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Abstract—In this paper we consider the problem of the effect of the steady-state performance and the transien
designing a multi-controller & that consists of a family of signals due to controller switching [13], and to deal with
stabilizing controllers {K.};,—., where each controller K. gyctyral constraints on the family of controllers [14].

belongs to a constrained set#;,. Our goal is to determine the . . .
controllers {K,,}n,—1 (and an associated switching trajectory Our goal is to design{K,,};,—; (and the associated

if switching is controllable) to optimize the closed-loop system SWwitching signal if switching is controllable) to optimizee
performance. Based on a special implementation of the multi- closed-loop system performance under switching. Specifi-

controller, the design _problem under uncontrolled switching cations of %, can include some performance requirement
can be transformed into a sequence of convex programs, (i.e., eachk,, should achieve some performance leygl),

the solutions to which provide an approximate solution to - .
the multi-controller design problem with an arbitrary given & desired set of operational sensors and actuators (ané henc

precision; while in the case of controlled switching, a heuristic @ Structural constraint oi,,), quality of communication
method is proposed to find a suboptimal switching signal and service (including SNR, packet drops, and others), and so

the corresponding multi-controller. A numerical example is  on. For different properties of the switching signal, thé se
presented to illustrate the efficiency of the proposed algorithms. of admissible switching trajectories is different, and ¢en
the optimal achievable performance is different.

We shall consider two classes of switching options: con-

|. INTRODUCTION trolled switching and uncontrolled switching. In the first

Multi-controller design has been studied for many yearglass the interest is placed on synthesizing a switching
and is receiving increasing attention, due to their toleean signal or/and a corresponding multi-controller to staili
to system failure [1], [2], flexibility in linear parameter- the switched systems. The other is on the analysis of sys-
varying applications [3], [4], and success in modeling ofem stability and the synthesis of a multi-controller for a
logic-based systems [5], [6]. Research along this line igiven class of switching signals, including arbitrary it
also motivated by multi-objective design with conflictinging, slow switching, and stochastic switching. Uncongdll
requirements [7], [8] and control over networks [9], [10].switching might occur due to unpredictable environmental
The main idea behind these results is as follows: in thehanges, information transmission loss, or component fail
control of complex systems, a single linear time-invariantire. Taking switching into consideration during the design
(LTI) controller is not suitable due to the parameter-vagyi stage helps preventing unacceptable system performance
dynamics of the system, time-varying available informatio degradation or even loss of system stability. Based on a
about the system, and fluctuating communication resourcespecial implementation of the multi-controller mimicking
hence multiple controllers must be designed, each satisfitee Youla-Kucera parametrization, the design problem unde
certain specifications, and switching among them is used tmcontrolled switching can be transformed into a sequence
achieve the overall system performance. of convex programs, the solutions to which provide an

In this paper we consider the problem of designing a multapproximate solution to the multi-controller design peshl
controller K to stabilize an LTI plantz. The multi-controller with an arbitrary given precision; while in the case of
K consists of a family of stabilizing controlledgs,,,}”,_,  controlled switching, a heuristic method is proposed to find
and an associated switching signal, where each controllarsuboptimal switching signal and the corresponding multi-
K,, belongs to the constrained set;, and the switching controller.
signal indicates which is the operational controller withi The paper is organized as follows. In Section Il we
the family {K,,}7 _,. When the multi-controller switches presents the basic setup and the problem formulation; wle dea
within the family of stabilizing controllers, the resulgin with the multi-controller design problem under unconedll
closed-loop system is a switched system and stability switching, including arbitrary switching, slow switching
not guaranteed, even when each controller can stabilize thad stochastic switching in Section Ill and the case of
plant on its own [6], [11], [12]. This framework was first controlled switching in Section IV; in Section V we present a
studied and analyzed in [12], where system stability underumerical example to illustrate the efficiency of the pragabs
arbitrary switching is guaranteed by either state reset orachitecture and to compare the achievable performance in
special implementation of the family of controllers in stat difference cases; we conclude in Section VI.
space. Alternatively, an output-switching implementataf Notation: The Frobenius norm of a matriX with real
the multi-controller in discrete time was proposed to adslre entries, denoted by X|| . is \/tr(XX"). £(x) denotes the
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expectation of a random variable (or vectar) If A is a
matrix depending on a random vector (or proce&ss)A|| ;¢ J
denotes root mean square (RMS) of its Frobenius norm, i.e., ¢ i pe At But Ly —1)

