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On feedback stabilization of nonlinear systems under quantization

Claudio De Persis

Abstract— The aim of this note is to show how the results
in D. Liberzon, “Hybrid feedback stabilization of systems with
quantized signals”, Automatica , 39, 1543-1554, 2003, concerning
asymptotic stabilization using quantized feedback, still hold
under the assumption of asymptotic stabilizability only. As a
consequence, we are able to examine as special interesting cases
nonlinear systems which are e.g. globally asymptotically and
locally exponentially stabilizable and stabilizable by dynamic
observer-based feedback. The results are also discussed for
discrete-time nonlinear systems.

I. INTRODUCTION

As the use of communication networks is spreading in
control applications, researches are turning their interest to
study — among other phenomena — the effect of converting
or coding feedback signals into digital quantities. Most of
the efforts (to cite a few, [18], [23], [1], [4], [20], [8],
(191, [51, [13], [12], [17], [11], [24], [14], [10], [6], [21],
[7], [15], [3], [2]) have relied upon the availability of
models of the dynamic system which generates the feedback
signal, as opposed to more information-theoretic approaches
which view the source of information as a purely statistical
one. While some of the works above have focused their
attention on static encoding, some others have investigated
what can be achieved when dynamic encoding is allowed.
Among the latter, the seminal paper [1] has introduced
the so-called zooming-in/zooming-out technique to achieve
asymptotic stabilization using dynamic quantization. The
technique has then been investigated in [12], focusing on
nonlinear systems which can be made input-to-state stable
with respect to quantization errors. In this note, we point
out that the same results of [12] can be achieved even for
those nonlinear systems which can be globally asymptoti-
cally stabilized by feedback with no encoding, and that is
proven by simple modifications of the arguments in [12].
An analogous idea was pursued in [3] to rephrase the results
in [14] under the stabilizability assumption. However, the
dynamic encoder in [14] is quite different from the zooming-
in strategy of [1] and [12], and so are the proofs. As special
interesting cases, we examine nonlinear systems which are
globally asymptotically and locally exponentially stabilizable
and stabilizable by dynamic quantized-output-feedback. For
their interest in practical implementation of this approach
to quantized feedback, discrete-time nonlinear systems are
(succinctly) investigated as well.

In Section II we consider the case in which the quan-
tization affects the state, whereas the problem under input
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and output quantization is studied in Section III. Discrete-
time systems are studied in Section IV. Section V draws the
conclusion.

II. STATE QUANTIZATION

We consider systems of the form

&= f(z,u), (D

r € R", w € R™, in which the measured state undergoes
quantization. We recall the notion of quantization as pro-
posed in [12]. More specifically, the quantization function
qg(:) : R" — Q, where Q is a finite subset of R", is a
function with the properties that !, for all |z| < M

lg(z) —2| < A, 2)

and, additionally,
lg(z)| < M,

where M, A are suitable positive constant to be specified
later. In order to complete the definition of g, we should
specify the values taken by the function outside the ball of
radius M. However, assuming without loss of generality that
the ball of radius M includes the set of initial conditions, we
will see that the state can not leave the ball. In other words,
we will be only interested in semi-global stabilizability
results, and therefore, there is no need in this paper to define
the function ¢(-) for |z| > M. However, were we interested
in global results, the results can be immediately extended to
cover also this case by using the zooming-out arguments of
(1], [12].

Rather than input-to-state stabilizability with respect to
measurement errors as in [12], [14], we shall assume here
asymptotic stabilizability as in [3]. In particular, we consider
the nonlinear system under quantized feedback

i = f(z, k(qu(x))) , 3)

where [12]
qu(z) = pg(z/p)

{ is a positive constant, and k(-) is the map for which system
&= [z, k(z))

is globally asymptotically stable. To be more precise, we
assume the following:

I'We refer the reader to [12] for more details.
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Assumption 1: There exist smooth functions V(-) : R” —
Ry and k(-) : R™ — R™ for which

ar(|z]) < V(z) < as(|z])

“4)
S ek < —asla)

for all z € R™, with a1 (+), a2(-) and a3(+) suitable class-Ko
functions.

