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Kruhova modulace

sin-sin B = % [cos(a — B) —cos(a + )]
COS @ -COS 3 = % [cos(a — ) +cos(a + )]

sina - cos 3 = %[sin(a —B)—sin(a + B)]

cos(27 f_t)cos(2x f t) = %COS(Z?Z’( fo—f )t)+ % cos(2z(f, + f )t)

x = 0.5*cos(2*pi*750*t) + 0.5*cos(2*pi*450*t)
X = cos(2*pi*600*t).*cos(2*pi*150*t)



Amplitudova modulace

— Zmeéna amplitudy jinym signalem

hloubka |
modulace
A —>| generator | D )\
modulacni (—p—(4-
f(H=—>] frekvence ~
X >
generator
J&) => "~ nosné
frekvence m hloubka modulace

f. modulacni frekvence

f(t)=@1+m-sin2z f_t)sin2z f_t

f., nosna frekvence



Amplitudova modulace

sin-sin B = % [cos(a — B) —cos(a + )]
COS @ -COS 3 = % [cos(a — ) +cos(a + )]

sina - cos 3 = %[sin(a —B)—sin(a + B)]

(L+m-sin(27 f,t))sin(27 ft) =
sin(2z ft) +m, -sin(2z f_t)sin(2z f.t) =

sin(2z f.t) + %COS(Z%( f—f)t)— %cos(Zﬂ( £t ft)



Amplitudové modulace
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Amplitudové modulace
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Amplitudova modulace

Harmonické a neharmonické modulaéni frekvence, m = 0.5

fc = 500Hz fc = 500Hz

fm = 2.5, 5, 10, 25, 50, 100, 250 Hzfm = 4.05, 8.09, 16.2, 40.5, 80.9, 162, 405 H:
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Amplitudova modulace

Harmonické a neharmonické modulaéni frekvence, m = 0.5

fc = 500Hz fc = 500Hz

fm = 2.5, 5, 10, 25, 50, 100, 250 Hzfm = 4.05, 8.09, 16.2, 40.5, 80.9, 162, 405 H:
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Amplitudova modulace

Harmonické a neharmonické modulacni frekvence, m = 0.5
fc = 5000Hz fc = 5000Hz
fm=25,5, 10, 25, 50, 100,

fm =4.05, 8.09, 16.2, 40.5, 80.9,
250, 500, 1000, 2500 Hz 162, 405, 809, 1618, 4045 Hz
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Amplitudova modulace
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Amplitudova modulace

Zvétseni hloubky
modulace, m=0..1

fc = 500Hz fc = 500Hz7
fm = 2.5, 5, 10, 25, 50, 100, 250 Hzfm = 4.05, 8.09, 16.2, 40.5, 80.9, 162, 405 H:
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Amplitudova modulace

Zvétseni hloubky
modulace, m=0..1

fc = 500Hz fc = 500Hz7
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Amplitudova modulace

Zvétseni hloubky

modulace, m=0..1
fc = 5000Hz fc = 5000Hz
fm =2.5, 5, 10, 25, 50, 100, fm = 4.05, 8.09, 16.2, 40.5, 80.9,
250, 500, 1000, 2500 Hz 162, 405, 809, 1618, 4045 Hz
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Amplitudova modulace

Zvétseni hloubky

modulace, m=0..1
fc = 5000Hz fc = 5000Hz
fm =2.5, 5, 10, 25, 50, 100, fm = 4.05, 8.09, 16.2, 40.5, 80.9,
250, 500, 1000, 2500 Hz 162, 405, 809, 1618, 4045 Hz

amplitude




Frekvenéni modulace

A, > generator
nosné
VAG) + frekvence
- A modulaéni
A —> generator index
" modulacni

f.(H)=>| frekvence

f (t) =sin((27z f.t) + m, -sin(27 f_t))
sin(2zf t +m, sin(2xf t)) =

S1, (m)sin(2r(f, +k f,)+ ¢, )

k=—o0



Frekvencni modulace
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J Figure No. 2
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Frekvencni modulace
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Frekvencni modulace
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Frekvencni modulace
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Frekvenéni modulace
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Frekvenéni modulace
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Frekvenéni modulace
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Frekvenc¢ni modulace

