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Introduction

Introduction

Consider a linear, time-invariant system (E, A, B):

Ex(t) = Ax(t)+ Bu(t), t>0, z(0),

where e z(t) € R" is the state
e u(t) € R™ is the control
e K, Aec RY*™ B e R¥™, rank B=m

e arise in network modelling, Petri nets, composite systems...




Basic definitions: poles of the system

Definition
The pole structure of the system (E, A, B) are given by the
zero structure of the pencil sEE — A.

Basic
definitions

the finite zero structure T
the infinite zero structure

the invariant polynomials of

SE — A, () > i1 (s) the infinite elementary divisors

of sE — A of orders p;:=d;+1,
d; >0
s -1

-1

—Qi0 — Q41 " A4, =1l




Basic definitions: poles of the system

Basic
definitions

Ei(t) = Ax(t)+ Bu(t), t >0

[(1) (1)] &(t) = [8 _é] z(t) + Bu(t)
wen-[3 2)-[#8

finite zeros at s =0 and s = —5
invariant polynomails ¢ (s) = s(s +5), ¥a(s) = 1.




Conformal mapping

To deal with finite and infinite zeros in a unified way:

conformal mapping
(1 + aw)
Basic S = —m—

definitions w

a € R and is not a pole of the system.

the point s = oo = the point w =0

the point s = a = the point w = oo

the infinite zeros = the finite zeros at w = 0

the pole structure of the system:

wi ey (w) > w2 (w) > . .. > Wi, (w)

the poles of the system :



Pole assignment problem

Applying the state feedback

u(t) = Fzx(t) +v(t),

where e F e R™", and v(t) is a new external input

Motivation

choosing different F’

e alter the zero structure of sEE — A — BF

e modify the dynamical behavior of the system




Problem Formulation

e constitutes one of the fundamental problems of control as
it aims at shaping the desired system response by
assigning a closed-loop poles.

e the pole assignment techniques belong to the basic tools
for the controller and observers design.

Problem Formulation

Given e asystem (E, A, B),
* Y(s),d>0

Motivation

Under what conditions there exists a state feedback:
{v(s), d} will define the poles of the closed-loop system




Example

Let the system (E, A, B) be given by

0 -1 0 0[]0 O
0 s -1 0[]0 0
[sE—-A, -B]=|10 0 s O0]|-1 0 [,
Eramele 0 0 0 -1]0 o0
0 0 0 s| 0 -1

and control u(t) = Fx(t) + v(¢),
g | Mo fi2 fis fu
' far [ faz foa |

Let d = 2 will be assigned.



non-unit invariant polynomials of Dgx(w) and
w-analogue of s — A — BF coincide for any F'

Example

a1 a12w2+a13w a4w
Q21 a22w2+a23w Q4w

FNg( ):[

where coefficients «;; should be chosen.




Example

a1 a12w2+a13w Q14w

FNp(w) = 0 0 Qro4W

where a1 # 0 and the values of all other coefficients «;; are

irrelevant.
Example _
11 (1 + aw)2 + a12w2 + 13w Q14W
~ . 0 0 1+ aw + asqw
Dertw) =1 —u? 0
0 0 —w




Example

11 a12w2+0413w a14W

FNp(w) = [ 0 0 Q4w

], app # 0,

Example

which gives the state feedback gain

_ |11 (12 —aaiz 13 Qg
F =
0 0 0 oo

with a11 # 0 (the values of other ; are irrelevant).



Example

It can be easily verified that for such an F' the pencil
sEE — A — BF has the pole at infinity of order 2,

0 -1 0 0

0 s -1 0
Example [sSE—A—BF] = |—a11 —opptaaiz s—ajz  —aqg

0 0 0 -1

0 0

S—Q94



	Introduction
	Basic definitions
	Motivation
	Example

