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Abstract—We propose a simple recursive iterative learning
control (ILC) scheme for a class of uncertain time-varying
nonlinear systems. The proposed constructive backstepping-
like procedure provides, in a systematic way, a control
Lyapunov-like function leading to a simple recursive ILC
scheme guaranteeing the existence of a finite time-interval on
which a perfect tracking can be achieved when the number of
iteration goes to infinity. Simulation results are also provided
to show the effectiveness of the proposed ILC scheme.

I. Introduction

Iterative learning control is a technique that aims to
generate, in an iterative manner, an adequate control
input leading to a ‘perfect’ tracking over a finite time-
interval for systems performing repetitive tasks (See,
for instance, [2], [3], [5], [14], [15], [22]). Several ILC
schemes for nonlinear systems have been proposed in the
literature (see, for instance, the following non-exhaustive
list of references and the references therein [1], [6], [7],
[8], [10], [12], [17], [18], [19], [20], [21], [23], [24], [25]).
They are generally based upon 1) the global Lipschitz
condition assumption and the use of the λ-norm, or 2) the
use of some structural assumptions as well as a partial
knowledge of the system dynamics, restricting, thereby,
the class of systems considered, or 3) the description of a
given nonlinear system by a set of blended linear models
and a validity function providing a time-varying weight
(or probability) for each model according to the region
of operation of the nonlinear system [19].
The design of ILC schemes is generally performed within
two major frameworks: The contraction mapping frame-
work and the Lyapunov framework. The contraction
mapping approach, which was introduced in early 1980s
for robot manipulators, is generally based on the use
of the time-weighted norm (or λ-norm) and consists of
adjusting the previous control input with an adequate
correcting term depending, generally, on the current (or
the previous) tracking error profile. In the mid 1990s, an
adaptive ILC approach, based on the Lyapunov theory,
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has been introduced to overcome some of the limitations
of the original approach (i.e., contraction mapping).
This new design methodology, provided powerful tools
to handle complex systems that were difficult to handle
using the contraction mapping approach. In this new
framework, the previous control input is adjusted indi-
rectly through an adequate iterative adjustment of some
parameters in the control law. As a natural consequence,
this new framework has been very helpful in extending
some of the results from standard nonlinear theory1

to ILC design. The backstepping approach [13], in its
simplest form, has been used to design an ILC scheme for
a Ball and Beam system in [11]. It has also been applied
in [9], [16], [21] for a class of uncertain nonlinear systems
in strict-feedback form. However, it is well known that,
despite its huge benefits, the backstepping approach, in
general, leads to very complicated analytical expressions
due to the successive derivatives of the virtual control
inputs.
In the present paper, we propose a constructive
backstepping-like design method leading to a simple ILC
scheme for a quite large class of uncertain nonlinear
systems. The analytical simplicity of the controller is
achieved by avoiding direct cancelation of the successive
derivatives of the virtual control inputs. In fact, those
derivatives are considered as time-varying unknowns that
can be handled by a set of recursive adaptive schemes.
The proposed procedure provides, in a systematic way,
a control Lyapunov-like function leading to a simple
ILC scheme guaranteeing the existence of a finite time-
interval on which a perfect tracking can be achieved
when the number of iterations goes to infinity. Finally,
we provide a numerical example to show the performance
of our proposed controller.

II. Problem formulation

Let us consider the following nonlinear system

ẋi(t) = xi+1(t) + fi(x̄i, t), i = 1, . . . , n − 1
ẋn(t) = u + fn(x, t)
y(t) = x1(t),

(1)

where y ∈ R, u ∈ R, x = (x1, . . . , xn)T ∈ R
n are,

respectively, the system output, the control input and
the state vector. The functions fi : R

n × [0, T ] �→ R

are assumed to be well defined over R
n × [0, T ] and

completely unknown. We assume that the system is in

1By ‘standard’, we mean non-ILC techniques
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triangular form, i.e., x̄i = (x1, . . . , xi), i ∈ {1, . . . , n−1}.
We also assume that the system under consideration
is operated repeatedly over a finite time-interval [0, T ].
Therefore, we introduce a subscript k to denote the
operation or iteration number and rewrite system (2)
as follows:

ẋi,k(t) = xi+1,k(t) + fi(x̄i,k , t), i = 1, . . . , n − 1
ẋn,k(t) = uk + fn(xk, t)

yk(t) = x1,k(t),
(2)

where xk = (x1,k, . . . , xn,k)T and x̄i,k = (x1,k, . . . , xi,k)T .
Our objective is to design an ILC scheme uk(t) guar-
anteeing the boundedness of the state variables, over
the finite time-interval [0, T ], for all k, as well as the
convergence of the system output yk(t) to the desired
reference trajectory yd(t) ∈ Cn

[0,T ], for all t ∈ [0, T ], when
k tends to infinity.

