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Abstract— This paper develops adaptive state feedback co-
ordinated decentralized control scheme for a class of dynamic
systems with state delay in subsystems and in the intercon-
nections and in the presence of unknown actuator failures in
each subsystem. The main contributions of this paper are the
development of a new controller parametrization which attempt
to anticipate the future states and failures, the introduction of
an appropriate Lyapunov-Krasovskii type functional to design
the adaptation algorithms, and a stability proof.

I. INTRODUCTION

Control design for systems with actuator failures is an area
of research that has been studied a lot in recent years. Many
important results have been obtained. The designs have been
based mainly on the following approaches: actuator fault
detection and isolation methods [1], [2], [3], the robust fault
accommodation approach [4], multiple model switching and
tuning methods [5], [6], and the sliding mode method [7].
One of the main research directions is adaptive control, see
e.g. [8], [9], [10], [11], [12], and references therein.

In in the recent series of papers, see, e.g. [10] and
the books [11], [12] the model reference adaptive control
(MRAC) technique was successful applied for the numerous
problems with actuator failures in the centralized framework
and in the delay-free case.

Yet, relatively few results using adaptive control for the
important class of delayed systems with actuator failures are
available in the literature. Time-delay is a natural component
of dynamic processes in many engineering fields and its pres-
ence in the plants considerably complicates the design prob-
lem, see e.g. the recent papers [13] and [14] for centralized
control cases. In [13] a fault detection and accommodation
procedure is considered for stable nonlinear state delay plants
with, based on an the iterative design of an observer which
monitors the variations of the system dynamics. Within the
framework of Linear Matrix Inequalities techniques, a robust
state feedback linear controller u = Kx(z) is designed for
the stabilization of the linear plant with input delay, and
actuator failures of stuck-type [14]. In [15] we proposed
two adaptive state feedback control schemes for a class of
linear systems with state delay in the presence of unknown
actuator failures for the centralized control problem. To the
best of the authors’ knowledge, the decentralized MRAC
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design problem for plants with actuator failures and time
delay has not been solved yet.

In this paper, using a Lyapunov approach and our adaptive
decentralized control scheme with model coordination, see,
e.g. [16], [17], we present a decentralized model reference
adaptive controller (DMRAC) for a class of uncertain dy-
namic systems with state delays in subsystems and in the
interconnections and in the presence of unknown actuator
failures in each subsystem.

A special Lyapunov-Krasovskii functional is used to de-
sign the update mechanism for the controller parameters. For
the updating of the controller parameters, we use a propor-
tional, integral, time delayed (PITD) adaptation mechanism
which possesses a better adaptation performance than the
traditional I and PI schemes [15].

The main contributions of the paper are:

1) the enlargement of the class of systems with actuator
failures that can be handled using model reference
adaptive control;

2) adirect coordinated decentralized adaptive control law
parametrization which attempt to anticipate the future
states and actuator failures in subsystems;

3) the introduction of an appropriate Lyapunov-
Krasovskii type functional to design the adaptation
algorithms and to prove stability.

This paper is organized as follows: In section 2 the
problem statement and preliminaries are presented. In section
3 the decentralized controller parametrization with reference
model coordination is presented. The section includes the
adaptive control scheme and the proof of stability. The
simulation results are presented in Section 4.

II. PLANT MODEL AND PROBLEM
FORMULATION

We consider a class of uncertain systems, which are com-
posed of M multi-input multi-output subsystems with state
delays in subsystems and in interconnections whose control
components may fail at the time of operation described by

2218



equations, suitably initialized, of the form

X,‘(t) :A,'x,'(t) JrAﬁ)C(t — ‘L',‘) +Biupi(t)
M
+ Z BiA;x; ([ — Til)
I=T, I
m;
=Aix;(t) +Apx(t — ;) + Z biq”piq(t)
q=1
M
+ Y BiAyx(t—1t)
=1, 1#i
upi(t) :Yiui(t)—i—(I_Yi)ﬁh lzlaaM (1)

where, for the i-th subsystem x; € R is the state vector,
upi(t) = [Upit (1), . upig(t), ..., upim,(t)]T is the applied to

the plant real control input vector, big, (¢ =1,2,...,m;) is
the gth column of B;, i; = [ﬁi17...,ﬁiq...,ﬁimi]T is some
constant vector and u;(t) = [ui1 (1), ..., uig(t), ..., uim; ()] is

the control vector to be designed. The constant matrices
Aj Ay € R"¥M B € R%*™Mi A, € R™*™ have unknown
elements. 7; € R™, i,l =1,...,M are known time delays
and YM n; =n.

