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Regulating discrete-time homogeneous systems
under arbitrary switching

S. Emre Tuna and Andrew R. Teel

Abstract— We consider discrete-time homogeneous control
systems that undergo arbitrary switching. We propose an
optimization-based, constructive method (which can be numer-
ically realized) to generate a homogeneous control Lyapunov
function and a homogeneous feedback law that stabilizes the
origin for all possible switching scenarios. The established
stability is robust with respect to small perturbations. We show
that for linear systems the resulting Lyapunov function turns
out to be convex. We also present a converse Lyapunov result
where we state the equivalence of controllability to the origin
and existence of a control Lyapunov function.

I. INTRODUCTION

A dynamical system whose righthand side (of the differential
or difference equation representing the system) can switch
between the elements of a set of parametrized family of
functions is called a switched system. The function (of
time) with respect to which the switching occurs is called
the switching signal. Switched systems have been actively
investigated for various reasons, see [3], [6], [10]. The main
reason, however, probably is that they can successfully
represent many real-life and engineering systems which
cannot be accurately modelled with more classical methods.

As it is usually the case in other subfields of control, the
research on switched systems can be classified as stability
analysis and control synthesis. The former focuses on
problems like: find the conditions that, when satisfied by
the system, would guarantee stability under any switching
signal, see e.g. [1]; or classify switching signals for which
the stability is guaranteed, see e.g. [13]. The work on
control synthesis deals with finding a switching signal
and/or a control input stabilizing the system, see e.g. [2].
In this work we are mainly interested in control synthesis.
To be specific, we propose a recursive method to construct
a feedback law (function of the state only) that robustly
regulates the system despite the switching signal.

We generate our results for discrete-time homogeneous
systems. Although the class of homogeneous systems is a
small subclass of nonlinear systems, it includes systems with
practical importance such as chained systems [12], systems
in power form [7], and more importantly, linear systems,
which are still not fully explored under switching. Switched
homogeneous systems have not yet been able to attract
many researchers. One of the few works on the subject is [4].
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The algorithm we propose to generate a feedback law
also yields a continuous control Lyapunov function as a
byproduct. Using that function and the results in [5] we
show that the origin of the closed loop obtained via the
generated feedback law is robustly asymptotically stable
under any switching signal. The method is a natural extension
of the recursive algorithm proposed in [11] and numerically
realizable (for systems of low order at least). We show that
the algorithm results in a convex control Lyapunov function
for switched linear systems which then leads us to state an
existence result. For the sake of completeness, we provide a
converse Lyapunov result for switched homogeneous systems
which states the equivalence of asymptotic and exponential
controllability and existences of homogeneous and not nec-
essarily homogeneous control Lyapunov functions.

II. NOTATION AND ASSUMPTIONS

We will consider the discrete-time (control) system
2t =Ty(z, u) M

where x € R" is the state, u € R™ is the (control) input,
g€ {l,2,...,q} =: Q, q being a positive integer, is the
index that switches the righthand side by selecting different
transition maps from a parametrized family {I'; : ¢ € Q},
and 7 is the state at the next time instant. We will call
a locally bounded map « : R" — R™ feedback. Given a
feedback r, the system zt = Ty (z, k(x)) will be called
the closed loop. The solution of a closed loop at time
k € N, starting at the initial condition x, evolved under
the influence of an index sequence q := {qo, ¢1, - ..}, with
gi € Q, is denoted by (k, x, q). (Notation N denotes
the set of nonnegative integers.) Note that (0, z, q) = =
regardless of q. System (1) is said to be linear if for each
qg € Q, T'y(z, u) = Agz + Bgu, where 4, € R"*" and
B, € R™*™_ Notation N stands for the set NU {oo} and E
denotes [—o0, o], so called the extended real line.

A function « R>g — Rxq is of class K if it is
strictly increasing, continuous, zero at zero, and unbounded.
(Notation S>; represents the set {s € S : s > 5}) A
function 8 : R>o X R>o — Rxg is of class KL if for each
fixed ¢, §(-, t) is nondecreasing and limg\ o B(s, t) = 0;
and for each fixed s, [(s,-) is nonincreasing and
lim; o B(s, t) = 0. When we write 8 € KL, we will mean
that (3 is a class-ICL function. Likewise for a € K.

