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Abstract— A major objective in the web winding system control
design is to obtain a precise thickness, with the best possible
regularity when a sudden constraints occurs. This system knows
several constraints such as the thermal effects caused by the
frictions, and the mechanical effects provoked by metal
elongation, that generates dysfunctions due to the influence of the
process conditions. In this paper, the backstepping method is
applied in order to design a nonlinear controller with the goal of
resolving a thickness problems, to obtain the best possible
regularity, where only the tracking error is necessary. The
control variables are velocities and tractions forces along the web
winding system. The proposed control law and Lyapunov
function guarantee asymptotic stability from all initial values.
Simulation studies are included to illustrate the effectiveness of
the proposed approach. The results obtained illustrate the
efficiency of the proposed control with no overshoot, and the
rising time is improved with good disturbances rejections
comparing with the classical control law.

Index Term— Backstepping Control, Lyapunov Candidate
Function, Tracking Error, Virtual Control, Web Winding
System (WWS)
I. INTRODUCTION
IN the early days of control theory investigation, most of
concepts such as stability, optimality and uncertainty were
descriptive rather than constructive. In the recent two decades,
a number of new methods have been developed for designing
controllers to control nonlinear dynamic systems. These are
mainly recursive methods, such as backstepping, forwarding,
and various combinations of them. A common concept of the
above named basic recursive methods is the design of a
globally stable control system, having a cascade structure, for
a class of nonlinear dynamic systems. In particular, the
backstepping method is based on Lyapunov function theory
[1], but its origin can be found in some theories of linear
control, such as the feedback linearisation method or the LQR
method.
The beginning of the development of the backstepping
method applied to nonlinear control systems design dates back
to the end of the 1980s. A list and a discussion of publications

issued at that time can be found in the overview by Sontag and
Sussmann, [2], as well as by Kokotovic and Arcak [3].
The backstepping method is based directly on the
mathematical model of the examined system, introducing new
variables into it in a form depending on the state variables,
controlling parameters, and stabilising functions. The
controlled system may be in the state equations with a
triangular form. The design of the controller pass by several
step, in the first step we consider a Lyapunov function for the
first error state, then, the virtual control is calculated in the
order to guarantee the negativity of the Lyapunov function
proposed. For this virtual control, we associate a second error
state, between the second state and the virtual control
calculated in first step, then we consider the augmented joint
Lyapunov function whose the first function and the second
error are appear. The second virtual control is calculate with
the same reasoning. The exact control will calculate in the last
step by using the virtual control laws calculated in the past
steps. We can interpret this method by the addition of the
integrators after each step [4].
Several control strategies have been suggested to maintain
quality and reduce sensitivity to external disturbances,
including centralized multivariable control schemes for steel
mill applications [5], [6] and an H∞ control strategy to
decouple web velocity and tension [7], [8].
This paper presents a new concept of web winding system
in which control velocities and tensions are derived for
nonlinear controllers designed with the Backstepping method.
The dynamics of a Web Winding System (WWS) is described
by its strongly nonlinear behavior. In all cases of rolling up or
unfolding of a web material, the flatness difficulty arises.
Considering the complexity of the system due to nonlinearity
and the strong coupling between the web velocity and the web
tension, it is more convenient to linearize this WWS.
However, this model remains very depend on the set point
considered and especially on the variation rate of
nonlinearities. This situation pushed the researchers to be
directed more and more towards the techniques of the
nonlinear control based on the Backstepping’s technique. The
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advantage of Backstepping control is its robustness and ability
to handle the nonlinear behaviour of the system.
The paper is organized as follows: The web winding model
is described in Section 2, with a brief description of the WWS.
A detailed description of winding control design methodology
is in Section 3. In Section 4 the control system performances
are evaluated in simulation of the web winding model. The
last section concludes the paper.
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II. PLANT MODEL
A. WWS Description
The web system is very important in a rolling mill, because
its parameters determine the strip quality. Among its
parameters, we quote:
• The entry and exit of the traction forces.
• The entry and exit velocities ensured by the winders
motors, and the work rolls velocity (Fig.1).
• The pressure force or the variations between the work rolls
and their parallelism.
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These parameters characterize the system: it is
multivariable, strongly coupled, nonlinear and timevarying.
The model (1) is composed of three subsystems: The first one
is of the state vector [V1,T1]T, controlled by the tension U1, the
second has as a state vector [V2], is controlled by U2 and the
third subsystem has as a state vector [T2, V3]T, is controlled by
the tension U3.

