Analog Antialias Smoth Analog
—» filter —p»{ ADC L—p DSP Lpi DAC [—pI filter —
_ /
Y
Digital
SYGNALY DYSKRETNO CZASOWE:
Xn(t)
X(n) = {X(n)} = {'“7 X(_l)’ X(O), X(1)9 “‘}
MATHLAB:
>> n=[-3,-2,-1,0,1,2,3,4]1;,%x=(2,1,-1,0,1,2,3,7]; X(n) = [23 17 _19 09 19 29 39 7]9
TYPY SEKWENCJI:

1. IMPULS JEDNOSTKOWY (DELTA CRONECKERA)
1,n=0

o(n) = ={...,0,0,1,0,0.,...}
0,n#%0

IMPULS JEDNOSTKOWY PRZESUNIETY

H, n=n, WAZNY WYNIK
6(n—n0):§) . o
S x(n) =y x(k)d(n-k)
gdy n;<np<m K=
function [x,n] = impseq(n0,nl,n2)
%generates x(n) = delta(n-n0); nl<=n<=n2
n=[nl:n2]; x=[(n-n0)==0];

SKOK JEDNOSTKOWY PRZESUNIETY

, N=n
u(n—no):% 0 gdy n<np<ny

g), n<n,

function [x,n] = stepseq(nl0,nl,n2)
%generates x(n) = u(n-n0); nl<=n<=n2
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x(ny=a" ; On:alR

>>n=[0:10]; x=(0.9)."n; % .~ - mnozenie macierzy
3. ZESPOLONA SEKWENCJA WYKLADNICZA
x(n) = e®*i@on , 0On

>>n=[0:10]; x=exp ((2+3j) *n);
4. SEKWENCJA SINUSOIDALNA

X(n) = cos(w,n +0) , On
>>n=[0:10]; x=3*cos (0.1*pi*n+pi/3)+2*sin (0.5*pi*n);
5. SEKWENCJA LOSOWA
>>rndn[1,N]; Swartog$é Srednia=0 wariancja=1 N-prébek
6. SEKWENCJA PERIODYCZNA X(n)

>>x=[1,2,3,4];
>>xtilde=x’*’ones (1l,p);
>>xtilde=xtilde(:);
>>xtilde=xtilde’;
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figure(l); clf
$ a) x(n) = 2*delta(n+2) - delta(n-4), -5<=n<=5

[-5:5];

=}
I

X
I

2*impseq(-2,-5,5) -impseq(4,-5,5);
subplot(2,2,1); stem(n,x,'."'); title('Sequence in Example 2.la')

xlabel('n'); ylabel('x(n)'); axis([-5,5,-2,3])

o\

% b) x(n) = nfu(n)-u(n-10)1+10%*exp(-0.3(n-10)) (u(n-10)-u(n-20)); 0<=n<=20
n = [0:20];

x1l = n.*(stepseq(0,0,20)-stepseq(10,0,20));

x2 = 10*exp(-0.3*(n-10)) .* (stepseq(10,0,20)-stepseq(20,0,20));

x = x1+x2;

subplot(2,2,2);stem(n,x,"'.");

title('Sequence in Example 2.1b'")

xlabel('n'");ylabel('x(n)"');axis([0,20,-1,117)

o\

% c) x(n) = cos(0.04*pi*n) + 0.2*w(n); 0<=n<=50, w(n): Gaussian (0,1)

[0:50];

3
1

cos (0.04*pi*n)+0.2*randn(size(n));

X
I

subplot(2,2,3);stem(n,x,"'.");title('Sequence in Example 2.1c"'")
xlabel('n');ylabel('x(n)"');axis([0,50,-1.4,1.4])

$d x(n =+{...,5,43,2,1,5,4,3,2,1,...}; -10<=n<=9

n=[-10:9];

x=[5,4,3,2,11;

xtilde=x"' * ones(1,4);

xtilde=(xtilde(:))"';
subplot(2,2,4);stem(n,xtilde,'.");title('Sequence in Example 2.1d")

xlabel('n');ylabel ('xtilde(n) ') ;axis([-10,9,-1,6])
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sequence in Example 2.1a

n
sequence in Example 2.1¢

cfh, " i

o 1mo 20 30 40 50
n
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sequence in Example 2. 1h

“MHH.

