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ADITIVNI SYNTEZA

Harmonicka analyza
Harmonicka syntéza
Fourierovy rady
Spektrum

Barva zvuku

o Aditivni syntéza a spektralni modelovani
Parcialy



Fourierovy rady

 Jean Baptiste Fourier
(francouzsky mat ema t1880) 17 6 8
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Fourierovy rady

e Trigonometricki t var Fourierov

X(t) =&, +a [3 coskwmt) +h, sinfus)

& ..Stejnosmernad sl ozka
a, b ..koeficientvyvadyFouri er ov)
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Fourierovy rady

e Spektr8ln2(pol 9t mar Fouri erov

X(t)= 4 G, sinfugt +/,)

k=0
G .. ampl ktt@adapektral ni sl
/ « ..fakxeé spektrdalni sl oz

G = &+ jk:arctan3



Fourierovy rady

e Kompl gexmp2o0nengtiv8dm2Fouri e

x(t)=§ X e
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Fourierovy rady

e Obd®l n2kovIl pr TbDnDh

f(t)=q bnsinn,o’[:ﬂ [sinpt+isin 3pt+isin5pt+..]
p

n=1




Fourierovy rady

e Troj Yshel nz2kovIl pr Tbnh

f(t) = —(COSW)+;COSGM)+2—1SCOS(SM)+4—1QCOS(7M)+ )
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Fourierovy rady

e PilovIl pr Tbnh

f(t) :E(sin(wt) - Esin(2wt) +}sin(3wt) - Esin(4wt) +....
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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 = (1:floor(N/2) - 1)*fs/N;
plot (f,A,'T")



Aditivni syntéza li

e 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(t) = & coskuyt) |
k=1 0f

r r
0 0.002 0.004

I
— nahodna faze |-

X(t) =& coskuwt +2p Gandk))

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

---> cas [s]

>> prikladQ07



Aditivni syntéza lli

e 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(1l.5*doba)
soundsc(sum(zvuk_1Db),fs), pause(1.5*doba)

end;



Aditivni syntéza IV

* Obdélnikovy prubéh

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

P - AMAAAA - -
1 o) 0.5
| |

X (t) a sin(@k +ymt) o
A

2k +15

=

h
0 0.002 0.004 0.006

0.008 0.01 0.012

r r
0.002 0.004

X (t) = %ﬂ éosin((2k +Dwt + 20 Gandk))

>> priklad08



Aditivni syntéza 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 syntéza VI

* Pilovy prubéh

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

{ _— deﬁLnovana fazeL {

\J\

C r r r
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X() == & sinfug)
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X(t) =@ sinfkugt + 20 Gandk)) -
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---> cas [s]

>> priklad09



Aditivni syntéza VIi

* 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
e pbarva zvuku = obsah spektralnich slozek

— housle - pila

—jasnézvuky - zdur aznéné sudé h
X(t) =0,2sin(w;t) +0,6sin(RAyt) +0,4sin@Oyt) + ¥

+0 65|n(4CWt) +0,4sin(GOy;t)
-\h’)g
—dutézvuky-pouze | i ché har mor

X (t) =0,8sin(ut) +0,4sin@BAyt) +0,2sin(GOyt) ¢

>> priklad11
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Harmonicka analyza v MATLABu
>> analyza('banjo’)
>> [X,Y]=ginput(10)
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Implementace aditivni syntézy
v MATLABuU
% BANJO

% %%0%%%%%%%%0%% %% %% %% %% %% %% %% %% %% %%
fs =16000:;

doba = .5;

tau = .1;

fO =400:;

nNT = 0:1/fs:doba - 1/fs;

ampl=[000 51 0.0144 0.0246 0.0290
0.0101 0.0052 0.0096 0.0022 0.0015];

o=exp( - nT./tau);
Xx=0.*[ampl*sin(2*pi*[1:length(ampl)]*f0*nT)];
soundsc(x,fs)

plot(nT,x), title('banjo’),

axis tight, xlabel(' --- > cas [s])
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Aditivni syntéza |

e Spektralni tvar Fourierovy rady
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Casové proménna aditivni syntéza parcial
Time Varying Partial Additive Synthesis

-pfirozené zvuky jsou RBIidtenhyimafpamacaéal
-parcidllymaj i Casové promemndmptekuvudoeoé oba
I Casove proménné amplei tFucdkvencni tr aj

)= ﬂl (1) -cos(@, (1) -1—@,(z))

--1



Aditivni syntéza

Barva zvuku

7 u AL 4V 4

nez sustain

vysSsi harmonické (parcialy) vstupuji
pozdeji a konci drive

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



Aditivni syntéza

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

 Hlavni vyznam aditivni syntézy dnes je
v resyntéze (vytvareni ruznych zvuku
podle spektrogramu)



Aditivni syntéza

* Pri spektralnim modelovani se aditivni
syntéza doplinuje vhodnymi Ssumovymi
slozkami

