0.0 0.015

o0z 0025

-t [sekundy]

0.03

0.035

0.04

x(2) =X sin( 27, + @)

) Signals

Faze [rad]

Cas [s]

Frekvence [HZz]
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FACULTY

wacmer Generovani Cislicovych signall

CTU IN PRAGUE

b

W

* Analogove cCislicovy prevod
x(2) =X, + X sIin(27xf ¢+ @)

Harmaonicky prubeh
I ! !

0.2 | | | | | | |
0 0.005 0.01 0.015 0.0z 0.025 0.03 0.035 0.04
01.10.2025 —-= t [sekundy] ) Signals
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FACULTY

wacmer Generovani Cislicovych signall

CTU IN PRAGUE

* Analogove cCislicovy prevod

x(2) =X, + X sIin(27xf ¢+ @)

Harmaonicky prubeh
I ! !

01.10.2025

02 I I I I I I I
a 0005 0.071 0.015 00z 0025 003 0035 0.04
-t [sekundy]

0,8

0,95

50

) Signals
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FACULTY

wacmer Generovani Cislicovych signall

CTU IN PRAGUE

b

W

* Generovani harmonickych signalu v MATLABuU

o Generujme 20 ms harmonického signalu o frekvenci 440 Hz
a vzorkovaci frekvenci 8 kHz

o Generujme 4 periody signalu o frekvenci 440 Hz
a vzorkovaci frekvenci 8 kHz

o Generujme 25 vzorku signalu o frekvenci 440 Hz
a vzorkovaci frekvenci 8 kHz

01.10.2025 BE2M31SYN — Synthesis of Audio Signals
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FACULTY

wacmer Generovani Cislicovych signall

CTU IN PRAGUE

b

* Generovani harmonickych signalu v MATLABuU

o Generujme 20 ms harmonického signalu o frekvenci 440 Hz a
vzorkovaci frekvenci 8 kHz

>> f£=440: fs=8000; duration =.02; . W\/\/\/\/\/y

0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 0.02
> t [sekundy]

[y

>> tl = 0:1/fs: duration -1/fs;

>> x1 t = sin(2*pi*f*tl);

>> nl = 0:1:fs* duration -1; IR A A A A
>> x1 n = sin(2*pi*f*nl/fs); ot

01.10.2025 BE2M31SYN — Synthesis of Audio Signals 21



FACULTY

wacmer Generovani Cislicovych signall

CTU IN PRAGUE

b

W

* Generovani harmonickych signalu v MATLABuU

o Generujme 4 periody signalu o frekvenci 440 Hz a vzorkovaci frekvenci

8 kHz
>> £=440; £s=8000; np=4; fz // //
>> t2 = 0:1/fs:np/f-1/fs; ; o
>> x2 t = sin(2*pi*f*t2); .i @@ @@ @@ @f
>> n2 O:1:np*fs/f-1;

>> x2 n sin (2*pi*f*n2/fs) ;
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FACULTY

wacmer Generovani Cislicovych signall

CTU IN PRAGUE

b

W

* Generovani harmonickych signalu v MATLABuU

o Generujme 25 vzorku signalu o frekvenci 440 Hz a vzorkovaci
frekvenci 8 kHz

>> £=440; £s=8000; N=25; I )/ /N // L

>> t3 0:1/fs:N/fs-1/fs;

>> x3 t = sin(2*pi*f*t3); ;
3> 23 n = siniowps N :
x3 n = sin(2*pi*f*n3/fs) ;; d .

