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10.

Please fill in your name above and tick exactly ONE box for the right answer of each question below.

. Consider the discrete LTI system y, = 61yr_1 + 026 + O3€,_1 with scalar output y and noise e. What of the following

abbreviations best describes this system?

(a)[ ] ARX (b) [ ] FIR (©) [ ] ARMA (d) [ ] NARX

For which type of system can a global minimum to the estimation problem be guaranteed?

(a)[__| Output-Error (b) [ ] Input-Output-Error (c) [ ] LIP, additive noise (d) [ ] Equation-Error

Which statement concerning the set-up of the Kalman Filter is NOT typically true:

(a) E] The larger P, the smaller the innovation step. (b) [] The more trustworthy the model, the smaller P.

(¢) [ ] The model is assumed to be linear. (d) [ ] Process noise effects increase progressively.

What does the expression QY 1 ¢(N + 1)(y(N + 1) — (N + 1)TA(N)) stand for in the context of Recursive Least Squares?

(a)[__| The innovation update. (b) [ ] The downweighing of past information.

(c) D The best prior guess. (d) D The expression is not correct.

Consider a linear system defined as x; = A;_1x;_1 + w; with a linear measurement equation y; = C;z; + v;. If ; € R™ and
y; € R™, what is NOT true about the covariance of the process noise W; and measurement noise V; of a Kalman Filter?

(a) I:] W; and V; are diagonal matrices. (b) E] W; has n non-zero singular values.

() [ ] W; e R™*", and V; € R™*™. (d) [ ] W; and V; are positive definite.

Given the transfer function G(jw), what quantity does the magnitude plot of the Bode diagram show on its y-axis?

@[ ] IIG(w)ll ®) [ ]1GGw)] © [ ] log|G(jw)| (@) [ ]log G(jw)?

. For scalar phase shift o, what is the output of the LTI system, described by the transfer function G(jw), that is excited with a

sinusoidal input u(t) = Uy - sin(w - t)?

@[ Jyt) =|G(jw)|Uo - sin(a - t +w) ) [ ]u( G(jw)|Up - sin(w - t + )
© [Jy(t) = gy -sin(w -t +a) ) [ y(t) = |Gjw)|Up - sin(w - t) + a

Consider the case in the previous question for an output signal with the magnitude Y. Which equation describes the transfer
function G(jw) for the specific frequency w?

(@[] §eer® (b) [] Fee® (©) [] grel @) [] el

Regard a periodic signal with base frequency fyqse that is sampled every At = 1s (with 1/At a multiple of f,s.). How many
different frequencies are contained in the discretized signal?

(a) D 2At/fbase (b) D fbase/2At (C) D 2Atfbase (d) D 1/(2Atfbase)
At which frequency f [Hz] is the resonance peak of the following transfer function: G(s) = %, witha € R? ...
@[] f=3 ) []f=3¢ ©[]f=14% @ [Jf=2"
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18.

19.

20.

Which slope has the plot of the magnitude of the transfer function G(s) =
(a)[ ] 0 dB/decade

7 at high frequencies?

s2+%s+
(d) [ ] -40 dB/decade

(b) [ ] -20 dB/decade (¢) [ ] 20 dB/decade

A continuous function in the time domain u.(¢) is sampled with a frequency f;, resulting in a set of discrete values
u = [u(0),...,u(N — 1)]T. Applying the DFT to u yields U = [8,2,0,8,0,8,0,2] . Reconstruct the function w,(t) from U.

IDFT: u(n) = & S0t U(k)ed * 8 forn =0,...,N — 1

@[ ] uc(t) =1+ 1 cos(™LL) + 2 cos(Lt)

() [ Juc(t) =2+ cos(”{ist) +2 COS(SwISt)

© [ Juc(t)=1+ %cos(”{ft) + 200s(372{5t) A [ Juc(t) =2+ cos(”{ft) + 2 cos(m fst)

You want to do multisine excitation to identify the transfer function of an unknown system. How should the multisine be designed,
to prevent aliasing errors?

What is the name of the theorem that defines the above mentioned condition?

