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Aufgabe 1 (33 Punkte)

Aufgabe 1 (33 Punkte)

Part 1 This part of the task can be solved independently of parts 2 and 3.

The stochastically independent, piecewise uniformly distributed random variables = and

y with the probability densities f,(x) and f,(y) are given in graphical form:

28+
0,25 +
/B |
1 «Q x 1 2 4.5

(a) Specify the probability densities f;(x) and f,(y) depending on a and f.

L for1<z<a,
fo(z) = .
0, else,

28, forl<y<?2,
fy(y): Ba f0r4>5§y<67
0, else.

(b) Determine a and f3.
a=5 f=3

(c¢) Calculate the composite density f; ,(x,y) using your results from (a) and (b).

It applies fry = fo(x)fy(y).

%, forl <z <bhA 1<y<2,
Jog(z,y) =3 &, forl<az<5A 45<y <6,
0,

else.

Part 2 This part of the task can be solved independently of parts 1 and 3.

Given is the real random variable v; with the distribution function F,, (vy)

a, vy < b,
Fvl(vl) = ivl—i—%, b<wv <3,
60, 3< U1,
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Aufgabe 1 (33 Punkte)

which is defined using the real constants a, b and c.

(d) Determine the constants a,b and c. Explain! (3P)
a:O,b:—l,c:%
(e) Calculate the associated probability density with the results from (d). (3P)
1
=, —1<v <3,
fur(or) =4 8 1
0, else.

(f) Given now also the stochastically independent process vy, where v is uniformly dis- (5 P)
tributed on the interval [0,2]. Sketch the probability density of the process vg, as
well as the sum process v = v + vs.

v
% fo(v)
1y
1
}/ /\
12 v2 1 1 2 3 4 5
(g) Calculate the first moment and the second central moment of v. (4P)

The mean can be read from the distribution density function or by

My = My; + My,
141
=2

be calculated. The variance can be determined by
2 2 2
UU = le + Uvz + 2¢U1,U2 (k)

Since both processes are statistically independent (1), 4, (k) = 0), it follows

because for the variance of uniform distributions
2 1

2
O-Ui = E(Uimaz - Uimin)
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Aufgabe 1 (33 Punkte)

applies.

Part 3 This part of the task can be solved independently of parts 1 and 2.

The following composite probability density is given:

5, for3<a<b5A1<b<4,
5, for0<a<2A —1<b<1,

1
0, else.

fa,b(a7 b) =
(h) Calculate the marginal density f,(a).

f%db, for 3 <a <5,
fala) = fil %db, for0<a< 2,
0, else,

for 3 <a <5,
for0<a <2,

else.

1
3
1

6’
0,

(i) Calculate the corresponding distribution function with the result from (h).

0, a <0,
ta, 0<a<?2,

Fa(a’): %7 2§a<37
%a—%, 3<a<h,
1, 5 < a.

(j) Calculate f.(c =9) of the resulting density if the mapping rule ¢ = 2a + 5 holds.

Note: Perform a point density transformation.

It generally applies

where g(a) = ¢ is the mapping rule from a to c¢. Here N = 1. Therefore, the following

development point is necessary: ¢y = 2.

Il
<
—~
\V)
-
[\
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Aufgabe 2 (33 Punkte)

Aufgabe 2 (33 Punkte)

Part 1  This part of the task can be solved independently of Part 2. The following systems
are given, described using pole-zero diagrams:

(O Nullstellen
X Polstellen

Im{z} O Nullstellen

X Polstellen

Z(Jo
|

| 125 Re{z}

(a) System Hj(z) (b) System Hji(z)

(a) Determine both transfer functions Hy(z) and Hyr(z) and give them in polynomial (6 P)
representation in which z is the largest has the first power of 0.

~—

ISIN RN
|

NI IN[

~—

(b) Are the systems Hy(z) and Hy(z) respectively: (4,5 P)
(i) minimal phase?
(ii) stable?

(iii) causal?

Signal and Systems IT



Aufgabe 2 (33 Punkte)

Give reasons for your answers.

Hj(z) is minimum phase because all zeros are in the unit circle

Hjr(z) is not in minimum phase because not all zeros are in the unit circle

Hj(z) is stable because all poles lie in the unit circle

Hir(z) is stable because all poles lie in the unit circle

Hj(z) is causal because the denominator degree is equal to the numerator degree
Hij(z) is causal because the denominator degree is greater than the numerator degree

Part 2 This part of the task can be solved independently of Part 1.

The following block diagram is given. Let all memories for n < 0 be initialized with 0.

v(n) o———j o) @ ° y(n)

e &
@
o &

®

&l

(¢) What form does the block diagram above have?
Direct form I

(d) Which part of the block diagram above has an FIR characteristic and which part
has an ITR characteristic? FExplain!

o Part 1 with input v(n) and output u(n) (transversal structure) has an FIR
characteristic, since there is no feedback of the output signal u(n) occurs.

o Part 2 with input u(n) and output y(n) (recursive structure) has an /IR char-
acteristic, since a feedback of the output signal y(n) occurs.

Furthermore, the input signal is now defined as follows:

v(n) =[y-1(n —3) —v(n)] - yo(n+ 1) + 2v(n) — 2y_1(n — 2) + v(n — 3)
+7-1(n=5) +2y-1(n = 7) +7-1(n = 7) - 0(n — 8) = y-1(n = 9).

