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POLYNOMIAL METHODS FOR SYSTEMS, SIGNALS AND CONTROL

The Polynomial Toolbox is a package for systems,
signals and control analysis and design based on
advanced polynomial methods. It consists of as
many as 222 M-files in MATLAB code and is

easy to use.
BACKGROUND

Polynomials and polynomial matrices play an im-
portant role in linear system theory. They do not
only arise because polynomials cannot be avoid-
ed, but also because from first principles multi-
variable linear systems are modeled by sets of
differential equations in the input z and the out-
put y of the form
A(d/dt)y(t) = B(d/dt)u(t).

A and B are polynomial matrices in the differ-
ential operator d/dt (or the delay operator for
discrete-time systems). Polynomial matrix mod-
els do not replace state space and frequency do-
main descriptions but provide a powerful addi-
tional tool.

POLYNOMIAL MATRIX OPERATIONS

To define polynomial matrices is as simple as
typing

» A=[1 1+4s; 1-s 2*s];
» B=[s 0; 0 s];

It is even easier to compute with them

» A+B
ans =
1+ s 1+ s
1 - s 3s
» A*B
ans =
s s + s™2
s - 872 258”2 PARTNER
» det (A)
ans =

-1 + 25 + s™2

For larger matrices the Polynomial Matrix Editor
is available.
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KEY FEATURES

. Simple input, manipulation and display of
polynomials and polynomial matrices based
on a new polynomial matrix object

. Overloaded operations and functions, sol-
vers for numerous linear and quadratic ma-
trix polynomial equations

. Polynomial matrices with complex coeffi-
cients for applications in signal processing

. New generation of numerical algorithms:
easy, fast, reliable

. Polynomial Matrix Editor, 2-D and 3-D col-
or plots

. Continuous-time and discrete-time system
and signal models based on polynomial ma-
trix fractions

Classical and robustness analysis for LTI
systems and filters

Classical and optimal design tools: pole
placement, all stabilizing controllers, dead-
beat, H2 and LQG

H-infinity optimization in a generality not
found elsewhere

Robust control with parametric uncertain-
ties: single parameter, interval and poly-
topic

Conversion to and from LTI objects of the
Control System Toolbox; and polynomial ob-
jects defined in the Symbolic Math Toolbox
Simulink block set for LTI systems describ-
ed by polynomial matrix fractions




ALGORITHMS

The Polynomial Toolbox implements new original
algorithms that are fast and reliable. This in-
cludes linear matrix polynomial equation solvers
based on Sylvester matrices, the application of
FFT for rank, determinant and other functions, a
variety of new algorithms for spectral factoriza-
tion and much more.

POLYNOMIAL MATRIX FRACTIONS

The modeling of single-input single-output LTI
systems often leads to differential equations
A(d/dt)y(t) = B(d/dt)u(t)

with 4 and B polynomials or, equivalently, to
the transfer function

F(s)=B(s)/A(s)

of the system. For multi-input multi-output sys-
tems A and B become polynomial matrices and
the transfer matrix is expressed in polynomial
matrix fraction (PMF) form

F(s)= A" (5)B(s)

The Polynomial Toolbox provides many macros
for PMFs such as conversion between left and
right fractions (1lmf2rmf, rmf2lmf), properties
testing (isprime, ispropper, isstable), and
zero-pole plots (zpplot).

POLYNOMIAL EQUATIONS

Feedback control system design by polynomial
methods naturally introduces linear polynomial
matrix equations such as

A(s) X (s)+ B(s)Y(s) = C(s)

where G(s)=Y(s)X - (s) is the controller trans-
fer matrix. The Polynomial Toolbox offers nu-
merous solvers for the equations suitably named
axbyc, xaybc, axybc, and alike.

Next to the linear equations, optimum design
problems naturally call for quadratic equations
with polynomial matrices such as spectral, <J-
spectral or even nonsymmetrical factorizations
(spf, spcof, fact).

ANALYSIS

The Polynomial Toolbox offers simple programs
for classical analysis. Its built-in convertors
make all the tools of Control System Toolbox a-
vailable for systems described by PMFs. In addi-
tion a wide range of macros is provided to test
robustness of various kinds for systems with pa-
rametric uncertainties, including single parame-
ter stability margins (stabint), interval polyno-
mials (kharit, khplot), and polytopic uncer-
tainties (ptopplot, ptopex, etc.)

DESIGN

Frequency domain solutions of many famous and
proven design methods are directly provided, in-
cluding

plag LQG design

dsshinf sub- and optimal H,., design
mixeds mixed sensitivity problem
debe deadbeat control

pplace pole placement

stab all stabilizing controllers

Many other design routines can easily be devel-
oped based upon the basic polynomial matrix
macros.
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Robust stability analysis for interval polynomials
LINKS TO OTHER PACKAGES

Numerous convertors enable direct cooperation
with the Control System Toolbox

lti2rmf LTI objects » PMF

ss, tf, zpk PMF — LTI objects

lmf2dss,dss21mf PMF < descriptor systems
and the Symbolic Math Toolbox

sym polynomial matrix — symbolic format

sym2pol symbolic format — polynomial matrix.
A SIMULINK block set for LTI systems described
by polynomial matrix fractions is also provided.
USERS

Users of the Polynomial Toolbox include control
engineers involved in control systems analysis
and design, communication engineers with an in-
terest in filter design, and university teachers
engaged in a variety of courses in linear systems,
signals, and control.
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