You want to do multisine excitation to identify the transfer function of an unknown system. How should the multisine be designed,
to prevent leakage errors?

What is the frequency resolution of the DFT of a given periodic signal with period 7', sampling frequency fs, and the number of
samples per period N?

@[ Jw=2nfs

27

N-T

27 fs
T

®) [ Jw= ©[Jw= (d) [[Jw= 2

You identify an LTI system with periodic multisine excitations, where each window has length 7" and the total duration of your
experiment is MT with a large integer M. Which procedure should you follow to identify the transfer function G (jwy) at a given
frequency wy, = %?

(a) [] build the quotients of the M windows, average the (b) D average the M windows, build the quotient of the

quotients and apply the DFT on the quotients average and apply DFT

(c) [] compute the DFTs of each window, build the DFT (d) D compute the DFTs of each window, then average the

quotients and then average the quotients DFTs and then build the quotient of the average

Which expression describes the Kalman filter innovation step of the covariance P?

@[] Pujn = (Pj—1) + CL V1 Cx) 7 () [ Pl = (P iy + CLV T C) ™

© [] Pip—1 = (P[;il\k—l] + VIO @ [_] P = P[;\lk—l] +C{ VIO

What signal-to-noise-ratio (SNR) at a certain frequency fy of a measured signal do you want to achieve, in order to be able to
estimate the amplitude of this frequency component with an accuracy of 10%?

(a)[ ] 1dB (b) [ ] 10dB (¢) [ ]20dB

(d) [ ] 40dB

Which are the apropriate matrices of the state space model of a system described by the following ODE: ¢ = ci1a + caa + $
§ = c3a + c45 + s and the output y = ¢35 + ¢, with ¢1, . . ., cg € R. Consider the states to be = [a, a, s, 3] '

0 0 0 1 [0 1 0 O]
0 ec3 1 c4 cac c1 0 1

@[ A= 0o 1 0 0 ,C=cs 0 0 cg b [ ]A= 0 0 0 1 C=1les 0 0 o)
C2 C1 0 1 _0 C3 1 C4_
0 1 O 0 _02 C1 0 1 T
C2 C1 0 1 0 1 0 0

(C) D A= 0 0 0 1 ,C = [0 Cé Cs 0] (d) D A= 0 0 0 1 ,C = [0 Cé Cs 0}
0 c3 1 ca 10 ¢ 1 ¢
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10.

. Consider a linear system defined as x; = A;_

. For which type of system can a

Please fill in your name above and tick exactly ONE box for the right answer of each question below.

12;—1 + w; with

a linear measurement equation y; = C;z; + v;. If z; € R™ and

y; € R™, what is NOT true about the covariance of the process noise W; and measurement noise V; of a Kalman Filter?

(a)l:] VV7 c Rnxn’ and ‘/1 c Rmxm.

(b) E] W, has n non-zero singular values.

(c) E] W, and V; are diagonal matrices.

(d) E] W; and V; are positive definite.

Given the transfer function G (jw), what quantity does the magnitude plot of the Bode diagram show on its y-axis?

@[] log|G(jw)] ®) []1G(w)|

© [JIGGW)I (d) []log G(jw)*

global minimum to the estimation problem be guaranteed?

(a)[__| Output-Error (b) [ ] Equation-Error

(¢) [ ] Input-Output-Error (d) [ ] LIP, additive noise

Which statement concerning the set-up of the Kalman Filter is NOT typically true:

(a) E] The more trustworthy the model, the smaller P.

(b) [] The model is assumed to be linear.

(c) [ ] The larger P, the smaller the innovation step.

(d) [ ] Process noise effects increase progressively.

What does the expression QY ¢(N + 1)(y(N + 1) — (N +

1)T6(N)) stand for in the context of Recursive Least Squares?

(a) |:] The best prior guess.

(b) [ ] The downweighing of past information.

(¢) [ ] The innovation update.

(d) [ ] The expression is not correct.

Which slope has the plot of the magnitude of the transfer function G(s) =

7 at high frequencies?

