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ISS — Numerické cviceni / Numerical exercise 2.
Honza Cernocky, FIT VUT Brno, September 15, 2017

Signaly / Signals

. Nakreslete (jako jednotlivé vzorky) nebo jako tabulku diskrétni signdl. Draw (as individual samples) or as

a table the following signal:

1[n] = 1 for ne<0, 3>
™Y 0 elsewhere

. Dtto pro / dtto for:

xaln]=1+n

. Dtto pro / dtto for:

z[n] = x1[n] + x2[n)

Posuny / Time shifts

Signél je definovan jako / the signal is defined as z[0] = 3, z[1] = 2, =z[2] = 1, 0 jinde / elsewhere.
Nakreslete nebo napiste nasledujici signédly. Draw or write the following signals:

y1 = x[n — 2]
y2 = x[n + 2]
ys = z[—n]

ys = z[1 —n]
Peclivé zkontrolujte / thoroughly check.

ys = x[—2 —n]
Peclivé zkontrolujte / thoroughly check.

Filtry / Filters

. Odhadnéte chovani filtru s nasledujicimi diferenénimi rovnicemi ve frekvenci / predict the behavior of filter

with the following difference equations in frequency:

y[n] = 0.5z[n] + 0.5z[n — 1]
y[n] = 0.5z[n] — 0.5z[n — 1]
yln] =1

Je to vubec filtr / Is this a filter at all ?

Nakreslete schema filtru / draw a scheme of filter

y[n] = 0.5x[n] + 0.5z[n — 1]

y[n] = 0.511'[?2] — 0.5z[n — 1]
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Napiste impulsni odezvu filtru / write the impulse reponse of filter

y[n] = 0.5z[n] + 0.5z[n — 1]

y[n] = 0.5z[n] — 0.5z[n — 1]

Filtrovani a konvoluce / Filtering and concolution

Signdl je definovén jako / the signal is defined as z[0] = 3, z[l] = 2, =z[2] = 1, O jinde / elsewhere.
Urcete vystup filtru s nésledujici diferencni rovnici tak, ze budete ve schematu znacit hodnoty jednotlivych
vzorku pro kazdé n a pro kazdou kombinaci spocitdte vystup. / Determine the output of the filter by using
its scheme - mark the values of individual samples for all values of n and for each combination, obtain the
output.

y[n] = 0.5z[n] + 0.5z[n — 1]

* dtto for / pro
y[n] = 0.5z[n] — 0.5z[n — 1]

Provedte filtrovéni z pifkladu 16 pomoci konvoluce. Perform the filtering from exercise 16 using convolution.
Help:

dtto pro piiklad 17 / dtto for exercise 17.

* Provedte jeden z pfedchozich vypoctii pomoci druhé mozné definice konvoluce / perform one of the previous
computations using the second possible definition of convolution:

yln] = > hlk]z[n — ]
k=—o0
Zkontrolujte, zda je vysledek stejny / check if the result is the same.

Komentujte, zda vysledky odpovidaji predpovézenému chovéani ve frekvenci. / Comment if these results
correspond to the predicted behavior in frequency.

Napiste funkci v C implementujici diferen¢éni rovnici / Write a function in C implementing differential
equation
y[n] = 0.5z[n] + 0.5z[n — 1]

IIR filtry / IIR filters

Nakreslete schéma IIR filtru / Draw scheme of an IIR filter

yln] = x[n] + 0.5y[n — 1]

Urcete jeho impulsni odezvu / Determine its impulse response.

Filtrujte timto filtrem nésledujici signél / Filter the following signal with this filter: z[0] = 1, =z[l] =
1, 0 jinde / elsewhere.

Urcete podminku pro koeficient —aq nésobici vzorek y[n — 1] tak, aby byl filtr stabilni. / Determine the
condition for coefficient —a; multiplying sample y[n — 1] such that the filter is stable.

