o . 3. PREDNASKA — Aditivni syntéza

CVUT V PRAZE

* Hudebni nastroje podle vzniku zvuku

* Fourierovy rady
o Harmonicka analyza v MATLABU
o Barva = obsah spektralnich slozek

* Aditivni syntéza
o Implementace aditvni syntezy v MATLABuU
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w00 HUAEbNT nastroje podle vzniku zvuku

CVUT V PRAZE

e Strunné nastroje
o zdrojem zvuku je napnuta chvejici se struna

* Dechové nastroje
o zvuk vznika rozechvivanim vzduchu

 Bici nastroje
o zvuk vznika mechanickym pusobenim

08.10.2025 B2M31SYN — Syntéza audio signald



w00 HUAEbNT nastroje podle vzniku zvuku
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» Strunné nastroje

o zdrojem zvuku je napnuta chvejici se struna
 smyccoveé
struny rozechviva smycec
(housle, viola, violoncello, kontrabas)

« drnkaci
struny se rozechvivaji trsatkem nebo prsty
(kytara, harfa, cembalo)

 kladivkové
struny se rozechvivaji kladivkem
(piano, cimbal)

08.10.2025 B2M31SYN — Syntéza audio signald
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* Dechové nastroje

o zvuk vznika rozechvivani vzduchu
o drevéné
(fletna, hoboj, klarinet, fagot)

« Zzest'ové
(trubka, pozoun, tuba, lesni roh)

* vicehlasé
(varhany, akordeon, Panova flétna)
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Hudebni nastroje podle vzniku zvuku

 Bici nastroje
o zvuk vznika mechanickym pudobenim

* blanozvucné
zvuk vznika mechanickym pusobenim
(tympany, maly buben, velky buben)

e samozvucneé
zvuk vznika vibraci samotneho materialu
(triangl, Cinely)

08.10.2025
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* Bici nastroje — blanozvucné
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— tympany — velky buben
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Approximate Freguency Ranges

Fundamental Frequencies [} Harmonics [ |
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wenes FOUTIEIOVY Fady

08.10.2025

» Kazdou periodickou funkci x(t) = x(t + nT)
ktera splnuje tzv. Dirichletovy podminky
Ize vyjadrit pomoci Fourierovy rady.

Dirichletovy podminky —funkce musi:
* byt jednoznacna a konecna

* mit konecCny pocCet nespojitosti

* mit konecCny pocet maxim a minim

B2M31SYN — Syntéza audio signald
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om0 FOUTICIOVY Fady
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« Jean Baptiste Fourier
(francouzsky matematik, 1768—-1830)

 Harmonicka analyza
Jakykoliv periodicky signal lze rozlozit
na jednotlivé harmonicke slozky.

 Harmonicka syntéza
kombinaci harmonickych slozek Ize vytvorit prakticky
libovolny periodicky signal.

08.10.2025
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. ¢
Fourierovy rady
* Fourierovy rady — goniometricky tvar
2(2) = 70 z [y, cos( kwyt) + by, sin( kaot)]
% .. stejnosmérna slozka
a, by, ... koeficienty Fourierovy rady
k .. poradi harmonické slozky

x(t)dt

2T
Wy = ?
T T
2 2
b = = J x(t) sin( kwgt)dt . =7 j x(t) cos(kwot)dt
0 0

08.10.2025
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om0 FOUTICIOVY Fady

CVUT V PRAZE

* Fourierovy rady — amplitudovy (spektralni) tvar

x(t) = Ay + z Ak cos( kwot + @y)
k=1

A, ... amplituda k-té spektralni slozky
b, ... faze k-té spektralni slozky
b a
Amk=\/a,§+bg g = — 2k 4 =%
Ay, )

ax = Apmy COS @y b, = —Ak SIn @y

08.10.2025 B2M31SYN — Syntéza audio signald



w0 FOUFiErovy fady

* Fourierovy rady — komplexni (exponencialni) tvar

x(t) = z C elk@ot

k=—o00
T
C, ... komplexni koeficient C, = lj x(t)e—/;’{wot dt
T
0
— 1 -
Cp = P (ax — jbx) A = 2|C|

