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Adaptive Sliding Mode Observer for Nonlinear Interconnected Systems

with Time Varying Parameters*
Mokhtar Mohamed, Xing-Gang Yan, Zehui Mao, and Bin Jiang

ABSTRACT

In this paper, a class of nonlinear interconnected systems with uncertain
time varying parameters (TVPs) is considered. Both the interconnections
and the isolated subsystems are nonlinear. Sliding mode control method and
adaptive techniques are employed together to design an observer to estimate
the state variables of the systems in presence of unknown TVPs. The Lyapunov
direct method is used to analysis the stability of the sliding motion and it is
not required to solve the so-called constrained Lyapunov problem (CLP). A
set of conditions is developed under which the augmented systems formed
by the error dynamical systems and the designed adaptive laws, are globally
uniformly ultimately bounded. A simulation example is presented and the
results show that the method proposed in this paper is effective.

Key Words: Sliding Mode Observer, Nonlinear Interconnected Systems,
Adaptive Techniques, Time Varying Parameters

I. INTRODUCTION

In the modern world, it is required to deal
with advanced systems using advanced technologies,
which has resulted in many large-scale complex
systems. With the increasing requirement for the system
performance, it needs to develop novel techniques to
achieve novel design to satisfy the requirements. It
should be noted that control design for large-scale
interconnected systems has obtained great achievement
[1, 2]. However, lots of results are based on the fact that
all system state variables are available for design, which
does not always hold and actually only partial state
variables are usually available in reality [1]. Therefore,
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observer design is one of the main topics to estimate
system states using the available system inputs and
outputs in control engineering.

The concept of the observer was first introduced
by Luenberger in 1964 where the observation error
between the output of the actual plant and the output
of the observer converges to zero when time goes
to infinity. Subsequently, many approaches have been
developed to design observers for different systems to
estimate system states (see e.g. [3, 4, 5, 6]). However,
the problem becomes more challenging when some
parameters in the model of the system are unknown,
particularly when these parameters are time varying [7].
Over the last few decades, much literature has been
devoted to the design of adaptive observers for linear
and nonlinear systems. The early results are mainly
for linear systems (see e.g. [8] and references therein).
Later, many authors have focused on the development
of adaptive observer design for nonlinear systems (see
e.g. [9, 10]). In these results, the designed adaptive
observers are able to maintain bounded parameters
estimation error under the persistence of excitation
condition and it is required that the unknown parameters
are bounded with some extra constraints imposed on the
system.
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More recently, adaptive observers using different
techniques have been proposed in (see e.g. [11,
12]) where the unknown parameters are limited to
be constant. Compared with much existing work
in adaptive observer design with unknown constant
parameters, the corresponding observation results for
unknown time varying parameters (TVPs) are very
limited. The approach for nonlinear time varying
systems proposed in [I3] is based on the fact
that the nonlinear systems can be transformed to a
particular observable canonical form, and the unknown
parameters are bounded. The authors in [14] proposed
a sampled output high gain observer for a class
of uniformly observable nonlinear systems where
the unknown parameters are bounded. An adaptive
estimator is proposed in [15] to estimate TVPs for
nonlinear systems. However, all the system states
are assumed available. In [16] an adaptive observer
for a class of nonlinear interconnected systems with
uncertain TVPs has been developed. It is required to
solve the well known constrained Lyapunov problem
(CLP) (see e.g. [17, 18]). The authors in [19] used an
adaptive unscented Kalman filter approach to estimate
the time varying parameters and system states of a class
of nonlinear high-speed objects. This technique requires
the assumption that the additive noise vectors are
Gaussian uncorrelated white noises. If the assumption
is not satisfied, the estimation process accuracy will be
significantly affected [20].

Sliding mode techniques have been successfully
used in control design and state estimation due
to its attractive features such as high robustness
to uncertainties in input channel and to parameters
variations (see e.g. [21, 22]). An adaptive observer
applying sliding mode techniques have been developed
in [23] to enhance the performance of the adaptive
observer proposed by [24]. Adaptive sliding mode
observer based fault reconstruction for nonlinear
systems with parametric uncertainties is considered in
[25]. However, the unknown parameters considered in
these papers are constant. Many adaptive observers
have been developed using sliding mode techniques for
particular applications and for particular purposes (see
e.g. [26, 27]) and thus corresponding specific conditions
need to be imposed on the systems considered. Sliding
mode techniques with super twisting algorithm are
used in [28] to design adaptive observers for nonlinear
systems where the unknown parameter vector is
assumed to be constant. Sliding mode synchronization
method is combined with adaptive techniques in [29] to
estimate the unknown parameters for multiple chaotic
systems where the system states are assumed to be

known and the unknown parameters are constant. To the
best of authors’ knowledge, this is the first contribution
where sliding mode techniques are applied to design an
adaptive observer for nonlinear interconnected systems
with unknown TVPs.