III. Constructive ILC Design

We propose the following recursive ILC scheme:

αi,k(t) = kizi,k(t) + si−1,k(t) + sat
(

zi,k(t)
φi(t)

)
θi,k(t)

θi,k(t) = θi,k−1(t) + k̄i|si,k(t)|,
(3)

for i = 1, . . . , n, with s0,k(t) = 0, and

uk(t) =

⎧⎪⎨⎪⎩
αn,k(t) if sup

i∈{1,..,n},t∈[0,T ]
|si,k−1(t)| > σ or k = 0

uk−1(t) if sup
i∈{1,..,n},t∈[0,T ]

|si,k−1(t)| ≤ σ and k ≥ 1

(4)

where θi,−1(t) = 0, for i = 1, . . . , n, z1,k = yd − x1,k,
zi,k = αi−1,k − xi,k, for i = 2, . . . , n. The signals si,k(t)
are generated by

si,k(t) = zi,k(t) − φi(t)sat(zi,k(t)/φi(t)), (5)

with φi(t) = εie
−kit, εi ≥ |zi,k(0)|, ki > 0 and k̄i > 0.

The function sat is a saturation defined as follows:

sat(zi,k(t)/φi(t)) =

⎧⎨
⎩

1 if zi,k(t) > φi(t)
zi,k(t)/φi(t) if |zi,k(t)| ≤ φi(t)

−1 if zi,k(t) < −φi(t)
(6)

where φi(t) is the width of the boundary layer which is
time-varying but iteration-invariant. It is worth noting
that si,k(0) = 0 and si,k(t)sat(zi,k(t)/φi(t)) = |si,k(t)|
for all i ∈ {1, . . . , n} and k ∈ Z+. The saturation function
has been introduced for two reasons: 1) to smooth out the
virtual control inputs αi,k by avoiding the use of the sign
function, which helps in bounding the unknown terms
including the derivatives of the virtual control inputs at
each step of the backstepping procedure; 2) to relax the
reinitialization assumption [7], which is a commonly used
in most existing ILC schemes.
The control law is derived as follows:
We assume that sup

i∈{1,..,n},t∈[0,T ]

|si,k−1(t)| > σ and we

apply the following steps:
Step 1: Let us consider the first equation of (2), i.e., for

i = 1, where x2,k is viewed as a virtual control input.
Denoting the tracking error by z1,k = yd −x1,k, we have

ż1,k = −x2,k − f1(x̄1,k, t) + ẏd. (7)

Let us consider the following Lyapunov-like functional

V1,k =
1
2
s2
1,k +

1
2k̄1

∫ t

0

θ̃2
1,kdτ, (8)

where θ̃1,k(t) = θ∗1(t)− θ1,k(t), and θ∗1(t) ∈ C0
[0,T1]

is such
that there exists2 a finite time T1 > 0 such that

| − f1(x̄1,k, t) + ẏd(t)| ≤ | − f1(x̄1,k, t) + ẏd(t)| + φ2(t)
≤ θ∗1(t), ∀t ∈ [0, T1], ∀k ∈ Z+

(9)
From (8), we have

∆V1,k = V1,k − V1,k−1

=
1
2
s2
1,k(0) +

∫ t

0

d

dτ

(
1
2
s2
1,k

)
dτ − 1

2
s2
1,k−1

− 1
2k̄1

∫ t

0

θ̄2
1,kdτ − 1

k̄1

∫ t

0

θ̃1,k θ̄1,kdτ

= −1
2
s2
1,k−1 −

1
2k̄1

∫ t

0

θ̄2
1,kdτ

+
∫ t

0

d

dτ

(
1
2
s2
1,k

)
dτ − 1

k̄1

∫ t

0

θ̃1,kθ̄1,kdτ

(10)
where s1,k(0) = 0 and θ̄1,k = θ1,k − θ1,k−1 have been
used. Now, let us evaluate d

dt

(
1
2s2

1,k

)
.

d

dt

(
1
2
s2
1,k

)
= s1,kṡ1,k

=

⎧⎨
⎩

s1,k(ż1,k − φ̇1) if z1,k(t) > φ1(t)
0 if |z1,k(t)| ≤ φ1(t)

s1,k(ż1,k + φ̇1) if z1,k(t) < −φ1(t)
= s1,k(ż1,k − sgn(s1,k)φ̇1)
= s1,k(−x2,k − f1(x̄1,k , t) + ẏd − sgn(s1,k)φ̇1)
≤ s1,k(−x2,k + sgn(s1,k)θ∗1 − sgn(s1,k)φ̇1).