08.10.2025
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- Obdélnikovy prabéh

f(@®)
1
: >
—T T T T t
2 0 2
- Yada ? @—7 21
Fourierova rada : 5 = T = wy = —
Clk:?
bk=?
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. Obdelnlkovy prubeh
4
% ff(t)dt—% ledt
- 3 T
i3 | [ad-2 [ 1cosciontrac -
" Tla i ﬁ T_z cos(kwot) koo,
=ki[g1n(ka)0t)] ;5 é sm(
L [sin (k) - " (k(-9))]
fm 27\ )
'A "B
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Fourierovy rady

* Obdélnikovy prubéh

T

T
5 4
= flsln(kwot)dt—

1
km

1
km

T
2

[—cos(kayt)]
4

Tk(l)o

T

4

[ cos kz—nZ +cos(k2—n(—z))]
T 4

T T Pro vSechny sudé
— | —COS (k E) + cos | k (_ E) =10 | harmonické slozky

08.10.2025

B2M31SYN — Syntéza audio signald

23



om0 FOUTICIOVY Fady

CVUT V PRAZE

J\

Symetricnost funkci

Sudé funkce
Obsahuje pouze
kosinové slozky
Liché funkce
Obsahuje pouze
sinové slozk
x(t) = —x(—t) !
e ge gz —-T
Antiperiodickeé funkce 0 r
(pul-vinna symetrie) Obsahuje pouze
T liché harmonické
x(t) = —x(t+ 5 slozky
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- Obdélnikovy

EAmp[itudové spektrum

0 |

Wo2Wo 3Wg4weSwabwy 7wy

icos(Sa)Ot) — Cos(7a)0t) +...

5T ) 77r

"0=3 + in (wot +3) + %Si“ (300t - %) * %Sin (w0t +3) + %Sin (700t - 5)
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* Obdélnikovy prubéh

08.10.2025 B2M31SYN — Syntéza audio signald
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om0 FOUTICIOVY Fady

CVUT V PRAZE

* Obdélnikovy prubéh

08.10.2025
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* Obdélnikovy prubéh

= : 4 _ . . :
f(t):z bnsmn;zt:; [sinzt+isin 3xt+isin Sxt+..]
n=1

File Edit Yew Insert Tools Window Help

Ded&E kA2, B oD

15

1

05

0OF

05k

1 1 1 1 1 1
1 2 3 4 5 B 7
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* Trojuhelnikovy prubéh

1 1
cos(3wt) + =—=cos(5wt) +-—cos( 7wt)+...)

8 1
f(® =F(cos(wt)+§ oF 29

File Edit Yew Insert Tools Window Help

DedE kA2, BoD

1

0.s

06+

0.4+

02+

D_

02k

04t

06 -

0.8

4

1 1 1 1 1 1
0 1 2 E 4 & B 7
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* Pilovy prubéh
2 1. 1 1
f() = ;(sm( wt) — Esm( 2wt) + gsm( 3wt) — Zsm(4wt)+. e

<} | =Student Yersion> Figure No. 1 E@@

File Edit Wew Insert Tools ‘Window Help

Ded& A A/, BP0

1

0.8+

06|

0.4+

02r

aF

02"

0.4 -

06+

08|

-1

1 1 1 1 1 1
0 1 2 3 4 5 53 7
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w00 BArVa ZVUKU = obsah spektralnich slozek
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* Harmonicky prubéh

harmonicky pribéh

* mékka s pisknuti 0'5' |
e zastrena * okarina oF ]
* hebka e zobcova flétna 05f
* neprliraznd * pp horny y | | | | | | | | |
° prahledna’ ° ﬂaiolet u Strunnvch 0 0.01 0.02 0.03 0.04 (3[()8? 0.06 0.07 0.08 0.09 0.1
 melka * Dpizzicato 1 | | | | | | |
* jemna * spodni rejstriky pricné
* prazdna flétny
e prazracna * spodni rejstriky 05F -
e tupd klarinetu
* kulata . | | | | | | |

0 500 1000 1500 2000 2500 3000 3500 4000

f [Hz]

Vlastnosti: prevazujici harmonicka slozka ve spektru, maskovatelna jinymi zvuky
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* Harmonicky prubéh

