System lIdentification

Lecture 8: Time- & Frequency-domain methods

Roy Smith
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Pulse response estimation

Periodic signals

Zn = {(y(k),u(k)), k=0,...,N—1}. u(k) periodic, u(k) = u(k + N).

Assumption: g(7) = 0 for 7 > Tmax < N.

y(0) u(0)  u(N-1) --- wu(l) 9(0) v(0)
y(1) _ u(1) u(0) ceu(2) g(1) . v(1)
y(N — 1) W(N=1) u(N=2) - u(0)] |g(N=1) o(N = 1)
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Discrete Fourier Transform

DFT: matrix representation

N-—-1 ]
Y(eJUJn) y(k) —ank’ Wn
k=0
Y (e7“0) 1 1
Y(ejwl) 1 e—jw1
Y(eJU:’N—l) 1 e—ij—1
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Frequency domain transformation

Transform via matrix representation
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Example
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Example
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Slowly decaying systems
N < Tmax Case
Assume periodic input u(k) = u(k + N).
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Example
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Slowly decaying systems

N < Tmax Case

-1

5y

y(k) = Tu,(k,i)g(i +TN) + v(k), k=0,...,N—1,
r=0 =0
N—-1 o0
= ) Tu,(k,i) Y, gli +N) + v(k), k=0,...,N—1,
1=0 r=0
Define:
9a(0) 9(0) g(N) 9(2N)
ga(1) g9(1) g(N +1) g(2N +1)
; B ; + : + ; o
ga(N — 1) g(N —1) g(2N —1) g(BN —1)
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Slowly decaying systems
N < Tmax Case
N-—-1
y(k) = > Tu,(k,i)ga(i) + v(k), k=0,...,N-1
i=0

Yy = Tu, ga +v.
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Non-periodic frequency domain estimation

K » N > Tax case

y(0) u(0) u(—1)
W) || e )
y(N — 1) W(N—1) u(N—2)
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u(—N +1) 9(0) v(0)
u(—N +2) g9(1) (1)
. : +
u(0) g(N — 1) o(N 1)
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Non-periodic frequency domain estimation

Bias and variance

G(“") = Go(e™) + X, 'V(el“m)

2023-11-7

8.16




Very long data records

Averaging application
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Time- and frequency-domain methods
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