01.10.2025 BE2M31SYN — Synthesis of Audio Signals
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FACULTY

waxme Generovani Cislicovych signall

CTU IN PRAGUE

b

* Morse Code Generator
>> morse('sos')

Y R S/ R A R A

L R-N - =N f K=

9

B = || Q= | = o || e =
Ml g <lal=|w|mlo| w022

UI-IAMNHQQC:O:}:N»<

-----

http://www.shaman.cz/sifrovani/morseova-abeceda.htm

01.10.2025 BE2M31SYN — Synthesis of Audio Signals



FACULTY

b

W

CTU IN PRAGUE

sazme Generovani Cislicovych signall

a) Oznamovaci ton:

b) Vyzvanéci ton:

c) Odkazovaci ton:

d) Obsazovaci ton:

F=[425 0 425 0 |;
T=[0.330.330.66 0.66 |;

F=[425 O]

T=[1 3]

F=[950 O 1400 O 1800 0 |;
T=[0.330.030.330.030.331.25];
F=1[425 0];

T =[0.330.42];

01.10.2025
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FACULTY o

e Generovani Cislicovych signall

CTU IN PRAGUE

R

W

* Tonova volba (DTMF - Dual Tone Multi-Frequency)

o Frekvence nejsou:
* nasobkem jiné frekvence
 rozdilem Ci souCtem frekvenci 1209 1336 1477

697 11 2 3

770 4 5 6

88z 7 8 9

941 - 0 P

Frequency
o O 0 O

01.10.2025 BE2M31SYN — Synthesis of Audio Signals



FACULTY

q""( 4 ' &4 o 4 . ) ©
i sesmee Generovani Cislicovych signalu
CTU IN PRAGUE
o DTMF VOIba >> signal = DTMFdial([6 O 3]);
function tones = DTMFdial (numbers)
Fs = 8000;
t = (0:799) /Fs; % generating time axis
£f =1 697 697 697 770 770 770 852 852 852 941 941 941 ;

1209 1336 1477 1209 1336 1477 1209 1336 1477 1336 1209 1477];
tones=[];
for i=1l:length (numbers),

if (numbers (i)==0), numbers(i)=10; end;

tonel = 0.5*sin(2*pi*f (1, numbers(i)) *t) ;

tone2 = 0.5*sin(2*pi*f (2, numbers (i) ) *t) ;

tones =[tones; tonel + tone2];
end;

tones = tones'; tones = tones(:);

01.10.2025 BE2M31SYN — Synthesis of Audio Signals 27



FACULTY

wamee Hudebni stupnice

CTU IN PRAGUE

 Ladeéni

o Cisté nebo pfirozené

« Jako cista nebo také prirozena ladeni se oznacuji ladéni vyuzivajici pouze tony,
jejichz frekvence jsou ve vzajemnych pomeérech vyjadritelnych celymi Cisly.

o Temperované

 Temperované ladéni je v hudbé zpusob ladéni, pfi kterém jsou nékteré Cisté
intervaly zamérné rozladény, aby se docililo pfesnéjSiho naladéni intervall jinych.

01.10.2025

BE2M31SYN — Synthesis of Audio Signals
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FACULTY

sa=mer Hudebni stupnice

CTU IN PRAGUE

- Temperovane ladeni g
: £—49

>> |ogspace(log10(261.63),l09g10(2*261.63),13) f — 440 . 2T [HZ]

° BN 994 23 383 [ 282 L& 35§ D9 20n
N QR S36 v wBre ke owe +o cooa 33 85d
8 Bk Sur 8 SHN IBh 83T¥ 88 REE =8 IR
SEEERTE R b= b b o bR b b e bl e B
SRR A o+t Haolorlroolndam mrdo dalar 228 aA8eS
B o8RG EANATCNENICCSIIATTHRBEER QOooNuriea
A|B|C! D|E|F|G|A B|C|D E|F|G A|B|C|D|E F|G|A B|C|D|E| F.G|A| B/C|D|E F|G|A|B|C

>>261.63; 277.19; 293.67; 311.13; 329.63; 349.23; 370.00; 392.00; 415.31; 440.01; 466.17; 493.89; 523.26

01.10.2025
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FACULTY

wamee Hudebni stupnice

)
/trg CTU IN PRAGUE
« Stupnice
Chromaticka
diatonicka
- durova
- molova

(01 2 345 6 7 8 9 10 11 12]
1111111111 11
oktava prfedstavuje 12 téonu chromatické stupnice

(sedm ténu - pét ténu a dva pultdny)