The indicator matrix Y; = diag[vi1,..., Vig,-.., Vim,] €
R™*™Mi describes the working condition of the actuators.
Vg = 1 denotes that the gth actuator of the ith system is
in normal mode, and the actually applied gth control input
to the subsystem is u;,. Vi, = 0 denotes a failed actuator,
e.g. stuck at certain position, and the actually applied gth
control input to the subsystem equals i;,. If all actuators
of the subsystem are in normal mode, the matrix Y; is an
identity matrix Y; = 1. The constant value #;; and the failure
time instant #, are unknown, i.e. the type of actuator failures
considered here is the same as in [9]:

Mﬂiq(t):ﬂim tthv q:172>"'ami ()

Note that it is postulated that a failed actuator never returns
to normal operation. For the decentralized control problem
considered in this paper, the first assumption is that (Al)
the system (1) without actuator failures is decentralized state
feedback stabilizable.

The problem is to design an adaptive feedback control, and
tune, on-line, the controller parameters in order to achieve
desired closed loop specifications when there are up to m — 1
unknown actuator failures. The desired specification in this
paper is that with a failure model (2), all signals of the closed
loop system remain bounded, and that the each subsystems
state x;(¢#) asymptotically exact follows the state x,;(¢) of a
stable reference model without delays

Xri(t) = Apixyi(t) + briri(t) (3)

where A,; € R"*" p,; € R" are known constant matrices,
and r;(¢) € R is a bounded reference input signal. Le. we de-
mand that lim,_. ||e;(?)|| = ||xi(t) — x:(2)|| =0, i=1,...,M,
i.e. also in the presence of up to m — 1 actuator failures.

As in [10] for the centralized case, we assume that (A2)
if the plant parameters and the actuator failures (up to m— 1
failures) are known, the remaining subsystem actuators can
still achieve the desired control objective.

III. PROPOSED ERROR EQUATION PARAMETRIZATION

Motivated by our previous works, see, e.g. [18], [16],
[17], we will use the decentralized adaptive control scheme
with reference model coordination to achieve the control
objective. The control law for the ith local subsystem u,;(t)
is chosen to be of the form

upi(t) = upfi(t) + pei(t) 4)

where the part of the control law u,;(t) is based only on
the local signals of the ith subsystem, and the component
Ucpi(t) is the coordinated component which is based on
the reference signals of the all other subsystems. Exchange
of the reference signals between subsystems can be easily
implemented in real-life control systems. Let us assume that
all the parameters of (1) and the actuator failures are known,
and let us define u,;(r) as

() = uj (1) =03 ei(t) + O xi(1) + O it — )

+@y;7i(t) +OF +uci(t) )
where the constant matrices O; = [6,;,0,...,6,;,] €
Rn,-xm,-’ @* — [9;1”9;2” Qjmi] c Rnixm, ®* —
[6;117 9;2,, e;m ] € Rn,xm, G);fl = [Brila 9ri2> ceey erim,-]T S

R™ to be deﬁned for perfect model-following, and the
vector ®F = [6;1,0p,...,0i,]7 € R™ we introduce, as in
[10], [12], for cancel of the failed actuators effect. The
coordinated component u.; is used to cancel the effect of
the interconnections, as defined next.
The gth component of u,;, g=1,2,...

M;iq(t) = ;Fq (t> = u;iq (Z) + Ucig (t) (6)
Whig (1) =6sigei(t) + 655511 (1) + 05 xyig (1 — ) + 63i(1) + 6

Suppose there are g failed actuators, that is

,m;, can be write

upij(t) =i, if j = j1,j2,.- s jg, 1 <g<mi—1

than with definition of u} q( ) in (6) there exist [10], [15]

constant parameters 6,;., 6,.,, 6,,,, and 6,; such that A; —
,,+b,q9;xT, 0, AT,—I—b,qeo*nq 0, big6,,;, — bri = 0 and
bigBpig +Li% i ....j, Pigiliqg = 0 and to hold
Ai— A+ Z big0 =0
(ﬁéjl‘-ng
Agi+ Z b6}, =0
qFJ155Jg
Z big6;iy — bri =0
Q9éj17-~-7jg
m; m;
Y bigbi+ Y bigitig =0 )
qFJ1 55 Jg G=Jj1:-:Jg
Introducing the parameter errors Opiy(t), Byig(t), Oyig(t)