A (state) dilation A is such that for each A > 0 (and it is
undefined for A nonpositive), Ay = diag(A™, A2, ..., \™)
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with fixed r; > 0. Likewise, § denotes an input dilation, i.e.
dau = diag(APr, A\P2 ... \Pm),

Definition 1 A transition map T' : R™ x R™ — R" is said
fo be homogeneous with respect to the dilation pair (A, §)
if D(Ayx, dxu) = Az (z, u) for all z, u, and .

Definition 2 A function o : R" — Rxq is said to be
homogeneous with respect to the dilation A with degree
d > 0 if o(Azz) = Mo (x) for all x and .

Henceforth we will proceed under the following standing
assumptions on system (1). A1 There exists a dilation pair
(A, 0) such that for each ¢ € Q the transition map I'; is
homogeneous with respect to (A, §). A2 For each ¢ € Q
the transition map I'; is continuous on R™ x R™. A3 For
each pair R > r > 0 there exists U > 0 such that for all
|z] <r,q€ Q, and |u| > U we have |I'y(x, u)| > R.

Remark 1 Assumption A3 is not crucial for most of the
results to follow but rather put to guarantee the locally
boundedness property of the stabilizing feedback which will
come out as a minimizer to an optimization problem in which
we do not penalize the input u. If system (1) is linear then
A3 is equivalent to that B is full column rank for all q.

Remark 2 Whenever the system under consideration is lin-
ear, Assumptions AI-A2 comes for free since linear systems
are homogeneous with respect to the standard dilations
(Ax = M, 6» = M) and continuous. (I; € R is the
identity matrix.)

III. CONSTRUCTING A FEEDBACK

Definition 3 System (1) is said to be strongly asymptotically
controllable to the origin if there exists a feedback « and
B € KL such that for all x and q, the solution of the closed
loop x* =T (z, k(z)) satisfies

[k, z, q)| < B(|z], k)

Remark 3 Note that under homogeneity, strong asymptotic
controllability to the origin, which is a global definition, is
equivalent to its local version in which (2) would hold for x
that are in some neighborhood of the origin.

VkeN. 2)

Definition 4 A continuous function V : R™ — Rx>q is said
1o be a strong control Lyapunov function for 2™ =T, (z, u)
if there exist o, ao, ag € Ko such that for all x we have

ay(|z]) < V(z) < as(|z]) ©)

muinméix V(Ty(z, v) = V(z) < —asz(|z]) . 4)

The next three definitions can be found in [8].

Definition 5 A function g : RP — E is proper if g(n) < oo
Sfor at least one n € R? and g(n) > —oo for all n € RP.

Definition 6 A function g : RP — E is lower semicontinu-
ous at 7 if

i { o)} =otm) .

It is lower semicontinuous on RP if this holds for all 1 € RP.

Definition 7 A function J : R™ x R™ — E is level-bounded
in u locally uniformly in = if for each x € R™ and ¢ € R
there exists a neighborhood X of x such that the set {(z, u) :
x € X, J(x, u) < c} is bounded on R™ x R™.

The following result resides in [8, Thm. 1.17].

Lemma 1 For J : R* x R™ — E that is proper, lower
semicontinuous, and level-bounded in u locally uniformly in
x let

W(z) = inf J(z, u) .

u

Then W is proper and lower semicontinuous on R™ and
for each x € R™ if W(x) < oo then there exists u € R™
satisfying J(x, u) = W (x). Moreover, W is continuous at x
if J(-, u) is continuous at x for some u satisfying J(x, u) =

W(z) < oc.

Let us first pick some continuous positive definite function
o : R" — R3¢ that is homogeneous with respect to A (of
A1) with degree d. Then let Viy : R” — R> for N € N be
obtained through the recursive relation

Vnii(x) i=0(z) + ir&f max Vn(Tg(z, u)) )
with Vy(z) := o(z). Also, whenever it is finite-valued, we
will let Vo (z) := limy_ 00 V().

Theorem 1 Let system (1) be strongly asymptotically con-
trollable to the origin. Then there exists L > 1 such that for
all N € N, Vi is continuous and satisfies for all x and A

o) < V() < Lo(x) ©)
Vi (Axz) = AV (2) , ™
Vnii(z) =o(z) + rrgn max Vn(Tg(z, w)) . 8)

Proof. Let us begin with proving (7). Without loss of
generality we take d = 1 in this proof. Suppose for some
N € N we have Vi (Axz) = AVy(x) for all z and A. Then
we can write by homogeneity of I'; and o

Vnt1(Axz) = o(Axz) +infmax Vy(Ig(Axz, u))

u q
= Ao(z) + inf max Vy (AxTy(z, 6y-1u))
u g

= Ao(z) + inf max AV (Ty(z, u))
u g

= o)+ iptmps V(0 o, )}
= AVnii(z) .