(a)[ ] -40 dB/decade (b) [ ] 0 dB/decade

s2+%s+
(¢) [ ]-20 dB/decade (d) [ ] 20 dB/decade

For scalar phase shift «, what is the output of the LTI system,
sinusoidal input u(t) = Up - sin(w - £)?

described by the transfer function G(jw), that is excited with a

= |G(jw)|Up - sin(w - t + «)

@[]yl

Uo

ssin(w - t 4 )

) [ ] y(

jw)l

© [ ]yl

G(jw)|Up - sin(a - t + w)

@ [ ] u(

= |G(jw)|Up - sin(w - t) + «

Consider the case in the previous question for an output signal
function G(jw) for the specific frequency w?

with the magnitude Y. Which equation describes the transfer

@[] e® (b) [] Feer

(©) [] §eel™ @) [] e

Which expression describes the Kalman filter innovation step of

the covariance P?

@[ ] P =

Pl TCLV IO

®) [ ] Prjp-1 = (P[;i”k_l] +Cyvier) Tt

© [ ] Puw =

(Prejk—1 + CLV'Cr)™t

@) [] Py = P[;\lk—l] +CLVTIC

What signal-to-noise-ratio (SNR) at a certain frequency fj of a
estimate the amplitude of this frequency component with an accuracy of 10%?

measured signal do you want to achieve, in order to be able to

(a)[ ] 40dB

(b) [ ] 1dB

(c) [ ] 10dB

(d) [ ]20dB
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11. Which are the apropriate matrices of the state space model of a system described by the following ODE: ¢ = c14 + coa + §

12.

§ = c3a + ¢4 + s and the output y = c55 + cga, with cq, . ..

,c¢ € R. Consider the states to be z = [a, @, s, 5] .

C2 C1 0 1 0 1 0 0-
0 1 0 0 C2 C1 0 1

@[ JA=|7 o o 1]:¢=0 e 0 G [Ja=1, 3 ¢ 1|/:¢=ls 0 0 «cf
0 c3 1 c4 10 ¢z 1 caf
0 1 0 O [0 0 0 1]
C2 C1 0 1 O C3 1 C4

(C)DA: 0 0 o0 1 ,C’:[O s Cs 0] (d)DA: 0 1.0 0 ,C:[cs 0 0 c(;}
0 C3 1 Cq _Cz C1 0 1_

You want to do multisine excitation to identify the transfer function of an unknown system. How should the multisine be designed,

to prevent leakage errors?

13. What is the frequency resolution of the DFT of a given periodic signal with period 7', sampling frequency f, and the number of
samples per period N?

@[ Jw=+% 0 [Jw=2nf, © [Jw= 2 @ [Jw=2F

14. Regard a periodic signal with base frequency fpqse that is sampled every At = 1s (with 1/At a multiple of fy,s.). How many
different frequencies are contained in the discretized signal?

(a) I:] 2Atfbase (b) D fbase/QAt (C) D 1/(2Atfbase) (d) D 2At/fbase

15. You want to do multisine excitation to identify the transfer function of an unknown system. How should the multisine be designed,
to prevent aliasing errors?

16. What is the name of the theorem that defines the above mentioned condition?

17. Consider the discrete LTI system vy, = 601yx—1 + O2€r + O3€x_1 with scalar output y and noise e. What of the following
abbreviations best describes this system?

(a)[ | ARMA (b) [ |FIR () [ ]ARX (d) [ | NARX

18. A continuous function in the time domain u.(t) is sampled with a frequency fs, resulting in a set of discrete values
u = [u(0),..., (N - 1)] Applying the DFT to u yields U = [8,2,0,8,0,8,0,2]". Reconstruct the function u.(t) from U.
IDFT: u(n) = + ko U(k)ed* =", forn =0,...,N —1

@[ Juc(t)=1+3 cos( =ty 4 2cos(3”f* ) ®) [ Juc(t)y =2+ cos(”{ft) + 2 cos(mfst)
© [ Juc(t) = 1—|—%cos(”;st)+2czos(%) (d) [ ] uc(t) =2+cos( )+2cos(3”f* )

19. You identify an LTI system with periodic multisine excitations, where each window has length 7" and the total duration of your
experiment is MT with a large integer M. Which procedure should you follow to identify the transfer function G (jwy,) at a given
frequency wy, = 22£?