The signal available to the controller is the quantized
feedback ¢, (z), and hence there will be a discrepancy
between the actual closed-loop system and the system with
the desired asymptotic properties. This discrepancy can be
described by the following expression (see e.g. [3])

f(@,qu(x) = f(x, k(x) + gz, qu(2)) plq(z/p) — l‘/uzs,)

with g(+,-) a suitable smooth function, such as e.g.

N 6’f(x,y)] .
9(z,7) = /0[ By y:aﬂ+(17a)uda

. / ' [8k(y)} do
0 8y y=az+(l—a)z

= k(qu(x)) -
In what follows, the function below will be useful

oV (x)
oz

As in [12], the stabilization results descend from a Lemma
which characterizes the convergence in finite time of the state
of the system from an outer level set to an inner level set. In
particular, the lemma below is a version of Lemma 2 in [12]
when the assumption of input-to-state stabilizability with
respect to measurements (quantization) errors is replaced by
an asymptotic stabilizability assumption. Namely, we have:

Lemma 1: Let Assumption 1 hold. For any g > 0, any
M >0, any t € R, if

where v = k(z) and

max |g(z,y)| . (6)

m(r) := max
(r) [z],|y|<r

ol <r

V(z(t)) < on(uM),

and
a1 (A\M) > az 0 az ' (2n(uM) - pA) (7)

for some 0 < A < 1 and for some p € (0, ], then
V(z(t+1)) < ai(pM) 8)
for all 0 <t < T(uM, pA), and
V(z(f+1)) < azoag (2n(uM) - pA) ©)
for all t > T'(uM, pA), with

ar(pM) — az 0 az ' (2m(uM)pd)
m(uM)pA

T(uM, pA) = . (10)

Proof: The result is proven as Lemma 2 in [12],
replacing p(Ap) in [12] with az'(27(uM) - pA). For

convenience of the reader, the proof is reported below. Note
that V(z) < a; (M) implies |z| < uM and hence

lg(x/p) —x/pl < A
lg(x/p)| < M .

Therefore,

O H(w (@) <

< —as(le]) + T(uM)uA
< —agoay (V(z)) + m(uM)uA .
Consider now the set
S:={zeR":
az 0 a3 @r(uM)pA) < V() < ay (M)} .

V() :=

Note that condition (7) guarantees the set S not to be void.
Then, for all x € S,

. |
V(z) < —gazoay (V(@) < —m(uM)pA, (D

the latter inequality being true as
reS=V(z)>aroaz ' (2n(uM)ul)
. 4
30300y (V(@) = m(uM)pd .
Bearing in mind that V(z(?)) < ai(uM), if z(t) ¢ S,
then the inequality (9) holds for all ¢ > 0, for, otherwise,
inequality (11) would be contradicted. Inequality (9) also
implies inequality (8). On the other hand, if z(t) € S, for
all the times ¢ > 0 for which
V(@(f+1) > az 0 a3 2r(uM)pd)

it is also true that (see the second inequality in (11))

V(z(t+1t) < —m(uM)pA
or, integrating,
V(@(f+1)) < ar (M) — n(uM)pAt .

Note now that T'(uM, uA) > 0 by condition (7). It is then
straightforward to verify that, if ¢ > T'(uM, uA), then

V(a(t+ T (uM, pA))) < ap 0 az ' (2m(uM)ud)

from which both (8) and (9) follow immediately. |
A result analogous to Theorem 2 in [12] can be given:
Proposition 1: Let Assumption 1 hold. For any X > 0,
let i > 0, M > 0 be such that iM > aj ' o as(X). If

ar(AuM) > agoa (2w (uM)-pd) , Vu € [0,a], (12)

for some 0 < A < 1, then there exists a hybrid quantized
feedback control policy that makes system (3) locally asymp-
totically stable and, moreover,

[z(0)| <X = tlim lz(t)] =0.

