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Signaly

» Signaly - funkce jedné nebo vice
nezavisle promennych, které nesou
Informaci o podstate a vlastnostech sveho
zdroje (nebo informaci zamerne do signalu
zakodovanou).

— Priklady signalu
— Co neni signal?



Cislicové signaly

 Neperiodicke
 Periodicke , harmonicke



Exponencialni signal |
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Exponencialni signal |

b
X(z‘)zd-e
doba=8; £s=10;
a=0.8; tau=2;

t=0:1/fs:doba-1/fs;
x t=a*exp(-t/tau);

pb=10;
n=0:pb;

c=exp (-doba/ (pb*tau)) ;

X n=a*c.”n;
$ c=0.6703

xln]l=a-c




Exponencialni signal I

a*c
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Exponencialni signal lli

a*c
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1 t>0

u(t) =
=10 t<0

\

t=-2:0.01:6;
x t = [t > 0];

Jednotkovy skok
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Jednotkovy skok

-

u(t) =+«

0,

\

t=-2:0.01:6;
x t = [t >=

n=-2:6;
X n = [n >=

1 t>0
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Jednotkovy impulz (Dirac)

oln] =+

n=-5:10;

X NN =

[n == O],
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Obdelnik

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

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

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

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

. 1ﬁ L C C T C :. C C C L_ OL
>> ol t = square (2*pi*f*tl); | | L s=sow [
—_ _ ol |
>> 02 t = square (2*pi*f*tl, 25); | | |
- O AE . r r \ﬁ‘r r r %r 7
>> O3_t = Square (2 *Pl*f*tl ’ 75) ’ 0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 0.02
1ﬁ L L“ C T C “L C C Li 6\.:250/(:
| \
Ll 0‘ ‘ ‘ | -
>> x min =-.001; x max =0.021; | L
- - il r : r r r ‘r r : r r r r
>> vy 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
— — 1F T T T T ! T :. T T T T T
. . . | — 30=75%
>> axis([x_min x_max y_min y_max]) | o= |
— — —_— —_— N | i
\
A ] L

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



Pila

e sawtooth (om*t, DELTA)
— Stejné jako generovani sin()

— DELTA ...

>> pl t

sawtooth (2*pi*f*tl,0) ;
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Pila

e sawtooth (om*t, DELTA)
— Stejné jako generovani sin()

— DELTA ...

>> pl t

>> p2 t

sawtooth (2*pi*f*tl,0) ;

sawtooth (2*pi*f*tl1l,0.5) ;
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Pila

e sawtooth (om*t, DELTA)
— Stejné jako generovani sin()

>>

>>

>>

— DELTA ...

sawtooth (2*pi*f*tl,0) ;

sawtooth (2*pi*f*tl1l,0.5) ;

sawtooth (2*pi*f*tl,1) ;
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Analogoveé-Cislicovy prevod
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Harmonicky signal

x(2) =X sin(2xf z+ @)

faze [rad
amplituda ze [rad|

Harmaonicky prubeh

~: 1 | 7

cas [s]

== H(t)

frekvence [HZz]

-1
a 0005 0.071 0.015 00z 0025 003 0035 0.04
-t [sekundy]



== H(t)

Harmonicky signal
x(2) =X, +X sIin(2xf 7+ @)

Harmaonicky prubeh
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== H(t)

Harmonicky signal
x(2) =X, +X sIin(2xf 7+ @)

Harmaonicky prubeh

o0Zs 003 0035 0.04

0005 0.071 0.015 0.0z
-t [sekundy]
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Generovani harmonického
signalu v MATLABuU

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

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

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



Generovani harmonického
signalu v MATLABu |

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

>> £=440; £s=8000; doba=.02;

>> tl = 0:1/fs:doba-1/fs; f
>> x1 t = sin(2*pi*f*tl); o5f
>> nl = 0:1:fs*doba-1; %¢ ]
>> xl1 n = sin(2*pi*f*n1/fs);“:j

---> n [vzorky]



Generovani harmonického
signalu v MATLABu |l

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

>> £=440; £s=8000; pp=4;

>> t2 = 0:1/fs:pp/f-1/fs; °3 NAANAY
>> x2 t = sin(2*pi*f*t2); g? //K //




Generovani harmonického
signalu v MATLABu lli

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

>> £f=440; £s=8000; N=25;

>> t3 = 0:1/fs:N/fs—1/fs;:%//K %//////
>> x3 t = sin(2*pi*f*t3); N ST R
> n3 = 0:1:N-1; °';;$TTTT@ | jﬂﬁ
>> x3 n = sin(2*pi*f*n3/fs) ;. é%lﬁ !