Note that Vp(z) = o(x) which satisfies (7) since o is
homogeneous. Hence we have (7) for all N € N by
induction. To show the N = oo case observe that
Voo (Arz) = A}im Vn(Axz)
= lim AVy(x)
N—o00

- /\< lim VN(x)) — AV () .

N—o0
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Now we prove (6). That o(x) < Vy(x) comes by definition.
Since system is strongly asymptotically controllable to the
origin there exist a feedback x and € KL such that the
closed loop solution satisfies for all x and q

Wk, z, q)| < B(z], k) VkeN.

Since o is continuous, positive definite, and homogeneous,
there exist oy, oz € Koo such that a;(|z]) < o(z) <
as(|z]) for all x. Hence we can write

oYk, z,q)) < B(o(z), k)  VkeN €)

where ((s, t) == az(B(a7 (s), t)) is of class-KL. Note that
by (5) we have Vyi1(x) < o(x) + max, Vv (Ty(z, £(z))).
Now let k& € N>; be such that §(1, k) < 271 Then we
observe by (9) that o(v(k, =, q)) < 27! for all z € {z :
o(z) <1} =: B, and q. Let us define L := 2 Zﬁ:o B(1, k).
Hence we have Vi(z) < 27'L for all + € B,. Let q;
denote an index sequence {qo, q1, ..., qz_1}. Let us be
given x € B,. Then for i« € N>; we can write from
optimality arguments and homogeneity of Vj that

1

o(P(k, z, q5)) +

V(z‘+1)l€(x) < max{
0

qi

=
Il

Vie(wth, . i) |
<2 lL ¢ max Vi (W (k, 2, q5))
= 21L+IIC11;X21‘/H€(A2¢(1€5 T, qi))
P s Vi (Ao (F, 2, 7))

Note that Aye(k, z,

qi) € B, regardless of qz. Therefore,
recalling that V(z) < 2~

1L, we can induce

.

V}’c(x) <L

K2

27k < LZQ—’f =L
k=1

=

=1
foralli € N>j and z € B,. Since Viv11(x) > Vi (z) we can
write for all N € N that Viy(x) < L provided that z € B,.
Let n € R™ be given. If n = 0 then Viy(n) = 0 and (6)
holds. Suppose o (7) > 0. Then observe that A, (-1 € B,.
Therefore we can write

V() = om)Vn(Aswm)-1n)
< Lo(n) .

Thus we have (6).

We now prove continuity and (8). Suppose Vy_; is contin-
uous for some N € N>;. We define Jy : R” x R™ as

In(z, u) = o(z) + max Vo1 (Dy(z, w)) .

Note that Jy is continuous (hence lower semicontinuous)
due to the continuity of o, Vy_1, and I'y(x, u) and the
fact that maximum of continuous functions is continuous.
It is proper by definition and level-bounded in w locally
uniformly in = due to Assumption A3. Hence we can

invoke Lemma 1 and obtain the continuity of Vy since
Vn(z) = inf, Jy(z, u). Also, again by Lemma 1, a
minimizer exists and we have Vy(x) = min, Jy(z, u).
Note that V is continuous since it is o. As a result, by
induction, V) is continuous and (8) holds for all N € N.

At this point we pause shortly to claim that Vy converges to
Vo uniformly on B,. Suppose not. Then there would exist
€ > 0 such that for each N € N there would exist x € B,
such that Vo (2)— Vi (z) > €. Let us pick p = [2L%~!] and
let x € B, then be such that Vo, (z) — V() > €. Then, by

definition, for all index sequences q, := {qo, ¢1, -, ¢p—1}
we can write
Vp(z) Z o(tho) + o(¥1) + ...+ 0(p) (10)

where 1o = z and Y1 = Do, (Vn, Kp—k(¥r)) for k €

{0, 1, ..., p— 1} and where
ki(n) := argmin max V;(Iq(n, u)) (11)
u q
fori € {1, 2, ..., p}. Let q be an infinite index sequence
such that

Voo () = > o (9(k, x, q))
k=0

where (-, z, q) is the solution to closed loop formed by
Koo. Feedback ko, is defined by (11) for i = oo. Let q,
be the first p elements of q. Recall that (10) holds for any
index sequence hence for the q, we pick. The terms in the
sum (10) are all nonnegative. Hence there must exist some
ke {1,2, ..., p} such that o(vp;) < Lp~' < £(2L)7!
from (6), z € B,, and p = [2L%c~!]. Then from (10), (6),
and how we picked q;, we can write

Vp(z) = o(do) +...+0W5_1) + Ve (V) = Voo (Y1)
= Vao(z) = Voo (¥y)
> V() - LU(%)
> Vyl(z)—271e

which is a contradiction. Hence our claim holds.