(a)[ | compute the DFTs of each window, then average the (b) [ ] build the quotients of the M windows, average the
DFTs and then build the quotient of the average quotients and apply the DFT on the quotients

(¢) [ ] compute the DFTs of each window, build the DFT (d) [ ] average the M windows, build the quotient of the
quotients and then average the quotients average and apply DFT

20. At which frequency f [Hz] is the resonance peak of the following transfer function: G(s) = %, witha € R? ...

@[ ]f=% ® [Jf=4% ©[]f=24" @ []f=3
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10.

11.

. Regard a periodic signal with base frequency fpqs. that is sampled every At = 1s (with 1/At a multiple of fpqs.). How many

Please fill in your name above and tick exactly ONE box for the right answer of each question below.

. For scalar phase shift «, what is the output of the LTI system, described by the transfer function G(jw), that is excited with a

sinusoidal input u(t) = Uy - sin(w - t)?

@[ Jy(t) =|G(jw)|Us - sin(a - t + w) ®) [ ]yl G(jw)|Up - sin(w - t + )
© [ Jy®) = IG?#)I -sin(w - ¢ + @) @ [ Jy( G(jw)|Up - sin(w - t) + «

Consider the case in the previous question for an output signal with the magnitude Y. Which equation describes the transfer
function G(jw) for the specific frequency w?

(@[] §eer® (b) [] Fee® (©) [] grel™ @ [] e’

You want to do multisine excitation to identify the transfer function of an unknown system. How should the multisine be designed,
to prevent leakage errors?

At which frequency f [Hz] is the resonance peak of the following transfer function: G(s) = witha € R? ...

@[] /=2 ®) [ /=3¢ ©[]f=5 @ [Jf=4%5

You want to do multisine excitation to identify the transfer function of an unknown system. How should the multisine be designed,
to prevent aliasing errors?

What is the name of the theorem that defines the above mentioned condition?

Consider the discrete LTI system y, = 61yx—1 + O2¢x + O3€x—1 with scalar output y and noise e. What of the following
abbreviations best describes this system?

(a)[ ] ARX (b) [ ] NARX (©) [ ] FIR (d) [ ] ARMA

different frequencies are contained in the discretized signal?

(a) I:] 1/(2Atfbaée) (b) D 2Atfbase (C) D 2At/fbase (d) D fbase/QAt

Which slope has the plot of the magnitude of the transfer function G(s) = at high frequencies?

52+;s+1
(a)[_| -40 dB/decade (b) [ ] 0 dB/decade (¢) [ ] -20 dB/decade (d) [ ] 20 dB/decade

What signal-to-noise-ratio (SNR) at a certain frequency fy of a measured signal do you want to achieve, in order to be able to
estimate the amplitude of this frequency component with an accuracy of 10%?

(@) ] 1dB (b) [ ] 40dB (c) [ ]20dB (d) [ ]10dB

For which type of system can a global minimum to the estimation problem be guaranteed?

(a)[__| Output-Error (b) [ ] Input-Output-Error (¢) [ ] Equation-Error (d) [ ] LIP, additive noise
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12. You identify an LTI system with periodic multisine excitations, where each window has length 7" and the total duration of your
experiment is MT with a large integer M. Which procedure should you follow to identify the transfer function G (jwy) at a given

13.

14.

15.

16.

18.

19.

20.

frequency wy, = 2;2—}“?

