
LINEAR SYSTEMS &	CONTROL ~	PAGE 131LINEAR SYSTEMS &	CONTROL ~	PAGE 131 BEN M.	CHEN,	NUS	ECEBEN M.	CHEN,	NUS	ECE

Time‐Scale	and	Eigenstructure	
Assignment

Time‐Scale	and	Eigenstructure	
Assignment
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The	key	idea	behind	the	ATEA	design	is	to	decompose	the	given	system	into	
various	subsystems	using	the	special	coordinate	basis	(SCB)	technique	and	
then	tackle	the	subsystems	one	by	one	in	accordance	with	their	structural	
properties	through	the	selection	of	appropriate	control	gains…		
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nonexistent	for	
strictly	proper	

systems

nonexistent	for	
strictly	proper	

systems

bad	subsystemsbad	subsystems

good	subsystemsgood	subsystems

fast	subsystemsfast	subsystems



LINEAR SYSTEMS &	CONTROL ~	PAGE 134LINEAR SYSTEMS &	CONTROL ~	PAGE 134 BEN M.	CHEN,	NUS	ECEBEN M.	CHEN,	NUS	ECE

bad	subsystemsbad	subsystems
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good	subsystemsgood	subsystems
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fast	subsystemsfast	subsystems

high	gainshigh	gains
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one	of	the	prices	paid	
for	controlling	bad	

subsystems	is	high	gain

one	of	the	prices	paid	
for	controlling	bad	

subsystems	is	high	gain

The	Overall	
State	Feedback	Gain

The	Overall	
State	Feedback	Gain
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stabilitystability

?
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H2 Control,	H Control,	Disturbance	
Decoupling	Problems

H2 Control,	H Control,	Disturbance	
Decoupling	Problems
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The	disturbance	w can	be	attenuated	from	the	controlled	output	if	and	only	
if

s a c d0 Im( ) ( , , , ) span	of	E E S A B C D X X X      

This	condition	is	automatically	satisfied	if	the	given	system	(A,	B,	C,	D)	is	of	
minimum	phase	and	right	invertible.
This	condition	is	automatically	satisfied	if	the	given	system	(A,	B,	C,	D)	is	of	
minimum	phase	and	right	invertible.
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H2 ControlH2 Control

道道
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H ControlH Control

disturbance	
rejection
disturbance	
rejection

道道
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本书的内容充分表明这种系统结构分解方

法在适用领域上的广泛性和系统分析与综合上

的方便性，如在结构分解的框架下，本书中定

理 10.2.2 就简单明了地揭示了H2 控制和H 控

制以及干扰解耦控制之间的内在关系。。。

郑大钟 教授

2007年7月于北京清华大学
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H2 ControlH2 Control
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H2 ControlH2 Control
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H ControlH Control
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H ControlH Control

optimal	value	*optimal	value	*

An	explicitly	
parameterized	
gain	matrix	
in	terms	of	
 and	

An	explicitly	
parameterized	
gain	matrix	
in	terms	of	
 and	
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Measurement	feedback	cases…

Consider	a	stabilizable and	detectable	linear	time‐invariant	system	with	a	proper	
controller	C



C

u

w z

y 1 1

2 2 22

: 0
x A x B u E w
y C x u D w
z C x D u D w
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
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state	variable control	input

measurement & disturbance

controlled	output controller	state
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
We	will	only	focus	on	the	
case	when	D22 either	is	0	or	

can	be	made	to	0.	

We	will	only	focus	on	the	
case	when	D22 either	is	0	or	

can	be	made	to	0.	
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H2 control	with	measurement	feedback…

1. Find	a	state	feedback	gain	matrix	F for	the	quadruple	(A,	B,	C2,	D2)	using	

the	ATEA	method	for	H2 control	(or	other	appropriate	methods);

2. Find	an	observer	gain	matrix	K for	the	quadruple	(A’,	C’1,	E’,	D’1)	using	the	

ATEA	method	for	H2 control	(or	other	appropriate	methods);

3. The	H2 control	output	feedback	law	is	then	given	by

    









1

C :
v A BF KC v K y
u F v

H2 ControlH2 Control

D22 =	0
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H ControlH Control

fairly	common	
assumptions
fairly	common	
assumptions
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H ControlH Control
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H ControlH Control
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If	(A,	E,	C1,	D1)	is	left	invertible	and	of	minimum	phase,	then	it	can	be	proved	that	
Q =	0	and	H control	law	can	be	much	simplified…

H ControlH Control
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H disturbance	decoupling	with	measurement	feedback…

disturbance	
rejection
disturbance	
rejection
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disturbance	
rejection
disturbance	
rejection

H disturbance	decoupling	problem…
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H disturbance	decoupling	solvability	conditions…

common	
assumptions
common	

assumptions

it	is	entire	space	
if	no	j axis	zero
it	is	entire	space	
if	no	j axis	zero

it	is	empty	space	
if	no	j axis	zero
it	is	empty	space	
if	no	j axis	zero

coupling	termcoupling	term

Carsten	SchererJan	C.	WillemsW.	M.	Wonham Bugs	Bunny

……
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If	D22 =	0,	then	condition	3	is	automatically	satisfied…	If	D22 =	0,	then	condition	3	is	automatically	satisfied…	

A	special	but	very	useful	case…A	special	but	very	useful	case…

disturbance	
rejection
disturbance	
rejection
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Exercise
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Exercise
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Exercise
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Robust	and	Perfect	Tracking	ControlRobust	and	Perfect	Tracking	Control
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Consider

the	systemthe	system

the	assumptionsthe	assumptions

the	controllerthe	controller

the	problemthe	problem
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The	solvability	conditions	for	RPT	control	problem…

Condition	1	is	necessary	for	all	control	problem.	Condition	2	is	automatically	
satisfied	when	D22	=	0.
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Rewrite	the	given	reference	signal	in	a	state	space	form	as

an	artificial	
system

an	artificial	
system
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Design	an	appropriate	state	feedback	gain	using	the	ATEA technique	and	then	

The	RPT	control	law	is	given	by		
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