Proof: See [12]. [ |

Remark. We briefly recall the hybrid control strategy pro-
posed in [12], as it will be useful later. Note first that |2(0)| <
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X and gM > oyt o ap(X) imply V(2(0)) < oy (aM).
Define the sequence of positive real numbers

po = [
1, . (13)
b = araroasoay! (2n(uM)uA)
and any sequence of times {t; }j cn satisfying
to = 0
14
tivn =ty +T (M, piA) - (1

Define also the control law

u(t) = k(gp, (x(t))) ,

Then, repeated application of Lemma 1 shows that

te [tj7tj+1) ) J eEN.

V(Z‘(t)) < Oél(iu/jM) ; vt > tj ’ V] eN.

This in particular implies that |z(t)| < p; M for all ¢ > ¢;,
for each j € N, with u; — 0 as j — +oo. In fact, by
definition (13),

ar(Mpji1) = az 0 ag ' (2m(u; M) p;A) -
For k =0, uo = fi, and by (12),
a1(Mpa) = a0 o (2w (oM ) poA) < an (Ao M)

that is p1 < Mg < 1. Let j € N be such that 15411 < Ay,
Jj=0,1,...,4. By (13)

Oél(M,U,l‘_._Q) = Qg O 05371(27T(M1+1M),LL1+1A) .

As pjp < ML <, (12) yields gy < Apjpr < fi.
That is, p1;41 = Apj, for each j € N. «

As in [12], the main obstacle in the application of this
result descends from condition (12), which — depending on
the expression of the comparison functions involved — may
or may not be satisfied for all 1 € [0, i]. In order to avoid
sluggish response as the state is approaching the origin, we
also would like to have T'(uM, pA) < +oc as u — 0T (The
eventuality for T'(uM, uA) to go to zero does not raise any
problem, for the state is guaranteed to belong to an inner
level set for all the times after t; + T (uM, pA).) Of course,
as far as the first issue is concerned, the same considerations
given in [12] after Theorem 2, apply also to this case. For
instance, bearing in mind that the results stated above hold if
the term 27 (pM) in (10) and (12) is replaced by the constant

7=2n(pM) ,

which is independent of p, then, as in [12], we can state that
condition (12) is fulfilled for all x € [0, /] provided that
e.g. (cf. (30) in [12])

(al_l oy 0 a;l)/(O) < 00.

However, this condition is not necessary, and there are
important classes of nonlinear systems which do not satisfy
this condition but for which condition (12) is fulfilled. In
what follows, we point out one of such classes: The class
of nonlinear systems which are globally asymptotically and

locally exponentially stabilizable. That is, in addition to
Assumption 1, we require:

Assumption 2: There exist real numbers a; > 0, i =
1,...,4 and x > 0 for which o;(r) = a;r? forall r € [0, x .
Furthermore,

ov
5| <t

for all |z| € [0, x]. <

Remark. Important classes of systems are globally asymptot-
ically and locally exponentially stable. For instance, systems
of the form

&y = Az +pr(xn, 20,
By = Agxo + pa(w2,23,. ..

,Tn)U
 Tp)U

7xn) +b1(m17x27"'
s Tn) + bo(22, 73, . . .

-i'nfl = An,1$n71+ pnfl(xnfla mn) + bnfl(xnflz xn)u
Tn = @(xn) +0(xn)u,

under suitable technical conditions (e.g. all the matrices A;
are stable in the sense of Lyapunov, functions p;, b; satisfy
appropriate growth conditions, the equilibrium z,, = 0 of
the system &, = @(z,) is globally asymptotically and
locally exponentially stable, etc.), can be made globally
asymptotically and locally exponentially stable by a smooth
control law (see e.g. [9]).

We have the following:

Corollary 1: Let Assumptions 1 and 2 hold. For any X >
0, let /i and M be such that iM > o oay(X). Then there
exists A for which

a1 (AuM) > agoazt 2m(uM)-pA) , Yu e [0,a], (15)

for some 0 < A < 1, and there exists a hybrid quantized
feedback control policy that makes the system (3) locally
asymptotically stable and, moreover,

[z(0)| <X = tlim |z(t)] =0.