Fraction of total power
S, gl’ gl’ g =k

=
&

[a—
=
4

08.10.2025 B2M31SYN — Syntéza audio signald



|43

FAKULTA )
ELEKTROTECHNICKA
€VUT V PRAZE

Barva zvuku = obsah spektralnich slozek

* Trojuhelnikovy prubéh

Nazvy barvy Nastroje typu ol

(podobné s obdélnikem) ¢ flétny

trojuhelnikovy priabéh 1:1

0 — -
 dutd
* nosova 05
* huhnava 1

, 0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1
° huhlava, t[s]
* pIOVOUCI’ 1 T T T T T T T
* obl3,
* rozladéna
0.5 —
0 T hd Py Il 1 | Il Il Il
0 500 1000 1500 2000 2500 3000 3500 4000

f [Hz]
Vlastnosti: prlibéhy obsahuji jen liché harmonické, tisSi nez obdélnik

08.10.2025
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W

* Fletna

Fraction of total power
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* Obdélnikovy prubéh

AN
] obdélnikovy pribéh 1:1
(podobné s (jednoplatkové nastroje) v
trojuhelnikem) * klarinet o |
* dutd * saxofon 0.5F -
* nosova p
. huhﬁava: . Varhany (kryté p|'§t'a|y) 0 0.01 0.02 0.03 0.04 E[)[(;E; 0.06 0.07 0.08 0.09 0.1
* huhlava, s | | | | | | |
* plovouci,
* obl3, 1t ]
* rozladéna
0.5 i
0 ‘ILL.LLLJ_J_.LAAA*. -
0 500 1000 1500 2000 2500 3000 3500 4000

f [Hz]

Vlastnosti: priibéhy obsahuji jen liché harmonické a jsou hlasité
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* Dechovy nastroj

ELEKTROTECHNICKA

Fraction of total powe
S, S S & & s =
qq_‘—"--

08.10.2025 B2M31SYN — Syntéza audio signald



o e Barva zvuku = obsah spektralnich slozek

LTI

of total power

action

Fr
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e Pila

‘ \‘
N&zvy barvy Nastroje typu 1
* jasna « f & ff smyccovych oar
 plnd nastrojl oF
* syt3, st
e ostra e 7Zesté
° 2 -1
b pl"urazna L tr'Ubka ] 0.01 0.0z 003 004 005 0.06 0oy 008 0.09 01
7 7 T.
* bryskni * trombdn 5]
e pronikava 0.6F
e agresivni
7 U-’-1-"
* tvrda
02F | ‘
0 |{|III][T[T|T1TTITrTrTIT1Trr'rr1'|1'|1"r
] a00 1000 1500 2000 2500 3000 3500 4000
f [Hz]

Vlastnosti: pIné spektrum, ostra a prlrazna barva, nesnadno se maskuje jinymi zvuky
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e Housle

i gl’ g s =

Fraction of total power
8 —
&

=
-3
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Barva zvuku = obsah spektralnich slozek

- Uzké pulzy

A A

Nazvy barvy Nastroje typu 1

(dvojplatkové nastroje)

e prlrazna

e agresivni

* mecici

e vrcici

* vrnici

* roztfepena

* hoboj,
* fagot

* trubka
e 7esté

0.5

-0.5 11

0.4

03r

0.2

01r

0

pulzy 10:1
T T T T T T T
0 0.01 0.02 003 004 005 0.06 0.07 0.08 0.09 0.1
t[s]
“‘] IIH"IIT.TIIII]ITr.rTIII]ITr
0 500 1000 1500 2000 2500 3000 3500 4000

f [Hz]

Vlastnosti: pIné spektrum, prlirazna az agresivni barva, nesnadno se maskuje jinymi zvuky
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B2M31SYN — Syntéza audio signal

41



o e Barva zvuku = obsah spektralnich slozek

« Saxofon

1 R 2
2. _—
10
5
g
(-9
g sr i
o 1000
g
10000
(-]
-5
§10
210 u
= J ”
107
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W

* Fagot

gl‘ §|“ g =+

=]
Lk

— ek

Fraction of total power
=

[
=
-1

Fraction of total power
= o o= o

—
<
-1
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 Trubka

S B & = =

Fraction of total power

o p—
S
&

s
&

. gl' g s =

o
w

Fraction of total power

pu— —
=
£

o
=
~
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Barva zvuku = obsah spektralnich slozek

