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to IFAC for inviting me.

It i1s an honour to be here today.
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Control theorists often
try to de-empiricize the
‘art’
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Control science
supporting applications

Past examples of
science replacing art:

linear to describing
functions to nonlinear
theories.

SISO to graphical
MIMO to LQG

Control art supporting
applications (science
lacking)
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Outline

History

- Ancient History
- Classical Control
- Modern Control




Meesl  Ancient History—-I =™




The notion of design
trade-offs in control
design had started to
present itself. There was
no theory.




Maxwell recognized, but
could not solve, the
general stability

problem.




Ancient History--1V

Maxwell recognized, but could not solve, the
general stability problem.

In France, Hermite formulated and solved the
general stability problem, without recognising the

application significance.

Vyshnegradskii analysed a third order system
(centrifugal governor), neglecting friction, and
linearizing. He used a graphical presentation.




1884 -MERRBDIAN - 19084

"Herr Stodola benutzt mein Resultat..deren Ergebnisse bei der
Turbinenanlage des Badeortes Davos mit glinzendem Erfolge
Anwendung pefunden haben'




(e euC System state in 1900

ODE Stability and Lyapunov stability

Water turbines, governors, telescopes :
Control theorist

Tradeoffs & graphical presentation activity and
intellectual drivers

Plant

‘'oroduces control theory)
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Classical Control

linear, single-input,
single-output, time-invariant, finite-
dimensional
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Major Milestones

Regeneration Theory
By H. NYQUIST

Regeneration or feed-back i of considerable importance in many appii.
cations of vacuum tubes. The most abvious example is that of vacuum tube
oscillators, where the feed-back is carried beyond the singing point. Another
application is the 21-cireuit test of balance, in which the corrent due to the
unbalance between two impedances is fed back, the gain baing inereased
until singing occurs, Still ather applications are cases where portions of
the output curreat of awplifers are fed back to the input elther gnin-
tentionally or by design. For the purpose of investigating the stability of
such devices they may be looked on as amplifiers whose output is connected
to the input through a transducer. Thiz paper deals with the theory of
stability of such systems,




Laesd  Major Milestones 2

Feedback SWOT Analysis

Strengths

Ameliorates plant parameter
variations

Ameliorates output disturbances
Promotes reference input tracking

Weaknesses
High gain may:
produce instability
amplify sensor noise
saturate input

Opportunities

Integral feedback may eliminate
steady state error

Trade-off of rise-time, overshoot
and steady state error

Threats
Unstable poles
Nonminimum phase zeros

Unmodelled high frequency
dynamics

Closed-loop > open-loop bandwidth




Modern Control

focussed on individual
subsystems
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Modern Control Il

outside the bounds of
existing classical theory,
and/or existing
computational tools
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Modern Control V

applications ceased to drive theory?




Csisad  Bursting Phenomenon

Plant output
should follow unit
step input.

Plant output y,
well behaved till
time 3400

Recovery occurs
by time 3500
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science
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Near Term Drivers

= Life sciences
- Managing complexity




Near Term Drivers
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Life Sciences
The link to control
Systems biology

Mega challenges for control engineers




Mssssl Links with Life Sciences -

revolution
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Links with Life Sciences

e Control, communications and computer
devices in medicine:

Cardiac Pacemaker:

Many pacemakers
are adaptive.

Some contain a
defibrillator.
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Sl | inks with Life Sciences

 Biological structures and
capabilities may inspire
mimicry:




O | inks with Life Sciences

« Medical interventions may first require
Identification of very complex systems:

Computed Tomography
Colonography: automatic
and robust statistical method
that can accurately
differentiate between polyps
and normal tissue.




Yt The bigger picture: Systems
biology

e« Systems biology
Interacting network

- internal structure

— Dynamical behaviour
explanation

— control
— Design

iImprove human health and disease
management
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NATIONAL

Mega-Challenges for control
engineers

internal




(e eusio Mega-Challenges for control
engineers

Nature has NOT done analytic
design; it has produced
brilliant iterative design. How
do we shift our thinking to do
the same?
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Managing Complexity
Isolating the issues
Specific examples: communications systems and power systems
The architecture problem, and examples
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B switzerland Spain B Japan [ | ggg;@m W ux [ unknown

B Germany B tay B Netheriands B sweden B usa

Internet




Mdicl Complexity Management ™

overwhelming

www and a
biological
system




Complexity Management ~

IS not just

linear extrapolations of existing activity




Sl Complexity Management ™"

scalability

- Architectures

Self-organization and repair




L Complexity Management ™™

- New phenomena

applications
themselves

standards




Ol Communication System Complexity 2 e

Scalability
Adaptivity
Decentralized Architecture

Application Specific Design




K=l Communication System Complexity

e Information Theory:

e Robusthess:




System Complexity ="~

New York State Grid
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Very long range
interconnections required,
with many legacy systems,
and different operators

Stability problem exists! It is
made worse by:

Frequent lack of central
coordinating entity

Unpredictability of fault
type and timing

Economic incentives on I\

operators to minimise Wik lvitve &

stability margins Gan it happen again?
Dynamic modelling would
require nonlinear equations
with hundreds or thousands
of variables

Big dollars!

IFAC Heidelbera 150906



o Problems




Mgl Architectures and Complexity ™+

What are the ARCHITECTURES
for each of:
SENSING,

COMMUNICATIONS,
CONTROL?

This question underpins
MANY COMPLEX
SYSTEMS. We are not
used to asking it.
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Architectures and Complexity

nothing more
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How should a corporation, or the Australian Army be
organised?

How many levels should there be?

How big can each level be?

This is obviously a

problem involving data
collection (sensing) ,
communications and control with
decentralization, adaptivity,
robustness  requirements

BAE SYSTEMS

Our existing theory is
not suited.

How do we know we have
it right at the moment? We
have no way of knowing, apart
from empirical observation!

IFAC Heidelbera 150906
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How should a corporation, or the Australian Army be
organised?

How many levels should there be?

How big can each level be?

This is obviously : . i
sialslEm el What is the right architecture for

collection (sensir] sensing, communications

communig:atigns ar and control?
decentralization,

robustness  requiremert

BAE SYSTEMS
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Our existing theory is
not suited.
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How do we know we have
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it  right at the moment? We L 2R ¥
have no way of knowing, apart R
from empirical observation!

IFAC Heidelbera 150906
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szl The National Econom y

e Could central banks and governments do a better job
of controlling national economies?

How can we know what the gold standard for control
of an economy is? So how do we know whether

central banks and governments are or are not
performing well?

 Where is the theory that says the more you plan and
the more you measure, the more you might trip up--
like the Soviet Union?
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Conclusions: system state
evolution

Classical
LTI, SISO
Graphical

Empirical
Till end 19th C

Modern
Not classical
EXCEPT
Architectures
remain classical
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Control theorist
activity and
intellectual drivers

Plant
(produces control theory)

Past control X(t):SlJmmary Of a” paSt New control
practice, theory the()ry and practice theory

Life sciences link
Complex systems with
architectural demands,
and application specific
demands




(epmmzo Conclusions

Control theorist New control theory:
activity and _ _ _
intellectual drivers including marriage of

control, information and
Pl communications theory
ant and probably theoretical
(produces control theory) computer science, much

_ directed at solving the
Past control X(t)—Summafy of all paSt architecture problem

practice, theory theory and practice AND

Identification and
Life sciences link modelling where little is
Complex systems known about structures,
with architectural signals, and in presence

demands,and of self-adaptive
application specific processes
demands




