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Abstract.Modeling a system means to develop an mathematical representation who mimics some characteristics observed
in a real systems. These systems are usually nonlinear, therefore nonlinear dynamic models should be used. Softwares,
such Matlab, Maple and Mathematica, are often used to obtain and analyze the models. However, these softwares are
unaffordable for the majority of public institutions. In this context, this paper aims at presenting the Scilab as a free tool
for nonlinear system analysis. Scilab is an environment directed toward the development of software used in numerical
problems. We applied the Scilab in the study of two nonlinear dynamic systems: Chua'’s circuit and Duffing’s oscillator.
The Scilab was adequate in the simulations, being an alternative to paid softwares.
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1. Introduction

Modeling a system means to develop an mathematical representation who mimics some characteristics observed in a
real systems. The dynamic systems when further analyzed are generally nonlinear. Usually linear approaches are enough
for the analysis, but in many cases they are not satisfactory and nonlinear models should be used (what it increases
the algorithm complexity). The evolution law of the dynamic systems can assume diverse forms: iterations, equations,
partial differential equations, transformations or flows, stochastic equations. In this point the computational methods
are essential. Softwares for the numerical resolution and qualitative analysis of dynamic systems in the education of
engineering and applied sciences simplify the resolution and analysis of these systems.

The massive use of softwares generated a great business. There are several commercial softwares, and among the
most important are the Matlab, Maple And Mathematica (Chonacky and Winch, 2005). Just to give an idea, the most
comprehensive bibliographic database, the Web of Sclepoesents the following number of articles which contains the
aforementioned softwares: 4,805 for Maple, 2,267 for Matlab and 1,062 for Mathematica.

Although the credibility and efficiency of these softwares are undeniable, their cost are not affordable for the majority
of public Brazilian universities. The prices are US $ 1,245.00, US $ 1,569.99, US$ 500,00 for Maple, Mathematica and
Matlab, respectively. In the case of Matlab, this cost refers only to 10 licences for academic use, without any toolbox.
These conditions are usually unsatisfactory, as for teaching and research purposes more licences and other toolboxes,
which cost around US $ 300,00 each, are necessary.

This paper aims at presenting the Scifalas a friendly, free software and alternative tool for the nonlinear systems
analysis. Comparing with other commercial softwares, Scilab is in its infancy. In the Web of Science, there are only
11 citations. There are works presenting applications in Physics (Papasotiriou and Geroyannis, 2002, 2003; Emiris and
Nikitopoulos, 2005), Economy (Mrkaic, 2000). Chemistry (Fang et al., 1999) Control (Pendharkar, 2005; Pakshin and
Ryabov, 2004). Mrkaic (2000) calls Scilab as a free Matlab-like programming system, which can be used for data analysis
and applied numerical work in both research and teaching.

The user interaction with Scilab can be given of two forms. In the first form, the commands are typed directly in
prompt (functioning as a calculator). In prompt we also see the error messages. In the second form, the commands
(routines), using its editor (Scipad), can be saved asidile. This file is taken for prompt and executed. The results are
shown in prompt or by means of graphs, that when called for commands, they appear automatically in the screen.

The remain of this paper is organized as follows. Section 2 presents a brief overview of Scilab. In section 3, basic
features of nonlinear systems are summarized. Section 4 and 5 present some simulations of a modified Duffing’s oscillator

IMore information can be obtained in the homepage: http:/isi02.isiknowledge.com

2Scilab is a trademark of INRIA, “Copyright (c) 1989-2005. INRIA ENPC". Scilab license allows you to: use freely Scilab for non commercial
use; use freely Scilab for commercial use if you do not use it as a derived software (ie a modified Scilab) or a composite software (ie Scilab included in
another software). It can be downloaded from www.scilab.org
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and Chua'’s Circuit, respectively. Section 6 brings some final remarks about this work.
2. A Brief Overview of Scilab

In this section a brief overview of Scilab is preserite8cilab has been developed since 1990 by INRIA and ENPC
researchers, and it is now maintained and developed by Scilab Consortium since its creation in May 2003. Scilab has been
developed for system control and signal processing applications. It is freely distributed in source code format and is made
of three distinct parts: an interpreter, libraries of functions (Scilab procedures) and libraries of Fortran and C routines.
A key feature of the Scilab syntax is its ability to handle matrices: basic matrix manipulations such as concatenation,
extraction or transpose are immediately performed as well as basic operations such as addition or multiplication. Scilab
also aims at handling more complex objects than numerical matrices. For instance, control people may want to manipulate
rational or polynomial transfer matrices. This is done in Scilab by manipulating lists and typed lists which allows a natural
symbolic representation of complicated mathematical objects such as transfer functions, linear systems or graphs.

Polynomials, polynomials matrices and transfer matrices are also defined and the syntax used for manipulating these
matrices is identical to that used for manipulating constant vectors and matrices. Scilab provides a variety of powerful
primitives for the nonlinear system analysis. Integration of explicit and implicit dynamic systems can be accomplished
numerically. The Scicos toolbox allows the graphic definition and simulation of complex interconnected hybrid sys-
tems. There exist numerical optimization facilities for non linear optimization (including non differentiable optimization),
guadratic optimization and linear optimization.