 Sum/hluk “ -

Nazvy barvy Nastroje typu

Sumici
sycici
hlucici
chrastici

chraptici

drndici

e Cinely

gongy

nemelodické bici

skripani
chrapténi

Sum
T

|

-2

_4 1 1 | 1 1 | | 1 1
0 0.01 0.02 0.03 004 005 0.06 0.07 0.08 0.09 0.1

t[s]

0.2

0.15

b
|

500 1000 1500 2000 2500 3000 3500 4000
f [Hz]

Vlastnosti: m0ze pokryvat celé spektrum, pripadné jen ¢ast, problematické urceni vysky ténu
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» Spektralni tvar Fourierovy rady
— soucet jednotlivych frekvencnich slozek

— teorie je zalozena na Fourierovych radach
A, (H)—»
/i(t) —»| 1.generator

O, —»|

-/{"; Az(t) —>

/() —»| 2.generator
0, —» I vystup aditivni syntéz;
|

S\(£)—»|N.generator
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*awial K2000ugg gy ol prg g0 000 10 110N
, FEEEE W (. .

. arhany

« Hammondovy
varhany
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08.10.2025 B2M31SYN — Syntéza audio signald 47



|43

om0 ACILIVIRL SYNtéza

CVUT V PRAZE

. linky

https://en.wikipedia.orqg/wiki/Additive synthesis

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

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

http://cmc.music.columbia.edu/musicandcomputers/chapter4/04 02.php

https://en.wikipedia.org/wiki/Shepard tone
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Shepardovy tény

amplitude

| | |
f 2f 4f 8f 16f 32f
partials (log frequency)
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« Casové promeénna parcialni aditivni syntéza (TVPAS)
o Prirozené zvuky se skladaji z parcial
o Parcialy maji Casové proménné frekvence a Casové promenné amplitudy
 Ridici informace
o Obalky amplitudy
o FrekvencCni trajektorie

fo=% " 4, (0)-cos(@,(5) -1~ 8, ()

'--1

* Témbr (barva zvuku)
o VySSi harmonicke (parcialy) vstupuji pozdéji a koncCi drive
o Pokud nastroj hraje hlasitéji, pouziva se vice harmonickych (parcial)
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* Nevyhody aditivni syntezy
o Velké mnozstvi dat (fizeni parametru)
o VyZaduje mnoho oscilatoru
o Slozité generovani dynamiky (nabeh, doznivani, Casovy vyvoj)
o Méneé intuitivni ovladani

oHlavni vyznam aditivni syntéezy
o Resyntéza (vytvareni zvuku ze spektrogramu)
o Vysoce kvalitni a realisticka zvukova produkce
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* Pri spektralnim modelovani se aditivni syntéza
doplnuje vhodnymi sumovymi slozkami.

* Pro vytvoreni neharmonickych prubehu, napriklad téch,
ktere produkuji ,,kovovy“ zvuk, pouziva se technika,
kdy se scCitaji harmonické prubehy (dvé nebo vice),
které jsou od sebe relativne rozladené (frekvencni
slozky nejsou celoCiselnym nasobkem zakladni

frekvence).
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CVUT V PRAZE

* Analyze.m

function analyze(file)
% function analyze(file) plots amplitude spectrum

$ of the *.wav file.

[signal,fs] = audioread(file);
N = length(signal);

c = fft(signal) /N;

A = 2*abs(c(2:floor (N/2)*2)) ;
f = (l:floor (N/2)*2-1) *fs/N;
semilogy(f,A,'r")
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>> analyze ('banjo.wav')
>> [X,Y]=ginput (10)

File Edit Yiew Insert Tools ‘Window Help

b=zEHS

10’

' b

107k l
|

P R

1 1 1 1
a a00 1000 1500 2000 2500 3000 3500 4000
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% BANJO

fs = 16000;

duration = .5;

tau = .1;

0 = 400;

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

ampl = [0.0051 0.0144 0.0246 0.0290 0.0422 0.0101 0.0052 0.0096
0.0022 0.0015];

o=exp (-nT./tau) ;
=o.*[ampl*sin (2*pi*[l:length(ampl) ] '*£f0*nT)];
soundsc (x, £s)
plot (nT,x), title('banjo'), axis tight, xlabel('---> cas [s]')
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- Original Aditivni

