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Abstract: In this paper, a robust iterative learning control
(RILC) will be designed to improve the transient
response and the tracking performance of differential
linear iterative processes which are a distinct class of two
dimensional (2D) systems of both processes theoretic and

applications interest. Based on H setting, new

0
sufficient conditions will be developed to demonstrate the
effectiveness and the originality of our proposed scheme.
The simulation results carried out on servo flexible
system will be presented to prove the monotonic
convergence of linear continuous time 2D systems.
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1. Introduction

In the recent decades, the two dimensional (2D)
continuous-discrete  systems  have  received
important research interest [1,2,3], due to their
extensive applications in different practical areas
such as long wall and metal rolling, repetitive
processes [4,5], image processing, power
transmission lines and iterative learning control
(ILC) synthesis [6,7,8]. Two dimensional systems
are processes which are defined by two independent
variables  propagating information in  two
independent directions, where, the first one can be
used to reflect the dynamics of the system in the
time domain (continuous) and the second one can
be used to reflect the iterative learning dynamics
(discrete).

Linear iterative learning processes are a distinct
class of 2D systems of both systems theoretical and
applications interest. ILC is an efficient technique
used to control the systems doing the same task
over a fixed time interval. The ILC learns the
information from the previous iteration to improve
the transient response and the tracking performance
of the systems during the actual iteration. Using the
error measurements in the previous cycle, the
iterative learning control law is updated iteratively
after each operation. Owing to its effectiveness and
simplicity, ILC has been used in many applications
of learning control systems (LCS’s) include metal
rolling operations and long wall coal cutting [9], IC
wafer production [10], motion stage for wire
bonding [11,12] and robotics [13].

ILC represents one of principal key to find a
solution for the problem of monotonic convergence
and robust stability of systems that execute the
same task repetitively along the pass. The repetitive
error generated by these systems, from trial to trial,
will be memorized and used to design a new and
simple algorithm which implemented in the next
iteration to decrease the error until become null.
Different type of iterative learning control law are
designed to achieve convergence of systems such as
the PID type, D type, PD type, Pl type and P type.
However, several research works have focused on
analytical for nominal systems under assumption
that there is no uncertainty in the system. In order
to study the convergence of the systems with the
model uncertainty, many robust approaches are
often considered such as H, setting [14, 15], M
synthesis method [16] and the min-max method
using the quadratic performance criterion [17].

The problem of H_ control for 2D dynamical

systems described by state space model have
received important interest by several research
works over the last decade. Although H., control
theory have been perfectly studied and developed,
most approaches have been developed based on
state space model. The H,, setting is an analytical
approach that has been used to prove the robust
stability and the monotonic convergence of linear
systems. Several approaches are also used to
demonstrate the effectiveness of the robust iterative
learning controller for tracking performance such as
the linear inequality matrix (LMI) technique for
solving optimization problems.

The objective of this approach is to develop a new
robust iterative learning control for 2D linear
systems with parametric uncertainties. This control
law is able to drive the system to follow a reference
model with zero error. A PD type ILC is proposed
and studied to achieve this objective. Monotonic
convergence and robust stability are also
guaranteed by using this new scheme. Based on

H_ setting accorded to the resolution of LMI

problems, new sufficient conditions will be
developed to prove the effectiveness and the
originality of our proposed scheme.



1. Problem setup

Robust ILC is an interest approach developed and
used to improve the perfect tracking performance
and the transient response of dynamical systems.
Designing an effective and robust control law
means to find an appropriate algorithm that is
updated iteratively from trial to trial using the
information from previous iteration to compute the
new control law in the next iteration. This next one
can be implemented to the systems to decrease the
error between the desired output and the measured
output until becomes zero. This iterative control
law must have the capability to drive the system to
follow a given reference model.

In this paper, the tracking of an output trajectory of
reference model is regarded as a principal goal. Let
us consider the reference model described by the
following expression:

{x'd (t) = Ax, (1) +Bu, (t)
Ya (t) = de (t)

Where x, (t) e R" represents the reference state

)

vector, u, (t) e R™ represents the reference control
input, y, (t) eR" is the reference output, Ae R™"

is the constant matrix, B e R™™ is the gain matrix
of control input, CeR™ is the gain matrix of
output, H e R™™ is the gain matrix of disturbance
inputand t[0,T].