As a result of this uniform convergence, V., is continuous on
B, since uniform limit of continuous functions is continuous
(see, for instance, [9, Thm. 24.3]). The continuity of V. on
R™ then comes by homogeneity of V.

Finally we prove (8) for N = oo. Let us define
Joo(z, u) = o(r) + maxy Ve (Ty¢(z, v)) which is
continuous, proper, and level-bounded in w locally
uniformly in x by the same arguments we had on Jy.
Lemma 1 tells us that for each  a minimizer v exists such
that Vo (2) = Joo(z, u). Hence the result by (5). |

The following corollary is of practical importance. It says
that if IV is large enough, then Vi generated by the recursive
relation (5) can be used as a strong control Lyapunov
function for system (1).
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Corollary 1 Suppose system (1) is strongly asymptotically
controllable to the origin. Then for each p < 1 there exists
N, € N such that for all N > N, and x we have

muinm{?x VNTy(z, u)) — Vn(z) < —po(x) . (12)

Proof. Recall that in the proof of Theorem 1 we have shown
that Vi converges uniformly to V,, on B,. Also recall that
Vns1(x) > Vi(z) for all N € N and z. Let us be given
p < 1. Then there exists N, € N such that for all x € B,
and N > N, we have V. (z) — Vy(x) <1 — p and hence

Vnii(z) = Vn(z) < Vool(z) = Vn(z) <1 —p .
Let us define C, := {z € R™ : o(z) = 1}. Note that C, C
B,. Then from (8), for all N > N, and z € C,
rrhin max Vn(Ty(z, w)) — Vn(x)
< muinmax VN (Ty(z, w) — V() +1—p
<-1+ i — =

Homogeneity (7) then brings us the result. |

For N € N, let us define feedback k, as

kn () := argmin max Vi (T'y(z, w)) . (13)
u q

Note that x, satisfies for all z and \

max Vn(Tq(z, kn(x))) = max Vn(Tq(z, oxkn(Ax-12)))

which implies xy(Axz) = dxky(2) provided that the mini-
mizer in (13) is unique for all . Note however that, without
loss of generality, we can assume ky(Ajx) = drky () even
if the minimizer is not unique for we can always choose a
homogeneous «, from the set of minimizers.

A. On robustness

For robustness analysis let us consider difference inclusions.
Let F' be a set-valued map from R” to the subsets of R"
and let ¥ (-, x) denote a solution of the difference inclusion
xt € F(x) starting from an initial condition z. Let S(x)
denote the set of solutions starting from z. Let B be the unit
closed ball in R™. The addition of two sets in R™, VW and
Y, is defined as

W+Y={w+yeR":weW,yeY}.

For a continuous function o :
inclusion is defined as

at € Fy(z) = F(z + o(x)B) + o(x)B

and a solution starting from =z is denoted by ),(-, ) which
is an element of the set S,(z).

R"™ — Ry a perturbed

Definition 8 The origin is robustly strongly asymptotically
stable for at € F(z) if there exists 0 : R" — Rxg
continuous and positive definite and 3, € KL such that for
all x € R™, all solutions 1, € S,(x) satisfy

Definition 9 A continuous function V : R™ — Rx>q is said
to be a strong Lyapunov function for z* € F(x) if there
exist a, Qa, ag € Koo such that for all x we have

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

frenlg();:) V(f)=V(z) < —as(|z]) .

The following result is borrowed from [5].

Lemma 2 Let F' be a set-valued map from R"™ to subsets
of R™ and for each x € R™ let F(x) be nonempty. Then
for the difference inclusion v+ € F(x), if there exists a
strong Lyapunov function then the origin is robustly strongly
asymptotically stable.