Zvuky telefonu

% a) Oznamovaciton: F=[425 0 425 0 |; [Hz]
% T =[0.330.33 0.66 0.66 ]; [s]
%

% b)  Vyzvanéci ton: F=1[425 O]; [HZ]
% T=[1 3] [s]

%
% c) Odkazovacitén: F=[950 0 1400 O 1800 O |; [HZ]
% T =[0.330.030.330.030.33 1.25]; [s]

% d)  Obsazovaci ton: F =[425 0]; [HZz]
% T =1[0.330.42]; [S]



Q' E602

‘CJ
ooy S8
c 991 |O1amﬂulll
0'0etl ||I|O.80_, ,
L —"
L'60LL Alalll
JI'JOR
EETED Imm,%II
LO0ES ——(arn
66 6EL WMMM@ K —r
7 —
LETSS |WN1m.Nﬂ|||
IR
QESLY
L
\ LL —=m D —
Sl i —5ToR

+6 9t
g0 Eee §I|
col0e 00061 o

00SEl

B|C

Gl A

-
-
—

-

¢
B/C|D|E F

A

B|C|DIE|FG

E F|G

D

/ L8Ol
9G'SSlL ] B —

B6SGEL I—wﬂdﬂﬂ.ll

: LY ECL
FSOLL g | —

£8'E0} —prg 77 M—

66t 26— 75

Z8L L %

L e ——
GEL LD

0LZ'8S 000 G5

®
=
c
Q
S
ol
7
c
e
@
T
S
I

BIC|D E|FIG A|B|C

I

|

B|C DIE|F

>>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

>> logspace(logl0(261.63),lo0g10(2*261.63),13)

A




Hudebni stupnice |

close all,clear

X = [1-; % 1nicializace promenne
fs = 8000; % zmenit také ve funkci
klavesy = [40 42 44 45 47 49 51 52];

doby = 0.5*ones (1,1length(klavesy)) ;

for k = 1:1length(klavesy)
nota (klavesy (k) ,doby (k) ) ;
[x ton];

ton

X
end
soundsc (x, £s) % poslech hudebni stupnice



Tonova volbal

* Frekvence nejsou:
— nasobkem jiné frekvence
— rozdilem Ci souctem frekvenci

697

770

862

941

1209

1

¢
(DTMF - Dual Tone Multi-Frequency)

1336

2

1477

3

4

7

9

-




Tonova volba i

>> signal = DTMFvolba([6 0 3]);

function tony = DTMFvolba (cisla)

Fs = 8000;

t = (0:799) /Fs; % generovani casove osy

£f = [697 697 697 770 770 770 852 852 852 941 941 941;

1209 1336 1477 1209 1336 1477 1209 1336 1477 1336 1209 1477];
tony=[]’

for i=1l:length(cisla),
if(cisla(1)==0), cisla(i)=10; end;
tonl = 0.5*sin(2*pi*f(1l,cisla(i))*t);
ton2 = 0.5*sin(2*pi*f(2,cisla(i))*t);
tony =[tony; tonl+ton2];

end;

tony=tony'; tony=tony(:);



Tabulkova (wavetable) syntéza

 Pri tabulkove
syntéze simulujeme
nastroj pomoci
vzorku vyjmutych ze
skutecneho nastroje

Vit Wavetabie 5
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Tabulkova (wavetable) syntéza
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Tabulkova (wavetable) syntéza
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Tabulkova (wavetable) syntéza

* QOpatrny vyber period:
— velké zmeény v amplitudé (vytvari nezadouci audio efekty)
— zmeény ve fazi (slySitelna kliknuti)



Tabulkova (wavetable) syntéza

¥ ]
| s e .2
..... "I'.I

 Linearni prolinani (crossfade)



o
8 —
©

k)
=k
3

- et
&Wf
0O |—
x “——
Uf
£ —
(34

—



Tabulkova (wavetable) syntéza
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Tabulkova (wavetable) syntéza
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Tabulkova (wavetable) syntéza

fs=8000;

f0=400;

NO=fs/f0;
n0=0:NO-1,;
P=sin(2*pi*f0/fs*n0);

f1=f0*2"(1/12);

N1=fs/f1;

n1=0:N1-1;

delta=f1*length(P)/fs;

% delta=f1/f0; % delta=TO/T1,;

ind = round(0:delta:delta*(N1-1))+1;
stem(nl,P(ind))

0.5
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Tabulkova (wavetable) syntéza

% transformace tabulky s jednou periodou fO
% na libovolné dlouhy signal o délce doba a o frekvenci 1

doba=1;
ind = mod(round(0:delta:(delta*doba*fs-1)),NO)+1;
stem(ind),

stem(P(ind))

=

{.wan)




Tabulkova (wavetable) syntéza
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Tabulkova (wavetable) syntéza

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

doba=1;

ind = mod(0:delta:(delta*doba*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) LA ﬁ /
% BT E
& o % %& %ﬁ % W

(wav) 0 10 0 W 40 & &0 0 8 o mw




Tabulkova (wavetable) syntéza

1 T T T

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

0.4

0.2

02+

0.4

% priklad tabulkove syntezy banja
[X,fs]=wavread(‘banjo.wav");
P=x(144:172);



function y=tabsynt(P,f,doba,fs);

% tabulkova (wavetable) synteza s linearni interpolaci
% P =jednaperiodavzorkovaneho signalu (tabulka)
% f =pozadovana frekvence vystupniho signalu

% doba =trvani vystupniho signalu

% fs = vzorkovaci frekvence vystupniho signalu
%y =vystupni signal

% Pouziti: y =tabsynt(P,f,doba,fs)

% by Roman Cmejla

P=P(:)";

delta=f*length(P)/fs;

Ind = mod(0O:delta:(delta*doba*fs-1),length(P))+1,
ind-floor(ind);

[P P(1)];

P(floor(ind));

B = P(ceil(ind));

y =(B-A).*X+A,;

X
P
A



Tabulkova (wavetable) syntéza

0.5
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y=tabsynt(P,f0,doba,fs);
y=exp(-[0:length(y)-1]./fs./.1).*y;



Tabulkova (wavetable) syntéza
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