DASP3rd Chapter 1 - Exercises

1 Signals and Systems

1. Sketch the impulse responses (a-f)
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and compute the output signals (a-f) using convolution.
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2. Compute the output signals (a-d) for two different input signals (unit pulse and 8-tap signal).
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2 Discrete-time Fourier Transform

1. Compute the discrete-time Fourier transform of (a-d)
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(d) X(e?) = Z a"e(n)e M = Zane—jﬂn
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2. Using the difference equation
y(n) = asin(Q) - x(n — 1) + 2acos(p) - y(n — 1) — a’*y(n — 2)

(a) sketch the signal flow graph
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(b) compute the frequency response using the discrete-time Fourier transform of the differ-
ence equation gives

Y (7)) = asin() - X (7)e™ + 2a cos(Qp) - Y (e7P)e ™ — a?Y (e79)e %%
and thus the frequency response according to

Y(e?) asin(Qg)e 7
X(ei2) 1 —2acos(Q)e 72 + a2e—2i2
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(c) plot the magnitude and phase response frequency using Matlab
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(d) program the difference equation and plot the impulse response

Impulse response h(n) - filter(num,den,x)
T T T T T

0.8 T T
0.6 b

0.4 .

Eo(ﬂ h MHHHH et s A
-

0.4 I I I I I I I I I
0 10 20 30 40 50 60 70 80 90 100

n—

Impulse response h(n) - sample-by-sample computation
T T T T T T T

0.8 T

0.4 n

g(ﬂ h 1S A
I —

0 10 20 30 40 50 60 70 80 90 100
n—




3 FIR and IIR Filters

1. FIR filters with linear phase (a-d)
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(c) odd symmetry, N = 2
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(d) odd symmetry, N = 3
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2. FIR filters using truncated impulse responses

Infinite impulse response Finite impulse response
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3. FIR filters using PM algorithm lead to symmetric impulse responses and linear phase behavior

N=65, h=firpm(N-1,[0 0.5 0.6 1],[1 1 0 O],[1 11)
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4. Simple IIR filters and their frequency responses

fc=4410; £s=44100;
a=(l-sin(2+pirfc/fs))/cos(2+«pixfc/fs);
% Lowpass

num=(l-a)/2*x[1 1];

den=[1 -al;

% Highpass

num=(l+a)/2*x[1 -17;

den=[1 -a]l;

% Bandpass

fb= 4410;
a=(l-sin(2+pixfb/fs)) /cos (2«pi*fb/fs);
b=cos (2+«pirfc/fs);

num=(l-a)/2«[1 0 -17;

den=[1 -b*x(1+a) aj;

o

% plot magnitude and phase responses
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4 Adaptive Filters

1. Linear prediction using LMS algorithm

x(n) e(n)

o—t ¥
L 2 x(n-1) 2 X2 ] - X(n-p) )

@ 0
clf,clear;
[X, FS] = audioread(’aint-no-sunshine.wav’) ;
Nx=length (X) ;
N=32;
mu=1l.5;

x_buff=zeros(1l,N);
h=zeros (1,N);
E=zeros (1,Nx);
Xp=zeros (1,Nx);

filter input
prediction coeffs
predicton error
prediction output

o0 o o o°

for n=1:Nx
Xp(n) = x_buffxh’; % prediction

E (n) X(n) - Xp(n); prediction error

for i=1:N % Update of coefficients with LMS

h(i) = h(i) + muxx_buff (i) +E(n);

end

x_buff = [X(n), x_buff(l:N-1)]; %newest input sample first
end

subplot (311) ,plot (X);ylabel ("x(n)");
subplot (312) ,plot (Xp);ylabel ("x_p(n)’);
subplot (313),plot (E);ylabel ("e(n)’)
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2. System identification using LMS algorithm

o hret(n) diny
S x(n-1) S X(riZ) ................... — X(n-p)
?bo(n) ém(n) () ba(n) bp(n)
IR S +
h_ref = remez (11, [0 .4 .6 1], [1 1 0 01);
N = length(h_ref);
figure (1)
clf
subplot (211)
stem(0:N-1, h_ref)
title ('Reference impulse response’)
ylabel ("h_{ref} (n)’)
subplot (212)
zplane (h_ref)
Nx=1000;
mu=1.4;
X = randn(l, Nx); % noise
X = X/max (abs (X)) ;
Y ref = filter (h_ref, 1, X);
x_buff=zeros(1,N); % filter input
h=zeros (1,N); % direct FIR coeffs
E=zeros (1,Nx); % error
Y=zeros (1,Nx); % output
D=zeros (1,Nx); % coeff difference
for n=1:Nx
%$shift filter input states:
x_buff = [X(n), x_buff(l:N-1)]; %newest input sample
Y(n) = x_buffxh’; % filter result
E(n) = Y ref(n) - Y(n); % prediction error

)

for i=1:N % Update of coefficients with LMS
h (i) h(i) + muxx_buff (i) *E (n);

end
D (n)
end

10x1ogl0( sum(h - h_ref).”2 );

subplot (511),plot
subplot (512) ,plot

( (X);ylabel ("x(n)");
( (Y
subplot (513),plot (Y
( (E
( (D

_ref);ylabel ('y_{ref} (n)’);
);ylabel ("y(n)’);

)iylabel ("e(n)’);

);ylabel ("d(n) in dB’);

subplot (514),plot
subplot (515),plot
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5 Matlab Scripts

Table 1: Matlab scripts

dasp_ex1l_1l.m

dasp_exl_2.m

3 | dasp_ex1_

dasp_ex1_
dasp_ex1_
dasp_ex1_

4 | dasp_ex1_

dasp_ex1_

3_1.
3_2.
3_3.
3_4.
4_1.
4_2.

5 5|3 333
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