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« Jonathan How — Grand Challenges
* Richard Murray — Control of Complex Systems

* Vincent Blondel — Optimization (What's hard?)
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* Verification
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- balanced truncation
- frequency weighted??
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Keith Glover LIDS 2009

- H-infty norm addressing
dynamics/robustness with anti-
windup for saturation.

- MPC for input saturation with
robustness add-on/analysis.

- Adaptive control with jacketing
software.
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ApPpProximate optmisation
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« Approximate optimisation

« Bounds on resulting
behaviour.
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* In aerospace and automotive,
certification is perhaps the
biggest obstacle to real-time
optimisation.
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Legitimate Academic Pursuits
?

* Deeper understanding of e.g. limitations in general
(feedback) systems. (Bode)

« Specific behaviour (climate

Fundamental limits on the suppression of molecular Change, human bIO|Ogy)
fluctuations
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Vinnicombe, Lestas and Paulsson

Summary: Limitations due to channel capacity

: »* Arbitrarily
o.o Finite ,; o Complicated
® @ gevents " Control Syste

T )

Uy
X1—=Xx1 +1

xp Xmy | W dxy = uedt +2(x1)/T1 dw

XX
Xo——=Xo + 1

Sensor: x;/r)

X9 —>"X9 —1

where uy = f({xo(t’) : t’ < t})

: y A No < N
0.12 1 [ 2 1

S N
(x1) ~ 1 L, N Fl Ny > Nj
— 2

_+ —_—
2 N1

where Ny = (x3)T1/T2 = no of molecules of Xs made per lifetime of X;.
N1 = (x1) = no of molecules of X; made per lifetime of Xj.
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» Speed/efficiency
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Stability Analysis Using Sum of Squares

Nonlinear system:
x=f(x), xe R" | x(0)= X,
Construct V(x), ¢,(x)>0, ¢,(x)>0 s.t.
V(x)—¢,(x)is SOS
dv

Problem:

The size of the underlying SDP
grows rapidly as n increases.
Currently n > 8 is difficult without

- d_f( X)—@,(x) is SOS taking into account system
X

Then use SOSTOOLS. structure (e.g., sparsity, symmetry).

Approach: . . Example: Ecological network with
1) Automatically decompose x = f(n’f ) int0: | community matrix A and species birth rate b:
X, = (X)) + 94(X;, %;), x,€ R . "
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* Verification tools.
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imitations.
« Verification tools. » Solving specific problems for
a practitioner.

|dentifying more generic
open problems — hybrid
systems.

« (Case Studies
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Safety Analysis using Sum of Squares: Life Support System

Example: Life Support System

Initial %6
3 P
Conditions Mode 1: Mode 2:

x=f(x,0), xe X cR™,
e ® cR™, x(0)e X,, | s il )
Unsafe states: xe X, | s e | = e Invariant:

Invariant xs = 0.990,
¥, =55 X =0.010,,

‘e 20,950, v, = 0,050,
Mode 4: Mode 2;:
\.ﬁ'{"(\‘) r:],(\)
Invariant :

Invariant:

v = 0.990 : ;
L ot .= 0.990
5 Car

Mode 4: Mode 3:
3= l;(l) 4(.:,“(_\-)
Invariant:

X, = 0.990 Invariant:

x, = 0.010, X, =355
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International Visiting Committee

M.C. Snsith
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Mechanical

v

dF

4F — k(v — ) spring

Y(s) = bs

merter

2 — 1) damper

Electrical

s Y(s) = &

3= v
g = 1(v2—v1)  inductor

i.. .!'. y-(.#'] xr (_-‘."'

U2 m

= ('i‘.‘_’“.'_l_l capacitor

i=g(v2—v1)  resistor
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« Jonathan How — Complex Applications
* Richard Murray — Control of Complex Systems

* Vincent Blondel — Optimization (What's hard?)
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