Definition 10 A feedback « is said to be robustly stabilizing
for system (1) if the origin is robustly strongly asymptotically
stable for v+ € F(x), where

F(z):= | Ty(x, k() .
qeEQ
Theorem 2 Suppose system (1) is strongly asymptotically
controllable to the origin. Then there exists p € N such that
for all N € N>, ky is robustly stabilizing for system ().

Proof. Let 4 = 27! and N, then be given by Corollary 1.
Take p = N,. Let N € NZP' Since o is continuous, positive
definite, and homogeneous there exist o, as € Ko such
that oy (|z]) < o(x) < as(|z|) for all 2. By (6) therefore we
can write for all x

ay(|z]) < Vw(z) < as(|z]) (14)

where a3(s) := Las(s) is a class-K ., function. Let us define

Fy(z) = | Ty(a, ry(x)) .
qeEQ
From (12) and (13) we then have
sty N 7 I
= max Vy (Tg(z, rin(2))) — Vn(2)

27 o ()

S_
< —ay(|z])

(15)
where ay(s) := 271y (s) is a class-K, function. We know
by Theorem 1 that Vj is continuous. By (14) and (15)

therefore Vyy is a strong Lyapunov function for z+ € F(z).
Result follows from Definition 10 and Lemma 2. ]

B. Linear systems and convexity
Next result says that if o is chosen quadratic and the system
is linear, Vv of (5) turns out to be convex for all V.

Corollary 2 Suppose system (1) is linear and strongly
asymptotically controllable to the origin. Let o(x) = 27 Qux
for some positive definite Q € R™*"™. Then Vi is convex
and satisfies Vi (A\x) = \2Vy(z) for all \, z, and N € N.

Proof. Observe that o(Az) = A%0(x). Then that Vi (Az) =
A2V (z) directly comes from Theorem 1 and the linearity
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of the system. Let us prove convexity. Suppose for some
N € N, Vy is convex. Let z,y € R", u € [0, 1], and

i =1— u. Now we claim that

min max Vi (Aq(uz + iy) + Byu) <

i mgn max Vn(Aqx + Bqu) + [t m&n max Vn(Agy + Byu).

Suppose not. Then there would exist v, w € R™ such that
min max Vn(Aq(px + fiy) + Byu)

> pmax Vn(Aqx + Byv) + ﬂm{:;mx Vn(Aqy + Byw)

> méxx{,u,VN(Aqx + Byv) + iV (Aqy + Bqw)}

> max Vi (p(Aqx + Bgv) + i(Aqy + Bqw))

= max Vv (Aq(ua + ) + By(pv + fiw))

= minmax Vy (Ag(pa + fiy) + Byu)

which poses a contradiction. Hence our claim holds. Note
that o is convex since (Q > 0. Therefore, from (5), the
definition of convexity, and the fact that the sum of convex
functions is convex, we can at once obtain the convexity of
Vn41. Since Vj is o, which is convex, the result follows
for all N € N by induction. Note that system is strongly
asymptotically controllable to the origin, which implies, by
Theorem 1, that V, exists. Recall that the limit of convex
functions is convex. Thus V. is also convex. [ |

Next result is a trivial consequence of Corollaries 1-2.

Theorem 3 Suppose system (1) is linear and strongly
asymptotically controllable to the origin. Then there exists a
convex strong control Lyapunov function that is homogeneous
of degree two with respect to the standard dilation.

Remark 4 Note that if V is a convex strong control Lya-
punov function for a switched linear system xt = Ajx +
Bgu, then it is also a strong control Lyapunov function for
the switched linear system & = gqx + Equ provided that
each member of the family {(ﬁq, Eq)} lies within the convex
hull generated by the members of the family {(Aq, By)}-

IV. A CONVERSE LYAPUNOV RESULT

Definition 11 System (1) is said to be strongly exponentially
controllable to the origin with respect to o : R® — Rxq if
there exists a feedback k, M > 1, and p > 0 such that for all
x and q the solution of the closed loop x+ = T'y(x, K(x))
satisfies

o(ip(k, x, q)) < M exp(—pk)o(x)

Theorem 4 The following are equivalent.

VkeN.

(1) System (1) is strongly asymptotically controllable to
the origin.
(ii) System (1) is strongly exponentially controllable to the
origin with respect to o.
(iii) There exists a strong control Lyapunov function for
zt =Ty(z, u).

(iv) For each r > 0 there exists a strong control Lyapunov
function for x* =T (z, u) that is homogeneous with
degree r.

