Design of in-line controllers for continuously operating networks
with structural uncertainty (CAREER #2000302)
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Linear Dynamic Influence Networks:
an I/0 model for noninvasively sensed systems

V1 78 Hii(z) ... Hi,(z) V1
: -+ : : ;

Yn Uy Hnl(z) .« . Hnn(z) Yn

The 1nputs y; are observable
The 1inputs u; are unknown

u; and u; are independent, for i # j

A graphical model interpretation
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Given a block diagram

the outputs are nodes
if H;;(z) # 0 draw, a link from y; to y.

This representation extends graphical models of ran-
dom variables to describe stochastic processes

Design Control Challenge 1

Transter functions are unknown
Graph is partially known
(with unknown structure)

Y4 1s not measurable

(and not known if it is present)

Known Power Spectral Densities
DPyiy.s 1,7 =1,2,3

Find the closed loop behavior

In the absence of y, the solution is easy
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In the presence (or absence) of y4 (see [1])

1
Pyoyy Dy Dy y, 0
bel (CI))@YI CI)y3y2) ((I)yzyl (I)yz ) ( 1 )

1
0 b, D 0
1 —Ki3 clizy1 (q)y3y1 q)y3y2) ( ! ylyz) ( )
71 q)yzm q)yz 1
This formula 1s robust with respect to uncertainties in
the structure: a novel notion of robustness!
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Transfer functions are unknown

Design Control Challenge 11
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Find the closed loop behavior

Graph is a tree

(with unknown structure)

and it 1s not known 1if it is present

Known Power Spectral Densities
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A distance that is additive along paths of a rooted tree, such as

d(yi,yj) = —

enables the detection of hidden nodes (see [2])

ys is present < d(yy,y4) —d(V4,y3) # d(V1,y3)

enables the inference of skeleton and link orientations (see [2])

@ B 1o i @\ AL
@ (See [2 ‘/ \@

_ y4y1
_> —
yl Y4 14cI>y4y1

Gy:s —Ys O

References

[1] D. Materassi, M. V. Salapaka, Identification of network components in presence of un-
observed nodes, Conference on Decision and Control, 2015

[2] F. Sepeher, D. Materassi, Inferring the structure of polytree networks of dynamic sys-
tems with hidden nodes, Conference on Decision and Control, 2016