(e) Draw v(n) for 0 < n < 10.
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Aufgabe 2 (33 Punkte)

v(n) can be simplified by the masking property of the momentum function ~o(n):

v(n) = 2y0(n)—2v_1(n—2)+~0(n—3)+v-1(n—=5)+2y_1(n—7)+v(n—8)—y-1(n—9)

For 0 < n < 10 we get for v = [1(0),v(1),v(2),...,v(9)]" the values:

v=1[2 0, -2, —1, =2, =1, =1, 1, 2, 0]"

v(n)l

IR

(f) Give the sequence u(n) depending on v(n).
From the block diagram w(n) results in:

(9) Draw the direct form II and state an advantage over the form used above.
The direct form II requires less state memory than the direct form I (in this case

two) and results in:

v(n) e——@ — y(n)

_% x(n) _%
D—& X
o1
_1
16
X
x(n—1)
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Aufgabe 2 (33 Punkte)

(h) How many states does the system have? Mark these in your solution from (g). (1P)
Two states (for labeling see solution for previous part of the exercise, z(n), z(n—1)).

(i) Determine the impulse response for the entire system. (7P)

And thus:

By applying the known correspondence of the z-transformation from the formula
collection of the lecture (x(n) = na™y_1(n), X(z) = ﬁ) follows:

1

Signal and Systems 11 7



Aufgabe 3 (33 Punkte)

Aufgabe 3 (33 Punkte)

Part 1 This part of the task can be solved independently of parts 2 and 3.

(a) What purpose does the modulation of a signal serve, according to the lecture? What
types of modulation do you know? Name at least three types of modulation.
The purpose of modulation is to adapt the signal spectrum to the frequency range
of the transmission, storage or processing medium to be used. Amplitude, phase and
frequency modulation.

(b) Give a practical example of an additive and a multiplicative channel interference,
which influences the signal-to-noise ratio, especially in amplitude modulation.
An example of an additive disturbance is mains hum at 50 Hz; a multiplicative
disturbance would be, for example, an amplifier fluctuation.

Part 2 This part of the task can be solved independently of parts 1 and 3.

A signal v(n) = 2cos? (%n) is to be transmitted over a channel with a real impulse
response and the magnitude frequency response shown below. Assume that Qg < Q.

al

‘ U > O
1 f2 n

(c) Determine the Fourier transform V' (ejﬂ) e—ov(n) and sketch V (ejﬂ) in the range
from —m to .

V(&) =m | 3 200(Q — 2m2) + 6o(2 + Qo — 2mN) + 3o(Q — Qg — 27A) | -

A=—00

(d) Define the frequency Qg such that the signal v(n) would be transmittable across the
channel in terms of its bandwidth using linear modulation.

Qo —

Qp < 5

Signal and Systems IT 8
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Aufgabe 3 (33 Punkte)

(e) Define the range for the carrier frequency Qp so that the modulated or upmixed
version of v(n) lies in the passband of the channel. Assume that g is in the range

required by (f).

O+ Qp < Qp <Oy — Q.

Now the signal X (ejQ) e—o z(n) are sent via the channel defined above.

(f) The signal z(n) is to be amplitude modulated. Write down the modulation equation
in general terms. The carrier signal should also be transmitted.

y(n) = Ap [1 + maz(n)] cos(Qrn).

(9) Draw a simple block diagram according to the equation from (f).

COos

(h) Sketch the spectrum of the modulated signal from (k) in the range from —7 to .
Assume that Qg + Qp < 7.

f3 6
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Aufgabe 3 (33 Punkte)

Part 3 This part of the task can be solved independently of parts 1 and 2.

The continuous signal s(t) is to be transmitted over a channel using FM modulation.

—1V, fAlUr 0s <t < ls,
2V,  fAVir 2s <t < 4s,
—1V, fA%r 55 <t < 8s,
0V, else.

s(t) =

(i) Describe the general function of angle modulation and the meaning of the individual
variables and terms.

According to the lecture Signals and Systems II, the continuous angle modulation
has the following form:

e = é1 cos (wrt + ¢ (t)) = ércos (Pr(t)),
TrAdger : e,
TrAdgeramplitude : ér,
TrAdgerfrequenz : wr,
TrAdgerphase : ¢ (),
TrAdger — Winkel — Momentanphase : ®(t).

(j) Enter the instantaneous frequency Q1 (¢) and the instantaneous phase ®p(t) in De-
pendence on s(t) and the modulation constant kpy;.

QT(t) = wr + k‘FMQTFS(t),
t
(I’T(t) = wtt + kFMQW/ S(T)dT,

= wrt + ¢r(t).

(k) Sketch s(t) in the range from 0 to 8.

(1) Calculate the carrier phase (not the instantancous phase!) ¢r(t) and sketch it!

—kpm271Vi, fAYr 0s <t < ls,
—kpMm271V, fAYr 1s <t < 2s,
r(t) = kg2 /t s(r)dr = kpv2m2V(t — 2,5s), f%%r 2s <t < 4s,
—00 krvi2m3V, fA%r 4s <t < bs,
—kpM271V(t — 8s), fAYr 55 <t < 8s,
0, else.

(m) What unit of measurement has the constant kg if the signal s() is a voltage signal?

Signal and Systems IT 10
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Aufgabe 3 (33 Punkte)

1
The signal s(¢) has the unit of measurement Volt [V]. Frequency is given in — or in

Hz. This allows the unit of measurement of kgy; to be determined. The corresponding
size equation results from the equation for the instantaneous frequency:

[Q1(8)] = [wr] + [ken] - [s(2)]
Hz =Hz + [kFM] -V,
Hz = [kpMm] - V,
Hz 1

el =5 =5

(n) Determine the modulation constant kpy so that the frequency deviation Af corre-
sponds to +50 kHz.

According to the lecture, the frequency deviation corresponds to:
Af = krm$,

where § is the maximum or minimum value of the signal s(¢). This means that the
modulation constant is:

kH kH
+50 Z o5 Z

+2V TV

kpm =

Signal and Systems IT 11
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Dies ist eine leere Seite.