T T T T
* Banjo )
%I |

0B | 1 | | | | | | | 0.4 | 1 | | | | | | |

500 1000 1500 2000 2500 35000 3500 4000 4500 500 1000 1500 2000 2500 35000 3500 4000 4500
1 —— — e 1 T T T —————
- = e = e = —— | ]
08F —— = —~——__—:—— I = ——-_E 08E S —
R —_— === = = == = ————
c DEE=== — = ————— ———a e S DEBE = —
sl e e——— S i — CD e
= e == == —_ e e——e = = —_ =
= 04F == e e T ——— z 0.4 ]
= — —_—— o ———— e =]
0.2 — e — = 0.z —
B . ————r ol - e ——
] 500 1000 1500 2000 ] 500 1000 1500 2000
Twarovani Wavetable
6 T T T T T T T T T = T T T T T T T T T

1 1 1 1 1 1 1 1 1 1 1 1 1
1000 1500 2000 2500 3000 3500 4000 4500 500 1000 1500 2000 2500

1
500

1 — : :
1] === ————
) ) ———————————— — T =‘:_
E 0GE g g 0BE = = —
ah) ah)
g . Z 04 — =—
2% L =——— —
0.2 02— —
ok : : ; ; ok = —————
o] 500 1000 1500 2000 o] 500 1000
Time Time
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1 8
~
6
ry
Fletna 05 Sy
S 2
- L
1\-- 0 | L TP

0 2000 4000 &000  8OOO

-
%]

0.2 4
=
015} <3
H 0.1 )
At 2
Klarinet
0.05 | 8 1
L
0 0
1 - 0 1000 2000 3000 4000 1 2
\
0.6 )
=
6
i
0.4 g
Trubka : _ 2 4
| el 0.2 g-
~— b [Feparrr——
1 \"- 0 | L

=]

0 2000 4000 6000 8OO0

=]
wn
=
-
n
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Struna

0.3

7

02r

o1

02r

01r

Freqguency (kHz)

.
0 1000 2000 3000 4000

58] e £

Frequency (kHz)

‘ll

0 1000 2000 3000 4000

=

IS ! 0.2
Y [

0.05

Frequency (kHz)

0

0 500 1000 1300 2000
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Aditivni syntéza

Vyr

Strnad
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ELEKTROTECHNICKA

mon s ACILIVINE SyNtéza

CVUT V PRAZE

e ZVvonek

J Figure No. 1

File Edit %iew Insert Tools ‘Window Help

DEEdE YA A 2Lo00

Fregquency

['& Microsaft PowerP... | 7 6 Internet Explo...

[ o cv [ 8% volume HD

' adabe Updater

-

=) 3 matlab

* EN

® LR 4 " 22:05
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Aditivni syntéza

 Namety (recepty bez zaruky :-))

Por.harmonické | 1. 2. 3. 4, S. 6. 7. 8. Q. 10. 11.
Trubka 0,17 | 0,63 | 0,57 | 0,98 | 0,56 | 0,68 | 0,02 | 0,05 - - -
Harmonika 8,60 | 0,45 | 3,40 | 050 | 0,42 | 0,13 | 0,13 | 0,16 | 0,04 | 0,35 | 0,02
Flétna 2,54 | 0,25 | 0,01 - - - - - - - -
Klarinet 1,00 { 0,00 | 0,75 | 0,00 | 0,50 | 0,00 | 0,24 | 0,50 | 0,00 | 0,22 | 0,27
Hoboj 0,02 | 0,20 | 1,00 | 0,37 | 0,36 | 0,46 | 0,10 | 0,06 | 0,03 | 0,02 -
Piano 0,32 | 0,20 | 0,08 | 0,07 | 0,06 - - - - - -
Housle 0,39 | 0,30 | 0,27 | 0,01 | 0,11 - - - - - -
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Aditivni syntéza

* Aditivni syntéza samohlasek

e Hemholtz 1877
e f0=220Hz; doba=3s

e fi=1;f=0,7, mf=0,3;, p=0,1; pp = 0,07,

&
]

(wav)

&

(wav)

&

(wav)

&

(wav)

harm

U
O
A

1.

mf

mf

mf

2.