(11)

Using (11) in (10) and substituting x2,k by the virtual
control α1,k given in (3), we obtain

∆V1,k ≤ −1
2
s2
1,k−1 −

1
2k̄1

∫ t

0

θ̄2
1,kdτ

− 1
k̄1

∫ t

0

θ̃1,kθ̄1,kdτ

+
∫ t

0

s1,k (−k1z1,k − sat(z1,k(t)/φ1(t))θ1,k) dτ

+
∫ t

0

s1,k(sgn(s1,k)θ∗1 − sgn(s1,k)φ̇1)dτ.

(12)

2The existence of such a finite time, in this step and all the
following steps, will be discussed latter on.
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Using the fact that

s1,k

(
−k1z1,k − sgn(s1,k)φ̇1

)
= s1,k

(
−k1s1,k − k1φ1sat(z1,k(t)/φ1(t)) − sgn(s1,k)φ̇1

)
= −k1s

2
1,k − |s1,k|(k1φ1 + φ̇1)

= −k1s
2
1,k,

(13)
and using θ̄1,k given in (3), inequality (12) becomes

∆V1,k ≤ −1
2
s2
1,k−1 −

1
2k̄1

∫ t

0

θ̄2
1,kdτ

− 1
k̄1

∫ t

0

θ̃1,kk̄1|s1,k|dτ

+
∫ t

0

θ̃1,k|s1,k|dτ −
∫ t

0

k1s
2
1,kdτ

= −1
2
s2
1,k−1 −

1
2k̄1

∫ t

0

θ̄2
1,kdτ −

∫ t

0

k1s
2
1,kdτ.

(14)

Step 2: Now, let us introduce a new variable z2,k =
α1,k − x2,k leading to

ż2,k = −x3,k − f2(x̄2,k, t) + α̇1,k. (15)

Let us consider the following Lyapunov-like functional

V2,k = V1,k +
1
2
s2
2,k +

1
2k̄2

∫ t

0

θ̃2
2,kdτ, (16)

where θ̃2,k(t) = θ∗2(t)− θ2,k(t), and θ∗2(t) ∈ C0
[0,T2]

is such
that there exists a finite T2 > 0 such that

| − f2(x̄2,k, t) + α̇1,k(t)| ≤ | − f2(x̄2,k , t) + α̇1,k(t)| + φ3(t)
≤ θ∗2(t), ∀t ∈ [0, T2], ∀k ∈ Z+

(17)
The difference of (16), in view of (15), is given by

∆V2,k = V2,k − V2,k−1

= −1
2

2∑
i=1

s2
i,k−1 −

2∑
i=1

1
2k̄i

∫ t

0

θ̄2
i,kdτ

−
2∑

i=1

1
k̄i

∫ t

0

θ̃i,k θ̄i,kdτ

+
∫ t

0

s1,k

(
−x2,k − f1(x̄1,k, t) + ẏd − sgn(s1,k)φ̇1

)
dτ

+
∫ t

0

s2,k

(
−x3,k − f2(x̄2,k, t) + α̇1,k − sgn(s2,k)φ̇2

)
dτ

(18)

Substituting x3,k by the virtual control α2,k given in (3)
and x2,k by α1,k − z2,k, we obtain

∆V2,k ≤ −1
2

2∑
i=1

s2
i,k−1 −

2∑
i=1

1
2k̄i

∫ t

0

θ̄2
i,kdτ

−
2∑

i=1

1
k̄i

∫ t

0

θ̃i,k θ̄i,kdτ

+
∫ t

0

s1,k

(
−k1z1,k − sgn(s1,k)φ̇1

)
dτ

+
∫ t

0

s1,k (z2,k − sat(z1,k/φ1)θ1,k − f1(x̄1,k, t) + ẏd) dτ

+
∫ t

0

s2,k

(
−k2z2,k − sgn(s2,k)φ̇2

)
dτ

+
∫ t

0

s2,k (−s1,k − sat(z2,k/φ2)θ2,k − f2(x̄2,k, t) + α̇1,k) dτ.

