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Prediction error method — open loop

I" y(t) = Go(q)u(t) + Ho(q)e(?) v, u uncorrelated
v(t)

— G y One step-ahead predictor:
gt —1) = E{y(t)ly"",u’}

= (1—Hg )y(t) + Hy ' Gou(t)

For a parametrized model (G(0), H(0)):

prediction error e(t, 0) := y(t) — §(t|t — 1;0) = H(0) [y(t) — G(0)u(t)]
1 N
. . ~ -« . 2
Parameter estimate: @y := arg meln — tg_l e(t,0)
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Prediction error method — open loop

L y(t) = Go(q)u(t) + Ho((i))e(t), v, u uncorrelated
v(t

u G y

Under weak regularity conditions: On — 0* for N — oo w.p. 1.

The estimate is consistent (0* = 09) if:

e System is in the model set

e input w is sufficiently informative,
typically: ®,,(w) > 0 at a sufficient number of w

If G(0) and H (0) are parametrized independently, this result also holds for 8¢ only.

TU/e



Prediction error method — closed-loop

—p Gy

i

C

Two principle approaches:

y(t) = Go(q)u(t) + Ho(q)e(t) v, u not uncorrelated
v(t)
u(t) = r(t) — C(q)y(?)

u(t) = Sor(t) — CSov(t) _ 1
y(t) = GoSor(t) + Sov(t) 1+ CGy

1. Direct method: use predictor asin open-loop case, for directly estimating (G, H);

2. Indirect method(s): estimate (open-loop) map » — (y, u), and extract the
plant model G from the estimated objects;
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Prediction error method — closed-loop: direct method

v . .
I prediction error:
—P Go + >

Parameter estimate:

C -t

e(t,0) = H(0) ' [y(t) — G(O)u(t)]

N
n 1

- : 2
On := arg min E e(t, 0)

t=1

Leads to a consistent estimate of (G, Hp) if:

* Plant and noise model are correctly parametrized (S € M)
* C(q)Go(q) and C(q)G(q, 0) have at least one delay (no algebraic loop)

e Data set is informative, guaranteed by:

®, (w) > 0 for a sufficiently high number of w, with z = vec(y, u)
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direct method - explanation

prediction error:
1 u(t) = Sor(t) — CSov(t)
e(t,0) = H(0) " [y(t) — G(0)u(t)] y(t) = GoSor(t) + Spv(t)

 Go—G(9) Hy(1 + CG(8))
A= H(O)(1+ CGO)JT(t) * H(B)(1+CGy)

Ter Tee

(t)

Observations:

o If C(q)Go(q) and C(q)G(q, 0) are strictly proper,
then the power of the second term is minimal for T, = 1;

e |f r is sufficiently exciting,
then the power of the first term is minimal for T, = 0.
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Prediction error method - closed-loop: indirect method

—p Gy »(L/ > u(t)

5 =
roo}u Y y(t) = GoSor(t) + Sov(t) Lo Ol

Sor(t) — CSov(t) S 1

1. (Classical) indirect method:
| . GS
Estimate of plant model: G = 7

Estimate model forr -y — GS

Estimate model forr — u —> §
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Prediction error method - closed-loop: indirect method

—p Gy »(L/ > u(t)

O —
r -5 u Jy y(t) — G()S()T(t) + So’v(t) 1+ CGo

Sor(t) — CSov(t) S 1

2. Two-stage method:
Estimate model for r — v == S and substitute into expression for y:
y(t) = Go Sr(t) +Sov(t)
u'(t)
Estimate plant model foru™ -y — G
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Prediction error method - closed-loop: indirect method

v
— Go~>(£>

C -t

Leads to a consistent estimate of G if:

e Plant model is correctly parametrized (Gog € G)
e Plant and noise model are independently parametrized

e Data set is informative, guaranteed by:
®,,-(w) > 0 for a sufficiently high number of w.
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Single module identification in networks:
direct and indirect methods (full input case)
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Single module identification

The problem:

For a network with known topology:

Identify G9, on the basis of
selected measured signals (w, r)

Preference for “local” measurements
and limited excitation

TU/e
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Single module identification

w:GOw—I—HOe—I—ROr

Option:
Identify the full MIMO network:
w = (I-G° '[H + R°r]
= Twee + Tyrr

and recover G’zl from the estimated
model.

Consequence:
* Computational complexity

* High demand on excitation and
sensing of signals

TU/e
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Single module identification

Naive local approaches:

* identify based on w2 and wy ; or
* identify based on Tuyr, Ty,

do not work,
e.g. because of parallel paths

TU/e
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Single module identification

Naive local approaches:

* identify based on w2 and wy ; or
* identify based on Tuyr, Ty,

do not work,
e.g. because of parallel paths

The “observed” transfer function between
w; and ws is not necessarily Ggl.
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Single module identification — Full MISO situation

Full MISO situation (full input situation)

Measure output w; = ws of target module and all in-neighbors w,, of w;

Multi-input single-output identification problem

to be addressed by a closed-loop identification
method

> (direct or indirect method)

TU/e
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Indirect methods

Vn

r ’ _______
rs ' __________ A -

ra ’, _______
T :

’T"D ¢

MISO identification problem

Select output w; and all its in-neighbors wy/
as predictor output; 7p as predictor input

Estimate Ty and T, consistently, and
determine:

A o1
GJN — TjT‘TNT [1]
or through IV or two-stage method!?!

freedom in location of r-signals
(e.g. directly on wyy)

Condition for consistency of Gji :

e ¥ € G, no noise model required

* 75 persistently exciting, @, (w) > 0, at a sufficient number of w

o Typically, dim(rp) > dim(wy)

[1] Gevers et al., SYSID 2018; Hendrickx et al, TAC 2019; Bazanella et al., CDC 2019
[2] VdHof et al., Automatica 2013; Dankers et al., Automatica 2015
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Direct method

€2

-
e1_)‘ .......... 3
_Q .......... }

e(t,0) = H(q,0) '[w,;(t) — G(q,0)wy(t)]

- Estimate transfer wy, — w; and model
the disturbance process on the output.

- provided there is enough excitation,
through external signals r and e

tL S

r,e W/ w;

+ Excitation through both  and e signals
+ Consistency + minimum variance (ML)

[1] VdHof et al., Automatica 2013;
[2] VdHof and Ramaswamy, CDC 2020;
[3] Bombois et al., Automatica, 2023

Consistency of G ;

Sufficient conditions:
e Se M

e ¢, (w)is diagonal

e Every loop around w; has a delay

o B,.(w) > 0with (t) = [Z’ig?)] "

massuming r; =0 TU/e




Summary full MISO case — direct and indirect method

- Alllocal nodes are measured To be relaxed later on
- Closed-loop identification concepts (direct / indirect) can be used

Indirect method:

- No noise models required
- More “expensive”’ experiments: excitation only from r

Direct method:

- Noise models required
- Minimum variance results
- Less expensive experiments: excitation from r and e signals

- Assumes a diagonal noise spectrum | To be relaxed later on

Both methods: non-convex algorithms are poorly scalable to large dimensions

TU/e
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