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summary

A common issue with many system identification prob-
lems is that the input is unknown. In this work, a
framework is proposed to solve the problem when the in-
put is (partially) unknown and cannot be measured di-
rectly. The approach relies on measurements that indi-
rectly contain information about the unknown in-
put. The resulting indirect model formulation can be
used to estimate the desired model of the original system.

Motivational Example

Consider the example of a dynamic network below.
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Gi; | Dynamic subsystem from the signal w; to w;

(v) The signal w; = sum of the incoming signals
The sensor s; measuring the signal w;
Note that
Only some signals are observed
It is intractable to estimate a complete model
Instead, interested in estimating (o1 from w; to w»

Using only the measurements s; and s> to directly estimate
(791 from w- = Goywy + 7 will lead to a biased estimate since
wy = Gojwi + Gosws is correlated with 75 both through w;
( ) and w3 (green path).

However, there is a measurement of w,; which is affected by
w3 (purple path) and hence, w4 indirectly contains infor-
mation about the needed unknown signal ws. The signal w;,
can then be seen as an input measurement to the refor-

mulated model wo = G21w1 + G24w4.
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The Indirect Model
Consider
Y, = GOu + ]—]OT = GOKUK_I_ GO[u[+ GODUD+ ]‘IOT (1)

where 7 is a disturbance and the input has been divided into
(exactly) known input u,

directly measured input v,
indirectly measured input v,
The input is assumed to be given by

u=Fso+ F. T
where 0 is a known user-controllable signal.

The direct input measurement is described by

y,= G, u,+ H T (2)
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where (&, is known and invertible.

Similarly, the indirect input measurement is given by

y=G u.+Gu+Gou+ Hr (3)
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where (&, is invertible.

Now, (2) and (3) can be used to eliminate the unknown inputs
in (1) which give the indirect model

Yo = éOKuK+ éO]y]_l_ éopyp"' T = éOﬂ +T (4)
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Motivational Example Revisited
For the example, the signals of this framework are given by
Y=52, Y =54, Y= 51,

which results in the indirect model

S9 = (G21 — G23G£§G41) S1+ GQSGE&L

u]:wg, uD:wl,

Estimation of the Indirect Model (4)

The input © can be correlated with the disturbance 7
The loop gain from ¥, to y, might contain a direct term

One suitable method is an iterative instrumental vari-
able method with instruments simulated from 0.

Experimental Verification

The Modified Inverted Pendulum

The modified inverted pendulum might
at a first glance seem trivial. However,
it is a good approximation of many sys-
tems, such as the roll dynamics of ships.

For the pendulum above, the goal is to estimate the change
in mass m and change in center of mass z,, using mea-
surements of the pendulum’s motion. A model from the cart
acceleration to the angle of the pendulum is given by

bo(m, Zm,
¢ . p2+a1(m,oz(m)p+a)2(m,zm) Uy = G(p)ay

The input a,, is unknown but indirectly measured

U= 250 + GG — a, = G(p) [(2:p” +9) - 1] ay = G a,

which combined with 1, = ¢ give the indirect model
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%=G(PIPG, = Gyl = p2+a1<n€?i7;>§+342<m,zm> 9
Estimates of m and z,,, using the indirect modeling approach

and data from the pendulum can be seen below.
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