In this paper, an adaptive sliding mode observer
is established for a class of nonlinear interconnected
systems with unknown TVPs, in which both the isolated
subsystems and interconnections are nonlinear. It is not
required that the bounds on the TVPs are known, but
the rate of change of these unknown parameters needs
to be bounded. Sliding mode techniques and adaptive
techniques are employed together to estimate system
states with unknown TVPs. In addition, it is not required
to solve the CLP. Sufficient conditions are developed
such that the augmented systems formed by the error
dynamical system and the designed adaptive laws,
are globally uniformly ultimately bounded. Simulation
results for a numerical nonlinear interconnected system
are presented to demonstrate the effectiveness of the
developed results.

II. System Description and Preliminaries

Consider a nonlinear interconnected system com-
posed of IV subsystems as follows

;i =Axi+9i(xi, wi) + i (vi, us) O (2)

N
+y Hij(x;) %)
i
yi =Cix; 2)

where z; € Q; C R™ (); are neighborhoods of the
origin), u; € U; € R™ (U; are the admissible control
sets) and y; € RPi with m; < p; < n; are the state
variables, inputs and outputs of the i-th subsystem
respectively, g;(x;,u;) € R™ are nonlinear known
functions, ¢;(y;,u;) € R™ are known functions and
©;(t) € R are unknown TVPs. The matrix triples
(A;,C;) are constant with appropriate dimensions and

C; are full row rank. The terms Zﬁvzl H;;(z;) are the
i
known interconnections fori =1,--- , N.

Since the C; are full row rank, there exist
nonsingular matrices 7, such that

i Ail I‘LQ L =1
A= [ Az Au } =Ta A, )
Ci = [0 I, | =1 " )

where A;; € R(i—P)*x(ni=pi) for j =1,... ,N. Then
in the new coordinates Z; defined by
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T, =1T¢x; (5)

system (1)-(2) can be rewritten as

T = AnZia + Aplp+ fh‘l(a_ﬂi, u;)
i (i, ui) O (t) + Z (6)
J#t
Tio = AisTi + AuTio + Gi2(Ti, ui)

N
+bia (i, ui)O4 (1) + ZHZ(@) )

i
Yi = T2 (®)

where Z = col(Z1,Z2, "+ ,ZTN),
T;1 € R~ Pi, T;5 € RPi, and

Z; = col(Zi1, Tia),

Gi1(Zi, U; _

¢21(y1a uz)
|: ¢22 (y“ Uz) :| Tc7 ¢1 (yz; Uz) (1())
[ Ex ; :| Tci [Hij(xj)]wj:Tc_jlij (11)

Assumption 1. The uncertain TVPs ©;(¢) satisty
10(t)] < pa (12)

where p; are known constants and ; > 0.

Assumption 1 means the bounds on the unknown
TVPs are not required, but the rate of changes of these
parameters are required to be bounded.

Assumption 2. The matrix pairs (A4;,C;) in (3)-(4) are
observable fori =1,2,--- , N.

Under Assumption 2, there exist matrices L; such
that A; — L;C; are stable, and thus for any @; > 0 the
Lyapunov equations

(Ai = LiCy)" P+ Pi(A; — LiCy) = —Q;  (13)
have unique solutions P; > 0 fori =1,2,--- | N.

For further analysis, introduce partitions of P; and
@; which are conformable with the decomposition in
(6)-(8) as follows

Py Py Qi1 Qi2
P = ) i = 14
[Pg Pi3] = { LoQw] Y
where P;; € R(”i_pi)x(ni_Pi)’ Qi € R(ni—pi)x(ni—pi)
Then, from P; > 0 and @); > 0, it follows that P;; > 0,
P;3 >0, Q;1 > 0 and Q;3 > 0. The following result is
required for further analysis.

