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 Periodické prubéehy
 Fourierovy rady

«  Spektrum

« Barvazvuku
 Aplikace



Fourierovy rady

« Jean Baptiste Fourier
(francouzsky matematik 1768 - 1830)

 Harmonicka analyza
Libovolny periodicky signal Ize rozlozit na
jednotlivé harmonicke slozky.



Fourierovy rady

« Jean Baptiste Fourier
(francouzsky matematik 1768 - 1830)

 Harmonicka analyza
Libovolny periodicky signal Ize rozlozit na
jednotlivé harmonicke slozky.

 Harmonicka synteza
Kombinaci harmonickych slozek Ize vytvorit
prakticky libovolny periodicky signal.



Fourierovy rady

« Trigonometricky tvar Fourierovych rad

X(t) = % +3 [a, cos(ket) + b, sin(kesyt)]
k=1

ay/ 2 ...stejnosmerna slozka
a,, b, ...koeficienty Fourierovy rady
k ...poradi harmonicke slozky

T 2 1
b, = 2 [x(2)sin(kar,)dr 2= | (2) cos(kw,t)dr
T4 s



Fourierovy rady

« Spektralni (polarni) tvar Fourierovych rad

X(t) =) c,sin(kapt + ¢, )
k=0

‘, ... amplituda k-té spektralni slozky
Py ... faze k-té spektralni slozky

a
c,=+a, +b; @ =arctan b—k

k



Fourierovy rady

 Komplexni (exponencialni) tvar Fourierovych rad

NOEDR
=—00

X, ... komplexni koeficient

X =%(gé—j@) e, =2/X]



Fourierovy rady

* Obdélnikovy prubéh



Fourierovy rady

* Obdélnikovy prubéh

= : 4 _ . . :
f)=> bnsmnnt:; [sinzt+isin 3zt+1isin 5rt+..]
n=1




Fourierovy rady

* Trojuhelnikovy prubéh

8 1 1 1
f(t) = — (cos(wt) + —cos(3awt) + — cos(bat) + — cos(7wt) + ...
(t) ﬂz( (at) : (Sat) = (Sat) I (Tat) +...)




Fourierovy rady

* Pilovy prubéh

f(t) = %(Sin(a)t) — %Sin(Za)t) + %Sin(?»a)t) — %Sin(4a)t) +....
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Harmonicka analyza
v MATLABuU

function analyza (soubor)
% funkce analyza(soubor) vykresli amplitudove
% spektrum *.wav souboru.

[signal,fs] = wavread (soubor);
N = length(signal) ;

c = fft(signal) /N;

A = 2*abs(c(2:floor(N/2)));

f = (l:floor (N/2)-1) *£fs/N;

plot(f,A,'r'")



Aditivni synteza |

« Spektralni tvar Fourierovy rady

A, (t) =]
Ji()—>

G, —>

1.generator

A(t) —»
S(t) —»

b, —»

2.generator

vystup aditivni syntézy

A(D)—>
IO —»

N

N.generator

>



Aditivni synteza Il

* Periodicky sled impulsu

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

— defincvana faze i

]
0.006 0.008 0.01 0.012

x(2) = cos(kaw,?) /|
k=1 0f

r r
0 0.002 0.004

I
— nahodna faze |-

x(2) = i cos(kw,t + 27 - rand(£)) :

r r r r r |
0 0.002 0.004 0.006 0.008 0.01 0.012

> cas [s]

>> prikladQ07



Aditivni synteza Il

* Periodicky sled impulsu

f=440; fs=16000; doba=.5; t=0:1/fs:doba;
zvuk _la(l,:)=cos(2*pi*f*t);
zvuk_1b(1,:)=cos(2*pi*f*t+2*pi*rand);

for k=2:10
zvuk_la(k,:)=cos(k*2*pi*f*t);
zvuk_1b(k,:)=cos(k*2*pi*f*t+2*pi*rand);
subplot(211), plot(t(1:200),sum(zvuk_1a(:,1:200))),
subplot(212), plot(t(1:200),sum(zvuk_1b(:,1:200))),
soundsc(sum(zvuk 1a),fs), pause(l.5*doba)
soundsc(sum(zvuk_1b),fs), pause(l.5*doba)

end;