Al pg = \/ & HAH;. Z* denotes the set of nonnegative j=Ci
integers{0, 1, 2,...}, and N the set of positive integers T

{1, 2,...}. For two real numbersx and 3, « VV  denote
the maximum of{«a, 5} anda A 8 denotes the minimum of
{a, 8}. For two setsS; and Sy, S; C S, means thats; is a
subset ofS;. For a causal linear time-varying (LTV) system Fig. 1. Structure of all stabilizing controllers
T with a lower (block) triangular representation

y
@ ]

7(0,0) LTV controller, which depends causally en In this case,
_— T(1,0) T(1,1) 1) the closed-loop mappin@ (G, K (o)) is a switched system.
= | 7(2,0) T(2,1) T(2,2) As noted, e.g., in [6], [12], even ifb(G, K,,) is sta-

ble for all m € {1,...,n}, the stability of the switched
system ®(G, K (o)) is not guaranteed. To overcome this
let [R]; denote[T'(¢,0) ... T'(t,t)], and [Mr]; denote the challenge, we adopt a special implementation for the multi-
truncated lower (block) triangular matrix controller based on the Youla-Kucera parametrizatione@iv
7(0,0) that (A, B) is stabilizable and A, C) is detectable, there
) exist matricesF’ and L such thatA — BF and A — LC
: : are Hurwitz. The set of all stabilizing controllers can be
Tt,0) - T(tt) formulated via the Youla-Kucera parametrization, as state
in the following result.
Fact 11.1: [15] All controllers that internally stabilizé in
(2) can be parameterized as

171l = \/sgptr {[Re (Ral)'} = sup [ Rl K = (X —QN)™ (¥ — QM)
= (Y -MQ)(X -NQ)™,
whereQ is the (LTI) Youla parameter and stable; and all such

The Hy norm of systeml” with a lower (block) triangular
representation (1) is defined as

®3)

L7 denotes the set of all stable LTI systems.

[l. PROBLEM SETTING controllers can be implemented using the structure in Eigur
Consider an LTI discrete-time systefh described as 1. Moreover, the closed-loop mapping of interést:, K) =
n H —UQV is affine inQ. 3 o
a” = Az + Byw + Bu For details about the dynamics of, X, Y, M, M,
2 =Cx+ Dopw + Doyu (20 N, N, H, UandV, see [15]. Based on Fact II.1, there exists
y = Cx + Dyypw, a corresponding Youla paramet®y,, such that
wherez represents the system statethe exogenous distur- Ky = (X = QmN)"'(Y — QM)
bance,u the control inputz the regulated output, angthe = (Y —MQ,)(X —NQ,,) "

measurement output. We assume that B) is stabilizable
and (A, C) is detectable. o L

We want to design a multi-controller = Ky such that Qm =Y - XKy,)(M - NK,,)™"
the closed loop mapping of interest fromm — z, denoted = (M — KmN)*l(y — K. X).

by” ®(G, K) sat|s_f|es certain design objectives. ThS mUItITherefore, constraints on the controll&f,, can be trans-
controller K consists of a set of LTI controller§k,,

m=1  formed equivalently into the constraints on the Youla pa-

D e ey et ech Sl Dl G0 Lot 2, dence h possib consanis
P 9 uch thatk,, € #,, if and only if Q,, € 2,,. For each

JHm. To proceed, we first introduce the switching signal S : :
o : 7+ — {1,2,...,n}, which indicates the status of the stabilizing controllerk,,,, if we keep the state feedback gain

. I and the observer gaif in Figure 1 the same for every
multi-controlier and assumes a value € {1,2,...,n} at controller K,,,, and switch only the Youla parametér to
time t, i.e., o(t) = m if the multi-controller K switches to m y P

K,, atthat time. LeE denote the set of admissible switching.Qm’. the linear mapping fronks v] — [¢ e] as shown
’ . . ; : . ... _~in Figure 2, can be kept constant and equal to

trajectories o> under consideration, which will be specified

explicitly in Sections 1l and IV. For a specific switching [ H -U }

trajectory{c(t)}:2, of o € E, let K (o) denote the resulting |2 U

. _ o where v is part of the control signali denotes the state
®(G, K) denotes the closed-loop mapping emphasizing its dependence .. . is th . . idual— C'é dH. U. V
on the parameters in the parentheses, i.e., the plaantd the controllers. estimatione Is the estimation residugi—C'z, an )

Similar notation holds forb(G, K,,) and®(G, K (o)) in this paper. are provided in Fact II.1.