Lemma 1. The matrices 4,1 + Pi;l.lgig A;5 are Hurwitz

stable, where P;; and Pj, are defined in (14) and A;;

and A,z are defined in (3), if the Lyapunov equations

(13) are satisfied.

Proof. See Lemma 2.1 in [30].

Assumption 3. The functions g;(Z;, ;) defined in (9)

satisfy the Lipschitz condition with respect to z; € R™

and uniformly for u; € U; € R™ fori=1,2,--- ,N.
Assumption 3 implies that there exist nonnegative

functions {3, and {g,, such that

i1 (Zi, us)
| Giz (i, us)

fori =1,2,---,N.

Remark 1. Assumption 3 shows that the functions
Gi(Z;,u;) defined in (9) satisfy the Lipschitz condition
with respect to only Z; instead of (Z;,u;). Such an
Assumption is reasonable because control inputs u; are
usually known in observer design, and may relax the
limitation to the functions g;(Z;, u;).

— i1 (Ti,u;)

— Gi2(ZTi,u;)

Cg,, (ui)||lZi — Z4]/(15)

| <
| < Lo, (ui)|Zi — 2:]|(16)

III. Adaptive Sliding Mode Observer Design

Consider the system in (6)-(8). Introduce a linear
coordinate transformation

_ Inq‘,—m K; =
2y = { 0 I, }xz (17

T;

where K; = P;;' P;. In the new coordinate system z;,
system (6)-(8) has the following form

21 = (A + K;Aiz)zi + (1‘_112 — ApnK; + Ki(Aia
_AZJK )222 + gzl(T' Zza uz) + ¢11( ) (t)

+K1912 Zu 'U/z + Z
J#Z
+Kiin(yi, u:)04(t) + K Z 2) (18)
J#z
Zio = Ajzzin + (Ajg — Ast V2ia + Gio (T 24, i)
+ia() Z (19)
3751
Yi = Zi2 (20)

where z; = col(z;1, z;2) with z;; € R™~Pi. For system
(18)-(20), consider a dynamical system
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Zil

= (/Ll + K; Azs)ézl + (AQ —AnKi+ K; (Aizl
_Ai3K'))yz + (T, Zz,uz) + ¢ir (- ) i(1)
+Z +K1912(T‘ Zuuz)
Jsﬁz
+Kiin(-)Oi(t) + K; Z T'z) @)
J#z
Zio = Aii + (A — A Ky + Gio (T 20, wy)
+ia (") Z )+di()  (22)
775%
Ui = Zi2 (23)

where £ = col(%1,y), and the injection term d;(-) is
defined by

di(-) = pisgn(y: — 9i) (24)
where p; are positive constants fori = 1,2,--- | N, with
adaptive laws

fi _Ui[:‘ji - dz()] (25)
O;(t) = Ty+ou (26)

where d;(-) is given in (24), and o; are positive
constants. Let e;1 = z;1 — £;1, €y, = ¥; — s and eg, =
0,(t) — (:)i(t). Then from (18)-(20) and (21)-(23), the
error dynamics are described by

én=(An + K'AB)eil + 91 () =71 O) [+ (1) [0:(2)
Z 5 OHK[gi2(+) — a2 (7))
J#z
+Kibia()[0; G Z pifel)
i
ey = Aiseir + [Gia() — G2 ()] + Gi2(1)[©:(t) — ©4(1)]
N
+ D [HY() = B0 - dil-) (28)
%
where d;(+) is given in (24) fori =1,2,--- | N, and
G (T, 2iw) = Ga (), G (T 20,wi) = G ()
Gio(T, ' 2iyw) = Gin()s G2 (T 20,wi) = Gin(?)
HY(T™'2) = H{(), HE(T'2) = H()
HY(T12) = HY (). HY(T) = HY()

Asian Journal of Control, Vol.
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From (25) and (26)

Oi(t) = 64(t) — {1’ + o3}
{{*Ui 71‘35’11 + (A — A K;)y;

Z

J#t
di ()]} + {oi[Aiszin + (Ai4 — AisK;)zio

Z

ji
= _O'z‘Ai3€i1—Ui[§i2(')_§i2(?)]_

_ZU’

J;ﬁz

0;(t) —
0;(t) —

éo,

+922( ) + ¢12

+Gi2(-) + i (")

oibia(-)eo

HY ()] + ©5(t) (29)