(19)
Since s1,kz2,k − s2,ks1,k = s1,k(s2,k + φ2sat(z2,k/φ2)) −
s2,ks1,k = s1,kφ2sat(z2,k/φ2), equation (19) becomes

∆V2,k ≤ −1
2

2∑
i=1

s2
i,k−1 −

2∑
i=1

1
2k̄i

∫ t

0

θ̄2
i,kdτ

−
2∑

i=1

1
k̄i

∫ t

0

θ̃i,k θ̄i,kdτ

+
∫ t

0

s1,k

(
−k1z1,k − sgn(s1,k)φ̇1

)
dτ

+
∫ t

0

s1,k (−sat(z1,k/φ1)θ1,k)) dτ

+
∫ t

0

s1,k (−f1(x̄1,k, t) + ẏd + φ2sat(z2,k/φ2)) dτ

+
∫ t

0

s2,k

(
−k2z2,k − sgn(s2,k)φ̇2

)
dτ

+
∫ t

0

s2,k (−sat(z2,k/φ2)θ2,k − f2(x̄2,k, t) + α̇1,k) dτ

≤ −1
2

2∑
i=1

s2
i,k−1 −

2∑
i=1

1
2k̄i

∫ t

0

θ̄2
i,kdτ

−
2∑

i=1

1
k̄i

∫ t

0

θ̃i,k θ̄i,kdτ

+
∫ t

0

s1,k

(
−k1z1,k − sgn(s1,k)φ̇1

)
dτ

+
∫ t

0

s1,k (−sat(z1,k/φ1)θ1,k + sgn(s1,k)θ∗1) dτ

+
∫ t

0

s2,k

(
−k2z2,k − sgn(s2,k)φ̇2

)
dτ

+
∫ t

0

s2,k (−sat(z2,k/φ2)θ2,k + sgn(s2,k)θ∗2) dτ

(20)
Following the same argument given in step1 and using
θ̄i,k, i = 1, 2, from (3), we obtain

∆V2,k ≤ −1
2

2∑
i=1

s2
i,k−1−

2∑
i=1

1
2k̄i

∫ t

0

θ̄2
i,kdτ−

2∑
i=1

∫ t

0

kis
2
i,kdτ.

(21)
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Step (n− 1): In this step we introduce a new variable
zn−1,k = αn−2,k − xn−1,k leading to

żn−1,k = −xn,k − fn−1(x̄n−1,k , t) + α̇n−2,k. (22)

Now, let us consider the following Lyapunov-like func-
tional

Vn−1,k = Vn−2,k +
1
2
s2

n−1,k +
1

2k̄n−1

∫ t

0

θ̃2
n−1,kdτ, (23)

with θ̃n−1,k(t) = θ∗n−1(t) − θn−1,k(t), where θ∗n−1(t) ∈
C0
[0,Tn−1]

is such that there exists a finite Tn−1 > 0 such
that

| − fn−1(x̄n−1,k , t) + α̇n−2,k(t)| ≤
| − fn−1(x̄n−1,k , t) + α̇n−2,k(t)| + φn(t) ≤ θ∗n−1(t),
∀t ∈ [0, Tn−1], ∀k ∈ Z+

(24)
Substituting xn,k by the virtual control αn−1,k given in
(3), one can show that

∆Vn−1,k ≤ −1
2

n−1∑
i=1

s2
i,k−1 −

n−1∑
i=1

1
2k̄i

∫ t

0

θ̄2
i,kdτ

−
n−1∑
i=1

∫ t

0

kis
2
i,kdτ.

(25)
Step n: In this last step, we introduce a new variable

zn,k = αn−1,k − xn,k leading to

żn,k = −uk − fn(xk, t) + α̇n−1,k. (26)

Let us consider the following Lyapunov-like functional

Vn,k = Vn−1,k +
1
2
s2

n,k +
1

2k̄n

∫ t

0

θ̃2
n,kdτ, (27)

with θ̃n,k(t) = θ∗n(t) − θn,k(t), where θ∗n(t) ∈ C0
[0,Tn] is

such that there exists a finite Tn > 0 such that

| − fn(xk, t) + α̇n−1,k(t)| ≤ θ∗n(t), ∀t ∈ [0, Tn], ∀k ∈ Z+

(28)
Substituting uk by the control law given in (4), we obtain

∆Vn,k ≤ −1
2

n∑
i=1

s2
i,k−1 −

n∑
i=1

1
2k̄i

∫ t

0

θ̄2
i,kdτ

−
n∑

i=1

∫ t

0

kis
2
i,kdτ.