Beig (1) =6kiq (1) — B,y Brig (1) = ,iq(t) — 63,
Biq (1) =6iq (1) — 04 Briq (1) = Buig(1) — 0534
Brig (1) =61ig (1) — 653, ®)
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where 0,;4(t), Orig(t), Ouig(t), 6yig(t) and 6Oy (r) are the
adaptation gain matrices and applying (6) to the actual plant
(1), then using (7) and (3) we obtain

M m;

)+ Z Z bzqa,quz —Tj1)
m;

- Z bi 6;12 (

4 ( —Arzert

m;
7))+ Z bigucig (t)

qFJ15-+Jg qFJ1Jg
m; " B "
+ Z biq [Ggqe,-(t) + Ggqx,,»(t) + GTTiqx,,-(t - Ti)
‘Héjl 7-~-7jg
+ Brigri(t) + 14 (1)] 9

Let us define the coordinated component of control u.;,(t)
as

& T
Z eciql (t)xrl (l - Til)
=T, 1#i

Ucig (t) = (10)

Then with (10), using the value bj; = b6, from (7) and
the error ¢;(t — 1) = x;(t — Ty) — x4 (t — T;) we obtain

M m;

+ZZ%

+ Z b” ez;krlql [66‘7;[]
q;‘éjlv'“*jg
+ eriqri( ) + eiq(t)]
m;

+ Z Z b” ;r:q eulq( )'xrl(t - Tﬂ)

A,-,e 0~ 1 ** (

orig 4ilg € Tll)

i(1) + Byigreri(1)

I=1q#ji,..
M m;
+ Z Z brl or,q ,qurl Til) (11)
where 7; = 7; and
iy ={ i 125 g, ] B a2
g 2 =i "q 0, q=Jji,---Jg-
Because we can write
M m;
Z Z bri6,, ortq lqurl Til)
- Z Z "leorlq cthxfl (t - Til) (12)
=lg#ji,.-
where 6 q is a some constant matrix we have
M m;
A,le + Z Z b,i eo*rqu TZZTEI(I - "L','l)
17pT T
+ Z brleo*rzq [eelq ( )+ exriqxri(t)
‘Héjlv-"ng
+ Brigri(r) + By (1)
M m;
+ Z Z b6, oriq Gulq( )xrl (t - Til) (13)
l:lq?éjlv-"v./‘g
with Gcilq (t) + écilq( ) 617q

For the convenience of the analysis we introduce the
following auxiliary variables and signals

Oriq =[00ig (1)(1), B1ig (1), Brig (1), Brig(r), Big(1)]

(L)f[(l) :[ezr(t)vxz;'(t)’xri(t_rl)a ri(t)’ 1] (14)
and write the gth component of u; from (6) as
u"]( ) 6fzq 6Ofl + Z uql xrl Til) (15)

=1, I#i

then we obtain the basic tracking error equation for stability
analysis and adaptation algorithms design

M m;

—Arlez + Z Z byi eortq llqel T”)

+ Z brleorzq efzq( ) (t)

fi?éjh Jg
mj
+ Z Z byi ;;q ecth( )xrl(t - Til) (16)
=lq#j1,-Jg
IV. ADAPTATION ALGORITHMS AND STABILITY
ANALYSIS

To design the update laws for the control parameter
matrices 6y, (¢) and O,4(t) in the adaptive control (15) we
use the following Lyapunov-Krasovskii type functional

M M
*) :ZW, Vi :Vei+Vni+Z (Vm1+Veﬂ)
i—=1 =1

t
Vi = (1)Pei(t) vwzﬁ[ e (5)Qeer(s)ds
— T

Vni = Z ’60r1q| (ﬁgr;;ﬁ,q

GFJ15-rJg

°t
+ [ M)
Vﬂil = Z Z !60rzq| (ﬁgqr;z(l{ﬁilq

I=1g#j1,.Jg

+/zrh,-, n,-?q(s)l“i};nﬂq(s)ds) A7)
where
Tlig =Opiq(t) + My + Mig(t) + Mig (¢ — hi)
flitg =Beitg (1) + Nitg + Mitg(t) + Nitg (t — hir) (18)
and Q. = Q] >0, I}, =Ty >0 and I, =T, >0 are

matrices of corresponding dimensions. The matrix P, = P,-T >
0 is from the Lyapunov equation

ATP4+PA+0i+0.=0, Qf=0;>0 (19

and

Ny = %ﬂ%gooom ro >0 (20)

where ry > 0 is some scalar constant. This constant ry and
the time-varying vectors 1;,(¢) and 1, (¢) are “artificial”
whose values will be defined later. These parameters are used
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only in the process of the stability proof. The parameters h;
and h;; are design parameters in the delayed components of
adaptation algorithms, as will be seen below.