To complete the process description, the
specification of the boundary condition is required
i.e., the initial iteration profile and the initial state
on each iteration. The resetting condition is
satisfied at each trial i.e. x, (0)=0, where x,(0)

represents the initial state of the reference model.

To achieve the objective considered in this
paper, we propose to design a robust proportional
derivative PD type iterative learning control law.
This control law is updated iteratively from trial to
trial. The analysis and synthesis of this control law
are based on a set of lemmas and property, as is the
well identified Schur’s complement rule.

Lemma. 1. (Schur lemma)

Let X; and X, be real matrices of appropriate
dimensions. Then for any matrix F satisfying

F'TEF<I| and a scalar &>0the following
inequality holds [18]:
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Property 1:

Let considers an invertible matrix T:

TeR™ S<0<T'ST <0

2. Linear systems stability analysis

Linear differential iterative processes are defined
by a state space model described by the following
systems:

% (1) = Ax, (t)+Bu, (t)+ Hw, (t) 0
Vi (t) =Cx, (t)

Where x, (t) e R" is the state vector, u, (t) e R"
is the control input, vy, (t)eR" is the output,
w, (t) € R™is the disturbance, H e R™™ is the gain
matrix of disturbance input and k>0 denotes the

number of iteration. The boundary condition is
X(0) =X, .

For 2D systems with considerable disturbances
of the form considered in the system (4), we
propose a proportional derivative PD type iterative
learning control of the following expression:

U (1) =V, (1) +v,, (1)
Vi (1) = Ug (1) + Ky (1) )
Voo (1) =V, (1) + Kpey, (1) + Kpéy, (t)

The learning rules v, (t)and v, (t)

represent respectively the robust control and the

iterative learning control that is iteratively

updated, where Ky, Kp and Kp are the robust

gain matrix, the proportional gain matrix and the

derivative gain matrix, respectively.

At the first iteration (iteration number 0) the
iterative learning control is zero i.e.v,, =0 then

Uy (1) =Vy,e (1).

In this section, An H, setting is proposed to
design a robust iterative learning control. Based on
linear matrix inequalities LMI technique, a set of
sufficient conditions are solved to demonstrate the
stability of the system.

We define the tracking error model by the
following system:

{ & (1) =% (t) =% (t)

&y, (1) = Yo (1) -y, (t) (6)
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Let consider the state variable defined by:
t t
Tha = ka+1dt - ka dt (7
0 0

With the help of (4) and integrating the control
law (5), we develop the new state variable described
by the following expression:

77k+1 = A77k+1 + Bak+1 + HWk+1 (8)

From (7) and (8) and after substituting (4) from
(1) and integrating the control law (5) the error at
the iteration k+1 is described by the following
expression:

&y, = —CAy,, —CBU, ,; +ey, —CHW, , )

Where
Uy ==K + KoY, + Kpey,

t
&y, = IeYk dt
0

t
V~Vk+1 = j(Wk+1 _Wk)dt
0

From (8) and (9), we consider the following
new system:

{ﬁk-v—l = A, + Bu, +Bey, + ByW, (10)

&y = C1,1 tDU,; + Doey, +B, W,

Where:
A=A B=B,B;,=0,B,=H,C=-CA
D=-CB, D, =1, B, =—CH

It is easy to see the system stability described
by (10) along the pass is independent of the
influence of the disturbance terms. A lyapunov
function interpretation will be also required of
this property, where the variable function is
taken as:

\Y (k,t) = et Plles + &Y PeYi (11)

Where P, >0 and P, >=0. The associated
increment is:

AV (k1) =V, (K,t)+AV, (k,t) (12)

It is now routine to interpret that stability along
the pass is achieved if AV (k,t) <0
Definition 1: linear iterative process defined in
(10) is said to have H_ disturbance attenuation

bound ¥ > O if the system is stable along the pass

and the induced norm between the output and the
disturbance input is bounded by ¥ .