Proof: 1t is enough to verify that a number A for
which (15) is fulfilled always exists. As mentioned in the
remark after Proposition 1, |z(¢)] < MM, for all ¢ > t;,
with ¢; defined as in (14). Therefore, there exists a non-
negative integer j, for which |x(t)| < x, for all ¢t > ¢;_.
Notice that there always exists a number A; for which (15)
is fulfilled for all p € [uj,—1,[], as p is ranging over a
compact interval and is bounded away from zero. From time
t;, on, we can still repeatedly apply Lemma 1, provided
that condition (15) is met for all p € [0, ;,—1). But this
is actually the case, because the comparison functions can
be replaced by their quadratic expressions, and the function
m(uM) can be replaced by the linear function as(x)uM,
where

max |g(z,y)] -

a = Q.
s(0) = au max

Condition (15) then becomes

aZ2M > 22245 ()A (16)

asz
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which, being independent of u, can always be satisfied by an
appropriate choice — say As — of A. Then the thesis holds
setting A = min{A;, Az} [ |

Remark. We also observe that in the present case there is no
possibility to have a sluggish response as y — 07. In fact,
with the same arguments as before, it can be seen that, from
time ¢;- on, the state is guaranteed to enter a smaller level
set after a constant period of time whose length is given by
the expression:

M
e L

T(M,A) := 00D o

17)

III. INPUT AND OUTPUT QUANTIZATION

In the following subsections we see how the result stated
in the case of state quantization still hold in the case the
input and, respectively, the output are quantized. The two
cases are treated similarly and succinctly, with most of the
details omitted.

A. Input quantization

As in [12], the results can be modified to deal with the
case in which quantization affects the control input rather
than the state. In this case, the closed-loop control system
takes the form

&= [, qu(k(2)) -

As in the previous section, it is convenient to rewrite the
right-hand side as:

f(@,qu(k(z)) = f(z,k(z))+
+(z, qu(k(2)))(qu(k(z)) — k() ,
with

Lrof(a,
Uz, q,(k(z))) = —/ [féy)] do .
0 Y Jy=agu(k@)+(1-a)k(z)

Also in the present case, we set, with a slight abuse of

notation,

oV (x)
ox

= a.
i)

max |[{(z, g, (k(z)))| ,

z|<r

and, as in [12], we let k(-) be a class-KC, function such that
k()] < &(lz]), V.

Then, Lemma 4 and Theorem 4 in [12] hold under stabiliz-
ability assumption only:

Lemma 2: Let Assumption 1 hold. For any &i > 0, for any
M >0, any t € R, if

V(z(t)) < aron™ (uM),
and
a1 0k~ (AuM) = az 0 a3 @m(uM) - )
for some 0 < A < 1 and for some u € (0, ], then
V(z(t+1) < ayor™ (uM)

for all 0 <t < T(uM, pA), and
V(z(f+1) < azoaz ' (2n(uM) - uA)
for all t > T'(uM, uA), with
a1 0 k™1 (uM) — a3 0 a3 (2m(uM)ud)

T(uM, pA) = .
( ) m(uM)pA

Proof: 1t is straightforward from Lemma 1 above and

Lemma 4 in [12]. [ |

Proposition 2: Let Assumption 1 hold. For any X > 0,
let i > 0, M > 0 be such that GM > ko aj ' o ay(X). If
aror (M) > asoaz  (2m(uM)-ud) , Vu e [0,a],

for some 0 < A < 1, then there exists a hybrid quantized
feedback control policy that makes system (3) locally asymp-
totically stable and, moreover,

lz(0)| <X = tlim lz(t)] =0.
Proof: The result descends from the previous Lemma
and the same arguments of Theorem 1 in [12]. [ |

Remark. It is also possible to give the analogous of Corollary
1 in the case of input quantization. This would require the
additional condition for the function (-) to be O(r) near
r=0.4

B. Output quantization

The approach chosen in Section II allows us also to
address rather straightforwardly the case when only output
measurements are available, i.e. the case when the readout
map is different from the identity:

flz,u)
h(x)

jj =
18
y = (18)
We assume that:
Assumption 3: An observer-based dynamic controller of
the form
u = k(&),

exists and globally asymptotically stabilizes system (18).