[0 2 4 5 7 9 11 12]
2 21 2 221

(i 1
o= F

[0 2 35 7 810 12]
2 122 1 22

+
e e e e —

CUE - | 1

c1(C4) c2 (C5)

01.10.2025
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FACULTY

OF ELECTRICAL
ENGINEERING

CTU IN PRAGUE

Hudebni stupnice

A0 C1

kontinentalni:
anglosaské:

C2

N L
JURURLR )L

c1 dq eq fy g1 a4 hyc2

cl dl el f1 g1 al hl c2
C4 D4 E4 F4 G4 A4B4 C5

C7

C8

.........................

- * e > £
; - oppe pPEEEEFE pePREEFE E
G e e e e e e === - -
Dl j C ¢« v T
=X 1 — il e e e e 88 == ﬁ F
2 v * ° = = S S f ?
8‘0'3'“#" ........................ (]
>
o o)
g kontra oktava velka oktava mala oktava jednoc¢arkovana dvoucarkovana tiicarkovana Styfcarkovana S
o oktava oktava oktava ©
£ s
0
: . .
Sub-contra octave Contra o. Great o. Smallo. One-linedo. Two-lined o. Three-lined o. Four-lined 0.2

a Five-lined octave

01.10.2025
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FACULTY

{accmse Hudebni stupnice

CTU IN PRAGUE

Prevod mezi poradim MIDI not (m=0 az 127) na frekvenci f [Hz] a naopak
° M I DI m = 69 + 12*log2(f/440); [MIDI, Hz]
f = (440/32)*2.7((m-9)/12); [Hz, MIDI]
— MIDI umoznuje Cislovat vysku ténu poradim 0,1,...,127.
— prenos v rozsahu 8.18 Hz az 12544 Hz
— rozsah tén& na kIavirU' od AO = 27 5 Hz, MIDI=21 azdoc5= 4186 Hz, MIDI=108

A0 C1

¢t dy eq f; g1 a4 hyc2

T 111 NI IR
Gl - e T L '
5 4 9 * ° 4 v’ L
”tzv ------------------------ g
*z“ kontra oktava velka oktava mala oktava jednoc¢arkovana dvoucarkovana tiicarkovana Styfcarkovana S
g oktava oktava oktava oktava g
2 S
Sub-contra octave Contra o. Great o. Smallo. One-linedo. Two-lined 0. Three-lined o. Four-lined o.2Five-lined octave
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FACULTY

ws=mee Hudebni stupnice

CTU IN PRAGUE

b

W

* A4 (al) Pitch Standard (Concert Pitch)
A4 = 440Hz jediny oficialni standard

vyznamneé orchestry vSak ladi i na 441, 442, 443, ...

Tuner - gStrings Free

https://cs.wikipedia.org/wiki/Komorni ton
https://en.wikipedia.org/wiki/Concert pitch

01.10.2025 BE2M31SYN — Synthesis of Audio Signals
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s
[

FACULTY

OF ELECTRICAL
ENGINEERING

CTU IN PRAGUE

https://logosfoundation.org/kursus/music_math.pdf

Music: a Mathematical Offering

01.10.2025
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FACULTY

wamee Hudebni stupnice

CTU IN PRAGUE

function tone = note(key,duration)

% 1input: key ... key number of the desired tone
% ¢cl=40; dl=42; el=44; £f1=45;
% gl=47; al=49; hl=51; c2=52

% duration ... signal duration [s]

% output: tone ... generated signal [Hz]
fs = 8000;

f = 440 * 2 * ((key-49)/12);

t = 0:1/fs:duration-1/fs;

tone= sin(2*pi*f*t);

BE2M31SYN — Synthesis of Audio Signals
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FACULTY

wamee Hudebni stupnice

CTU IN PRAGUE

close all,clear

X = [1; % initialize wvariable
fs = 8000; % also change in the function
keys = [40 42 44 45 47 49 51 52];

durations= 0.5*ones(1,length (keys));

for k = 1l:1length(keys)
tone = note (keys (k) ,durations(k));
X = [x tone];

end

soundsc(x, fs) % listen to the musical scale

BE2M31SYN — Synthesis of Audio Signals 36
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FACULTY

e Tabulkova (wavetable) syntéza

CTU IN PRAGUE

pravdépodobné nejstarsi technika pro vytvareni zvuk( pomoci pocitaci

PPG Wave Series: Implementace syntézy tabulek
vyuzivala pole obsahujici 64 ukazatelu na jednotlivé
jednocykloveé viny.