(a) [ ] average the M windows, build the quotient of the
average and apply DFT

(b) E] build the quotients of the M windows, average the

quotients and apply the DFT on the quotients

(c) D compute the DFTs of each window, build the DFT

quotients and then average the quotients

(d) I:] compute the DFTs of each window, then average the

DFTs and then build the quotient of the average

A continuous function in the time domain u.(t) is sampled with a frequency f;, resulting in a set of discrete values

u = [u(0),...,u(N —1)]". Applying the DFT to u yields U = [8,2,0,8,0,8,0,2]". Reconstruct the function u,(t) from U.
IDFT: u(n) = + év:ol U(k)e?* ¥ forn =0,...,N —1

@[ ] uc(t) = 2+ cos(TLt) + 2 cos(2TL=t) ) [ Juc(t) =1+ 2cos( =1) 12 cos(TLt)

(© []uclt) = 2+ cos(TEL) + 2 cos(n fst) (d) [ Juc(t) =1+ %cos( L) 4 2 cos (214t

Consider a linear system defined as ©; = A;_1x;_1 + w; with

€ R™, what is NOT true about the covariance of the process noise W; and measurement noise V; of a Kalman Filter?

a linear measurement equation y; = C;z; + v;. If z; € R™ and

(@[ | W; e R™™, and V; € R™*™,

(b) D W; and V; are diagonal matrices.

(©) D W; and V; are positive definite.

(d) D W; has n non-zero singular values.

Given the transfer function G (jw), what quantity does the magnitude plot of the Bode diagram show on its y-axis?

@[] IIGGWI

(b) [ ] log|G(jw)]

© [ ]log G(jw)? @ []1GGw)|

What is the frequency resolution of the DFT of a given periodic
samples per period N?

signal with period 7', sampling frequency fs, and the number of

@[ Jw= 25 ) [Jow= =3

© [ Jw=2nf, @[ Jw= 2

. Which statement concerning the set-up of the Kalman Filter is NOT typically true:

(a) E] The model is assumed to be linear.

(b) [] The more trustworthy the model, the smaller P.

(c) [ ] The larger P, the smaller the innovation step.

(d) [ ] Process noise effects increase progressively.

What does the expression QY ;¢(N + 1)(y(N + 1) — (N +

1)TO(NN)) stand for in the context of Recursive Least Squares?

(a)[__| The expression is not correct.

(b) [ ] The downweighing of past information.

(c) [ ] The best prior guess.

(d) [ ] The innovation update.

Which expression describes the Kalman filter innovation step of

the covariance P?

@[ | Pk = (Prje—11 + GV 'Cr) !

(b) D P[klk] = P[;‘271] + C;V71Ck

() D Pljg—1) = (P[;il\k—l] + Cl;rvilck)il

(@) [ Py = (Pfy_y + G VIO

Which are the apropriate matrices of the state space model of
§ = c3a + c45 + s and the output y = c5s + cga, with ¢y, . .

a system described by the following ODE: 4 = cja + cea + §
., cg € R. Consider the states to be x = [a, @, 5, 5] T.

C2 C1 0 1 O 0 0 1
0 1 0 O 0 e3 1 ¢4

(a)E]A: 0 0 0 1 ,CI[O Ce Cs 0] (b)DA: 0 1.0 0 7C':[Cs 0 0 06}
0 e3 1 lc2 caa 0 1]
0 1 0 O [0 1 0 O]
c2c ¢ 0 1 cc ¢ 0 1

(C) D A= 0 0 0 1 ,C = [05 0 0 CG] (d) D A= 0 0 0 1 70 = [0 Cg Cs 0}
0 3 1 « 10 3 1
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Please fill in your name above and tick exactly ONE box for the right answer of each question below.

. Which expression describes the Kalman filter innovation step of

the covariance P?

@[] P = (Pji—) + G V10x)

©) [ ] Prpp—1y = (P[;iuk_ll +Cliv=ie) Tt

(d) D Prwir) = P[;\lk—l] +C VIO

. What signal-to-noise-ratio (SNR) at a certain frequency fj of a measured signal do you want to achieve, in order to be able to
estimate the amplitude of this frequency component with an accuracy of 10%?

(a)[_]20dB (b) [ ] 1dB

(c) [ ]40dB (d) [ ] 10dB

§ = c3a + c45 + s and the output y = c5s + cga, with ¢y, . ..