Napiste funkci v C implementujici tento IIR filtr / Write a function in C implementing this IIR filter.
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Cosinusovky / Cosines

Nakreslete jednu periodu cosinusovky. Vyznaéte nékolik hodnot na ose z. / Draw one period of cosine.
Mark couple of values on the x axis.
x(t) = cos(t)

Dtto pro / dtto for
x(t) = cos(2mt)

Dtto pro / dtto for
x(t) = cos(2m1000¢)

Vypoctéte periodu a frekvenci cosinusovky z predchoziho piikladu. Compute the period and frequency of
cosine from the previous exercise.

Nakreslete jednu periodu cosinusovky jako vzorky / draw one period of cosine as samples:
1
x[n] = cos(27r§n)

Vypoctéte periodu a normovanou frekvenci cosinusovky z predchoziho piikladu. Compute the period and
normalized frequency of cosine from the previous exercise.

Pievedte tuto normovanou frekvenci na obyéejnou, pokud Fy = 8000 Hz. Convert this normalized fregiency
to standard one provided that Fy = 8000 Hz.

* Dtto pro / dtto for Fy = 48 kHz
Nakreslete / napiste cosinusovku jako vzorky. Draw / write cosine as samples. Help: cos(§) = 0.7.

1 us
= 2 — — —
x[n] = cos( Tn 2)

* Dtto pro / dtto for

1
x[n] = cos(27r§n + )

Analyza / Analysis

Nezndmy signdl z[n] mé délku N = 8 vzorku a je definovan jako / The unknown signal z[n] has N = 8
samples and is given as:
2[n]=[16 11 6 -3 —4 —3 6 11]

Pokuste se o intuitivni frekvenéni analyzu - které frekvence signdl obsahuje a kolik 7 / Try out intuitive
frequency analysis - which frequencies does the signal contain and how much of which 7

Provedte projekei signdlu do béze / perform projection of signal into basis. Help: ¢ = 2711\7;01 x[n]aln]

apln] =1 111111 1]
Komentujte vysledek / Comment the result.

Dtto pro / dtto for
afn]=[1 0.7 0 —0.7 —1 —0.7 0 0.7]

Komentujte vysledek / Comment the result.

Dtto pro / dtto for
afn] =1 0 ~1 010 —1 0];

Komentujte vysledek / Comment the result.

Dtto pro / dtto for
asln]=[1 -1 1 -1 1 =1 1 —1];

Komentujte vysledek / Comment the result. 3
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Komplexni exponenciila / Complex exponential

Na néjakém podlouhlém kulatém pfedmétu (tuzka, pero, rulicka od WC papiru, ...) zobrazte hodnoty
komplexni exponencidly / On an allongated round object (pencil, pen, WC paper roll, ...), show the values
of complex exponential.

zn| = ei2msn

* Dtto pro / dtto for

zn| = e2man

Diskrétni Fourierova transformace / Discrete Fourier Transform

Pro vypocet DFT mate N = 256 vzorku. Pro hodnoty k = [0, 1, 2, 3, 4, 5] napiSte hodnoty normované
frekvence, na kterych “sedi” vypocitané koeficienty X[k]. / You have DFT mate N = 256 for computing
DFT. For k = [0, 1, 2, 3, 4, 5], write the values of normalized frequency, on which the computed coefficients
X|[k] are “sitting”.

Piepocitejte na skutecné frekvence, pokud je vzorkovaci frekvence je Fy = 64 kHz. / Convert to standard
frequencies, provided that the sampling frequency is F; = 64 kHz.

Doplite kéd, kterym v Matlabu ziskdme dobrou frekvenéni osu pro zobrazovani vysledki DFT. Proménna
Fs obsahuje vzorkovaci frekvenci. / Complete the Matlab code for obtaining a good frequency axis for
visualizing DFT results. Variable Fs contains the sampling frequency.

X = fft(x);

k = 0:(N-1);

fnorm = ... .. o il
f =

plot (f,abs(X));