mf

3. 4. D.
PP 0 0
mf P 0
P mf mf
mf 0 0
0 0 0

16.

mf
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* Periodicky sled impulsu

Synteza periodickeho sledu impulzu f0=440 Hz, T=23ms
T T T

N 1 N
{ —— definovana faze L

bt

;
0.006 0.008 0.01 0.012

x(2) =Y cos(ka,) |
£=1 0]

r r
0 0.002 0.004

[ 3 |
— nahodna faze |-

x(2) =Y cos(ka,s + 2z -rand (&) - |
k=1 -4

---> cas [s]
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* Periodicky sled impulsu

f:

snd
snd

for

end;

440; fs = 16000; duration = 0.5; t = 0:1/fs:duration;

la(l,:) = cos(2*pi*f*t);

lb(1,:) = cos(2*pi*f*t + 2*pi*rand);

k = 2:10

snd la(k,:) = cos(k*2*pi*f*t);

snd 1b(k,:) = cos(k*2*p1i*f*t + 2*pi*rand);

subplot (321), plot(t(1:200), sum(snd la(:,1:200)));
subplot (322), plot(t(1:200), sum(snd 1b(:,1:200)));

(
soundsc (sum(snd la), fs); pause(l.5*duration)
soundsc (sum(snd 1b), fs); pause(l.5*duration)
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* Obdélnikovy prubéh

Synteza periodickeho obdel. prubehu f0=440 Hz, T=23ms

- AMaAAA t : : - : -
Tv-v»‘ W/ M { — definovana faze M
1 0.5 i

x(z‘)=—2/é+1;Sin((2/é—l—l)a)oz‘) LJ u :
ol

r r r
0 0.002 0.004 0.006 0.008 0.01 0.012

T [ | T
1 —— nahodna faze {
0.5- vy
O L.
-0.5
-1
r r r r r r
0 0.002 0.004 0.006 0.008 0.01 0.012
---> cas [s]

1 & .
A=———>sIN(( 2+ w.r+ 27 rand (£
x(2) 2@+1Z1 (26 +1D)aw,t + 27 (%))
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Aditivni syntéza periodickych pribéhu

* Obdélnikovy prubéh

snd 2a(l,:) = sin(2*pi1*f*t);

snd 2b(l,:) = sin(2*pi*f*t + 2*pi*rand);

for k = 3:2:18
snd 2a(k,:) = (1/k) * sin(k*2*pi*f*t);
snd 2b(k,:) = (1/k) * sin(k*2*pi*f*t + 2*pi*rand);
subplot (323), plot(t(1:200), sum(snd Z2a(:,1:200)));
subplot (324), plot(t(1:200), sum(snd 2b(:,1:200)));
soundsc (sum(snd 2a), fs); pause(l.Z2*duration)
soundsc (sum(snd 2b), fs); pause(l.Z2*duration)

end;
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* Pilovy prubéh

Synteza periodickeho piloveho prubehu f0=440 Hz, T=23ms
L

{ —_— deﬁLnovana fazeL {

\J\

C r r r
0 0.002 0.004 0.006 0.008 0.01 0.012

() = %isin( £, 7)

C
— nahodna faze
0.5~

il =, o
— D sin( ks + 27 -rand (£)) o=

=2

1.5+~

C L L L L r
0 0.002 0.004 0.006 0.008 0.01 0.012
---> cas [s]
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Aditivni syntéza periodickych pribéhu

* Pilovy prubéh
snd 3a(l,:) = sin(2*p1i*f*t);
snd 3b(1l,:) = sin(2*pi*f*t + 2*pi*rand);
for k = 2:18

end;

snd 3a(k,:) = (1/k) * sin(k*2*pi*f*t);

snd 3b(k,:) = (1/k) * sin(k*2*pi*f*t + 2*pi*rand);
subplot (325), plot(t(1:200), sum(snd 3a(:,1:200)))
subplot (3260), plot(t(1:200), sum(snd 3b(:,1:200)))
soundsc (sum(snd 3a), fs), pause(l.2*duration)
soundsc (sum(snd 3b), fs), pause(l.2*duration)
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« Jasné zvuky — zduraznéné sudé harmonické
X(t) = 0,2sIn( w,t) +0,65IN( 2- w,t) +0,4sIN(3- w )+ <
+0,6sIn(4- w,t) +0,4sin( 5- w,t)