(29)

Since ∆Vn,k ≤ 0, it is clear that Vn,k(t) is non-increasing
with respect to k and, hence, bounded if Vn,0(t) is
bounded. The boundedness of Vn,0(t) can be shown as
follows: For k = 0, we have

V̇n,0 ≤ −
n∑

i=1

kis
2
i,0 +

n∑
i=1

(
1

2k̄i
θ̃2

i,0 + |si,0|θ̃i,0

)
. (30)

Since θi,−1 = 0, we have θi,0 = k̄i|si,0|. Therefore, (30)
leads to

V̇n,0 ≤ −
n∑

i=1

kis
2
i,0 +

n∑
i=1

1
2k̄i

(θ̃2
i,0 + 2θ̃i,0θi,0)

= −
n∑

i=1

kis
2
i,0 −

n∑
i=1

1
2k̄i

θ̃2
i,0 +

n∑
i=1

1
k̄i

θ̃i,0θ
∗
i

≤ −
n∑

i=1

kis
2
i,0 −

n∑
i=1

1
2k̄i

θ̃2
i,0 +

n∑
i=1

κi

k̄i
θ̃2

i,0

+
n∑

i=1

1
4κik̄i

θ∗2i,0

= −
n∑

i=1

kis
2
i,0 −

n∑
i=1

ρiθ̃
2
i,0 +

n∑
i=1

1
4κik̄i

θ∗2i

≤
n∑

i=1

1
4κik̄i

θ∗2i ,

(31)

where ρi =
1

2k̄i
(1 − 2κi), with 0 < κi <

1
2
. Since

θ∗i (t) is continuous over [0, Ti], it is clear that Vn,0(t) is
bounded over any finite time-interval [0, T ], where T ≤
T � = min{T1, . . . , Tn}. Therefore, Vn,k(t) is bounded for
all t ∈ [0, T ] and all k ∈ Z+. Consequently, all the

state variables as well as
∫ t

0

θ̃2
i,kdτ, i ∈ {1, . . . , n}, are

bounded for all t ∈ [0, T ] and all k ∈ Z+. Finally, to show
the convergence of si,k(t), i ∈ {1, . . . , n}, let us rewrite
Vn,k as follows:

Vn,k = Vn,0 +
k∑

j=1

∆Vn,j ≤ Vn,0 − 1
2

k∑
j=1

n∑
i=1

s2
i,j−1, (32)

which leads to

k∑
j=1

n∑
i=1

s2
i,j−1 ≤ 2(Vn,0(t) − Vn,k(t)) ≤ 2Vn,0(t). (33)

Since Vn,0(t) is bounded for all k ∈ Z+ and t ∈ [0, T ],
from (33) and (4), one can conclude that there exists a
finite iteration number k� such that sup

t∈[0,T ]

|si,k(t)| ≤ σ,

∀k ≥ k�, ∀i ∈ {0, . . . , n}. Consequently, |zi,k(t)| ≤ φi(t)+
σ, ∀k ≥ k�, ∀i ∈ {0, . . . , n}, ∀t ∈ [0, T ].

Finally, it is important to notice that, at each step i,
we assumed that there exists a function θ∗i (t) ∈ C0

[0,Ti]

bounding the unknown terms fi(x̄i,k , t) as well as the
terms that we don’t want to cancel out, i.e., α̇i and the
successive derivatives of the reference trajectory, over
the finite time-interval [0, Ti]. Now, we will show the
existence of θ∗i (t) ∈ C0

[0,Ti]
for any finite iteration number,

if the control gains ki are sufficiently large.
Let us consider the Lyapunov function Vn without the
terms involving the parametric errors, i.e.,

Wn,k =
1
2

n∑
i=1

s2
i,k, (34)
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whose time-derivative, in view of (2), (3) and (4) and
according to the previous developments, can be shown
to be

Ẇn,k = −
n∑

i=1

kis
2
i,k +

n∑
i=1

si,k(−fi(x̄i,k , t) + α̇i−1,k)

−
n∑

i=1

si,ksat(zi,k/φi)θi,k

+
n∑

i=2

si−1,kφisat(zi,k/φi)

≤ −
n∑

i=1

kis
2
i,k +

n∑
i=1

si,k(−fi(x̄i,k , t) + α̇i−1,k)

−
n∑

i=1

|si,k|θi,k +
n∑

i=2

εi|si−1,k|

≤ −
n∑

i=1

kis
2
i,k +

n∑
i=1

si,k(−fi(x̄i,k , t) + α̇i−1,k)