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



Harmonicka analyza
programem Cool Edit

3% hanjo.wav* - Cool Edit 2000 N hanjo.wav* - Cool Edit 2000
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Zvonek |

clear

fs =44100; % vzorkovaci frekvence

T1 =0.06; % doba mezi udery

T2 =0.480; % delka posledniho uderu
f01=180; % zakladni frekvence 1.zvonku
f02=181; % zakladni frekvence 2.zvonku

A=[.01.1 1 1]; % amplitudy ctyr oscilatoru

K=[ 510 20 40]; % nasobky zakl.frekvence
% jednotlivych oscilatoru

M=2; % pocet serii zvoneni
N=4, % celkovy pocet uderu = 2*N+1



Zvonek |l
t=0:1/fs:T2 - 1/fs;
x=[l;
for m=1:M
for n=1:N
X1=A*sin(2*pI*K*(f01.*1)); % uder 1.zv.
x1=x1.*exp( -t/T1); % 1l.zvonek s obalkou
X2=A*sin(2*pi*K™*(f02.*1));% uder 2.zv.
x2=x2.*exp( -t/T1); % 2.zvonek s obalkou
X=[x x1(1:T1*fs) x2(1:T1*fs)];
end,;
X=[x x1]; % pripojeni posl.uderu prvniho zvonku
end,



Zvonek ¢

J Figure No. 1
File Edit Wiew Insert Tools Window Help
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Aditivni syntéza samohlasek

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

U
@) mf f mf P 0 0 0 0
A

P P P mf mf P P 0
E mf 0 mf 0 0 ff 0 0

Ju - u
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I mf P 0 0 0 P 0 mf
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Aditivni syntéza ptaka | &
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Bob L. Sturm - University of California, Santa Barbara
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¥7+ Aditivni syntéza ptaku lll &

IV

Strnad kobyll 2- Spizella passerina
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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

n\ditivni syntéza ptaka IV &7
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* Tyran vi dMoanrua rficatus
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Aditivni syntéza ptaka V
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e Pi si | a k-ddmianioplksdMexicanus
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= Aditivni syntéza ptéka VI

o 4Les|?§! ekgl ut ot e mBendrdica pensylvanica
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. Aditivni syntéza ptaka VIl &
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r vi r-gdubo sikginianus




{8 Aditivni syntéza ptaka VIl &
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e Strnad puAsnimbdramlUs savannarum
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ZAditivni syntéza ptaku IX &7

e Strnadec z| aZoadtrmaeatricdpilla
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Aditivni syntéza ptaku X
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e Papag? k i n d-iPassevida cyanea
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7 Aditivni syntéza ptaka Xll 5
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Aditivni syntéza ptaka Xl =7

 Pipilo rudooklI - Pipilo erythrophthalmus
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Syntézy ve cvicéeni

%PRIKLAD6:Dal i p¥fiklady z aditivni syntézy
% Syntetizujte néadasledujici zvuky
% a zobrazte je v Casové I frekvencni ob
Analyza obal ky
obalka =A*t*n * exp(-t/tau) obalka
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Syntézy ve cviceni

PRIKLAD 6:Dal $§ i
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obal ka -t/tau)
KLARINET fO = 262 Hz
k | A | n | tau
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Syntézy ve cviceni

% PRIKLAD 6: Da |l § i

% a zobrazte e v

~

frekvencéni sl o0z k a

obal ka -t/tau)

DRNKNUTI STRUNY f0 = 262 Hz

1.0000 | 1.0000 | 0.0100 | 0.7000
2.0000 |1.0000 |0.0100 |0.3000
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Syntézy ve cviceni

%PRIKLAD6:Dal i p¥fiklady z aditivni syntézy
% Syntetizujte néadasledujici zvuky
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Syntézy ve cviceni

% PRIKLAD6:Dal i p¥Fi ki
% Syntetizujte nas
% a zobrazte e v

~

frekvencéni sl o0z k a

obal ka -t/tau)

ZVON fO = 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 |0.2000
2.5500 | 0.3000 |0.0100 |0.1000

ady z adi

t i vni
| edujici zvuky .«
frekyv

casoveée |

= k * f0

Zvon

0.3

0271

01r

0 1000 2000 3000 4000

amplituda frekvencni slozky

Frequency (kHz)

0.5 |\
!

Cad

g

e,

=

1 2
Time (secs)

!
1\
III \x
\x
I'|_ ".... \\x
I‘\-k:"-.\ H"‘-\-\..____
0 1 3
¥
. ]
v &
cC
4
P—— o
s
=
o
g
a



Syntézy ve cvicéeni

%PRIKLAD7: Aditivni syntéza neharmoni ckych
% Syntetizujte tympany s parametry:
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Syntézy ve cvicéeni

%PRIKLAD7: Aditivni syntéza neharmoni ckych
% Syntetizujte zvon s parametry:
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Syntézy ve cviceni

%PRIKLADS8: Dal §i pfiklady z aditivni synt é:

FLETNY fO = 440 Hz T=1s
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Syntézy ve cviceni

% PRIKLAD8: Dal §i prfiklady z aditivni synt é:

DECHOVE NASTROJE 0 = 440 Hz T=2s
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% PRIKLAD 9:

TRUBKA fO =440 Hz

Syntézy ve cvicéeni
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