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1 Introduction

This paper is a contribution to the stabilizability problem of discrete-time bilinear systems of the fore

Thpr = dag + rf_!__ Bz + up Barg (114

where ap & V", g = [uj-__. T 2 2 and A, By and By are constant 7 % » matrices.
The most general resull in the case of continuous-time systems follows from the Jurdjevie-Guing
theorem (see [4]) where sufficient conditions are given for bilinear systemns with dissipative dritt. The

analozous sitnation for diserete-time systems has been adressed by Tarbouriech and Burgat [2] in the S

case where the matrix A is critically stable in the sense of LaSalle (i.e. the open-loop svstem is stable
hut with some eigenvalues A A) such that A4} = 1).

bMore recently homosgeneous feedback of degree zero have been introduced by Chabour and
Vivalda [1] to stabilize continuons-time Dbilinear systems which are not stabilizable by any

continuons feedback at the origin. In our point of view, Lhe most important properties of these

feedback are that they are bounded and constant on the directions. The aim of this paper is o
use these properties to stabilize discrete-time bilinear systems. In 2 first part we give the stabilizing
feadback law for any initial condition which lies in an open dense subset £ IL™, then we have jus
to remark that a transversality condition on the triple (A, [y, Ba] with respect 1o ™ — F7 {which i
an alzebraic surface] allows to stabilize the system {1 on IR".

2 DMain theorem

For any constant 2 ¥ n matrix O such that rank(C') = 2, one can define the characteristic numbers
p1.p2 of the system {1) by

A

pe=infl{me W/ A1 < j €2 A" B, £ 0}

where ;15 the i-th rowof ', i € {12}, IF p, < +< for | €1 <€ 2, denote by Q{x) the 2 % 2 matrix
defined for all 2 € " by
A B OyA™Bar \'I
)= . | .
|.r_-l_.-.']'.':! .Ir;|.1‘ ( I: A3 Ug.:' jl




1TSS

e [orm

(1)
Clainn
1. Tha
in Lhe
shalle
i and
v ooany
i these
T is 1o
hilizing

ve just
hich is

i hers

mabrix

Assume that there exists a full rank constant 2 = n matriz O soed Lal
(HEY g+ po = 1 — 2,
{_.'1 'n.l

Gy AR
o

(H2} The n x n matrix T" = i regilar,

, Ca AP
(H3) The homogeneous quadratic form gix) = det £2(2) is non identically equal 1o zero on IL"

Given A & ™, set Tor all ¢ 2 W such that gla) £ 0

ul{z) : i {pA™ ; -
) = = — Dl ; ':-.)I.In—_-". HH
HTd ( ] J e [ L -]

Fle)= Ax L+ ?fl':-’:]"jl-?' I Ug['".}"rj'»"r

and

where T, is the o % n identity matrix, and let F be the open dense subset of W™ defined by

B= -:;',-: & mn .J; I'.'r I-""[ _|j:I:| T" n: | ; m ; |"|}

with o = max {py.p2t + L, FO = [d and for all ;> 1, '™ = }'e -1

Proposition  Under the assumplions (111), (H2) end (H3), the open subset £ is invariont by -, ie.

FLEY  E.

Proof :+ Using the linear change of coordinates on IR” £ = T one has

p A 1 1 | -ll []
Pt s Vo s A =
FF(T™E) = A, with A = ( 0 Ay )

where A; is the (p;+ 1) % {p: + 1) matrix given by

1 |
0 e wve B X

Set §(£) = g(T7'€). Hence, it suflices to prove that AF C E where

E=TE= {f eR /g AmE)#0, 0<m< }

A simple computation shows that A°%7 = AA® which implies that for any homogeneous quadratic
T

form on I° p(2) = 2152, & = 5"

p(ATH 2} = X[ A%Z), ¥z e MM,

and one can deduce that for all £ € E, GlA 1) = MgA"E) £ 0, and s0 AL € E. =




The above proposition allows to state the Tollowing stabilization result Tor the sysiem (1),

Theorem Forany A& T such that A < L e feedback low defined o B by

1 Cy AP

wp = ufae) = 7 | o

(AL, — A)xp, BelN
i5 a beunded feedback which stabifizes the system (1) on £,

Proof : Notice that w'{2) and w*{2} are homogeneous functions of degree zero of the form

pilx)

wix) = —
) )

] . ¥r € IL™ such that g{z) #0(i=1,2),
wlore py and po are homogeneons quadratic forms on IR™, Setting 5:(£) = p (T E), it follows from (2],
bv nsing the linear chanpe of coordinates £ = 7'z, that for all g = 16, £ £

Bl ATTLE,) B

T
oy = —= :
-l r_.'l:.'itrljcfr_.:'

and recursively wp = n,, Y& > o which allows 1o state the boundedness of wp on F.

Besides, sinece |A| < 1, one can deduce from the above propesition the asvmptotic stability of the

closcd-loop system on &, =
Remark = Ifin addition of {H1), (H2) and { H3) one assume the ﬁ')llmflng transversalily condition
; n - Py P — | I-" " [ 5 X
Yo £ R* - E, d(efz),b{z})€ 7 such that | A+ a{x}B; + FJ[.?:]H_,JI I =
then the system (1) is globally asymptotically stabilizable by means of the feedback law
J’ wp = {alan ) Maza)’ and we = wlap ) for k> 1, fape R = B

| o= i) for & > 0. if v € E.
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