We now choose the adaptation algorithms as

Gfiq(t):_niq(o)_niq( ) nlq t_ / ntq
Nfig(t) = Sign[ejriq]rllqwl( Je; ( )an (21)
Gilq(t) = nilq(o) - nilq( ) nllq z] / Thlq ds
Nitg(t) = sign[0,,] Ting X (t — Tt )e; ( )Pibri
(22)
or in differential form
éfiq(t) = —Nig(t) — Nig(t) — Nig(t — hi),
Miq (1) = sign[6;,;,|Cingi(t)e] ()Pbyi  (23)
Bitg (1) = — Nitg(t) = Migt(t) — Niag (t — hir),
ni[q (t> = Sign[eoriq]rizq-xrl (t - Til)eiT (I)Pibri
(24)

where h; and h; are some design parameters.

Remark 1: Although only the integral component 1;,()
(Mig(t) = 0 and My(t — h;) = 0 in (23)) of the adaptation
algorithm is needed for stability and exact asymptotic track-
ing, the use of the proportional and the proportional delayed
terms in the adaptation algorithm (23) makes it possible to
achieve better adaptation performance than the traditional
integral (I) and proportional integral (PI) schemes see, e.g.
[15] in which a proportional integral time delay (PITD)
adaptation algorithm is used for the centralized adaptive
control. This adaptation algorithm includes the traditional I
and PI schemes [19] as a special case. The design parameters
h; and h;; are chosen in the same way as the traditional gains
Iy and I, in (21) - (23).

Using (19), the time derivatives of the components of (17)
along (16) can be written as

ef (1)[AfiPi+ PAyiei(t)
M m;

Veil (16) =

+ Ze P Z Z bri G:rqu ajjg€l Tll)
+2€1T(t)Pi Z brle{)nq eflq( ) ( )
qF151Jg
m;
+ 2e;r (t) Z Z b” :rtq Lth xrl(t - Tﬂ)
q# 1,
(25

Veil(16) =77 (ezT(f)Qeez(t) —e] (t— ) Qees(t — Til)) (26)

mj;

Vailaoy =2 Y. |85ig] ™ Big() Tiihtig
q#jls“'«./g
mj _ T !
+20 Y (0] i Ty
qFJ1s-5Jg
m; T e
+2 Z |90r1q| (niq(t) +nif1(t7hi)) Filqniq
qFJ1 55 Jg
+ Mg (O 14 Mig (1) = Mg (¢ = i) T3 Mig (1 — i)
(27)
Combining (23) and (27) it follow that
Vni|(l6) ==2 Z ‘9()r1q| Trllqnlq
‘17éj17-~-71g
mj; T
-2 Z ‘9()r1q| <niq(f) + Nig (t - hl)) Fi_l;nifl
qF 15505
+ M (DT 31 Mig (8) = Mty (£ = Bi) Uiy Mig (1 — i)
(28)
and view of (20) we obtain
. i
Viilaey=—ro Y. ei(t) PbybfiPei(t)
qF 15 Jg
m; T 1
- Z | orzq| (nlq )+ niq(f _hi)> Fi_qu
q%jla“'a]g
(i) + gl =) (29)
Similarly we have
: Ul T
Vnil‘(lé) = Z ’61)r14| (nill](t) + nilq([ - hl)) 1—‘iZqX
qFJ1s-0Jg
(Tlilq(f ) =+ Nitg (t — hi)) (30)
Then using (19), (29) and (30) we get
. M
Vile)y < — 37 Y€l (1 — i) Qee(t — i)
=1
M mj
+ Z 26 Pb,-, qul le; I(I — "L','])
I=1¢g=1
— 19 Z ei(t)T PbyiblPei(t)
‘Héjlv-"ng
M m;
< Z 26 Pb” (mq llq ( Tll)
M
% ZelT(f Tit) Qeer(t — Tir)
=1
M mj
108 Y Y ei(t) PbbliPei(r), B>0 (1)
I=1¢g=1
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After completing the squares we have

el (t— i) Qee(t — )

M=

Vile) < —ef (t)Qieilt) — %

=1

eyt — ) Wiger(t — )

g

1
T

(32)

=1

T
ilq

Let us Q, = Qe1 + Qe With Q,1 = QF} and Q.» = Q) are
some matrices.