Aditivni synteza IV

* Obdélnikovy prubéh

1 . OISP T LﬂL r‘"‘L {— deﬁLnowinaf?;lzeLr{
1)=——-=) Sin((26+Daw,z) '
()= Tsin(@ +Doy) J U
N WP ) bd

0 0.002 0.004 0.006 0.008 0.01 0.012

r r r r r
0 0.002 0.004 0.006 0.008 0.01

> cas [s]

x(2) = % Y sin((2&+1)w,z + 27 - rand (£))

>> priklad08



Aditivni synteza V
* Obdélnikovy prubéh

zvuk_2a(1,:)=sin(2*pi*f*t);
zvuk_2b(1,:)=sin(2*pi*f*t+2*pi*rand);

for k=3:2:18
zvuk_2a(k,:))=(1/k)*sin(k*2*pi*f*t);
zvuk_2b(k,))=(1/k)*sin(k*2*pi*f*t+2*pi*rand);
subplot(211), plot(t(1:200),sum(zvuk_2a(:,1:200)))
subplot(212), plot(t(1:200),sum(zvuk_2b(:,1:200)))
soundsc(sum(zvuk 2a),fs),pause(l.2*doba)
soundsc(sum(zvuk_2Db),fs),pause(1.2*doba)

end;



Aditivni syntéeza Vi

* Pilovy prubéh

x(2) = éisin(ka)oz‘)

0.5

100
X\Z)=—
) )=

1.5+~

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

{ _— deﬁLnovana fazeL {

\J\

]
0.002

]
0.004

]
0.008 0.01 0.012

> sin(kw,z + 27 - rand(£))

0.006
U
—— nahodna faze
C r r r r r
0 0.002 0.004 0.006 0.008 0.01 0.012
---> cas [s]

>> priklad09



Aditivni synteza VI

* Pilovy prubéh

zvuk_3a(1,:)=sin(2*pi*f*t);
zvuk_3b(1,:)=sin(2*pi*f*t+2*pi*rand);

for k=2:18
zvuk_3a(k,:)=(1/k)*sin(k*2*pi*f*t);
zvuk_3b(k,))=(1/k)*sin(k*2*pi*f*t+2*pi*rand);
subplot(211), plot(t(1:200),sum(zvuk_3a(:,1:200)))
subplot(212), plot(t(1:200),sum(zvuk_3b(:,1:200))),
soundsc(sum(zvuk 3a),fs),pause(l.2*doba)
soundsc(sum(zvuk _3Db),fs),,pause(l.2*doba)

end;



Hudebni nastroje

* pbarva zvuku = obsah spektralnich slozek



Hudebni nastroje

* pbarva zvuku = obsah spektralnich slozek

—jasné zvuky - zduraznéné sudé harmonické
x(#) =0,2sIn(w,?) +0,6SIN(2- w,7) +0,4SIN(3- w,7) +  «

+0,6sIn(4- w,7)+0,4sIn(5- w,7)



Hudebni nastroje
» parva zvuku = obsah spektralnich slozek

— housle - pila
— jasné zvuky - zduraznéné sudé harmonické
X(t) =0,2sIn(aw,t) + 0,6SIN(2- w,t) +0,4SIN(3- wpt) +  «©
+0,6sIn(4- w,t) +0,4sIn(5- w,t)

— duté zvuky - pouze liché harmonicke
x(#) =0,8sIn(w,7) +0,4sIn(3- w,7) +0,2sIN(5- @,7) ¢

e o Sy N
v v

>> priklad11


http://images.google.com/imgres?imgurl=http://travellers.sk/hra/images/fletna.jpg&imgrefurl=http://travellers.sk/hra/default.asp&h=263&w=396&sz=8&tbnid=VT7llEZMnX4J:&tbnh=79&tbnw=120&hl=cs&start=1&prev=/images%3Fq%3Dfl%25C3%25A9tna%26svnum%3D10%26hl%3Dcs%26lr%3Dlang_cs