10

15

20

n
mequence in Example 2.14

Il

I

I

I




figure(l); clf
% a) x(n) = exp((-0.1+30.3)n), -10 <= n <= 10;

n = [-10:1:10]; alpha = -0.1+0.37;

X exp (alpha*n) ;

subplot(2,2,1); stem(n,real(x),'.");title('real part');xlabel('n'")
subplot(2,2,2); stem(n,imag(x),'."');title('imaginary part');xlabel('n'")
subplot(2,2,3); stem(n,abs(x),"'.");title('magnitude part');xlabel('n")

subplot (2,2,4); stem(n, (180/pi)*angle(x),"'.");title('phase part');xlabel('n'")

real part imaginary part

;: -T1NWIWIT1. | of JI.T1IWNN1TT,

l fell] .
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magnitﬂde part phasg part
3 - - - 200 - - .
2_'.‘ | 100 | W
I | 1] H
1 I ]
‘N} 100}
0 1NWW11T‘ -EDD' . . .
-10 -5 0 ) 10 -10 -5 0 ) 10
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y(n)=T[x(n)] SYSTEM T PRZEKSZTALCA ciag x(n) w y(n)
System T jest liniowy L[ ] gdy:
L[a;xi(n) + ayxp(n)] = a;L[x;(n)] + apL[X2(n)], 0 ar, ay, x1(n), Xa(n)

LINEAR TIME INVARIANT SYSTEMS LTI

y(m) = Lix(] = L3 (k3 -K)p= § x(k)LIS(N k)]

k=—0c0
L[&(n-k)] — jest to odpowiedZ systemu na pobudzenie impulsowe h(n,k)

W SYSTEMIE LTI h(n,k) = h(n)

x(n) o LTI[] > y(n) »| SHIFTBY k »y(n-k)

x(n) | SHIFTBYk | x(nk) 3| LTI[] | py(n-k)

y(m = LTI [x(n)] = 3 x(Oh(n=k)

k=—=co

STABILNOSC SYSTEMU

BIBO STABIITY
()] <00 =>[y(m)| <o, x,y

BIBO STABILITY <=> Y|h(n) <o
PRZYCZYNOWOSC SYSTEMU (CASUALITY)
System jest przyczynowy gdy h(n)=0 , n<0;

N N

;ak y(n—k) = mex(n -m) , On

y(n) = mex(n -m)- Zak y(n—k)

MATHLAB
y=filter (b, a, x)
b=[b0,bl,...,bM]; a=[al0,al,...,aN];
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FILTRY CYFROWE

y . b=|b,.b,...
IR (ARMA) y(n) = Z b, x(n—m)- Z a, y(n—k)
m=0 =T azhﬁwJ
FIR (MA)
M b:[bo,bl,...]
= b -
IIR (AR) ym & (=) a=1

y b=1
y(n) =x(n) - Z 2, y(n —k)

a:hﬁ“%yj

Przyktad 2.9

Dane jest rownanie:
y(n) —y(n-1) + 0.9y(n-2) =x(n) , On
* Znajdz odpowiedz impulsowa
* Znajdz odpowiedz na pobudzenie skokiem jednostkowym
e (Czy system jest stabilny?
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a=[1,-1,0.9],;b=1;

% Part a)

n=[-20:120];

x=[(n-0)==0];
h=filter(b,a,x);
subplot(2,2,1) ;stem(n,h,'.
axis([-20,120,-1.1,1.1])

title('Impulse Response') ;xlabel('n') ;ylabel('h(n)"')

%

% Part b)

n=[-20:120];
x=[(n-0)>=0];
s=filter(b,a,x);
subplot(2,2,2) ;stem(n,s, '
axis([-20,120,-.5,2.5])

title('Step Response') ;xlabel('n') ;ylabel('s(n)"')

%

% Part xx) chirp signal
n=[0:1000] ;

x=sin (2*pi/5000.*n.*n) ;
s=filter(b,a,x);
subplot(2,2,4) ;plot(n,s)
axis([0,1000,-20,20])

title('Chirp Response') ;xlabel('n');ylabel('s(n)')

subplot(2,2,3) ;plot(n,x)
axis([0,400,-2,2])

title('Chirp') ;xlabel('n') ;ylabel ('chirp(n)')