Waldorf Microwave: Nova generace PPG.
Roland D-50 and Roland MT-32/variants: "Linear

Arithmetic” syntezator (v podstaté wavetable
syntezator se 2 tabulkami).

KorgWavestation: "Vector synthesis” pfechod mezi
tabulkami pomoci 2d mfizky.

01.10.2025
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» Tabulkova syntéza simuluje nastroj pomoci vzorku
vyjmutych ze skuteCneho nastroje.

Wavetable

* Lookup table )

» Rizné mechanismy mll “th .
oSingle wavecycle ]” ]
oLooping
oMultiple wavecycle ’
oCrossfading > i |
OADSR envelope Vzorky pro dany tvar viny jsou ulozeny v tabulce,

O PltCh Shlft”"]g zvuk je produkovan opakovanym prehravanim vzorka.
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o8

Wi Wavetable
'I.'la-neﬂ (D0 I— (Wave 1 [01H))  (Wave 2 (024 (Wave 3 (03H])  (Wave 4 (4H])  (Wawe 5 (08H1) (Wawe 8 [06H)) 2 7 (OTH

» Single Wavecycle “"w,'”*w RV LV LW m"w o

I"._[' \;'
O SI m p I e ;'L:'alneaillcl-_l |1:‘r3ue5_CQH:- rl:.. A .{,a.,e T EIMIHHHH“ e . |

. MMy 'vfblf““vxu / mﬂ’m WA AR VWA, ‘r\f‘u WA
O Re petltlve SO u n d Wae 16 [10H) i.w.we 17(17H)) (Wave 18 (12H]) (Wawe 18 (13)) (Wave 20 (14H]) (Wave 21 (15H)) (Wave 22 (1BH)) (Wawe 23 (17H])
oSine : Trian g le : Sawtooth ‘«,-«,,rnw%’hrm‘-wm LT M i “WM MW'JrWW oy

Wawve 24 (18H]  (Wawe 25 (18H)} (Wawe 28 (1AH]) (Wawe 27 [1BH]) (Wawe 28 (1CH]) (Wawe 28 (10H)} (Wawe 30 (1EH)) (Wawe 31 [1FH])

"%%”Wm L*#Mrwwﬁ i *#MM‘MW% it

Wave 32 (20H)  (Wawe 33 (21H)} (Wave 234 (22H)) (Wase 35 (23H)) (Wave 38 (24H)) (Wawe 37 (25H)) (Wawe 38 (26H)) (Wawe 38 (27H])

| L e o e e

(W¥ave 40 (28H]) (Wawve 41 (2BH)) (Wave 42 (2AH)] (Wase 43 (2BH]) (Wave 44 (2CH]) (Wawe 45 (2DH)) (Wave 46 (2EH) (Wase 47 (2FH])

Il Kumw O T RRETAY SRV de»#wwm Mg

(Wawve 43 (30H]) (Wave 40 (31H)} (Wawe 50 (22H)) (Wawe 51 (33H)) (Wave 52 (34H]) (Wawe 53 (38H)) (Wawe 54 (36H)) [Wawe &5 [2TH])

A N it et e s e
s TN N

Single wavecycle pristup k tabulkové syntéze
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CTU IN PRAGUE

Tabulkova (wavetable) syntéza

.00

0ing

 Peclivy vyber period:
» velké zmeny amplitudy (vytvareji nezadouci zvukove efekty)
« fazové zmény (slysitelné kliknuti)
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R