It is easy to show that



upper bounded by the multiplicative product of individual
operator’s norms and that thé., norm of a linear operator
equals the induced norm of input-output power (RMS value)
[15], and (c) is shown in (5).

_p FE it = i+ But L(y — Ci)

e[ , In the sequel, we consider the performance optimization
v T of the closed-loop systef — U@,V under switching. The
[ Q) | precise design problem is stated as follows.
K Find the conditions for the existence of a multi-controller

K with n controllers {K,,}” _, (and an associated switch-
ing trajectory if switching is controllable) such that K, €
Hm, Ym € {1,2,...,n} and the closed-loop system per-
formance ||®(G, K)|| = ||H — UQ, V|| is optimized.

We thus adopt the multi-controller structure in Figure 2, ; .
where Q(o) is the switched system depending causally on The interpretation oflif — UQ, V|| depends on the prop-

the switching signalr, which switches among the family erty qf o, as explc_)red In Section I!I and Iv. W.e make the
{Qm}"_,. The closed-loop mapping from — z, denoted following gssumptlon to make the final formulat|o_ns Convex.
by ®(G, K (o)) equals H — UQ(s)V. Since the systems Assumpﬂon I1.1: Foranym € {1,...,n}, the deS|g_n prob-

H, U, and V remain constant and stabl&(G, K (o)) is lem K inf [|®(G, Km)| can be formulated equivalently
bounded-input bounded-output (BIBO) stable under switchda a convex program i),

ing if and only if Q(o) is BIBO stable under switching. To  The meaning of the assumption is that without switching,
guarantee the system stability under switching, we adapt tithe design problem to obtain an optimal controllerif), can
implementation ofQ (o) with an input-output description as be transformed into a convex program and solved completely.
Most centralized design problems and some design problems

Fig. 2. Structure of the multi-controllek’

8"“” E(l)g Qo (0) in decentralized control fit here; for example, see [16]][17
a(1) o(1)
Qo2)(2) Qo2)(1) Qu(2)(0) ) “4) [1l. CONTROL UNDER UNCONTROLLED SWITCHING

In this section, we consider the multi-controller design
_ problem under uncontrolled switching. The design problem

where Qo) (k) = Qm(k) if o(t) = m, V¥t =2 0Vk > 0, s to find LTI systems{Q,,}"_, solving

and {Q.(k)},—, denote the unit impulse response of the - .,

LTI system@,,. Let Q,, denote the switched system with an v(8) = (Qmentr_, 1H = UQ- V|- (6)

input-output description in (4). The novel properties oé th . L

above implementation are that (i) the output) (¢ > 0) A (?ontrol under_arbltrary smtf:hmg_ o _

depends only on the switching signal at timé.e. o (), and First, we consider the case in which the switching signal

(i) BIBO stability under switching is guaranteed since ~ €an assume an arbitrary value{in, ..., n} at any time, i.e.,
the set of admissible switching trajectoriesis = {o |Vt >

1ol :SQPH[Qo(t)(t) o Qo (0)]| - < 12171?1{””@’”“2 0,0(t) € {1,...,n}}. The worst-caseéH, norm criterion

o o L __is adopted, i.e|H — UQ, V| =sup,cz=, |[H - UQo,V|,.

is independent of the switching signal. This |mplementat|0|n general, it is difficult or even imp(;ssible to determine

was also considered in [13], [14] in different setups and, =  exactly. To overcome this difficulty, we formulate two
different performance criteria.

i it foll ha? sequences of quadratic programs with increasing compjexit
Sincee = Vw andv = Qse, it follows tha the solutions to which provide two sequences converging to

[w—vll, =[Q V], < max [|QnV],. (5) the optimal performance(Z,) from below and from above
T 1<m<n . .
respectively, as stated in Theorem 3.1.
Using the fact that = Hw — Uv, we can infer that Towards this goal, define for eache Z*