%
$print -deps2 ex021000.eps
%
% Part c)
sum (abs (h))
z=roots (a) ;
magz=abs (z)
subplot
hﬂpume Response

1+
1 H
T gl

} '\I e

=
057

Chirp
2 T T
1 -
=
20
=
[}
1t
2 : :
0 100 200
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close;

%a=1;b=[1,zeros(1,48),0.1]; %$echo y(n)=x(n)+ax(n-k)
%a=1,;b=[1,0,0,0,0,0,0,0,0,0,0,-1]; %comb filter y(n)=x(n)-x(n-k)
a=1l;b=[1,-1]; %diferentiator y(n)=x(n)-x(n-1)
%$a=1;b=[1,1,1,1].*0.25; %$sin(x) /x low pass filter

% Part a)

n=[-10:200];

x=[(n-0)==0];

h=filter(b,a,x);

subplot(2,1,1) ;stem(n,h,'.")
axis([-10,200,-1.4,1.4])

title('Impulse Response') ;xlabel('n');ylabel('h(n)')

% Part xx) chirp signal

n=[0:1000] ;

x=sin (2*pi/4000.*n.*n) ;

s=filter(b,a, x);

subplot(2,2,4) ;plot(n,s)

axis([0,1000,-1.2,1.2])

title('Chirp Response') ;xlabel('n') ;ylabel('s(n)')
subplot(2,2,3) ;plot(n,x)

title('Chirp') ;xlabel('n') ;ylabel('chirp(n)"')

$print -deps2 ex021000.eps

% Part c) BADANIE STABILNOSCI
sum (abs (h))

z=roots (a) ;

magz=abs (z)

subplot

pause;

% Part a) POBUDZENIE PROSTOKATNE

close;

n=[-10:100];

x=5%* (stepseq(0,-10,100) -stepseq(20,-10,100)) ;
s=filter(b,a, x);

subplot(2,1,1) ;stem(n,x,'.");
axis([-10,100,-6,6]);
title('rectangle') ;xlabel('n') ;ylabel('rect(n)');
subplot(2,1,2) ;stem(n,s,'.")
axis([-10,100,-10,10])

title('rectangle response') ;xlabel('n');ylabel('s(n)')
pause;

% Part b) POBUDZENIE TRéJKATNE

close;

n=[-10:100];

x=n.* (stepseq(0,-10,100) -stepseq(10,-10,100))-(20-n) . * (stepseq(10,-10,100) -
stepseq(20,-10,100)) ;

s=filter(b,a,x);

subplot(2,1,1) ;stem(n,x,'.")

axis([-10,100,-10,10])
title('triangle')  ;xlabel('n') ;ylabel('trian(n)"')
subplot(2,1,2) ;stem(n,s,'.")

axis([-10,100,-10,10])

title('triangle response') ;xlabel('n') ;ylabel('s(n)"')
pause;
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% Part c) POBUDZENIE: OKRES SINUSOIDY

close;

n=[-10:300];

x=sin (pi*n/5) .* (stepseq(0,-10,300)-stepseq(50,-10,300)) ;
s=filter(b,a, x);

subplot(2,1,1) ;plot(n,x)

axis([-10,300,-1.2,1.2])
title('triangle') ;xlabel('n') ;ylabel('trian(n)"')
subplot(2,1,2) ;plot(n,s)

axis([-10,300,-1.2,1.2])

title('triangle response') ;xlabel('n');ylabel('s(n)')
pause;

% Part x) POBUDZENIE: DUDNIENIE SYGNAELOW

close;

n=[0:100];

x=cos (0.1*pi*n)+0.5*cos (0.9*pi*n) ;

s=filter(b,a, x);

subplot(2,1,1) ;plot(n,x)

axis([0,100,-2,2])

title('two cosines') ;xlabel('n') ;ylabel('cos&cos(n)')
subplot(2,1,2) ;plot(n,s)

axis([0,100,-2,2])

title('two cosines response') ;xlabel('n');ylabel('s(n)')

pause;
close;
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