From the structure of the transformation matrix 7; in
(17) and the fact that 2; = col(Z;1,y;), it follows that

zi — %)l
_ -1 | €i1 o
=T ||| = lleall 30y

1T 2 = T 2l = 1T

From the analysis above, it is straightforward to see

IT™2 = T712]| = |les] GD

where

ep :=col(e1, €21, ,ent1) (32)

Therefore, from (15), (16), (30) and (31)

i1 (75 2w 11( i Zb”%)”<£9L1(u2)”€zl|‘(33)
1gi2(T; Zwuz) 9i2(T; Zlvuz)”<£giz(uz)”€zl|‘(34)
[HG(T™ ) = HE(TT'2)| <lyalleall  (35)
| H3(T )—Hfj(T Hl<tmlleal  (36)

where /3, (u;) and {5, (u;) are nonnegative functions,
and ¢y. and £y are constants.

Remark 2. It is well known that sliding mode
is a reduced order system. In this paper, the sliding
motion governs by the error dynamical systems (27)
with adaptive laws (25) - (26) while the error dynamical
systems (28) does not affect the sliding motion, which
makes the obtained results less conservative.

IV. Stability of the Error Dynamical Systems

Theorem 1. Under Assumptions 1 — 3, the error
dynamical systems (27) with adaptive laws (25) - (26)

(© 2008 John Wiley and Sons Asia Pte Ltd and Chinese Automatic Control Society
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are globally uniformly ultimately bounded if the matrix
WT +Wis positive definite, where

w®  w?
W= [ v } (37)
w w
2N x2N
where  w® = (wf;)nxn, W= (WY)Nxn, W=

(w§;)Nx s w? = (wi) vy, and

{)\min(Qil) - 2||‘P11H[£911 + HKZHEQQ]

wl; = =2||Pall[lme + (| K[ €ae ]} i=j
—NPall[lrre + | Kl €], i F# ]
—{|| P llcvir + o] Ass]|
wfj = wicj = +oilg,, + ol =]
O"L[Hba i #.7
20042, 1=
wl, = (38)
0, i £ ]
where P;; and @);; are given in (14), and
i1 () + Kidia ()]l < an (39)
[Pl < i (40)

fori,7=1,2,---  N.
Proof. For systems (27) and (29), consider the
candidate Lyapunov function

N N
V = Ze%Pﬂeil + Zegie@i (41)

=1 =1

The time derivative of V(-) along the trajectories of
system (27) and (29) is given by

N
. .T T . .T T .
V = E [eilPﬂeil + €i1Pi16i1 + €9,€0; + 6@i6@i]
1

N
Z{e;ﬁ [(Ai1+KiAi3)T-Pil+-Pil (Ail—FKiAis)]eﬂ
i=1
+2¢]1 Pi1[9i1(-)—Gi () H+2€]y P dia (- eo,+2€5; Pia

x> [HY()—H ()] + 26, P Ki[gia () — Gia ()]

N
+2¢f, PaKigio(-)eo, +2¢], Pa Ky [HY () —HY ()]
o

—2651,(71‘[12‘361‘1—2651_0'1‘ [gi2(')_gi2( )] — 2651,02‘

N
XS Y ()~ HY ()-2¢b, 7idia(Jeo,+2¢, 0u(1) |
i
From (33)-(36),

N
V<3 - ehQuent2l Pl HIEill g lenl?

=1
+2[| Pt [ | [@ar (VK sdia (Il ean [ [ eos
X || Piall[lra+| Kil[ Lre]llex [ -2l ee,
_2||e@z‘

+2|e ||
ail| Al

lex]|=2]lee;

O'iEHb

O ST

Uizgiz €i1 H—QHG@i

+2||697:

xaillgiz(-)llee,

From the definition of e; in (32)

N N
leall < llejull = lleall + D el @3)
=1 j=
! g
Then, from (42) and (43)

N
Vo < Z {_ eg{Qileil"_Q”PﬂH[egu_"”KiHegiz]||ei1||2

i=1

+2|| P [l [ 1 (J+Kipiz (]l leanllllee,

+2[| P ||

N

X [Cerat|| Killeme eI+ (20 Paall[Care + [ Kl
ot

xLppo]|leirlleji|l] =20l Aizlllei[lllee, |

=20y, |leallllee, |-20: g [leill|lee,

N
=" 2t o llest | - 20312
=
e |2 + 2lee, 16:(0)1 } @

From Assumption 1, (39) and (40)