Harmonické a neharmonicke modulacéni frekvence

fc = 500Hz fc = 500Hz7
fm = 2.5, 5, 10, 25, 50, 100, 250 Hzfm = 4.05, 8.09, 16.2, 40.5, 80.9, 162, 405 H:
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Frekvenc¢ni modulace

Harmonické a neharmonické modulaéni frekvence
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Frekvenc¢ni modulace

2Zvétseni modulacniho indexu
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Frekvenc¢ni modulace

2Zvétseni modulacniho indexu
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%  Varovné signaly

J Figure No. 1
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Syntetické zvony

obalka = exp(-t/tau(k));
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Kapky vody
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4 Kapky vody
% synteticke kapky vody
% RC, 15.prosince 2008
clear, close all

fs = 44100;

dobal = 0.02; % doba trvani prvni casti
doba2 = 0.18; % doba trvani druhe casti
tl = 0:1/fs:dobal-1/fs;

t2 = 0:1/fs:doba2-1/fs;

t = 0:1/fs:dobal+doba2-1/fs;

fm = 7;

mi = 20;

tau = 0.02;

pocet kapek = 5;
y=0[1~



< Kapky vody

for por kapky = l:pocet kapek,
fcl = 700+100*randn;
castl = sin(2*pi*fcl*tl + mi*cos (2*pi*fm*tl)) ;
A=0.4;
cast2=zeros (1l,length(t2));
for h=1:5
fc2 = 15004+300*randn;

cast2 = cast2 + A*sin(2*pi*fc2*t2 +

mi*cos (2*pi*fm*t2)) ;

end;

kapka (por kapky,:)=[castl cast2].*exp(-t/tau);

subplot (pocet kapek,1l,por kapky),

plot (kapka (por kapky, :))

sound (kapka (por_ kapky, :) ,fs), pause(l)

y=[y kapka(por kapky,:) zeros(l,fs)];

end;



Jednoduché syntetické FM nastroje
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Jednoduché syntetické FM nastroje

BICi delka fc H :fm/fc Imax min

0.2 80 0.688 25 0

wy (t) w,|t)
I '

AN

Amplitudova obalka Obalka modula€niho indexu

|
1



Jednoduché syntetické FM nastroje
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Jednoduché syntetické FM nastroje
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Jednoduché syntetické FM nastroje
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Jednoduché syntetické FM nastroje

HH

‘1

il

1000 2000 3000 40-

1000 2000 3000 4000

200040006000800a.00arOa#000

4000 -

2000

800 -

600
400
200

500

i
-

1000

“.LM Klepani Ml‘ 25
0 bk

L
Zesté

il
jL ki

B Al

1000 2000 3000 4000

JKlarinet ‘
|

1000 2000 3000 40

00

20004000600@800a.00aroa*000

10

110

900

900

80

210

300

600

55



Frequency
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Ukazky semestralnich praci

Modulac¢ni syntéza

Dvorak Jan

Gregor Pavel

Chlumecky Martin

Pazdera FrantiSek

Syntéza zvuku telefonu (oznamovaci ton, DTMF volba, 6x
rtzné typy vyzvanéni, oznameni o SMS zpraveé)
AM, FM, aditivni a filtracni syntéza

Kostel v horach
zvony vytvofené FM modulaci, pfidana AM modulace + echo,
vitr vytvofeny filtracni syntézou

Policejni konvoj
FM, AM

Hasicska siréna
FM + echo + dozvuk

<



Vibrato

9
x(t) =0.*Y o, sin(27n f.t+7n sin(2z f, 1))
n=1

f.=440Hz, f  =5Hz
«, =1000,300,0.01,0.01,0.01,3,0.5,1,4
O..X =[0.2.8.951],Y =[0 1 .3.10]



Vibrato

% vibrato
clear all; close all;
fs = 22050; fO = 440; fm = 5; doba = 5;
t = 0:1/fs:doba-1/fs;
alfa =[1000 300.1.1.13.514];
% vibrato s aditivni syntezou
X = zeros(1,length(t));
forn=1.9
X = X + alfa(n)*sin(2*pi*f0*n.*t + 7*sqrt(n)*sin(2*pi*fm.*t));
end
% obalka
X=[0.2.8.951].*t(end); Y =[0 1.3.1 0]; O=interpl(X,Y,1);
X = X.*O; x = .98*x/(max(abs(x)));
sound(x,fs);



Zvuky

http://www.soundsnap.com/