W

* Multiple Wavecycle
oVice zdroju

AMM\/\M aAl
\}\/U\}\/W V4 \/\/

Sou
|
|
|
|
[
1\, Decay
|
[
|
|

Sustain elea

Multiple wavecycle pouziva rlizné zdroje pro rizné ¢asti zvuku
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s Tabulkova (wavetable) syntéza

* ADSR obalka

‘”””L””W”t high
|‘/\ —

med.

low

ff

mf

P

e
A/
-

s
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* Crossfading

o prolinani L Max
Y \ /
e
Initial waveform Target waveform /./-
M~ :
i - + ¢ +-
\/ 0 Lower Upper 127
Lim! Lot
>

 Linear crossfading

A\/ V/\vnv/\ /\ ﬁ\/M\/n\/

Crossfading pracuje tak, ze postupné méni vystupy vzorkd
z jedné tabulky na vystupy vzork( dalsi tabulky.
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* Ulozeni jedné periody do tabulky

Sniins

f0=400; 05+ ]
= ’ , O T ? -t

Egzéslﬁgil, 05} ! l l l J} l l l ! ]

P=sin(2*pi*f0/fs*n0); AL ]

| |
4 B g 10 12 14 16 13 20

- a Cteni tabulky ruznou rychlosti

0.5
i

il
TR

-1t 1 1 1 1 1 7
0 2 4 B 8 10 12 14 16 18 20
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* Ulozeni jedné periody do tabulky

fs=8000; T T T T | |

f0=400; 05+ T T 1

NO=fs/f0; 0 1 T T i o T T

n0=0:NO-1; 05} l l l J} l l l i

P=sin(2*pi*f0/fs*n0); b o
- a Cteni tabulky ruznou rychlosti

1o g NTTT
f1=f0*2(1/12): ob U$lllllll

01.10.2025 BE2M31SYN — Synthesis of Audio Signals 45



FACULTY

4 aaemse Tabulkova syntéza v Matlabu

* Ulozeni jedné periody do tabulky

fs=8000; ' T T T -
f0=400; 05+ T T 1
NO=fs/f0: oL T 1 . CL
n0=0:NO-1; 05} l l J} l l §
P=sin(2*pi*fO/fs*n0); Ak o
a 2 4 B g 10 12 14 16 18 20
* a cteni tabulky ruznou rychlosti
]
F1=0%2(1/12): b L =
N1=fs/f1; 0sf l l l l l cL
n1=0:N1-1; ak o ]
0 2 4 B 8 10 12 14 16 18 20
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* Ulozeni jedné periody do tabulky

Sniins

f0=400; 05+ ]
= ’ , O T ? -t

Egzéslﬁgil, 05} ! l l l J} l l l ! ]

P=sin(2*pi*f0/fs*n0); AL ]

| |
4 B g 10 12 14 16 13 20

- a Cteni tabulky ruznou rychlosti

0.5+

i

[
delta=f1*length(P)/fs; = ‘L l l l l l ‘L

% delta=f1/f0; % delta=TO0/T1; 1k

1 1 1 1 1 1 1 7
0 2 4 B 8 10 12 14 16 18 20
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* Ulozeni jedné periody do tabulky

fs=8000:; o T T T | |
f0=400; 0&r T T
NO=fs/f0: b 1 T T T e :
n0=0:NO-1; 0sf

P=sin(2*pi*f0/fs*n0); 4L

1 1 1 1 1 1 ]
4 B g 10 12 14 16 18 20

- a Cteni tabulky ruznou rychlosti

-caniiin
F1=f0*27(1/12): oL =
N1=fs/f1; o5l | l l l l |
n1=0:N1-1; ak o ]
delta=f1*length(P)/fs; 0 2 4 B 8 10 12 14 1B 18 20

% delta=f1/f0; % delta=TO/T1,
ind = round(0:delta:delta*(N1-1))+1;
stem(nl,P(ind))
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* Wavetable oscilator (s pilou)