Harmonicka analyza v MATLABuU

>> analyza('banjo')
>> [X,Y]=ginput (10)

0k

107 | )

107 L

b

1 | | | |
o a00 1000 1500 2000 2500 3000 3500 4000

1o




Implementace aditivni syntézy
v MATLABuU

$ BANJO

5555555555555 5555555555555 55%%5%5%5%%%%
fs = 16000;

doba = .5;

tau = .1;

£f0 = 400;

nT = 0:1/fs:doba-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) ;
x=o0.*[ampl*sin(2*pi*[1l:length(ampl)]'*£0*nT)];
soundsc(x, £s)

plot (nT,x), title('banijo'),

axis tight, xlabel('---> cas [s]')
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Casové proménna aditivni syntéza parcial
Time Varying Partial Additive Synthesis
(TVPAS)

- pfirozené zvuKky jsou slozeny z parcial - Ridici informace
- parcialy maji Casové promenné frekvence » Amplitudoveé obalky
| Casove promenné amplitudy * Frekvencni trajektorie
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Aditivni synteza |

« Spektralni tvar Fourierovy rady

A, (t) =]
Ji()—>

G, —>

1.generator

A(t) —»
S(t) —»

b, —»

2.generator

vystup aditivni syntézy

A(D)—>
IO —»

N

N.generator

>



Aditivni synteza

e Barva zvuku

7 u AL A 4

nez sustain



Aditivni synteza

e Barva zvuku

7 u AL A 4

nez sustain
- vyssi harmonicke (parcialy) vstupuji
pozdeji a konci drive



Aditivni synteza

Barva zvuku

7 u AL A 4

nez sustain

vyssi harmonicke (parcialy) vstupuji
pozdeji a konci drive

hraje-li nastroj hlasitéji, pouziva se vice
harmonickych (parcial)



Aditivni synteza

 Nevyhodu predstavuje velké mnozstvi
dat (fidici funkce parametru) a velké
mnozstvi oscilatoru



Aditivni synteza

 Nevyhodu predstavuje velké mnozstvi
dat (fidici funkce parametru) a velké
mnozstvi oscilatoru

* Hlavni vyznam aditivni syntéezy dnes je
v resyntéze (vytvareni riznych zvuku
podle spektrogramu)



Aditivni synteza

* Pri spektralnim se aditivni syntéza
doplinuje vhodnymi sumovymi slozkami



Aditivni synteza

* Pri spektralnim se aditivni syntéza
doplinuje vhodnymi sumovymi slozkami

* Pro vytvoreni neharmonickych
prubéhu, napr. které davaji ,,kovovy*
zvuk, se pouzivaji techniky, pri nichz se
séitaji harmonické prubéhy (dva i vice),
které jsou vuci sobé relativné rozladény
(frekvenkcni slozky nejsou celistvym
nasobkem zakladni frekvence).



Harmonicka analyza
programem Cool Edlt

>> dB =[-60 -30 0 -10];
>> £ =[100 200 500 1000];

% prevod dB do linearniho mer.
>> amp=10.* (dB./20)

>> dB =20.*1o0gl0 (amp)




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;

Zvonek |

o° o o° oP°

o° o° o0 o° oP

o°

vzorkovaci frekvence

doba mezi udery

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

nasobky zakl.frekvence
jednotlivych oscilatoru

pocet serili zvoneni

celkovy pocet uderu = 2*N+1



Zvonek I

t=0:1/£fs:T2-1/fs;

x=[];

for m=1:

for

end;

x=[x x1]

end;

M

n=1:N

x1=A*sin (2*pi*K'* (£01.*t)); % uder 1.zv.
x1l=x1.*exp(-t/Tl); % 1l.zvonek s obalkou
x2=A*sin (2*pi*K'* (£02.*t)) ;% uder 2.zv.
x2=x2.*exp(-t/T1l); % 2.zvonek s obalkou
x=[x x1(1:T1l*fs) x2(1:Tl1*fs)];