Theorem 1: a differential linear iterative system
defined by (10) is stable along the pass and has
H, disturbance norm bound y if there exist

matrices P, >0 and P, =0 such that the
following LMI holds:

_W2 * * * * *

51 52 * % * *

5, KyB" 0 % % %
-N,B'CT N;B" 0 -w, * x
-H'C"  H' 0 0 -1 =
0 0 0w, 0 -l

Where:

<0 (13)

5, =-wA'C" +N/B'C",
5, =wWA" +Aw, —NJB" —BN,,
5,=—K,TB'CT +1,

Based on the state space model description of
the systems dynamics, the conditions which
guarantee the robust monotonic convergence and the
stability of the system is developed in terms of the
feasibility of LMIs.

Proof: introducing the associated Hamiltonian as:

H(k,t)=AV (k,t)+ey, (t)ey, (t)—»*W,, ()W, (t)
(14)

Now, it easy to show the stability of the

system described by the equality (10) along the

pass. The system stability and the monotonic
convergence are guaranteed along the pass if:

H(k,t)<0
The Hamiltonian function can be written as:

T
n k+1 n k+1
€Yy o €Yy
ey ey
Wk +1 Wk +1

H= (15)

The stability of the system is achieved if ® <0
where ® can be written as follow:

~ ATP+PA+ATSA, +'L—-R PB +A'SD,
B/P+DSA, D, SD, —°I
(16)

Where:



0 B P OO 000
D=/0|,B=/0|,P=/0 0 O[,R=|0 0 0
B 0 000 00P
[A-BK B +BK BK P 0 0]
A=| o0 0 0 [,S=l0 P 0,
0 0 0 0 0 P|
[0 0 0 0 0 0]
A=l o0 0 0 |\LL=|0 0 O
|C-DK D+DK DK 0 0 I

An obvious application of a successive modified
Schur’s lemma to the condition (16) followed by
replacing the variables with theirs appropriates
expressions in the result then applying the property
1 pre and post multiplying the result by

diag{P* R* B* B* I B' I I}
to eliminate the bilinearity in the matrix.

Then setting

N1 = Krobplil’ Nz = KPP271'W1 = I:)1711W2 = Pzilv

W, = P,™,w, = P, "in the result. Finally, noting
that the result doesn’t depend to W, and W, leads
to (13) and the proof is complete:

3. Uncertain linear

analysis

systems  stability

In this section we will extend the results obtained in
the previous section to the case where the linear
systems presented a parametric uncertainty
associated with the process state space model.
These uncertainties can arise from different source
such as imperfect knowledge of the system
dynamics and/or variation of physical parameters
over time, leading to only an estimated model. We
aim to design in this section the robust iterative
learning control law of the previous section to
guarantee the system stability along the pass with a
given H,, disturbance norm level for all tolerable
uncertainties.

We suppose that uncertainty is norm bounded in
both the pass and state profile updating equations.
In this case, the uncertainty is modeled as an
additive disturbance to the nominal model state
space representation. These differential linear
uncertain iterative processes can be presented by
the following state space representation:

X = (A+AA) X + (B+AB) Ugery + HW,
Yoo =Xk

Where the admissible uncertainties are assumed to
be of the following assumption:

(17)

[AA AB]=H,F[E, E,] (18)

whereHy, E;, E,, are known constant matrices of

compatible dimensions. F is unknown matrix with
constant entries and satisfies FTF < | .

With the help of (17) and (7) and integrating the
control law (5), we develop the new state variable
described by the following expression:

Mo =(A+AA) 7, +(B+AB) G, +HW,, (19)

Now, we will determine the error expression at
the iteration number k+1:
&is =—C(A+AA)7,,, —C(B+AB)0,,, +ey, —CHW,.,
(20)
From (19) and (20), we considered the new
system described by the following state
representation:
Tt = (A+AA) T +(B +AB)UK+J. +Byey, + B, W,
€Y = (C1 +AC, ) T +(D + AD) Uy,; + DoeYy + B, W,
(21)
Where:

B,=0, B,=H, C,=-CA, D=-CB, D, =1,
B, =—CH, AC, =—CAA and AD =—-CAB.

Based on (18) the induced uncertainties in the
representation (21) verify the following condition:

AA AB H,
=y |FIE El

AC, AD H,
The resolution of the problem of designing a

robust iterative control law (5) to track a reference
model is given by the following result.