(19)

Remark. There are several classes of nonlinear systems for
which this assumption is satisfied. For a recent and quite
general characterization of nonlinear systems which, under
the assumptions of asymptotic stabilizability and uniform
detectability, can be globally asymptotically stabilized by
dynamic observer-based controllers, we refer the reader to
the paper [22]. <

The measurement y being available only in quantized
form, to actually implement the dynamic controller above,
y must be replaced by the quantity

. (y) = hig <hyu> ,

with h a positive constant to be specified later. Borrowing
the notation in [12], the closed-loop system takes the form

e _ re(,.e 0 _ — h(zx
i = (@) + [ ol a0, k(2] } (@i (4) — h(x)) .
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where k(-) is as in Assumption 1, and the unforced system

¢ = f¢(x®) satisfies Assumption 1, where z, V, and

f(z, k(x)) are replaced respectively by z¢, V¢, and f¢(z°).

Analogously to the previous sections, we introduce the

function:

ove(x®)
oz

Then the following Lemma can be immediately stated:
Lemma 3: Let Assumptions 1 and 3 hold. For any i > 0,
any M >0, any £ € R, if V¢(2¢(t)) < ay (M), and

ar(AuM) > ag 0 az ' (2m(uM) - hud)

max _
|| <r,|y|<hr

lg(z, y, k()] .

-

for some 0 < A < 1 and some u € (0, /i], and where h is
the Lipschitz constant for h(x) when |z| < @M, then

VE(f(t+1)) < ar(pM)
for all 0 <t < T(uM, puA), and
V(T +1)) < ag oz (2m(uM) - hud)
for all t > T'(uM, pA), with

a1 (M) — ag o az ' (27 (uM)hpA)

T(uM, uA) = _
(uM, pA) (M Vs

Proof: The proof is immediately obtained from Lemma
1 by replacing pA there with huA. ]

Also the analogous of Proposition 1 can be stated quite
straightforwardly:

Proposition 3: Let Assumptions 1 and 3 hold. For any
X >0,let >0, M > 0 be such that ztM > afl o (X).
If

c1(AuM) > a0 a3 (2m (M) - hpd) | i€ 0,72],

for some 0 < A < 1, then there exists a hybrid quantized
feedback control policy that makes system (3) locally asymp-
totically stable and, moreover,

2O <X = lim [2() =0,

Proof: See [12]. [ |

Remark. It is immediate to see that also an analogous of
Corollary 1 holds in the case in which output quantization
is being used. Classes of systems which admit dynamic
observer-based feedback able to globally asymptotically and
locally exponentially stabilize the system include for instance
those considered in [16]. <

IV. QUANTIZED STABILIZATION OF NONLINEAR
DISCRETE-TIME SYSTEMS

For practical implementation of the schemes examined
above, it may be useful to consider how the previous re-
sults can be translated for nonlinear discrete-time systems.
Consider the system

x(t+1) = f(x(t),u(t), teZ

and assume the following discrete-time counterpart of As-
sumption 1:

Assumption 4: There exist smooth functions V'(+) : R —
R* and k() : R® — R™ for which

ar(|z]) < V(z) < as(|z])
V(f (2, k(z))) = V(z) < —as(|z]) ,

for all z € R™, with a1 (+), a2(-) and a3(+) suitable class-K
functions.
Set now:

Lrov(f(z,
oo = [ | 2] da-
0 Y y=ak(gu(z))+(1—a)k(z)

[ewl
0 8y y=aq, (z)+(1—a)z

w(r) =

(20)

and

max |v(x .
Jnax fu(@y)l

Then the following holds:
Lemma 4: Let Assumption 4 hold. For any g > 0, any
M >0, any t € Z,, if

V(x(t)) < ar(uM),

and

ar(AM) > a0 ozt (2m (M) - pA) | (1)

for some 0 < A < 1 and for some p € (0, ii], then, for some
t <t. < K(uM,pd),

V(x(t)) < ar(pM)
forall t <t <t,, and
V(a(t.)) < az 0 a3 (2r(uM) - )
where K (uM, pA) is the minimal integer not smaller than
a1 (M) — ag o azt (27 (pM)pA)
(M)A
Moreover, if (21) is replaced by

ar(AuM) > agoazt(2m(uM) - pA) +7(uM)-pA , (23)

+f. (22

then
V(a(t)) < ag 0 az (2m(ud) - pA) + m(uM) - pA
for all ¢ greater than or equal to (22).