III. THE BACKSTEPPING CONTROLLERS
Fig. 1. Interactions between the components of the cold rolling system.

The variation of the exit strip flatness evolves because of
the thermal dilation of the cylinders [9-10], but also due to the
elasticity forces [11]. To avoid this phenomenon, the traction
forces are applied to limit the elasticity of the rolled material.
The thickness control is ensured by programmable automats,
which are called AGC (Automatic Gauge Control system)
[12]. Their goal is to maintain the strip thickness uniform in
spite of the acting factors to change it. Considering the
complexity of the Cold Rolling System (CRM), the modeling
and the control of the WWS should be studied to minimize the
flatness defaults. With this intention, we start with the
development of a mathematical model describing the dynamic
behavior of the system.
B. Global Model
Let us consider the nonlinear model of the wws [13-14]
defined by the state representation (1) which can be put in the
general form of the nonlinear affine control system [15]:

The control problem considered consists in forcing the web
velocities and the downstream/upstream web tensions to
follow the reference signals given, noted respectively
,
and
. This suggests the following errors:
(4)
(5)
(6)
The regulator synthesis will be done in two steps. In the
first step, we will put the virtual controls and the stabilising
functions associated. In the second step, we determine the
control laws able to ensure convergence towards zero of the
difference between the virtual orders and the stabilising
functions associated.
Step1: The dynamic of the tracking errors
given by:
̇
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The tracking error
tends asymptotically towards zero if;
in this case, the virtual control is selected as follows:
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The second step in the regulator synthesis consists in
forcing all the (
) errors to converge towards
zero with a suitable choice of the effective controls ,
and
.

can be rewritten as follows:
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Step 2: The dynamic of the
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The quantities (
virtual control inputs for the system (7) and (9). It follows that
the tracking errors and tend asymptotically towards zero
if these virtual controls are selected such as:
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Taking into account (17) and (3), we obtain:
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where , and are the positive real constants unspecified.
Indeed, by doing this we obtain: ̇
, ̇
and
̇
.
The
,
and
quantities are called stabilising
functions. Then, the first Lyapunov candidate function is
defined as:

(

(

)

)

(13)

̈

)

)

(

(

(

)
The derivative of the first Lyapunov function takes the
form:
̇

such is not the case, we cannot impose the equalities (11) and
(12). We will only try to tend these controls towards their
ideal trajectories which are precisely the stabilising functions
and . For this purpose, we introduce the errors:
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The dynamic of the
and
function of and as follows:

errors are expressed in
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In the same way, the dynamics of the
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who shows the influence of the controlling parameters ,
and on the convergence of the , and errors.
For the equations (11) and (12), the found result supposes
) and (
) are effective controls. As
that (

)

where
includes the measurable terms on the right of the
first equality, that is to say:
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While using (18) and (3), the preceding equation becomes:
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where
includes the measurable terms on the right of the
first equality, that is to say:
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To study the stability of the system (10b), (17), (18), (19)
and (21), of state vector (
), we consider the
Lyapunov candidate function increased:
(

)
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Its derivative with respect to time:
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Taking into account (10b), (17), (18), (19) and (21), we
obtain:
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It is a negative definite function of the vector
(
). It follows that the system of the state vector
(
) has a equilibrium point globally
asymptotically stable on the position (
)
(
). That means in particular that the tracking errors
(for the winding velocity and the upstream/downstream
tensions) tend towards zero whatever the initial conditions.
IV. SIMULATION AND RESULTS DISCUSSION
The performances of the regulator worked out in the
preceding paragraph will be illustrated now by simulation. We
will use the www model quoted in section 2. We took as
references
,
and
, which respectively have as a
value 29m/s, 100N and 120N. The values chosen for the
regulator parameters of Backstepping during simulations are:
(c1, c2, c3, d1, d3 ) = (60, 32, 78, 110, 224) .
The control objective of the WWS is to stabilize the
velocity and the upstream and downstream tensions using the
proposed approach. The simulation results of our approach are
shown in Figs. 2, 3 and 4. Figures show the comparison
results of state trajectories and the corresponding reference
signal. These results show that the continuation errors
corresponding to the each parameter are cancelled after 30
seconds for the tensions and 15 seconds for the web velocity.
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and
are the positive real constants unspecified.
The preceding equation suggests choosing the ,
and
controls such as:
(
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)
Fig. 2. Upstream tension control by Backstepping
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The derivative ̇ becomes:
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Fig. 3. Web velocity control by Backstepping
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Fig. 4. Downstream tension control by Backstepping

V. CONCLUSION
In this paper, we approached the control problem of the web
velocity and the web tensions of a web winding system, using
a regulator worked out by the Backstepping technique. The
synthesis rested on the standard model, which holds account
owing to the fact that all the state variables were supposed to
be available. We formally established that the closed loops
made up of this regulator and the model from which it is
resulting, are overall asymptotically stable. Moreover, the
regulator by Backstepping asymptotically ensures a perfect
trajectories tracking of the web velocity and tensions
references. This result was confirmed by simulation way.
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