(22)

Theorem 2: Suppose that a robust control law
described by (5) is applied to a 2D linear iterative
system of the form (21), with uncertainties form
modeled by (22). Then, the resulting system is stable
along the pass for all tolerable uncertainties and has

H_norm bound y >0 if there exist matrices
w, > 0,w, >0, N; and N, and a scalar & >0
such that the LMI presented in (23) holds:

al * * * * * * * *
0, 0, * * * * 0k * *
84 KDTBT 0 * * % * * *
-NJB'CT ONJBT 0w, ok ok ok ok x
-H'CT HT 0 0 1 * x x % |<0
0 0 0 w, 0 - = x %
0 05 0 0 0 0 -l = =
0 0 EK, 0 0 0 -l =
0 0 0 EN, 0 0 0 0 -
(23)

Where:



0, =—W, +4gH,H,",

9, =—WA'C" +N/B'C" +4gH,H,",

0, =WA" +Aw, —N/B" —BN, +4eH,H,",
0,=-K,'B'C" +1 and 6, =Ew, —E,N,

If (23) holds, the robust control gain K, and
the proportional control gain K are given by
N, W, *and N,W,", respectively. The derivative
control gain K, can be obtained directly by
resolving the above inequality.

Proof: at the beginning interpret (13) in terms of the
state space model obtained from application of the

robust iterative control law to obtain the following
expression:

__Wz % % % % |
fl fz * % * *
L, 6, 0 =« * *
TAT NTRT t
N,D' N,B 0 -w, =* =
BlzT B11T 0 0 1 =

0 0 0w 0 -l

0 * * ok % %] (24)
fs Es EE T

KDTADT KDTABT 0 * * =
TART TART <0
N,AD N,AB® 0 0 =* =

0 0 0 00 =

0 0 0000

Where:
¢, =wC, —N/D',
7, =wA" +Aw, —N;B" —-BN,,
l,=K, D" +D/,
l, =K, B +B,,

ly =WAC," —N/AD",
Lo =WAAT + AAW, — N AB" —ABN,
The second term in the above inequality can be
writtenas: HFE + ETFTHT
Where:

[N
[N
[N
)

._.
i
iy
s

I
I
o O O O o o

H
H
0
0
0
0

O o oo I T
ocoocooo I I
oo oo I I
o o oo o o

F =diag{F,F,F,F,F,F}
E =diag {0, Ew, —E,N,, E,K,, E,N,,0,0}

An obvious application of lemma 1 followed by an
application of Schur’s complement lemma yields

(25):

P * * * * * * * *

P> Ps * * * * * * *

Pa Ps 0 * * * * * *

N; D' N; B' 0 -W, * * * * *
By’ B, 0 0 i = * * * |<0

0 0 0 w, [ * *

0 25 0 0 0 0 - = =

0 0 E,K, 0 0 0 0 —el =

| o 0 0 EN, 0 0 0 0 -z
(25)

Where:

o =-W, +4eH,H,",

2, =WC —N/D" +4¢H,H,",

2 =WA" + Aw, — N/ B" —BN, +4gH,H,",
p,=K,'D"+D,, p, =K, 'B" +B,,

Py =EwW —EN,

Replacing the variables by theirs expression in the
result and the proof is complete.

4. Uncertain linear systems with uncertain
disturbances

In this section we will extend the results obtained in
the previous sections to the case where the
uncertain  linear systems are affected by
perturbations that presented a parametric
uncertainty. We aim to design in this section the
robust iterative learning control law of the previous
sections to guarantee the system stability along the
pass with a given H,, disturbance norm level for all
tolerable uncertainties.

The uncertain linear iterative systems with
disturbances parametric uncertainty are defined by
a state space model as the following expression:

Xip) = (A+AA) X +(B+AB) Ueyy + (H+AH )w(k’l)
Yike = Xy
(26)



The uncertainties matrices AA, AB and AH are
supposed verifying the following assumption:

[AA AB AH]=H,F[E, E, E]  (27)

whereHy, E;, E; and E; are known constant matrices
of compatible dimensions. F is unknown matrix
with constant entries and satisfies FTF < | .