N
V <3 { O @i1) = 2Pl s, + 116y
=1

—2||13¢1J|[4Ha + | Killge ] Hlean|* — {2]| Pia l|cvia
+204 || Ais|| + 20ily,, + 20ilge t|eal||ee,
N

= D 2IPalllers + | Killem]llealllesal]

j=1
')

J#i
N
+ 20 ee,

=1
J#i

lejill + 20icuz|lee,
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(45)

N
+22Mi||e@i
i=1

Then, from the definition of the matrix W in Theorem
1 and the inequality above, it follows that

. 1
Vo< g XTWT + WX + ) X]|

1
< = (G WLX] 2 ) 1] G40
where v =2p; and X ={[len1],[lear]l, -, [[entll,
leoy I, leoall,- - -, leon I

From the definition of Lyapunov function in (41),
it is straightforward to see that

Anin(PIX P <V < A (Pin) | X

where X' = [|lex |, [lea ], --- - SNlenalls llee, |l llee, Il
<, |leex )T, for all X € R™. It can been seen clearly
that Ayin (P;1)|| X ||? belongs to class K.

Therefore, from the condition that W7 + W is
positive definite, system (27) is globally uniformly
ultimately bounded. Hence the result follows. A
Remark 3. From Theorem 1, it follows that e; and eg,
are bounded and thus there exist constants 5; > 0 and
(B2 > 0 such that

lea]l < Bi, lee, || < B2 47

where (1 can be estimated using the approach given in
[30] by slightly modification.
For system (27)-(28), consider a sliding surface

Si = {(eila €y;s €O, ) |6yl = 0} (48)

From the structure of the error dynamical system (27)-
(28), it follows that the sliding mode of the error system
(27)-(28) with respect to the sliding surface (48) is the
system (27) when limited to the sliding surface (48). All
that remains is to determine the gains p; in (24) such
that the system (27)-(28) can be driven to the sliding
surface .S; in finite time and a sliding motion maintained
thereafter.

Theorem 2. Under Assumptions 1-3 and the inequality
(40), system (27)-(28) is driven to the sliding surface
(48) in finite time and remains on it thereafter if

pi = ([Ass|| + €0, + Core + @izf2)Br + 1 49)

where 77 > 0 is constant, 81 and [ satisfy (47).
Proof. From (28)
N N
€y, Cy = Z e, {Ai36i1 + [Gi2(") = Gi2 ()] + di2(")
i=1

=1

X [O4(0)-Ou(O) Y [HE ()—HY (l-di() }

J
J#i
N
SZ{HABHH%HH% Hgis llealllley, [[+Crr
i=1
x[lexlllley, [+ di2()lllee, [llley, *Pisgﬂ(eyi)}

N
< S LUl + s + i+ )1
=1

—pitlley, } (50)
Applying (49) into (50)
N N
Senen = Y ley, s1)
i=1 =1

which implies that e]é, < —lle,|. where e, =
col(ey,, ey,, - ,eyy) and the inequality |le,| <
Zf;l lley; || is applied to obtain the inequality above.
This shows that the reachability condition is satisfied.
Hence the conclusion follows. A
Remark 4. From sliding mode theory, Theorems 1 and
2 show that system (21)-(23) is an approximate observer
for the system (18)-(20) and the estimation error enters
a bounded domain in finite time.

V. Simulation Example

Consider a nonlinear interconnected system as

follows:
. 0 1 T11 (75}
o= |: 2 -3 :| |: T12 :| + |: sinxlg :|
0

+ { ’“”51 ]al(t)+ [ 0.122, } (52)
yo o= [1 o][iii] (53)
. _ 0 1 T21 n U2
2 = 2 -3 T 0.7 cos x22

T 0

+ { 51 ] Ba(t) + [ 0.7sinz11 } (54)

p o= [1 o][ﬁz;] (55)

where col(x1, z2) are the system states, y; and ys are
the system outputs. Let

0 1 .
Tci—{l 0}, i=1,2 (56)

(© 2008 John Wiley and Sons Asia Pte Ltd and Chinese Automatic Control Society
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The system (52)-(55) can be transformed to