−
n∑

i=1

k̄is
2
i,k −

n∑
i=1

(k̄i

k−1∑
j=0

|si,k|si,j) +
n∑

i=2

εi|si−1,k|
(35)

where α̇0,k ≡ ẏd. Now, using Young’s inequality, we have
n∑

i=1

si,k(−fi(x̄i,k , t) + α̇i−1,k) ≤ β
n∑

i=1

s2
i,k

+ 1
4β

n∑
i=1

(−fi(x̄i,k, t) + α̇i−1,k)2,
(36)

and

n∑
i=1

(k̄i

k−1∑
j=0

|si,k|si,j) ≤
n∑

i=1

βk̄is
2
i,k +

n∑
i=1

k̄i

4β

⎛
⎝k−1∑

j=0

si,j

⎞
⎠

2

,

(37)
for any β > 0.

Now, using (36) and (37), inequality (35) leads to

Ẇn,k ≤ −
n∑

i=1

(ki − k̄i − β − βk̄i)s2
i,k

+
n∑

i=1

k̄i

β

⎛
⎝k−1∑

j=1

si,j

⎞
⎠

2

+
n∑

i=2

εi|si−1,k|

+ 1
4β

n∑
i=1

(−fi(x̄i,k , t) + α̇i−1,k)2

(38)

which means that there exists a finite time interval
T � > 0 over which (38) can be made negative (as
long as sup

i∈{1,..,n},t∈[0,T ]

|si,k(t)| > σ) by picking β and

ki sufficiently large, with ki > k̄i +β +βk̄i, for any finite
iteration number k. Consequently, if ki is sufficiently
large, there exists a finite time interval [0, Ti] over
which si,k(t) is bounded, which in turns guarantees the
existence of θ∗i (t) ∈ C0

[0,Ti]
for any finite iteration number

k.
Finally, one can summarize the previous development

in the following theorem:

Theorem 1: Consider system (2), under the ILC
scheme (3)-(4). For any σ > 0, there exist k�, T � > 0 and
a sufficiently large ki > 0, such that for all 0 ≤ T ≤ T �,
the following hold
(i) The state variables of the closed-loop system are

bounded for all t ∈ [0, T ] and all k,
(ii) |zi,k(t)| ≤ φi(t) + σ, ∀k ≥ k�, ∀i ∈ {1, . . . , n}, ∀t ∈

[0, T ].

IV. Simulation results
We consider the following nonlinear system

ẋ1,k = x2,k + x2
1,k + t2 sin(x1,k)

ẋ2,k = uk + cos(x2,k) + x2
1,k + x2

2,k

yk = x1,k.

(39)

The reference trajectory is taken as yd(t) = 1 − e−10t

over the finite time-interval [0, 1] seconds. The initial
conditions are taken equal to zero. Applying the control
law (3)-(4) with k1 = k2 = 10, k̄1 = k̄2 = 1, ε1 = ε2 =
5× 10−3 and σ = 5× 10−2, we obtain the results shown
in Fig. 1 and Fig. 2. In fact, Fig. 1 shows the evolution
of the supremum norm of the tracking error function of
the iteration number and Fig. 2 shows the time-evolution
of the reference trajectory and the actual output at the
first iteration (k = 0), the tenth iteration(k = 9) and the
60th iteration (k = 59).
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Fig. 1. Sup-norm of the tracking error versus the number of
iterations

V. Conclusion
We proposed a simple recursive ILC scheme, composed

of a cascade of n scalar adaptive iterative learning con-
trollers, for a class of uncertain time-varying nonlinear
systems. The only requirement on the n-dimensional
nonlinear system is the explicit appearance of the state
variable xi+1 in the ẋi-equation for all i ∈ {1, . . . , n −
1}. The nonlinear functions fi(x̄i, t), are assumed to
be completely unknown. The proposed backstepping-
like procedure provides, in a systematic way, a control
Lyapunov-like function leading to a simple ILC scheme
guaranteeing the existence of a finite time-interval on
which the boundedness of the state variables of the
closed-loop system as well as the convergence of the
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Fig. 2. Reference trajectory and actual output for k = 0, k = 9
and k = 59

tracking error to zero are guaranteed. The simplicity of
the proposed controller is achieved by avoiding direct
compensation of the successive derivatives (required in
standard backstepping design) and considering them as
time-varying unknowns to be handled along with the
unknown functions fi(x̄i, t) through a cascade of n scalar
adaptive ILC laws.
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