* Duté zvuky — pouze liché harmonicke
x(7) =0,8sin( @,r) +0,4sin(3-w,£) +0,2siN(5-w,r) ¥

-------
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e AAItIVINEG SyNtéza — priklady

* Analyza obalky
obalka =A*t"n * exp(-t/tau)

nabeh = 0.01 ) nabeh =0.5 . nabeh =1
- 2 e g
c c - c g
. 05 =10 - ) e
& 4 .-jf
L) 0 L)
0 1 2 3 0 1 2 3 i) 1 2
; utlum = 2 ; utlum = .5 1 Utlum =1
T = |\ TN
= , = \ =
05|} OS5 N 05| N\
w0 ) 3 :-: .,
Y \ i " i
.,
N, S —
L) 0 i)
0 1 i 3 0 1 2 3 O 1 2
obalka obalka obalka
1 037 0.4 .
—_— —_— II 1'\. —_— e W
_I_: -I_: | Y :Ij & e,
= | Zozf = 1/ -
<05 = AN =02/ ™~
* -:.l = {:'1 \t_\ *® ||I
= 1" c. , c. |
L] 0 —= L]
0 1 2 3 0 1 2 3 i) 1 2
—> Cas5 [5] - a5 [5] - CAs5 [5]
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ot s % & Y 4 /4 ¢ &
o memanea Aditivni syntéza — priklady (:
frekvencni slozka = k * fO
obalka = A* t"n * exp(-t/tau) dlariet =
0.4 - - L_Hn 03— ="
KLARINET f0 = 262 Hz g%/ Ei
.................................... gl :
K | A | n | tau 2 ]
------------------------------------ .
1.0000 | 1.0000 | 0.7500 |0.7000 —> cas|[s]
2.0000 | O |0.7500 |0.3000 0.2 ¢ o B
3.0000 | 0.5000 | 0.7500 | 0.7000 0.15 | <3 w0 2
4.0000 | 0O ]0.7500 |0.7000 o1l g, 80 :
5.0000 | 0.2000 | 0.7500 | 0.7000 oo | %1 122 f
ol L N 0 140 £
0 1000 2000 3000 4000 1 2
Time (secs)
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Aditivni syntéza — priklady

frekvencni slozka = k * fO

obalka = A* t"n * exp(-t/tau)

BICI f0 = 262 Hz

1.0000 | 1.0000 | 0.0100 | 0.7000
1.5800 | 1.0000 | 0.0100 | 0.3000
3.0000 | 1.0000 |0.0100 |0.1000
2.2400 | 0.3000 |0.0100 |0.4000
2.5500 | 0.3000 |0.0100 |0.1000

0.3

0271

01¢

0

drnknuti struny

[Ny

0

1000 2000 3000 4000

4

amplituda frekvencni slozky 4
=
tn

Frequency (kHz)

-l

Time (secs)

Fowerfrequency (dB/Hz}
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Aditivni syntéza — priklady

frekvencni slozka = k * fO

obalka = A* t"n * exp(-t/tau)

BICI f0 = 262 Hz

1.0000 | 1.0000 | 0.0100 | 0.7000
1.5800 | 1.0000 | 0.0100 | 0.3000
3.0000 | 1.0000 |0.0100 |0.1000
2.2400 | 0.3000 |0.0100 |0.4000
2.5500 | 0.3000 |0.0100 |0.1000

0.3
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Aditivni syntéza — priklady

frekvencni slozka = k * fO

obalka = A* t"n * exp(-t/tau)

BICI f0 = 262 Hz

1.0000 | 1.0000 | 0.0100 | 0.7000
1.5800 | 1.0000 | 0.0100 | 0.3000
3.0000 | 1.0000 |0.0100 |0.1000
2.2400 | 0.3000 |0.0100 |0.4000
2.5500 | 0.3000 |0.0100 |0.1000

0.3
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TYMPANY 0 = 132 Hz T=2s
frekvencni slozky = k * fO

obalky =A™ exp(-2.8*) * interpl(X,Y,t) IS
X =[0.002 T*.99 T] .
Y=[01 .9 O] tympany 1