Proof:  (Sketch) As far as V(z) < oai(uM), the
Lyapunov function satisfies

V(f (2, k(gu(2)))) = V() < —as(|a]) + w(pM)pA .

As in the proof of Lemma 1, one proves that, along the
solution of the closed-loop system

z(t+1) = f(a(t), k(gu(z(t)))) ,

as far as V(z(t)) > ag o az ' (2m(uM) - pA), the Lyapunov
function satisfies

V(z(t+1)) = V(z(t) < —m(pM)pA .
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From this, it is immediate to conclude the first part of the
statement. On the other hand, if

V(a(t) < az oz (2n(uM) - pd),
then
V(z(t+1)) < azoaz!(r(uM) - pA) + n(uM)pA

that is, by (23), V(z(t+ 1)) < a1(uM) and this proves the
thesis. |
To the purpose of achieving asymptotic convergence, this
result can be iteratively used in two different ways. One is
illustrated in [1] and requires that, as soon as V(z) < ay o
ozt (2m(uM) - pA), the parameter 4 is updated according
to the law proposed in [12] and recalled in Section 2. To
this purpose only condition (21) must be satisfied. The other
way of using the result requires (23) to be fulfilled, and the
parameter p to be updated as

Ho = [
oy Nz ooz 2 (py M) A) + w(p M) A)
Hj+1 = M

(24)
at the discrete times t; € Z satisfying

to = 0
a1 (p M) — a0 ozt (2m(p; M)p; A)

tiv1 =
. (g M)y A

t; +

Note that the lemma guarantees that, if V(z(t;)) <
ay(pu; M), then V(z(tj+1)) < a1(pj+1M), and by (24)
and (23), V(z(tj41)) < aa1(Ap; M), which shows that the
magnitude of the state is actually decreased by a factor
A < 1 at each sampling time. Results analogous to the
previous lemma, which may allow to conclude asymptotic
convergence, can be drawn in the case of input and output
quantization, in the same way as in the previous section.

V. CONCLUSION

We have shown how the so-called zooming-in technique
introduced in the papers [1], [12] can also be used to deal
with nonlinear systems which are asymptotically stabilizable.
This allowed us to investigate specific cases which were
not considered before. In particular, several good features of
the zooming-in technique pointed out for the case of linear
systems also hold for nonlinear systems which exhibit locally
an exponentially stable behavior under appropriate control.
In the case in which only output measurements are available,
we have seen that the zooming-in technique can be applied
to observer-based dynamic feedback controllers. In view of a
possible practical implementation of the technique, we have
also studied the same problem for nonlinear discrete-time
systems. Along the way, we have pointed out examples of
classes of systems to which the results of the paper can be
applied. Discussion on chattering and the conservativeness
of the approach goes beyond the scope of the paper.

VI. ACKNOWLEDGMENTS

The author would like to thank D. Liberzon for discussions
regarding quantized control systems, and, more specifically,
for suggestions on the topics touched in this paper. He
also would like to thank D. Nesic for sharing with him his
expertise on discrete-time and sampled-data systems.

REFERENCES

[1] R.W. Brockett and D. Liberzon. Quantized feedback stabilization of
linear systems. IEEE Trans. Aut. Contr., 45:1279—-1289, 2000.

[2] C.De Persis. n-bit stabilization of n-dimensional nonlinear systems in
feedforward form. IEEE Trans. Autom. Contr., 50(3):299-311, 2005.

[3] C. De Persis and A. Isidori. Stabilizability by state feedback implies
stabilizability by encoded state feedback. Systems & Control Letters,
53, 249-258, 2004.

