ISS — Numerické cviceni / Numerical exercise 5.
Honza Cernocky, FIT VUT Brno, November 21, 2016

Operace s diskrétnimi signaly / Operations over discrete signals

1.

10.

11.

Je dan diskrétni signal o délce N =5 vzorku: pron=0 1 2 3 4jey[n] =[4 3 5 2 —5]. Napiste
linedrné posunuty signdl ys[n] = y[n — 3]. / We have a discrete signal of length N = 5 samples: for
n=0 12 3 4,its values are y[n] = [4 3 5 2 —5]. Write a linearly shifted signal ys[n] = y[n — 3.

. Napiste periodizovany signél y,[n] = yimody(n)]. / Write periodized signal y,[n| = y[modx(n)].

Napiste periodizovany a posunuty signél y,s[n] = y[mody(n — 3)] / Write periodized and shifted
signal y,s[n] = y[mody(n — 3)].

Napiste tentyz signal ndsobeny okénkovou funkef y,s,[n] = Ry [n]y[mody(n — 3)] / Write this same
signal multiplied by windowing function y,s,[n] = Ry[n|y[mody(n — 3)].

Konvoluce / Convolutions

Jsou dény signély z;[n] a x2[n] o délce N = 5 vzorku. / Signals z1[n| and z5[n], each N = 5 samples
long, are defined as:

n 01234
x1[n] 1 0
xo[n] |4 13]5[2]-5
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Spocitejte jejich linedrni konvoluci y[n] = Xi[n] x x5[n]. / Compute their linear convolution y[n| =
Xl[n] *xg[n].

Spocitejte jejich kruhovou konvoluci y[n] = x1[n]®z2[n] / Compute their circular convolution y[n] =

21 [n]@22[n]

Rozsitte kruhovou konvoluci na periodickou y[n| = z1[n|*xz3[n] / Enlarge the circular convolution
to periodic one y[n] = x1[n] * xzs[n].

Fourierova transformace s diskrétnim ¢asem (DTFT) / Dis-
crete Time Fourier Transform (DTFT)

Meéjme diskrétni signél o délce N = 4 / discrete signal of length N = 4 is given as:
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Spocitejte jeho Fourierovu transformaci s diskrétnim ¢asem (DTFT) / Compute its Discrete Time
Fourier Transform (DTFT).

Upravte ji tak, aby se dala jednoduse nakreslit jeji modulova a argumentova cast. / Modify it in
such a way that the magnitude and angle parts can be easily drawn.

Nakreslete prubéh jeji modulové ¢asti pro interval normovanych kruhovych frekvenci w € (0,27) /
Draw its magnitudes for interval of normalized angluar frequencies w € (0, 27).

Nakreslete prubéh jeji argumentové ¢asti pro tentyz interval normovanych kruhovych frekvenci. /
Draw its angles for the same interval of norma%ized angluar frequencies.
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Diskrétni Fourierova transformace (DFT) / Discrete Fourier
Transform (DFT)

Napiste pro ten samy signal DFT a zjednoduste vyraz pro e’ hn, / Write DFT for the same signal

and simplify the expression e~/ Fkn,

Do tabulky napiste hodnoty tohoto vyrazu pro véechny kombinace n a k. / In a table, write values
of this expression for all combinations of n and k.

Spocitejte X[0] / Compute X|0].
Spocitejte X[1] / Compute X[1].
Spocitejte X[2] / Compute X|[2].
Spocitejte X[3] / Compute X|[3].

Nakreslete hodnoty modulu a argumentu do grafu s koeficientem k na vodorovné ose. / Draw
magnitudes and angles in graphs with the values of k£ on the horizontal axis.

Zménte vodorovnou osu na normované frekvence / Change the horizontal axis to normalized fre-
quencies.

Zménte vodorovnou osu na normované kruhové frekvence / Change the horizontal axis to normalized
angular frequencies.

Zménte vodorovnou osu na frekvence v Hz. Vzorkovaci frekvence je Fy = 8000 Hz. / Change the
horizontal axis to frequencies in Hz. The sampling frequency is F; = 8000 Hz.

Zménte vodorovnou osu na kruhové frekvence v rad/s. Vzorkovaci frekvence je Fy = 8000 Hz. /
Change the horizontal axis to angular frequencies in rad/s. The sampling frequency is Fy = 8000 Hz.

Ovérte, ze DFT skutectne vzorkuje DTFT na frekvencich w = k:%” / Check, that DFT actually
samples the DTFT at frequencies w = l{:%’T

DFT posunutého signilu / DFT of a shifted signal

Je déan signdl, ktery je zpozdénou verzi predchoziho: / A signal, that is a delayed version of the
previous one, is given:

n |0][1]2]3
) [0]1]-1]0

Ovéite, zda se jednd o kruhové zpozdéni a urcete, jaké je zpozdéni d. / Verify, that the delay is
indeed circular, and determine the delay d.

Vypoététe hodnoty koeficientit e ve vyrazu X’[k] = X [k]e 7 %% / Determine the values of coefficients
e’ in expression X'[k] = X[k]e*j%ﬂkd

Urcete hodnoty koeficientu DFT X'[k]. / Determine the values of coefficients DFT X'[k].
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Symetrie DFT / Symmetry of DFT

X[k] = X*[N — K]

Pro N = 256 je dén koeficient DFT X[17] = 2 4 j. Urcete, ktery dalsi koeficient z néj muzeme
odvodit a jakou bude mit hodnotu. / For N = 256, the DFT coefficient X[17] = 2+ j. In case we
can determine another coefficient of DF'T, what will be its index and its value ?

Urcete pocet redlnych ¢isel nutnych pro vyjadieni DET redlného signdlu o délce N, pro sudé N. /
Determine the amount of real numbers we’ll need for expressing DFT of a real signal of length N,
for even N.

Dtto pro liché N. / Dtto for odd N.

Jesté vice DFT / Even more DFT

Vypoctéte a vhodné zaokrouhlete hodnoty signélu z[n] = 5 cos(%n+%) o délce N = 8 pron =0...7.
/ Compute and suitably round values of signal z[n] = 5cos(3n+ ) of length N =8 forn=0...7.

Vypoctéte jeho DET. Je vhodné se rozdélit do osmi skupin, kazdd bude pocitat jedno X [k]. Help: je
vhodné si oznacit hodnotu \% néjak sikovne, naptiklad jako a. / Compute its DFT. It is adviseable
to split into 8 groups, each computes one X[k]. Help: simplify writing of \/Li by some short-hand,
for example a.

Srovnejte vysledek s teoretickymi hodnotami DFT pro harmonicky signal. / Compare the result with
theoretical values for harmonic signal.

X[ = XNV -] = 50 ang X[1) = —arg X[V~ 1] = 6,