Proof. We have (i) = (iv) by Corollary 1. Obvious are
(i) = (i) and (iv) = (iii). Hence it suffices to show (iii) = (i)
and (iv) = (ii). Let us begin with the former. Let V be a
strong control Lyapunov function for z* = T',(z, u) and
ay, ag, az € Ko come from Definition 4. Then from (3)
and (4) we can write

rnuinmqaxV(Fq(x, u)) < V(z) — azlay ' (V(2)) . (16)

Let us define v : R>g — Rsg as y(s) := s — az(ay '(s)).
Note that v(s) < s for all s > 0. Having defined ~ let us
define 3, € KL as such

By (s, t) := ~*(s) vt e[k, k+1) (17)

where k € N and v*+1(s) = (7% (s)) with 7°(s) = s. Let
us also define feedback ~ as

k(z) := argmin max V(T (z, u)) . (18)
u q

Then for all  and g we have by (16), (17), and (18)

where ¢ is the closed-loop solution to 7 = T'y(z, k(x)).
Therefore we can write by (3)

[k, z, @)l < B(|x], k) VEEN

where (s, t) := a7 *(By (aa(s), t)) is a class-K L function.
Hence (iii) = (i) is shown.

Now suppose we have (iv). Then there exists a homogeneous
strong control Lyapunov function V" that has the same
degree of homogeneity with o, that is » = d. Without loss of
generality let the degree d be unity. Function V" satisfies (3)
and (4) for some a1, ag, asz € K and we can obtain (16).
Let function 7 be defined as above and let p € (y(1), 1).
Then by (16) for all z € {z € R™ : V(2) = 1} =: C, we
have
min max V(T (z, u)) < p .
u g
Let us be given some 2 with V(z) > 0. Let \ := V"(z).
Note that Ay-1z € C,,. Then we can write
min max V(T (x, u))
u g
= min max V(T (AxAy-12, 6x0y-11u))
u g
= min max V(AT (Ax-17, 6y-1u))
u q
= min max \V(T,(Ax-12, u))
u q

< ph = puVhi(z) .

As a consequence the solution of the closed-loop z+ =
T, (@, k"(x)) satisfies, where

K"(2) := argmin max V(T (z, u)) ,
u q

2590



for all x and q
V(K 2, q)) < p*V(x)

Since both ¢ and V! are continuous, positive definite, and
homogeneous with same degree of homogeneity, there exist
positive constants 1, ¢5 such that for all x

VkeN. (19)

lio(x) <V 2) < lyo(x) . (20)
Combining (19) and (20) yields
o((k, z, q)) < £;1€2Uk0'('r)
= M exp(—pk)o(zx) Vk e N
where M := ¢;'¢; and p := —In(u). Hence we have (ii)
and the result follows. |

V. A NUMERICAL EXAMPLE

For a numerical demonstration, we picked a second order
system xt = T'y(z, u) with ¢ € {1, 2} where

Ty wy={[ g | [ B T2 |-
Note that I'; is homogeneous with respect to (A, §) where
Ay = diag(\, A?) and 6, = \. We recursively computed
Vy for N ={0, 1, ..., 10} via (5) where we took o(z) =
(z}+423)"/2. Fig. 1 shows the sublevel sets {z : V() = 1}
where N = 0 for the outermost curve and the the curves
shrink toward the center subsequently with increasing N. In
Fig. 2 we show the simulation results of the closed loop
xt = Ty(z, k1o(z)) (Where k1o is computed via (13)) for
three different initial conditions under arbitrary switching
sequences.

0.8
0.6
041

021

i i i
-1 -08 -06 -04 -02 0 02 04 06 08 1

Fig. 1. Sublevel sets {z : VN (2) =1} for N =0, 1, ..., 10.

VI. CONCLUSION

For discrete-time homogeneous control systems that undergo
arbitrary switching, we presented a constructive method to
generate a control Lyapunov function and a robustly stabiliz-
ing feedback law. We showed that the generated Lyapunov
function is convex for switched linear systems. We also
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Fig. 2. Simulation results for various initial conditions under arbitrary
switching sequences. On left are the phase plots v (k, =, q). On right are
the norms |9 (k, x, q)| versus time.

presented a converse Lyapunov result where we state the
equivalence of controllability to the origin and existence of
a control Lyapunov function. We demonstrated our results on
a second order switched nonlinear system via simulations.
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