With the help of (7) and (26) and integrating the
control law (5), we develop the new state variable
described by the following expression:

e = (A+AA) 7., +(B+AB) G, +(H +AH) W,

(28)

Now, we will determine the error expression at
the iteration number k+1:

&1 =—C(A+AA)7,,, —C(B+AB)U,., +ey, —~C(H +AH)W,,,
(29)

From (28) and (29), we considered the new
system described by the following state
representation:

|:77k+1 :|: |: A Bo:|+|: AA 0:| |:77k+1:|+
€Yk G Dy AC, 0])| ey,

(30)
B AB ~ Bn ABu ~
+ uk+1 + + Wk+1
D AD D, AD,,
Where:

B, =0, B, =H, C, =—CA, D-_CB D, =1,
D, =—CH, AB,, = AH, AD,, =—-CAH,
AC,=-CAAand ,\n_ _cag

Based on (27) the induced uncertainties in the
representation (30) verify the following condition:

[AA AB ABM}_{Hl

F E, E 31
AC, AD AD, Hj & & E] @

Where H, =—-CH,

Theorem 3: Suppose that a robust control law
described by (5) is applied to a 2D linear iterative
system of the form (30), with uncertainties form
modeled by (31). Then, the resulting system is stable
along the pass for all tolerable uncertainties and has

H_norm bound y >0 if there exist matrices

w, > 0,w, >0, N; and N, and a scalar & >0
such that the LMI presented in (32) holds:

[, * * * * * * * * *
a, a * * * * * * * *
a, a 0 * * * * * * *
a, o, 0 -w, * * * % * %
a, HT 0 0 -1 = = * * *
08 0 0 w, 0o -1 = * * « 0 0
0 o O 0 0 0 —el = * *
0 0 ¢, O 0 0 0 -l = *
0 0 0 o 0 0 0 0 -l =
10 0 0 0 E, 0 0 0 0 —el]
(32)

Where:

o, =-W, +4gH,H,",

o, =-WA'C" +N/B'C" +4eHH,",

o, =WA" +Aw, — N/ B" —=BN, +4¢H,H,",
a,=-K,"B'CT +1,

a; =K, BT,

o, =—N2TBTCT,
a,=N;B",
a,=-H'C",

a, =Ew, —E,N,,
o, = E,Kp,

o, =EN,

Proof: First interpret (13) in terms of the state
space model obtained from application of the robust
iterative control law to obtain the following
expression:

i —W, * * % * % |
A B oxox x
B B 0 ook
TRT TRT +
N, D N,B 0 —w, * *
D, B,, 0 0 I =
0 0 0 w, 0 -1
- o (33)
0 * * k ok %
ﬂs ﬂe * % ok ok
Ko'AD" K TABT 0 * * =
TART TART <0
N, AD N, AB 00 *
ADMT ABHT 00 *
0 0O 00 0 0]
Where:

b= choT - NlT D’ '
B, =wA" +Aw, —N/B" -BN,,



By = KDT D' + DoT’

B, =K, B" +B,,

B =WAC,” —N]AD",

B, =WAAT + AAw, — N AB" — ABN,

The second term in the above inequality can be
writtenas: HFE + ETFTH'
Where:

[N
N
[N
N

,a
=
W
s

I

1]
o o o o o o
oo oo I I
cooooI T
oo oo I X
oo oo I I
O o oo o o

F =diag{F,F,F,F,F,F}
E =diag {0,Ew, - E,N,, E,K,,E,N,,E;,0}

An obvious application of lemma 1 followed by
an application of Schur’s complement formula
yields (34):

o * * * * * * * * *
, @, * * * * * * * *
@, 05 0 * * * * * * *
s o, 0 -w, * * * * * *
D, B 0 0 -

11 11 v4 * * * * * <0
0 0 0 w, 0 -1 = * * *
0 o, 0 0 0 0 -l = * *
0 0 @ 0O 0 0 0 - % =
0 0 0 (21 0 0 0 0 -l *
o 0o 0 0 E O 0O 0 0 -
(34)

Where:

@, =-W, +4gH,H,’

[wlCoT —-N/ DTJ

P, =

+4gH,H,"

@, = WAT +Aw, — N/ B" —BN, +4¢H,H,"

@, =K,'D"+D,
@ =K, BT +B,

s =N, D'
2 NZTBT
¢ = Ew —E,N,
@y = E;Kp,
P =EN,

Replacing the variables by theirs expression and
the proof is complete.