(a) V= inf sup sup |[[Re—vo,v]tllw,

= 2ll, € 1 H], + o — @), @nebhyy_ T2, 22 WRm-va.vhle
(b) = inf sup sup [|[Re—vq, vl -
< [ Hlly + U]l lw — vl {aliSdusidh_, t o€
¢ [Hlly + U]l max [|Qu V|5, In the definition ofv’ the optimizing objective is the trun-
- 1<m<n

cated input-output mapping df — UQ,V over time|0, i],
which means that the BIBO stability of the closed-loopand the minimizing parameters are constrained to FIR filters
system is guaranteed under switching. Here inequality (@f orderi in the definition of 7. It is easy to show that
follows from the triangle inequality of the norm, (b) is bdse v < vt < v°(Z;), and ¥* > v+l > v°(Z,), Vi, where
on the facts that the norm of a composition operator is ,,— .

v°(2)) = inf Sup sup Re-vao, vl x-

Py . - . . . {@Qme2mln_1 t oe=,;
For simplicity of notationw — v denotes the linear mapping from

to v. Similar notation holds fow — z, w — (Uv), etc. First, we introduce the following results.



Lemma lII-ALl: v(Z;) = v°(5,). Then for a givent > r + i + 7, the upper bound’ is
Lemma 111-A2: {sup,cz, |[Ra-vq,vldlp},., is a determined as:
monotonically increasing sequencetinfor any given sys-

" 7 inf 9
teme{Qm n 1 . v {Qm(l)}mnl,l o,...,i7 ©)
Similar results to Lemma I1-A.1 and_ -A.2 appear in Om € D, Ym € {1,...,n}
[14], and hence the proof details are omitted here. Given the : .
fact in Lemma Ill-A.2, the lower and upper bound sequences vz H [0, 27 irs- - 0] || Yo(k) €{L,...,n}
can be simplified to fork=(t—r),...,t
kAT
= f R t _
V= oty s llRe-vo.vlile where @} = H (k) > Um)
o — inf lim sup ||[R el m=0V(k—i=7)
Y ety o ek, el o
m (D=0, m=1 ™ Z Qot—m)®)V(k—m —t),Vk <r+i+T
Let &' = [@!d!_, ... ®}] denote[Ry—_vq,v]i, then t=0V (k—m—r)

k—m

k
ST UMY Qo V (k= m 1), )= Y3 [HE) L

k=r+i+7+1mo=1

b=1[b(1)...bn).

Vk € {0,1,...,i}. In general,sup,c=, ||®| is a convex
program dependmg on all thé*! switching trajectories of Heren,, n. are the dimensions of the output and input of
{o(t)}i_,, which could be computationally intractable sincethe LTI systemH respectively. The solution to problem (9)

n't! tends exponentially too asi — oc. In several control is independent of as long as > r +i + 7.
applicationsU can be chosen to be a FIR filter of ordeat Following the proofs of Theorem 6.1 and 6.2 in [16],
most equal to the dimension of the system to be controllete can show that’ \, v(Z;),v" / v(E;), as i — oo.
More generally, sincé/ is stable and inC;;, it can always Summarizing we have
be approximated by a FIR filter. In this case the complexity Theorem 3.1: The worst-caseH, optimization problem

m=0 =0

is manageable, as we indicate in what follows. (6) under arbitrary switching is solvable whén and V/
If there exists a finite- such thatl/ (k) = 0 for all k > r, are FIR filters, and an approximate solution with any given
thenVvk € {0,1,...,4} precision can be determined by solving two sequences of

convex programs in (8) and (9).
kAT

o = H(k) Z Z Qo(i—m)()V(E—m —1) (7) B. Control under slow switching
m=0

In this subsection, we consider the case that the operationa
and ®° will depend on the switching signal at (at most)duration of each controller is lower bounded. For &ny 0,
r+ 1 switching instants{o (¢ )}t OV (i) which means that let ¢(c(¢t)) denote the length of the shortest censecutive
we only need to concentrate on the switching signal ove&witching sequence(o(t),o(t1 + 1) o(t2)} with all
[0V (i —r),i], i.e., we need to consider at most*! values equal te(¢) andty <t < t9, = the set of admissible
switching sequences. Then the problem of determinihg Switching trajectories{o |Vt > 0, ((o ( )) > s.}, and E5°
and’ can be determined in polynomial time since there arthe maximum set of unique switching sequences over atime
at mostn”+!1 norm constraints, which is independentiof period oft drawn from=3, ¥s € N.
More explicitly, we can formulate two sequences of convex The performance criterion adopted is that given any
programs determiningr’}2°, and {7*}5°,, as follows. N, [|H - UQUVII = Supge s ||[H-UQ,V|,. Note that
For given i, ®, and henceyr’ depend only on Z5"' C =5 andZ; = =i, it follows thatv(=;) > v(E35) =
{Qm (D)} 4, 1=0,...,i. The optimization problem is: u(Eg“) due to the worst-case performance criterion. A
helpful inequality is thatv(Z;) > v(Z5) > v(EP) >