[4] N. Elia and S.K. Mitter. Stabilization of linear systems with limited
information. [EEE Trans. Aut. Contr., 46(9):1384-1400, September
2001.

[5] F. Fagnani and S. Zampieri. Stability analysis and synthesis for scalar
linear systems with a quantized feedback. IEEE Trans. Aut. Contr,
48(9):1569-1584, 2003.

[6] F. Fagnani and S. Zampieri. Quantized stabilization of linear systems:
Complexity versus performance. IEEE Trans. Aut. Contr., 49(9):1534—
1548, 2004.

[7]1 H. Ishii and T. Basar. Remote control of LTI systems over networks
with state quantization. Systems & Control Letters, 54:15-31, 2005.

[8] H. Ishii and B.A. Francis. Stabilizing a linear system by switching
control with dwell time. IEEE Trans. Aut. Contr., 47:1962—-1973, 2002.

[9] A. Isidori. Nonlinear control systems, volume 2. Springer, 1999.

[10] K. Li and J. Baillieul. Data-rate requirements for nonlinear feedback
control. In Proc. of the 6th IFAc Symp. Nonl. Contr. Syst., Stuttgart,
Germany, 2004.

[11] K. Li and J. Baillieul. Robust quantization for digital finite communi-
cation bandwidth (DFCB) control. IEEE Trans. Aut. Contr., 49:1573—
1584, 2004.

[12] D. Liberzon. Hybrid feedback stabilization of systems with quantized
signals. Automatica, 39:1543-1554, September 2003.

[13] D. Liberzon. On stabilization of linear systems with limited informa-
tion. IEEE Trans. Aut. Contr., 48(2):304-307, February 2003.

[14] D. Liberzon and J.P. Hespanha. Stabilization of nonlinear systems with
limited information feedback. To appear in /EEE Trans. Aut. Contr.,
2005. Also in Proceedings of the 42nd IEEE Conf. Dec. Contr., 2003.

[15] J. Liu and N. Elia. Quantized feedback stabilization of non-linear
affine systems. Int. J. Contr., 77:239-249, 2004.

[16] F. Mazenc and J.C. Vivalda. Global asymptotic output feedback
stabilization of feedforward systems. European Journal of Control,
8:519-530, 2002.

[17] G. Nair, R.J. Evans, LM.Y. Mareels, and W. Moran. Topological feed-
back entropy and nonlinear stabilization. IEEE Trans. Autom. Contr.,
49(9):1585-1597, 2004.

[18] G.N. Nair and R.J. Evans. Stabilization with data-rate-limited feed-
back: Tightest attainable bounds. Systems & Control Letters, 41(1):49—
56, September 2000.

[19] G.N. Nair and R.J. Evans. Exponential stabilisability of finite-
dimensional linear systems with limited data rates. Automatica,
39:585-593, 2003.

[20] LR. Petersen and A.V. Savkin. Multi-rate stabilization of multivariable
discrete-time linear systems via a limited capacity communication
channel. In Proceedings of the 40th Conf. on Dec. and Contr., pages
304-309, 2001.

[21] B. Picasso and A. Bicchi. Control synthesis for practical stabilization
of quantized linear systems. Rendiconti del Seminario Matematico,
2005. (in press).

[22] L. Praly and M. Arcak. A relaxed condition for stability of nonlinear
observer-based controllers. Systems & Control Letters, 2005.

[23] S. Tatikonda. Control under communication constraints. PhD thesis,
MIT, August 2000.

[24] S. Tatikonda and S. Mitter. Control under communication constraints.
IEEE Trans. Aut. Contr., 49:1056-1068, 2004.

7703



	MAIN MENU
	PREVIOUS MENU
	---------------------------------
	Search CD-ROM
	Search Results
	Print


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveEPSInfo false
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF005500730065002000740068006500730065002000730065007400740069006e0067007300200074006f0020006300720065006100740065002000500044004600200064006f00630075006d0065006e007400730020007300750069007400610062006c006500200066006f007200200049004500450045002000580070006c006f00720065002e0020004300720065006100740065006400200031003500200044006500630065006d00620065007200200032003000300033002e>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