. Which are the apropriate matrices of the state space model of a system described by the following ODE: ¢ = c1a + coa + §
,ce € R. Consider the states to be x = [a, @, 5, 5] .

0 1 0 O [ca e1 0 17

(a)DA: 002 001 8 1 ,C=[0 ¢ ¢ 0] (b)DA: 8 (1) 8 (1) ,C=100 ¢ ¢ 0]
0 c3 1 ca 10 ¢z 1 caf
0 1 0 O [0 0 0 1]

(C)DA: 002 001 8 1 C=les 0 0 o (d)DA: 8 Cf’ (1) c(;; C=les 0 0 o)
0 c3 1 c4 2 < 0 1_

. For which type of system can a global minimum to the estimation problem be guaranteed?

(a)[ | LIP, additive noise (b) [ ] Output-Error

(¢) [ ] Equation-Error (d) [ ] Input-Output-Error

. Which statement concerning the set-up of the Kalman Filter is N

OT typically true:

(a)[ ] Process noise effects increase progressively.

(b) D The more trustworthy the model, the smaller P.

(© E] The larger P, the smaller the innovation step.

(d) E] The model is assumed to be linear.

. What does the expression QR,1+1¢(N +1D)(y(N+1)— (N +

1)TO(IN)) stand for in the context of Recursive Least Squares?

(a) I:] The best prior guess.

(b) [ ] The downweighing of past information.

(¢) [ ] The expression is not correct.

(d) [ ] The innovation update.

. Consider the discrete LTI system yr = 601yx—1 + 026 + 03¢
abbreviations best describes this system?

xr—1 with scalar output y and noise e. What of the following

(a)[ ] NARX (b) [ ] ARX

(©) [ ]FIR

(d) [ ] ARMA

. Regard a periodic signal with base frequency fpqs. that is sampled every At = 1s (with 1/At a multiple of f,s.). How many

different frequencies are contained in the discretized signal?

(a) I:] 2At/fbase

(b) D 2Atfbase

(C) D 1/(2Atfbase) (d) D fbase/ZAt

9. What is the frequency resolution of the DFT of a given periodic

samples per period N?

signal with period T, sampling frequency fs, and the number of

@[ Jw=2rf,

b) [Jw =25

2m

N.T

© [Jw=2

[ Jw=

| Points on page (max. 9) || |




10. You identify an LTI system with periodic multisine excitations, where each window has length 7" and the total duration of your
experiment is MT with a large integer M. Which procedure should you follow to identify the transfer function G (jwy) at a given

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

frequency wy, = 2;2—}“?

(a) [] build the quotients of the M windows, average the

quotients and apply the DFT on the quotients

(b) [] compute the DFTs of each window, build the DFT

quotients and then average the quotients

© |:] average the M windows, build the quotient of the

average and apply DFT

(d) I:] compute the DFTs of each window, then average the

DFTs and then build the quotient of the average

You want to do multisine excitation to identify the transfer function of an unknown system. How should the multisine be designed,
to prevent leakage errors?

For scalar phase shift «, what is the output of the LTI system, described by the transfer function G(jw), that is excited with a
sinusoidal input u(t) = Up - sin(w - £)?

@[ ] y( () [ ]yl
© [ ]y d [ Jyt) = \G?ﬁu)\

Consider the case in the previous question for an output signal with the magnitude Yj.
function G(jw) for the specific frequency w?

(@)[] el (b) [] feel™

= |G(jw)|Up - sin(a - t + w) G(jw)|Up - sin(w - t + )

G(jw)|Up - sin(w - t) + sin(w -t + «)

Which equation describes the transfer

(© [] Fee @ [] el

A continuous function in the time domain u.(¢) is sampled with a frequency fs, resulting in a set of discrete values

u = [u(0),...,u(N —1)]". Applying the DFT to u yields U = [8,2,0,8,0,8,0,2]". Reconstruct the function u,(t) from U.
IDFT: u(n) = & S0,  U(k)ed*¥* forn =0,...,N — 1

@[ ] uc(t) —2+cos(7rf‘ ) + 2 cos(m fst) (b) Duc(t)zl—i—%cos( )—&—QCos(Sﬂft)

© [ Juc(t)=1+ %cos(”{;st) + 2 cos(ZLt) (d) [ ] uc(t) =2 + cos(TLt) + 2 cos(2Tfat)

At which frequency f [Hz] is the resonance peak of the following transfer function: G(s) = %, witha € R? ...