V= inf oy (8)  max,,infg, co,, V]|, , i.e., the worst-case per-
{Q@m(} =y, 1=0,..4, formance under arbitrary or slow switching can not be better
Qm € Zm, Vm e {1,...,n}, than the worst-case (steady) performance without switchin
v > ||[@L @y, ..., } Vo(t) e {1,...,n} Similar to the case of control under arbitrary switch-
for t =0V (i—r),....i, ing, we can formulate two sequences of convex programs
converging to the optimal performance from below and
where {®¢}:_, are provided in (7). above respectively. In the lower bound sequence we need

If {Q™()}"_, =0, VI > i and there exists a finite  to replaceVo(t) € {1,...,n} fort =0V (i —7),...,3in
such thatV’ (k) = 0 for all k > 7, then there are+i+7+1  the design problem (8) with{c(0V (i —r)),...,0(i)} €
(block) entries of®! depending on the nonzero parameter§§’(’“)/\(’"“); while in the upper bound sequence (k)
{Qm(D}r—y, 1 <4, ie,®f, ..., ®L .  whent>r+it+r. {1,...,n}for k= (t—r),...,tin(9) should be replaced by



V{o(t—r),...,0t)} €= ~”“ In any case, the maximum V. CONTROL UNDER CONTROLLED SWITCHING

1 . . . . .
number of norm constraints will decrease fraff'! to the In this section we consider the multi-controller design

—=s,r+1 H
cardinality of the sef=5"""|, which equal_s?:{n( —1)  problem under controlled switching, i.e., now the design
if s >r+1.1f s <r+ 1, determining|=; ) | is more  proplem is to find LTI system$@,,}"_, and a switching
involved, but its value is upper bounded bfﬁ trajectory ofo solving the following optimization problem

C. Control under stochastic switching v(Zy) = |H-UQ,V|, (12)
Last, we consider the case that the transition of the switch-
ing signalo occurs according to some Markov chains, andvhere||H —UQ, V|| = [|H - UQ, V|, .

adopt the stochastic average norm as the performance cri- If we allow arbitrary switching, e.g=4 = =, and there

terion, i.e.| H — UQ, V| = sup, \/50 IRi—vguvll?. @ integern € {1,2,...,n} such that
We assume that the switching signal is driven by inf ||H-UQ,V|= inf |H-UQV|,
a Markov chain with a probability transition matri®. QmEZm Q€L
Let # = [m,...,m,] denote the stationary probability the trivial solution is to set(¢t) = m, V¢ > 0 and Q,, =
distribution such thatr = 7P, and =3 the corresponding Q°. So, proper specifications on the admissible switching
set of admissible switching trajectories. For an arbitrargequences irE, is necessary to balance the performance
switching sequencéo(to)),...,o(t;)} of lengthi 4+ 1, its  requirement and resource utilization. In general, thegtesi
occurrence probability, denoted by({jo,...,7:}) equals problem in (12) is not convex due to the requirement that
TjoPjoji - - - Pj,_1j.» Wherej, = o(ty) Vk € {0, ..., i}. o must belong to the sef,. To reduce the computational
Similar to the case of arbitrary switching in Section IlI-A, complexity, we restrict out attention to periodic switafin
define for each ¢ Z+ trajectories in=,. Let 2 denote the following subset of
admissible switching trajectoriegr | o € =4, o(t) = o(t +

mn
0'654; {Qm Eo@m}rﬁzl

L= gnelth ), SwPlIRu-va.vlilles, N) ¥t > 0}, where N € N
m 2 = 5 .

vl = inf sup [|[Ru—vq,vill pg - Given a switching trajectory € =) and Youla parame-
i e I ters {Qn } 7,1, the sequencg||[Ry—vq, v}, is not