% transformace tabulky s jednou periodou fO
% na signal libovolné délky ("duration,,) a frefrekvence f1

duration=1; -
ind = mod(round(0:delta:(delta*duration*fs-1)),NO)+1,;
stem(ind), 1
stem(P(ind)) 10
5 L
i ”
(.wav)
'] L
A
* Problém:
adresy nejsou cela cCisla! il
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* Vstupni hodnota neni
celé cislo

* MUuZzeme se rozhodnout:

1. vzit celé Cislo
a oriznout zlomkovou cast

2. zaokrouhlit
na nejblizsi cele Cislo
3. interpolovat mezi dvéma

body vinové tabulky ——

int ‘ ceil
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* Linearmi interpolace

% transformace tabulky s jednou periodou fO
% na libovolne dlouhy signal o frekvenci f1
% pomoci linearni interpolace

duration=1;
iInd = mod(0:delta:(delta*duration*fs-1),NO)+1,;

x=ind-floor(ind);
P=[P P(1)]; /

A=P(floor(ind));
B=P(ceil(ind));
y=(B-A).*X+A,
stem(ind)
stem(y)

i
|

ind

E%bn.

90

o
<
g
<

S—r
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function y = tabsynth (P, £, duration, f£fs)

% Wavetable synthesis with linear interpolation

5 P = one period of the sampled signal (the table)
5 = desired frequency of the output signal

% duration = duration of the output signal

% fs = sampling frequency of the output signal

5y = output signal

% Usage: y = tabsynth (P, f, duration, £fs)

% by Roman Cmejla

P =P(:)"; % Ensure P is a row vector

delta = £ * length(P) / fs; % Step size for reading the table

ind = mod(0O:delta: (delta * duration * fs - 1), length(P)) + 1; % Index in the table
= ind - floor (ind);
= [P P(1)]1;
P(floor(ind)) ;

= P(ceil (ind)) ;

= (B - A) .* x + A;

o\°

Fractional part for interpolation

o\°

Wrap the table for interpolation

o\©

First interpolation point

o\©

Second interpolation point

o\©

S v v A = v B
I

Linear interpolation
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acase Tabulkova syntéza v Matlabu

* banjo

¢

| | 1 | | | | | |
o 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

0.4

0.2

02+

0.4

% example of wavetable synthesis of a banjo
[X,fs]=wavread('banjo.waVv');
P=x(144:172);
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Rt
feed

* banjo

i | | 1 | | | | |
T0 500 1000 1500 RR.t.2R00,nA000 3500 4000 4500 000

Freguency
=
m

y=tabsynth(P,f0,duration,fs);
y=exp(-[0:length(y)-1]./fs./.1).*y;
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- *s banjo_wavetable.wav - Cool Edit 2000
[ ) anJ O Eile Edit View JIransform Generate Analyze Favorites Options  Window Help

AOEESE | EEREEEREEA TS T EEEEEEE e
r

e
0:05.900 | oos.o00 | =8

11127 - 16-hit - kMono 0:06. 300

ZB00E0.88 MEB free

Eile Edit  wiew Transform

=1
Senerabe analyze Favorites options v incloy Help
OOEEGE | EEEEEREACTS  aEEE e
T

e —
g “HHm-muhhnhm-u " i T—
L L —_—
mmmmm

1o iz i
Ld |® |o=| =]
14 [4apr | ri | |

Stopped

11127 - 16-bit - Mono 0:06.900 30060.85 MB free
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 Hudebni syntéza — klavesy, simulace hudebnich nastroju
« Automotive — blinkry, vystrazné signaly, volnobeh motoru
* Vyuka DSP — demonstrace principu digitalni syntézy

« Zvukoveé efekty — hry, simulace prostredi, multimédia

@ Ukazky zvuka:

Blinkr — mechanicky (blinkr_mech.wav)

Blinkr — elektronicky (blinkr_el.wav)

Couvani — zakladni (reverse_beep_basic.wav)
Couvani — urgentni (reverse_beep_urgent.wav)
Motor — 4 valce (engine_idle_4cyl.wav)

Motor — 6 valcl (engine_idle_6cyl.wav)
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