@[] f=142 b []f=+ ©[]f=12 @[]f=

You want to do multisine excitation to identify the transfer function of an unknown system. How should the multisine be designed,
to prevent aliasing errors?

j271'

What is the name of the theorem that defines the above mentioned condition?

Consider a linear system defined as x; = A;_17;_1 + w; with a linear measurement equation y; = C;z; + v;. If z; € R™ and
y; € R™, what is NOT true about the covariance of the process noise W; and measurement noise V; of a Kalman Filter?

(a) I:] W; € R**™, and V; € R™*™, (b) D W; and V; are positive definite.

(©) D W, has n non-zero singular values. (d) D W, and V; are diagonal matrices.

Given the transfer function G (jw), what quantity does the magnitude plot of the Bode diagram show on its y-axis?

@[] IGGWI (b) []log G(jw)? (©) [ ] log|G(jw)] @ []1GGw)|

Which slope has the plot of the magnitude of the transfer function G(s) = at high frequencies?

1
5242541
(¢) [ ] 0 dB/decade

(a)[ ] -40 dB/decade (b) [ ] 20 dB/decade (d) [ ] -20 dB/decade
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Please fill in your name above and tick exactly ONE box for the right answer of each question below.

1. A continuous function in the time domain u.(t) is sampled with a frequency f, resulting in a set of discrete values

u = [u(0),...,u(N —1)]T. Applying the DFT to u yields U = [8,2,0,8,0,8,0,2]". Reconstruct the function u,(t) from U.
IDFT: u(n) = + év:ol U(k)ed*5*  forn =0,...,N — 1

@[ ] uc(t) = 2+ cos(TLl) + 2 cos(27L=t) () [ uc(t) =1+ % cos(Zl) + 2 cos(274=t)

© [ Juc(t)=2+ cos(”ﬁst) + 2 cos(m fst) (A [ Juc(t) =1+ %cos(’”ést) + 2COS(ﬂ£st)

2. You want to do multisine excitation to identify the transfer function of an unknown system. How should the multisine be designed,
to prevent aliasing errors?

3. What is the name of the theorem that defines the above mentioned condition?

4. For scalar phase shift o, what is the output of the LTI system, described by the transfer function G(jw), that is excited with a

sinusoidal input u(t) =

Up - sin(w - t)?

@[]y

= |G(jw)|Up - sin(w - t + «)

() [ u(

G(jw)|Up - sin(w - t) + «

© [ ]yl

G(jw)|Up - sin(a - t + w)

@ [ ]y

— U
T IGGw)l

ssin(w -t 4 )

5. Consider the case in the previous question for an output signal with the magnitude Yj.
function G(jw) for the specific frequency w?

Which equation describes the transfer

(@[] gee®

(b) [] jeere

(©) [] Feei®

) [] e

6. Which expression describes the Kalman filter innovation step of the covariance P?

(a)l:] Py =

Plpy T CLV IO

) [ ] P =

Py +CLVTIC

(© D P = (

Pj—1) + Cl;rv_lck)_l

(d) D Prjk—1) = (P[;illk—l] +Cy V™

1Ck)_1

7. What signal-to-noise-ratio (SNR) at a certain frequency fy of a measured signal do you want to achieve, in order to be able to
estimate the amplitude of this frequency component with an accuracy of 10%?

(2)[ ] 20dB

(b) [ ] 40dB

(c) [ ] 10dB

(d) [ ] 1dB

8. Which are the apropriate matrices of the state space model of
§ = c3a + c45 + s and the output y = c5s + cga, with ¢y, . ..

a system described by the following ODE: 4 = cja + coa + §
,ce € R. Consider the states to be x = [a, @, 5, 5] .