0.5

amplituda frekvencni slozky

0.2 _ E
N I
0.15 } L g
= 3
ey
0.1} e 9]
o S
=) o
I o S
0.05 @ g
-
0 “lll“llnum Ly o D?
0 500 1000 1500 2000 0.5 1 1.5

Time (secs)
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Aditivni syntéza — priklady

ZVON f0 =110 Hz T=2s
frekvencni slozky = k * fO

obalka

=A™ exp(-0.8*1)

0.6

047

027
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LLLLLLL o
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% FLETNY fO = 440 Hz T=1s
fl = f0*273/12) HzT=1s

£2 = f0*2N7/12) Hz T =15 2 L ER
frekvenéni slozky = k * fO —
obalky = A" interp1(X,Y,t) 2 0s

X=[0.2.91] -

Y=[01 .90] E
---------------------------- -20 1 2 3 § 0o 1 2
k | A | A |
____________________________ 1
1.0000 | 1.0000-| 1.0000" I
2.0000 | 0.250G | 0.0500 | 05| 9
3.0000 | 0.0625 | 0.0250 | S
4.0000 | 0.0156 | 0.0005 | L - =
5.0000 | 0.0625 |0.0010 | 0 2000 4000 6000 8000 12
6.0000 | 0.0156 | 0.0005 | Time (secs)

Power/frequency (dB/Hz)
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DECHOVE NASTROJE {0 = 440 Hz T
frekvencni slozky = k * fO

2S

obalky =A™ interp1(X,Y,t)
X=[0.1T*9T]
Y=[01 .9 0]
"N I\\decl?ové N I\\decl?ové

05f 05F

0 0.5 1 1.5 2 0 0.5 1 1.5 2 0 0.5 1 1.5

amplituda frekvencni slozky
amplituda frekvencni slozky

---> cas [s] ---> cas [s]
1 8 20 o 1
—_~ I —_~
N = N
T J L .50
N > N
%) = %)
0.5} 2 S 05¢ 24
o g ) -100
(on = (on
S & o 2
| ' =N N | '
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Aditivni syntéza — priklady

% Priklad z aditivni syntézy s obalkami typu ADSR

TRUBKA f0 =440 Hz T=3s

frekvencni slozky = k * f0

obalky = A" interp1(X,Y,t)
obalkaY =[01.80

0 0.5 1 15 2 25 3 3.5
% 10%

0.6

047

027

0

trubka

amplituda frekvencni slozky

Frequency (kHz)
N

N

-
O

—

©
o

o

»

N

[S]

Power/frequency (dB/Hz)
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e Zvonhek

clear

fs =44100;

Tl =0.06;

T2 =0.480;
£01=180;

£02=181;

A=[.01 .1 1 17;
K=[ 5 10 20 40];

M=2;
N=4;

o° o0 o0 o° o°

o®

o° o°

o°

o°

Aditivni syntéza — priklady

vzorkovaci frekvence

doba mezi udery

delka posledniho uderu
zakladni frekvence 1l.zvonku
zakladni frekvence 2.zvonku
amplitudy ctyr oscilatoru

nasobky zakl.frekvence
jednotlivych oscilatoru

pocet serii zvoneni

celkovy pocet uderu = 2*N+1

B2M31SYN — Syntéza audio signald

81



w0 ADItIVNE Syntéza — priklady

for m.=Z\Z{c:)Mn Ek
for n = 1:N
% First bell hit
x]l = A * sin(2 * pi * K' * (£f01 .* t));
xl = x1 .* exp(-t/T1l); % Apply exponential decay envelope
% Second bell hit (detuned)
X2 = A * sin(2 * pi * K' * (£f02 .* t));
x2 = x2 .* exp(-t/T1l); % Apply exponential decay envelope
% Concatenate hits into the signal
x = [x, x1(1:Tl1l*fs), x2(1:T1l*fs)];
end
x = [x, x1]; % Add the final hit of the first bell
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» Syntéza barvy hudebnich nastroju

pribéh _______simulace _____________nastroje

pila treni smycce smycce
trojuhelnik pohyb vzduchového valce flétny
obdélnik pravouhly duty zvuk pistal (liché harm.) klarinet, flétny, varhany

obdélnikové uzké pulsy jazycky a rty hoboj, fagot a trubka
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