- . -3 2 Z11 sin g
a= 0] m ]
— —_——
Ay g1(+)
-2
+ { 3_30 ]Gl(t)+ [ 0'15“21 } (57)
11
~—— ————
é1(-) Hi2(Z2)
yio o= [0 1][2;] (58)
——
C1
i o -3 2 i’zl + 0.7005@22
2= 1 0 Too U
—_—— —_—
Ay g2(+)
n { j0 ]02(15)—1— [ 0.75313’011 } (59)
21
—— —_——
#2(+) Hz1(Z1)
To1
ya = [0 1][x22] (60)
——
Co

Choose L; = [1 1] and Q; = 81 fori = 1, 2. Then, the
Lyapunov equation (13) has unique solution:

P,»:[ ! 0'2}, i=1,2 ©1)

0.2 4.2

Therefore, under the transformation z; = (T;T.,) '2;
with T, defined in (56) and T; given by

1 02

The system can be described in z coordinates as follows

i=1,2 (62)

z11 = —2.8211 + 2.2219 + sin 212

+0.1(221 — 0.2252)? (63)
212 = 211 — 0.2212 + (211 — 0.2212)61 (¢) + u1(64)
Y1 = 212 (65)
Z91 = —2.8291 + 2.2299 + 0.7 cos 229

+0.7sin(z11 — 0.2212) (66)
Zog = 221 — 0.2209 + (221 — 0.2292)02(t)Hus (67)
Y2 = 222 (68)

For simulation purposes, the controllers are chosen as
U; = —k’il‘i and k/’l = [8 2] fori = 172.

By direct computation, it follows that the matrix
WT +W is positive definite. Thus, all the conditions

of Theorem 1 are satisfied. Therefore the following
dynamical system is an asymptotic observer of the
system (63) — (68)

21 = —2.8%1 4 2.2y +siny

+0.1(221 — 0.2292)? (69)
Z19 = 211 —0.2%19 + (211 — 0.2219)01 (1)

Huy +di (") (70)
91 = Z12 (71)
Zo1 = —2.8%1 + 2.2y + 0.7 cos 2o

+0.7sin(211 — 0.2212) (72)
Zay = Fa1 —0.2290 + (321 — 0.2252)02(2)

+us + da(*) (73)
U2 = Z22 (74)

where dq(-) =9 sgn(y; — 91),d2(-) =9 sgn(y2 — ¥2).
The parameters are chosen as $; = 6.5,7 = 2.5 and
01 = oy = 1. Then, from (25) and (26), the designed
adaptive laws are given by

Iy o= —[h—d() (75)
O1(t) = Di+uy (76)
Iy = —[go—do()] (77)
Os(t) = To+ys (78)

Simulation in Figures 1-2 shows the system state
variables and their estimations in presence of unknown
time varying parameters ©;(t) = ©y(t) = 0.3t, and
simulation in Figures 3-4 shows that the system state
variables and their estimations in presence of unknown
time varying parameters ©;(t) = ©3(t) = 0.6¢t. The
estimation error between the states of the system (63)-
(68) and the states of the observer (69)-(74) converges
to zero globally ultimately bounded. Therefore, Z; =
col(Z;1, 2;2) in (69)-(74) is an asymptotic estimation of
Zi = COI(Z“, Zig) in (63)-(68)

Remark 5. It should be noted that the states z; =
col(Z;1, Z;2) in (69)-(74) give estimations of the variable
z; = col(z;1, z;2) in (63)-(68) for i =1,2. From the
analysis in Sections II and III, it is straightforward to
see that #; = (T;T,,) '2; are estimations of the states
x; = [v;1 4)7 of the system (52)-(55) where T, and
T; are defined in (56) and (62) respectively for i = 1, 2.

VI. Conclusion

An adaptive sliding mode observer for a class
of nonlinear large scale interconnected systems with
unknown TVPs has been proposed based on Lyapunov
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s 5.5 e
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Time (=)

Fig. 1. The time response of the 1st subsystem states and their estimates
with @1(t) = O9 (t) = 0.3t

The time response of the state z,

21

— .~ .. The time response of the estimation of z,,,

Time (s)

The time response of the state z.

22
— .~ .. The time response of the estimation of z,,

Time (s)

Fig. 2. The time response of the 2nd subsystem states and their
estimates with ©1(t) = ©2(t) = 0.3t

direct method. Although bounds on the unknown TVPs
are not required, the rate of changes of these parameters
are bounded. The technique that used in this paper
is combined of sliding mode techniques and adaptive
techniques to guarantee the ultimate boundedness of the
estimation error of the designed observer. Simulation
example has shown that the method is effective.
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