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The duration of the test is 1h30m. The score of each item is 2 when right and —0.5 if
wrong. Only one option can be selected in each question.

1. Consider the Linear Time Invariant (LTT) system described by the following difference
equation

y(n) =xz(n) +y(n —1) — 0.25y(n — 2). (1)
What type of filter is this system?

e [ a) High-pass filter .
e 0 b) Band-pass filter.
e B ¢) Low-pass filter.
e 0 d) None

2. Consider the chirp signal z(t) = sin(2rf(¢)t for 0 < ¢ < 1 second with f(t) = 100 +
900t2. What is the band of frequencies occupied by this signal?

e [la

e Ob

e Hc

e Od

[0,1000] Hz
100, 1000] Hz
100, 2800] Hz

None
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3. Consider a discrete signal x(n) obtained with a sample rate of f; = 100 kHz. What is
the frequency in Hz of the continuous spectral component that corresponds to the 96"
coefficient of a 1024 length DFT, X024(96)7

e W2
e Ob
e (¢
e Od

9375.00 Hz.
1041, 67 Hz.
1024, 00 Hz.

None

~_ — O

4. The following inner product

<ej2W7rk” el Nm> (2)
is
e Oa)
e HD)
e O¢)
e O d) None

o(k —r).
Né(k —r).
0.

5. Consider an unknown continuous scalar function f(t) defined in the interval ¢ € [0, 1]
and a set of M observations F' = [f1, fa, ..., fu]T taken at random time points, tg,
from the interval where f(¢) is defined. Let also consider a continuous function g(t) =
Z 0 ck¢k( ), alinear combination of N known basis functions, ¢ (t), evenly distributed
in the same time interval, ¢x(t) = ¢(t/A — k), k = 0...N — 1 where ¢(t) is a mother
interpolation function and A is the distance between interpolation functions.

The optimal set of coefficients, ¢ = [c, ¢1, ...,cy_1]T are computed by minimizing the
norm of the error F(f) = ||[F — G||3 where G = {g(t;)} with ¢ is the time point of the
k" observation.

Using the appropriated formulation (laboratory work) the solution is
= (eTe)'e’F

where O is a function of the observations and interpolation functions.
Under this formulation what are the dimensions of matrix ©7

e Oa) N x M.
e Bb) M x N.
e Oc) N xN.
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Figura 1: Adaptive filter.

e 0 d) None

6. Consider the canonical adaptive filter displayed in Fig. 1 where d(n) = z(n — 1) and
h(n) is a 4 length FIR filter. In these conditions what is the optimal impulse response
of the FIR that minimizes the norm of the error, |le||?

o B h(n)=10,—1,0,0].
e O Db) h(n) =10,1,0,0].
e Oc) h(n) =[-1,0,0,0].
e 0 d) None

7. What is the period of the signal y(n) = sin(n)?

O a) 1 sample.

O b) 27 rad/sample.
e O c) 1 second.

B d) None



Part II - Problems

A (3) Let X(k) and Y (k) the DFTs of the N-length x(n) and y(n) sequences respectively
where

) X(k) ifkiseven
Y(k) = {—X(k) otherwise )

a) (2) What is the relation between y(n) and x(n)

b) (1) Compute y(n) when x(n) = [1;2;3;4;5;6;7;8].

B (3) Let (z,v:,2) be N triplets of strictly positive observations with the underlying
model

2z = arP T (4)

a) (1)Derive the expression of the square norm of the error vector, e = {e;},
where

e; = log(z ozt 7). (5)

b) (1) Derive the closed form solution of the minimizer vector of parameters,

0 = {Oé, /67 7}7
6" = argmin [le(0)]; (6)
c¢) (1) Propose an iterative algorithm to compute the optimum vector of parameters
f that minimizes the L; norm of the error vector

0" = argmin [[e(0)[ (7)