; % pripojeni posl.uderu prvniho zvonku



Zvonek «

J Figure No. 1
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Syntézy ve cviceni



TRUBKA
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=
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-50 = r r r r

0 0.005 0.01 0.015 0.02
—-> cas [s]

Namety
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:-40/ \/ \
-60
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
---> normovana frekvence
Por.harmonické | 1, 2. 3. 4. 5. 6. 7 8 9 10. | 11
Trubka 0,17 | 0,63 | 0,57 | 0,98 | 0,56 | 0,68 | 0,02 | 0,05 | - - -
Harmonika | 860 | 045 | 3,40 | 0,50 | 0,42 | 0,23 | 0,13 | 0,26 | 0,04 | 0,35 | 0,02
Flétna 254 | 025 | 001 | - - - - - - - -
Klarinet 1,00 | 0,00 { 0,75 | 0,00 | 0,50 | 0,00 | 0,24 | 0,50 | 0,00 | 0,22 | 0,17
Hoboj 0,02 | 0,20 | 1,00 | 0,37 | 0,36 | 0,46 | 0,20 | 0,06 | 0,03 | 0,02 -
Piano 0,32 | 020 | 008 | 007 | 006 | - - - - - -
Housle 0,39 | 0,30 | 0,17 | 0,01 | 0,11 | - - - - - -
Hlas 043 | 008 | 001 | - - - 5 - 5 - -
HOBOJ PIANO
0.05~ t 0.05
g 0 W\ z o
’ -0.05 ’ -0.05
0 OAOrOS 0.;)1 0.(;15 O.rOZ OAOrOS 0.;)1 0.(;15 O.rOZ
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Aditivni syntéeza samohlasek

Hemholtz 1877
fO =220 Hz; doba=3s
ff=1;f=0,7, mf=0,3; p=0,1; pp = 0,07;

WDl 2. 3. 4. S. 6. 8. 16.

ff mf  pp 0 0 0 0 0

e e

U
@) mf f mf P 0 0 0 0
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P P P mf mf P P 0
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mf 0 mf 0 0 ff 0 0
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Aditivni syntéza ptaka | oI

{wa)

* Lesnacek zluty - Dendroica petechia

* 10

e e Tl - - - - - - - e e - - - - - - - - - - - - - - - - == - = = -

—_ e e e e e e e m - — -~ _——— - - - - - = - — - - - = = —_ - - - - = R - [ _—— — — —— - - - =

1 1 1 1 1 1 1
(]} [ = [ 3 O.= o.=s 1 1.2 1.4 1.5

Bob L. Sturm - University of California, Santa Barbara


http://www.prbo.org/calpif/images/Yellow Warbler 5.jpg

e Aditivni syntéza ptaka Il &

: {wav)

 Vlhovec zapadni - Sturnella neglecta




7+ Aditivni syntéza ptaka lll

IV

Strnad kobyléi - Spizella passerina

1 MR ML
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http://images.google.com/imgres?imgurl=http://www.wolfeisland.ca/birdwalk/images/chipping_sparrow.jpg&imgrefurl=http://www.wolfeisland.ca/birdwalk/cat_summer_2003_bird_walks.php&h=361&w=280&sz=38&tbnid=JRXPVJl3j5wJ:&tbnh=117&tbnw=90&hl=cs&start=5&prev=/images%3Fq%3DChipping_Sparrow%26svnum%3D10%26hl%3Dcs%26lr%3Dlang_cs%26sa%3DG

S5 ditivni syntéza ptaka IV &

* Tyran vidloocasy - Tyrannus forficatus



http://images.google.com/imgres?imgurl=http://huskertsd.tripod.com/species/photos/scissor_tailed_flycatcher.jpg&imgrefurl=http://huskertsd.tripod.com/species/scissor_tailed_flycatcher.htm&h=322&w=484&sz=24&tbnid=a0pTRGd4dBEJ:&tbnh=83&tbnw=126&hl=cs&start=2&prev=/images%3Fq%3DScissor_Tailed_Flycatcher%26svnum%3D10%26hl%3Dcs%26lr%3Dlang_cs