I ot/ M *
where ¥, = Zq:l —Be;rziq a;,a

. . 2f/ml)c "Pi
If we select the value ry from the inequality ro > g EQ’f))

from (32) where Ayuq.(.) and A, (.) are the maximum and
minimum eigenvalues of (.), we obtain from (32)

) M
Ving <= Y. (e ()Qiei(r)

=1

M
+31 2 [ezT(f*Tﬂ)Qezez(t—fil)]) <0 (33

=

for 1 € (T;,Tiv1, ie. V() is negative semi-definite. Thus
[20], we have proved that the adaptive control (10) and the
update algorithms (21) and (23) guarantee that V(¢) and,
therefore, €;(t), sy € L. The remainder of the stability
analysis follows directly using the steps in [21].

We have thus obtained the following result

Theorem 1: Consider system (1) and the reference model
(3). Then the adaptive control (10) with update laws (21),
(23) and actuator failures model (2) assures that the closed
loop signals are bounded and that the tracking error e(r)
converges to zero asymptotically.

Remark 2: We note that the coefficient matrices Q;, Q.
and the scalar ry are used only for analysis and do not
influence the control law. Decentralized controller gains
adjust automatically to counter the non-desirable effects of
delayed interconnections, actuator failures and parameter
uncertainties.

V. SIMULATION

To illustrate the application of the proposed adaptive
scheme, let us consider a plant with two subsystems de-
scribed as

w = 05 o] § 5 Juo

+—(1) S_w—m#g (3)_X2(f—flz)
O I O R TG

A9 0 -+ [ 9 ue-m)
x1(0) =x(0)=[0 0]". (34)

We choose the reference model as

mw=| O a0+ ]

w0 =] O O Jrar+ ]

31(0) =x,2(0) = [ s } '

All parameters except the time delays (71 =5, T2 =5, T =4,
Tp1 = 4) are unknown to the controller.
The adaptation algorithms (21) in our simulation are

(35)

01, (1) = —PITD(a)i(t)eiT(t)Bb,i), L l=1,214i (36)

where PITD(*) is the operator form for PITD (Z(t)) =
ki [y Zi(s)ds + kpZi(t) + kpZi(t — h;), where the parameter
values were chosen as hy =hy =1, ky =1, kp = 0.5, kp =
0.05, with w; = [e,-(t) xri(t) xri(t — ’L',') r,-(t) 1 x4 (l — Ti[)]T, and
P, from (19)

p _ [9-1667 2.5000] , _ [7.5000 2.5000
1= 125000 1.6667|> "2~ [2.5000 5.0000]"

The input signals of the reference models r| and r, are r| =
ry = 2sin(t).

In the simulation study, we suppose that the second control
input of the subsystem 1 fails at + = 30 seconds and the
second control input of the subsystem 2 fails at ¢t = 50
seconds.

Simulation results are found in Figures 1-3.

80 100

20 40

60
0.5
o 0 buwk
~05 i i i
20 40 60 80 100
tsec
Fig. 1. The graphs show the time history of the tracking errors.

All simulation results verified the desired system perfor-
mance. At the time instant when one of the actuators fails,
there is a transient system response in the tracking error, and
as time goes on, the tracking errors starting from a transient
value, converge to zero, i.e. asymptotic tracking is achieved
despite the unknown actuators failures and unknown system
parameters. The values of controller parameters 6; also jump
when one actuator failure occurs, and then converge to
constant values.
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<D:.:
G}C
o
3
[
=)
i i i i
0 20 40 60 80 100
tsec
Fig. 2. The graphs show the time history of the controller parameters.

For comparison, the tracking errors for a nominal problem
with a decentralized adaptive controller when there is no
actuator failure shown in Figure 3.

0.5

0.5

05 i i i i
0 20 40 60 80 100

tsec

Fig. 3. The graphs show the time history of the tracking errors e; and e;
for the nominal case.

VI. CONCLUSION

We have developed a coordinated adaptive decentralize
control scheme for state delayed systems with unknown actu-
ator failures. This scheme ensures asymptotic exact tracking
in the presence of unknown plant parameters and unknown
actuator failure parameters. Simulation results verified the
desired performance of the developed coordinated adaptive
decentralized controller. For the updating of the decentralized
controller parameters, we develop a proportional, integral,
time delayed (PITD) adaptation mechanism which possesses
a better adaptation performance than the traditional I and
PI schemes. A special Lyapunov-Krasovskii functional is
introduced to design the update mechanism for the controller
parameters and prove stability.