C2 C1 0 1 0 1 0 0
0 1 0 O cc c 0 1

(a)E] A= 0 0 0 1 ,C = [0 Ce Cs 0] (b) D A= 0 0 0 1 7C = [Cs 0 0 Ce}
0 C3 1 C4 _0 C3 1 04_
0 0 0 1 [0 1 0 i
0 ¢ 1 ca cc aa 0 1

(C) D A= 0 1 0 0 ,C = [05 0 0 CG] (d) D A= 0 0 0 70 = [0 Cg Cs 0}
C2 C1 0 1 _0 C3 1 C4_

9. You want to do multisine excitation to identify the transfer function of an unknown system. How should the multisine be designed,
to prevent leakage errors?
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

What is the frequency resolution of the DFT of a given periodic
samples per period N?

signal with period 7', sampling frequency fs, and the number of

@[ Jw=23L ) [ Jw=2rf;

© [Jw=x7 A [Jw= 2L

abbreviations best describes this system?

Consider the discrete LTI system vy, = 61yx_1 + O2€x + 0361 with scalar output y and noise e. What of the following

(a)[ | ARMA () [ ] ARX

(c) [ ] NARX d [ ]FIR

Consider a linear system defined as x; = A;_jx;_1 + w; with a linear measurement equation y; = C;z; + v;. If z; € R™ and
y; € R™, what is NOT true about the covariance of the process noise W; and measurement noise V; of a Kalman Filter?

(a) |:] W; has n non-zero singular values.

(b) D W; and Vj are positive definite.

() [ ] W; e R™*", and V; € R™*™.

(d) [] W, and V; are diagonal matrices.

Given the transfer function G(jw), what quantity does the magnitude plot of the Bode diagram show on its y-axis?

(@[] log|G(jw)| ®) [ ] I1GGw)

(©) [ ]log G(jw)? @ [ ]1GGw)|

different frequencies are contained in the discretized signal?

Regard a periodic signal with base frequency fpqs. that is sampled every At = 1s (with 1/At

a multiple of fpqs). How many

(a) D fbase/2At (b) D 1/(2Atfbas€)

(© D 2At/fbase d D ZAtfbase

For which type of system can a

global minimum to the estimation problem be guaranteed?

(a)[_| Input-Output-Error (b) [ ] Output-Error

(¢) [ ] Equation-Error (d) [ ] LIP, additive noise

Which statement concerning the set-up of the Kalman Filter is N

OT typically true:

(a)[ ] Process noise effects increase progressively.

(b) [] The more trustworthy the model, the smaller P.

(©) D The model is assumed to be linear.

(d) [ ] The larger P, the smaller the innovation step.

What does the expression QY ;¢(N + 1)(y(N + 1) — (N +

1)TO(N)) stand for in the context of Recursive Least Squares?

(a) |:] The best prior guess.

(b) [ ] The expression is not correct.

(¢) [ ] The innovation update.

(d) [ ] The downweighing of past information.

At which frequency f [Hz] is the resonance peak of the following transfer function: G(s) =

witha € R? ...

#
s2+4+2as+a?’

j2m

@[ ]f=2 b [ ]f=q5

—ja
27

©[]fr=4% @[ ]r=

You identify an LTI system with periodic multisine excitations,

where each window has length 7" and the total duration of your

experiment is MT" with a large integer M. Which procedure should you follow to identify the transfer function G (jwy) at a given

frequency wy, = 22£?

(a) [ ] average the M windows, build the quotient of the
average and apply DFT

(b) [] compute the DFTs of each window, build the DFT

quotients and then average the quotients

(c) E] compute the DFTs of each window, then average the

DFTs and then build the quotient of the average

(d) E] build the quotients of the M windows, average the

quotients and apply the DFT on the quotients

Which slope has the plot of the magnitude of the transfer function G(s) =

1 . . ‘7
772577 at high frequencies?

(a)[ ] -20 dB/decade (b) [ ] -40 dB/decade

(¢) [ ] 0 dB/decade (d) [ ] 20 dB/decade
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