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What	is	control?	

Control	is	to	regulate	a	system	to	desired	performance.

What	is	a	system?

A	system	is	a	set	of	integrated	chains	of	things.
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This	course	is	aimed	to	answer	the	following	questions:

 Why	is	the	commonly	used	PID	a	bad	controller?

 What	control	performance	can	one	expect	from	a	given	system?

 Why are	system	nonminimum	phase	zeros	bad	for	control?

 What	else	are	bad	to	be	controlled?	

 When	an	airplane	passes	through	turbulences,	why	can	it	maintain	its	position	
while	its	body	is	shaking	badly?	

 When	and	how	can	disturbances,	uncertainties	and	nonlinearities	be	attenuated	
through	proper	control	system	design?

 What	is	the	best	way	to	design	a	control	system?
o to	design	a	good	control	law?	or
o to	design	a	good	system?

 How	to	design	a	good	system	through	sensor	and	actuator	selection?

 Why	is	PID	not	bad	at	all	after	all?

 How	to	improve	control	performance?
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Course	Outline

 Introduction

 Background	Materials

 Review	of	Basic	Linear	Systems	Theory

 Decompositions	of	Unforced	and/or	Unsensed	Systems

 Decompositions	of	Proper	Systems

 Structural	Assignment	via	Sensor/Actuator	Selection

 Time‐Scale	and	Eigenstructure	Assignment

 H2 and	HControl

 Disturbance	Decoupling	Control	Problems

 RPT	Control

 Flight	Control	Systems	Design

 CNF	Control

SystemsSystems

ControlControl
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IntroductionIntroduction
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Classical	Control	System	Structure

Objective: To	make	the	system	OUTPUT and	the	desired	REFERENCE as	close

as	possible,	i.e.,	to	make	the	ERROR as	small	as	possible.

Issues: (1)	How	to	describe	the	system	to	be	controlled?	(Systems)

(2)	How	to	design	the	controller?	(Control)

Controller System	to	be	controlledSystem	to	be	controlled

REFERENCEREFERENCE INPUTINPUT OUTPUTOUTPUT

++
––

ERRORERROR

aircraft,	missiles,	
economic	systems,	

cars,	etc

aircraft,	missiles,	
economic	systems,	

cars,	etc
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Model	Uncertainties,	Nonlinearities	and	Disturbances

There	are	many	other	factors	of	life	have	to	be	carefully	considered	when	

dealing	with	real‐life	problems.	These	factors	include:

++ ––+ –

disturbancesdisturbances noisesnoises

uncertaintiesuncertainties

nonlinearitiesnonlinearitiesnonlinearities

PlantPlantControllerController

ReferenceReference

InputInput OutputOutput
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Modern	Control	System	Structure

responsedisturbances

sensor noise

Controller
commands

measurements
control	input

Controller	Objective: To	provide	desired	responses	in	face	of

o Uncertain	plant	dynamics	+	External	inputs	

Plant

disturbances
sensor	noise
control	input
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Representation	of	Uncertain	Plant	Dynamics

Perturbation	

Nominal	Plant
response

measurements

disturbance

sensor	noise
control	inputs

 Nominal	Plant	is	an	FDLTI	System

 Perturbation	is	Member	of	Set	of	Possible	Perturbations
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K
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A	General	Control	System	Structure…

Control	Input Measurement

Reference

Disturbance Response

ControllerController

Uncertainties

It	is	aimed	to	design	an	appropriate	control	law	such	that	the	resulting	overall	
closed‐loop	system	is	stable	in	face	of	disturbance	and	uncertainties	while	
maintaining	good	response	performance	(settling	time,	overshoot,	etc…).
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Classical	vs	Modern	Control	Structures
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What	is	the	fundamental	
difference	between	the	
classical	and	modern	
control	system	structures?

What	is	the	fundamental	
difference	between	the	
classical	and	modern	
control	system	structures?

PID	control	is	a	special	
case	of	the	modern	
control	structure…

PID	control	is	a	special	
case	of	the	modern	
control	structure…
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Mathematical	BackgroundMathematical	Background
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