Aditivni syntéza ptaka V 7

{wav)

* Pisila karibska - HHmantopus Mexicanus



http://images.google.com/imgres?imgurl=http://askabiologist.asu.edu/expstuff/experiments/birdsongs/birdimages/black_necked_stilt.jpg&imgrefurl=http://askabiologist.asu.edu/expstuff/experiments/birdsongs/datacards/black_necked_stilt.html&h=175&w=175&sz=33&tbnid=WK7BqCQZvRAJ:&tbnh=95&tbnw=95&hl=cs&start=11&prev=/images%3Fq%3DBlack_Necked_Stilt%26svnum%3D10%26hl%3Dcs%26lr%3Dlang_cs%26sa%3DG

== Aditivni syntéza ptaka VI

« Lesnacek zlutotemenny - Dendroica pensylvanica



http://images.google.com/imgres?imgurl=http://photos15.flickr.com/22541217_3c55d3b316_m.jpg&imgrefurl=http://www.flickr.com/photos/wbirch/&h=160&w=240&sz=10&tbnid=eM81A6vok0oJ:&tbnh=69&tbnw=104&hl=cs&start=5&prev=/images%3Fq%3DChestnut_Sided_Warbler%26svnum%3D10%26hl%3Dcs%26lr%3Dlang_cs

Aditivni syntéza ptaka VIl &

{wa)




M Aditivni syntéza ptaka VIll &

{-wav)

« Strnad pustinny - Ammodramus savannarum
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http://images.google.com/imgres?imgurl=http://askabiologist.asu.edu/expstuff/experiments/birdsongs/birdimages/grasshopper_sparrow.jpg&imgrefurl=http://askabiologist.asu.edu/expstuff/experiments/birdsongs/datacards/grasshopper_sparrow.html&h=175&w=175&sz=33&tbnid=NeKDDT0p8J4J:&tbnh=95&tbnw=95&hl=cs&start=7&prev=/images%3Fq%3DGrasshopper_Sparrow%26svnum%3D10%26hl%3Dcs%26lr%3Dlang_cs%26sa%3DG

{wa)

ZAditivni syntéza ptaka IX &

« Strnadec zlatotemenny - Zonotrichia atricapilla



http://images.google.com/imgres?imgurl=http://www.photobirder.com/Bird_Photos/golden_crowned_sparrow.jpg&imgrefurl=http://www.photobirder.com/Bird_Photos/birdlist.html&h=360&w=354&sz=21&tbnid=2xyhdWjLrqEJ:&tbnh=117&tbnw=115&hl=cs&start=1&prev=/images%3Fq%3DGolden_Crowned_Sparrow%26svnum%3D10%26hl%3Dcs%26lr%3Dlang_cs%26sa%3DG

&0 Aditivni syntéza ptaka X

{wa)

« Papazik indigovy - Passerina cyanea




ditivni syntéza ptaku Xl 7

{wa)

* Drozd stéhovavy - Turdus migratorius



http://images.google.com/imgres?imgurl=http://www.birdhouselet.com/images/robin,%2520November%252008,%25202001.jpg&imgrefurl=http://www.birdhouselet.com/which_house_to_buy_for_each__bir.htm&h=313&w=353&sz=22&tbnid=P9j9o2XZLDkJ:&tbnh=102&tbnw=116&hl=cs&start=9&prev=/images%3Fq%3DRobin%26svnum%3D10%26hl%3Dcs%26lr%3Dlang_cs

™ Aditivni syntéza ptaka Xll

{-wav)

 Lesnacek cevenoskvrnny - Vermivora ruficapilla




hgAditivn‘i’ syntéza ptaku Xill &

{wa)

* Pipilo rudooky - Pipilo erythrophthalmus

x 10
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