5. SIMULATION EXAMPLE
We use the flexible joint shown in fig 1 to
demonstrate the performance of the proposed ILC
method. The process consists of a ROTOFLEX
Rotary Flexible Joint and a SRV02 Rotary Servo
plant [19].

Fig.1. simplified description of the Flexible Joint
process.
The system dynamics are represented by:

Jmém+fmém+L2(9m—r6a)+%(6’m—r9a)=r
r r
.k b, . )
JaHa—?(Hm—rHa)—?(Hm—rHa):O
Where:

0., 0,, 6, and @, denote the arm angle, the

arm torque, the motor angle and the motor torque
respectively. Jm and Ja denote the moment of
inertia of the motor and the arm respectively. The
parameters b and k denote damping and stiffness
respectively of the spring, f is the viscous friction
coefficient of the motor and r is the gear ratio.
Finally, the parameter K; denotes the torque
constant and represents the relationship between
generated torque and input voltage.

The physical parameters of the system are given
by [19]:

TABLE. 1: PHYSICAL PARAMETERS OF THE SYSTEM.

Jm Ja Kt k f b

(Kgm?) | (Kgm?) | (m.v?)

0.0021 | 0.0991 | 0.122 | 35.1 | 0.0713 | 0.0924

The model of the plant is defined by the
following state space representation:

{xk (t) = A% (t)+Bu, (t)+ Hw, (t)
Y (1) = Cx, (t)

Where:
[0 1 0 0 ]
k b k b
3 3
A=
0 0 0 1
k b k f
S A RN
- T
B=|0 0 0 —=




.
H:{O 00 ﬁ}
J

C= [0 00 1]

The state variable x is defined by:

x=(6, 6, 6, 6,)

The desired input and the disturbance are:
Uy =2[sin(27t)|

w=0.2sin(2zt)|

The robust gain matrix Ky, the proportional
iterative gain matrix Kp and the derivative iterative
gain matrix Kp can be computed by solving the
LMI (13), there are given by:

Koo =NW " K, =NW," and K, can be
determined directly from the resolution of the LMI
(13).

A feasible solution of the LMI (13) is given by

K, =0.0172, K, =3.8135x10and

K., =[57.5418 0.1515 -11.5087 -0.6139]

The simulation results are obtained for the initial
state vector zero. Fig.2, Fig.3 and Fig.4 demonstrate
the simulation results of the desired trajectory and
the output trajectory at the first iteration, second
iteration and the iteration number 20 respectively.
Fig.5 and Fig.6 show the errors trajectories at the
first iteration and the iteration number 20. Fig.7
shows the error norm trajectory and the maximum
error norm trajectory during the 100 iterations.
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Fig.2. Simulation result of the first scheme to the
system: desired trajectory and the output trajectory at the
first iteration.
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Fig.3. Simulation result of the first scheme to the

system: desired trajectory and the output trajectory at the

second iteration.
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Fig.4. Simulation result of the first scheme to the

system: desired trajectory and the output trajectory at the

iteration number 20.
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Fig.5. Simulation result of the first scheme to the
system: error trajectory at the first iteration.
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Fig.6. Simulation result of the first scheme to the
system: error trajectory at the iteration number 20.
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Fig.7. Simulation result of the first scheme to the
system: output error norm [e(t, k)|, and maximum

output error norm ||e(t, k)|| versus iteration k.

Now, we will add an uncertainty in the parameter
of the system in which it will be described by the
state space model defined in (17).

Suppose that:
I =dno +AJ, = Jmo(l“'f)
With
¢=¢5/1-%)
0 0 0 0
0 0 0 0
AA =
0 0 0 0
—334.29¢ -0.88f 66.86¢ 3.57¢
AB=[0 0 0 581
For &£=0.1 applying the decomposition
procedure given by (22), we get

H,=[0 0 0 -47.62]
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H, =47.62,
E, =[7.02 00185 -1.4040 -0.0750],
E,=-0.122 and F=¢.

