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Some	application	issues…
The	remaining	topics	of	this	course	is	to	introduce	some	key	ideas	on	

how	to	design	control	systems	for	some	practical	problems	such	as	

flight	control	and	hard	disk	drive	servo	systems.

Interested	readers	should	refer	to	the	following	monograph	for	more	

detailed	materials…
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Flight	Control	SystemsFlight	Control	Systems
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Inner‐loop	
Control

Outer‐loop	
Control

Guidance	&	
Navigation

 Inner	loop	(H)	control	is	to	guarantee	the	stability	of	the	aircraft	attitude

 Outer	loop	(RPT)	control	is	to	control	the	aircraft	position	and	velocity

 Guidance	and	navigation are	to	generate	references	of flight	missions	for	outer‐loop

 Inner	loop	(H)	control	is	to	guarantee	the	stability	of	the	aircraft	attitude

 Outer	loop	(RPT)	control	is	to	control	the	aircraft	position	and	velocity

 Guidance	and	navigation are	to	generate	references	of flight	missions	for	outer‐loop

A	3	layer	automatic	flight	control	structureA	3	layer	automatic	flight	control	structure

Overall	flight	control	structure	Overall	flight	control	structure	
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H controlH control

Wind	disturbanceWind	disturbance

Detailed	structure	of	the	flight	control	system	Detailed	structure	of	the	flight	control	system	
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Inner‐loop	command	generatorInner‐loop	command	generator

The	inner‐loop	command	generator	is	given	as

r

r b,r

r





 
   
 
 

G a
where	G is	a	constant	matrix	

for	normal	applications…

A	nonlinear	dynamics	inversion	might	be	necessary	for	high	performance	maneuvers.
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A	virtual	actuator

with	a	known	bandwidth

A	virtual	actuator

with	a	known	bandwidth

Outer‐loop	control	structureOuter‐loop	control	structure

RPT control,	which	is	capable	of	tracking	position,	velocity	and	acceleration references!RPT control,	which	is	capable	of	tracking	position,	velocity	and	acceleration references!

道道
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X	Channel

Y	Channel

Z	Channel

Unstable	Zeros!

From	practical	point	of	view,	it	is	safe	

to	ignore	them	so	long	as	the	outer‐

loop	bandwidth	is	within	1	rad/sec…

Frequency	response	of	the	virtual	actuator…

Frequency	response	of	the	virtual	actuator…	HeLion &	SheLionFrequency	response	of	the	virtual	actuator…	HeLion &	SheLion
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Composite	Nonlinear	Feedback	ControlComposite	Nonlinear	Feedback	Control
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Key	idea…Key	idea…
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CNF	Control

CNF	control	consists	of	a	linear	law	and	a	nonlinear	feedback	law	with	any	switching	

element.	Unlike	the	PTOS	and	MSC	control	laws,	both	the	linear	and	nonlinear	

controllers	in	CNF	are	in	operation	all	the	time.	The	linear	part	is	designed	to	yield	a	

closed‐loop	system	with	a	small	damping	ratio	for	a	quick	response.	On	the	other	

hand,	the	nonlinear	part	is	used	to	increase	the	damping	ratio	of	the	closed‐loop	

system	as	the	system	output	approaches	the	target	reference	to	reduce	the	overshoot

caused	by	the	linear	part.	

As	will	be	seen	shortly,	CNF	control	has	emerged	as	an	effective	tool	in	design	many	

control	systems	that	require	faster	dynamical	response	and	small	overshoot	or	

undershoot.



LINEAR SYSTEMS &	CONTROL ~	PAGE 190LINEAR SYSTEMS &	CONTROL ~	PAGE 190 BEN M.	CHEN,	NUS	ECEBEN M.	CHEN,	NUS	ECE

CNF	Control	Formulation	
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Preliminary	Setup

We first follow the usual practice to augment an integrator into the system by defining
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Step‐by‐Step	Design	Procedure	for	State	Feedback	Case
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Main	Result
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Selection	of	Nonlinear	Feedback	Parameters

The closed-loop system comprising the augmented plant and the CNF control 

law can be expressed as

It is clear that the closed-loop poles can be changed by the nonlinear function . 

Such a mechanism can be interpreted using the classical root locus theory

where                                                                                                     , whose zeros can 

be properly pre-selected by choosing an appropriate another design parameter 

W (this is related to the so-called zero placement problem).
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Illustration	of	closed‐loop	system	poles	vs	the	nonlinear	function…
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The	following	is	one	of	the	many	choices	of	the	nonlinear	function:The	following	is	one	of	the	many	choices	of	the	nonlinear	function:

Zongli	Lin Kemao	Peng Guoyang	Cheng Weiyao	Lan
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CNF	Control	Toolkit	– The	Main	Panel
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The	CNF	Control	Law	together	with	an	appropriate	notch	filter:The	CNF	Control	Law	together	with	an	appropriate	notch	filter:
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Final	Note:	Systems	Adaptation	Framework	for	Stock	Modeling
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Turning	period	forecasting
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That’s	all,	folks!

Thank	You!

That’s	all,	folks!

Thank	You! Bugs	Bunny
1940–

Life	is	a	bunch	of	integrated	chains!														B.M.C.

生命无非就是一堆积分串！

有的自始至终，有的有始无终，有的无始有终，有的无始无终