[2

—

[3]

[4

=

[5]

[6]

[7]

[8]

[9]

[10]

(11]
[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

2223

REFERENCES

A. T. Vemuri and M. M. Polycarpou, “Robust nonlinear fault diagnosis
in input-output systems,” International Journal of Control, vol. 68, pp.
343-360, 1997.

H. Wang, Z. J. Huang, and S. Daley, “On the use of adaptive updating
rules for actuator and sensor fault diagnosis,” Automatica, vol. 33,
no. 2, pp. 217-225, 1997.

——, “Detection, estimation, and accommodation of loss of control
effectiveness,” Inter. Journal of Adaptive Control and Signal Process-
ing, vol. 14, pp. 775-795, 2000.

F. Liao, J. L. Wang, and G.-H. Yang, “Reliable robust flight tracking
control: an Imi approach,” IEEE Transactions on Control Systems
Technology, vol. 10, no. 1, pp. 76-89, 2002.

J. Boskovi¢ and R. Mehra, “Stable multiple model adaptive flight
control for accommodation of a large class of control effector failures,”
in Proc. American Control Conference, 1999, p. 19201924.

, “A decentralized scheme for accommodation of multiple si-
multaneous actuator failures,” in Proc. American Control Conference,
Anchorage, AK, 2002, pp. 5098-5103.

M. L. Corradini and G. Orlando, “A sliding mode controller for
actuator failure compensation,” in Proc. 42nd IEEE Conference on
Decision and Control, Denver, Colorado, June 25-27, 2003, pp. 4255-
4260.

M. Bodson and J. E. Groszkiewich, “Multivariable adaptive algorithms
for reconfigurable flight control,” IEEE Transactions on Control Sys-
tems Technology, vol. 5, no. 2, pp. 217-229, 1997.

J. Boskovié, S.-H. Yu, and R. Mehra, “A stable scheme for automatic
control reconfiguration in the presence of actuator failures,” in Proc.
American Control Conference, Philadelphia, Pennsylvania, June 24—
26, 1998, pp. 2455-2459.

G. Tao, S. M. Joshi, and X. Ma, “Adaptive state feedback and tracking
control of systems with actuator failures,” IEEE Transactions on
Automatic Control, vol. 46, no. 1, pp. 78-95, 2001.

A. Taware and G. Tao, Control of Sandwich Nonlinear Systems.
Berlin: Springer-Verlag, 2003.

G. Tao, S. Chen, X. Tang, and S. Joshi, Adaptive Control of Systems
with Actuator Failures. London: Springer-Verlag, 2004.

W. Chen and M. Saif, “Fault detection and accommodation in nonlin-
ear time-delay systems,” in Proc. American Control Conference, Maui,
Hawaii USA, December 9-12, 2003, pp. 4291-4296.

Q. Zhao and C. Cheng, “State feedback control for time-delayed
systems with actuator failures,” in Proc. American Control Conference,
Denver, Colorado, June 25-27, 2003, pp. 827-832.

B. M. Mirkin and P. O. Gutman, “Model reference adaptive control
of state delayed system with actuator failures,” International Journal
of Control, 2005, appear.

B. M. Mirkin, “Comments on “Exact output tracking in decentralized
adaptive control”,” IEEE Transactions on Automatic Control, vol. 48,
no. 2, pp. 348-350, 2003.

B. M. Mirkin and P. O. Gutman, “Decentralized output-feedback
MRAC of linear state delay systems,” IEEE Transactions on Automatic
Control, vol. 48, no. 9, pp. 1613-1619, 2003.

B. M. Mirkin, “Adaptive decentralized control with model coordina-
tion,” Automation and Remote Control, vol. 60, no. 1, pp. 73-81, 1999,
(Translated from Avtomatika i telemekhanika, no. 1, 1999, pp. 90—
100).

I. Landau, R. Lozano, and M. M’Saad, Adaptive Control.
Springer-Verlag, 1998.

J. K. Hale and S. M. V. Lunel, Introduction to Functional Differential
Equations. New York: Springer-Verlag, 1993.

P. A. Ioannou and J. Sun, Robust Adaptive Control.
Prentice-Hall, 1996.

London:

New Jersey:



	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