Then a feasible solution of the LMI (23) is given
by & = 2.5345x10™*,
K, =0.0172,K, = 3.7420x10™ and

K., =[57.5484 0.1497 -11.5095 —0.5948].

Fig.8, Fig.9 and Fig.10 demonstrate the
simulation results of the desired trajectory and the
output trajectory at the first iteration, fifth iteration
and tenth iteration. Fig.11 and Fig.12 show the
errors trajectories at the first iteration and the
iteration number 20. Fig.13 shows the error norm
trajectory and the maximum error norm trajectory
during the 20 iterations.
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Fig.8. Simulation result of the second scheme to the
system: desired trajectory and the output trajectory at the
first iteration
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Fig.9. Simulation result of the second scheme to the
system: desired trajectory and the output trajectory at the
fifth iteration
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Fig.10. Simulation result of the second scheme to the Fig.13. Simulation result of the second scheme to the
system: desired trajectory and the output trajectory at the system: output error norm "e(t, k)"2 and maximum

tenth iteration o
output error norm [le(t, k)| versus iteration k.

ERROR TRAJECTORY In the next simulation, we will add an uncertainty
' in the parametric of the disturbance where the
0~ system will be described by the state model defined
N in (26).
-1
\ Hh.
2 \ With: g, = 0.122-
& N\
3 : 8 Then a feasible solution of the LMI (32) is given by
. N\ &=25023x10",K, =0.0172,K, = 4.6798x10™*
RN and K = [57.5484 0.1497 -11.5094 —0.5947] .
K ~ Fig.14, Fig 15 and Fig.16 demonstrate the
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Fig.11. Simulation result of the second scheme to the and the tenth iteration. Fig.17 and Fig.18 show the
system: error trajectory at the first iteration. errors trajectories at the first iteration and the
iteration number 20. Fig.19 shows the error norm
x10° ERROR TRAJECTORY . . .
1 trajectory and the maximum error norm trajectory
during the 20 iterations.
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Fig.12. Simulation result of the second scheme to the
system: error trajectory at the iteration number 20. % os 1 15 2 25 3 a5 4 45
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Fig.14. Simulation result of the third scheme to the
system: desired trajectory and the output trajectory at the
first iteration
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Fig.15. Simulation result of the third scheme to the
system: desired trajectory and the output trajectory at the
fifth iteration

DISIRED AND OUTPUT TRAJECTORY

IR A AR

ATARN RN AN

J W

1 /
0.5

0

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5
time(s)

Fig.16. Simulation result of the third scheme to the
system: desired trajectory and the output trajectory at the

tenth iteration
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Fig.17. Simulation result of the third scheme to the
system: error trajectory at the first iteration.
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Fig.18. Simulation result of the third scheme to the
system: error trajectory at the iteration number 20.
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Fig.19. Simulation result of the third scheme to the
system: output error norm [e(t, k)|, and maximum

output error norm [le(t, k)| versus iteration k.

It’s very clear that the system follows the model
along the pass. In the first scheme, the maximum
error is very largest but it quickly converges to zero
at the iteration number 2 (fig. 7). In the second and
third schemes, we add an uncertainty in the system
parametric; the monotonic convergence is also
demonstrated (Fig 13 and Fig. 19). The error
decrease from iteration to iteration until becomes
zero at the iteration number 10. The example shows
that the proposed algorithms are robust with respect
to disturbances of system parameters and the
tracking error is very small after little trials. The
proposed controller guarantees system stability and
monotonic convergence along the pass and provides

that the H_ norm bound is never greater than y .

6. Conclusion

In this paper, the guaranteed monotonic
convergence problem for differential iterative



systems with the presence of norm-bounded
uncertainty has been solved. Important new results
on the relatively open problem of the control of
iterative processes which are a distinct class of 2D
linear systems have been developed. These results

are physically based ILC laws in an H_norm

bound setting where the required computations are
LMI based. Furthermore, the proposed control
methodology formulated in terms of LMI gives
perfect tracking performance of reference model

based onH_ setting. The simulation results,

carried out on a servo flexible model, have clearly
exhibited the excellent output-tracking performance
and the efficiency of the designed approach.
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