. . = necessarily monotonically increasing or periodic, bubiids
which converge to the optimal performancé=3) from P
9 P P ed=s) hatII[RH vQevllle < IRu-vQ,vIN+illp, vt = 0 since

below and above respectively. More specifically, the lowe am
boundy/ is defined as [@t K7\ = [Ru_vq,v]:. This means that

vt = inf
= {Quin, Z

Jov(i—r)--

max

Reg—
NH)S@,H[ H-UQ, vt g

max [[[Ry—vq,v]lp <
{j()\/ (i—=7)y -+ 731}) ’yﬂ20v(7:_7~)...ji 0<t<s oV (i—

and hence the design problem can be transformed to

Qm € D, Vme{l,...,n}, (10) =Ny — inf li
Z | vEN = il Mmoo omax [[Re-ve,v]e
,YJO\/(z Y- Ji = ||q) ||F70(k) = Jk {Qme2mi™ _,
for k=0V(i—r),...,i For each given periodic switching signal the above design

problem can be solved efficiently via convex programs as
before to find{ Q... }1,_,. However, it is still computationally
expensive to find an optimal solution of a periodic switching
signal and associated Youla parameters. Instead of an €ixhau
search, we adopt a heuristic search method from [9].

where joyi—r)s---,Ji € {1,...,n}, and @' is defined in
Section IlI-A. For a givent > r +i+ 7, the upper bound!
is determined as

—i .
vV, = inf P t—ry e
s {Qmm}:; L Z ({g—r,

1=0,..., Jt—ryeeeslit
Qm € 2y, Ym e {1,...,n}

Vjeerewde 2 (|10 @rirs -+ )| s
fork=t—r,...,t,

’jt})’?]zt—r-mjt

1) Setsqg = k° if Q- achieves the best performance in
the set{infg, co, |H —UQV |y}, _,

Assume that the suboptimal switching sequence of
lengthi is s;_; obtained at stage — 1, the switching
signal o; 1 is an infinite repetition ofs;_;, and the
corresponding system performanceis ;. Formulate

a new switching sequence = {s;_1,k} and the cor-
responding periodic switching signa) = {s;, s;,... },
choose the best value éfe {1,...,n} solving

|H - UQ,, V|, st.o; € Z5H

(11)
Vo(k) € {1,...,n} 2)

where®! andb are defined in (7) and (9) respectively.

D. Remark

In the first two cases we adopt the worst-case (deter-
ministic) performance; while in the third we consider op-

timizing the stochastic average performance. Since all the inf (13)

problem formulations are convex in the design parameters,
it is feasible to combine the three cases into a unified

design framework, and to analyze the interplay among the3)

local steady performance without switching, the worstecas
performance, and the stochastic performance.

{Qme2m 1}l

and lety? denote the corresponding performance.

If v < ~9_, — € for somee > 0, seti = ¢+ 1 and

go back to step 2); otherwise, stop the iteration. The
suboptimal switching signal is; if 77 <~?_, or o;—1



if v > ~?_,. The corresponding Youla parameters carcase thati, is operational all the time; the corresponding
be determined as the solution to (13). switching signalr; = {s1, s1, ..., } and the optimal system
performance is 8.0172. Next, for the two switching sequence
The above iterative algorithm is sure to terminate becau®$ length 3:{s:, 1} and{s1,2}, the optimal performance is
the system performance will decrease unless the iteratid.5816 and 12.5782 respectively, both greater than the op-
stops and the achievable performance is lower bounded Bgnal performance achieved by . So the proposed heuristic
0. To obtain a suboptimal switching signal of periag the ~Mmethod stops and results in a switching signal of period 2.
proposed heuristic method needs to solve problem (13) (at
most)nN times.

VI. CONCLUSIONS
In this paper we considered the multi-controller design
V. NUMERICAL EXAMPLE under uncontrolled and controlled switching. Through a
In this section, we consider a simple numerical eXampﬁépecial implementation of the multi-controller, the desig

with 1 measurement output and 2 control inputs, as follow&roblem can be ftranslated into two sequences of convex
programs converging to the optimal performance from above

ot = [ 12698 0.1352 } { —1.1634 } and below respectively in the case of uncontrolled switghin
| —0.8960 —0.1390 1.1837 In the case of controlled switching, we relaxed the design
n [ —0.0154 —0.7164 ] problem to find a family of LTI parameters and an associated
| 0.5362 —0.6556 | v periodic switching sequence.
L [ 0.3144 1.8482 ]er { 2.2126 ] REFERENCES
L 0.1068 —0.2751 1.5085 [1] D.D. Siljak, “Reliable control using multiple control siems,”Inter-
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