Scilab has an open programming environment where the creation of functions and libraries of functions is completely
in the hands of the user. Functions are recognized as data objects in Scilab and, thus, can be manipulated or created
as other data objects. For example, functions can be defined inside Scilab and passed as input or output arguments of
other functions. In addition Scilab supports a character string data type which, in particular, allows the on-line creation of
functions. Matrices of character strings are also manipulated with the same syntax as ordinary matrices. Finally, Scilab is
easily interfaced with Fortran or C subprograms. This allows use of standardized packages and libraries in the interpreted
environment of Scilab.

Scilab general philosophy is to provide the following sort of computing environment:

1. To have data types which are varied and flexible with a syntax which is natural and easy to use.
2. To provide a reasonable set of primitives which serve as a basis for a wide variety of calculations.

3. To have an open programming environment where new primitives are easily added. A useful tool distributed with
Scilab is intersci that is a tool for building interface programs to add new primitives i.e. to add new modules of
Fortran or C code into Scilab.

4. To support library development through “toolboxes” of functions devoted to specific applications (linear control,
signal processing, network analysis, non-linear control, etc.)

Scilab also provides an easy desktop to develop brief computations or for a first test of functions (see Figure 1),and
has also an integrated editor (see Figure 2).
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Figure 2. Editor of Scilab.

Figure 1. Desktop of Scilab.

Another useful tool of Scilab is the Scicos: a dynamic systems modeler and simulator. Scicos is a Scilab toolbox
included in the Scilab Package. Written in Fortran, C and Scilab language, it comes with complete source code. Scicos is
a free software and its features are: a user-friendly GUI-based editor for modeling dynamic systems as block diagrams;

3Most of this overview was obtained from http://www.scilab.org
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hierarchical block diagram structure (Super blocks); a large number of standard blocks available in various palettes;
possibility of defining new blocks using C, Fortran (dynamic link) or Scilab Language; powerful formalism for modeling
hybrid systems; diagram compilation and fast simulation; and C code generation. Figures 3 and 4 show an example of
Scicos file and its simulation result.

X dEmo7) EEIE
Diagram Edit Simulate Object Misc <
|Click to open block or make a link 7l Fle Zoom UnZoom 3DRet Edit

GIEpTIEVRd W —Tofx]

©
ey

0.5
RS

= B e P e Y e e =

= kil T ]!

Figure 4. A simulation example of Scicos.
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Figure 3. Scicos: a simulation toolkit based on blocks.

In Scilab there are some mathematical functions and commands of interest in the analysis of dynamic systems. There
is theodefunction, which allows the numerical solution of differential equation, given the initial conditions. The used
methods are: Adams (standard); Stiff equations; Adaptive Runge-Kutta of order 4; Fehlberg’s Runge-Kutta of order 4 and
5. For all of these methods, the precision can be controlled.

3. Some Concepts of Nonlinear Dynamic Systems

The time series data associated to engineering systems are often modelled by ordinary differential equations (ODE).
The study of ODE allows us to determine properties of these data as pattern or transitions. In the analytical studies
of the engineering models, some quantities are usefully described by the linearization of ODE and the nonlinearity in
the model can be neglected. In the past, the undergraduate engineering curriculum was based on the study of linear
technigues. Nevertheless nonlinear phenomena as pattern formation or solitons or chaos are not adequately understood
by the linearization of the equations of motion.

When we study a nonlinear model of a engineering system, fundamental tools of linear analysis are no longer available
as the principle of superposition of the solutions. There is no single general approach to study the nonlinear systems but,
instead, a collection of different approaches. One is the study of the qualitative behavior of the model. In this paper, we
will present Scilab as a tool for the study the qualitative behavior of engineering nonlinear systems.

We begin the qualitative study of nonlinear system with some fundamental concepts (Guckenheimer and Holmes,
1983; Fiedler-Ferrara and Prado, 1994). We consider the equations of motion that govern the evolution of a N degrees of
freedom system. We now convert these equations into a set of N first-order differential equations. The system of these
first-order ODE with its initial conditions is called a dynamic system. In this study we have considered dynamic systems
of the following form

X = f(X’tv)‘)7 (1)

wherex, x are vectors withV components) is a vector and is a positive, real number . The timas the independent
variable. A dynamic system can have discrete or continuous time. If the fungtjonis (1) do not depend explicitly on
the variable t then the system is called autonomous. The set of dependent variables forms the phase space. At each point
in this space the functiong give a vector and we say that the f characterize a flow on the phase space. The solutions of
the dynamic system correspond to curves in phase space that are everywhere tangent to the flow. These curves are the
trajectories or solutions. To understand the qualitative behavior of the system we need construct and analyze the portrait
of all trajectories of the flow on the phase space. This portrait is called phase portrait.

A fixed point or an equilibrium point or a steady state, denotedhis a solution of the dynamic system such that
f(z*,t) = 0. This solution does not change in time. A fixed point is stable if solutions close to the this pQiat, a
given instant remain close to this point for later times. A fixed point is asymptotic stable if solutions close to this point
converge to it as the time approaches infinity. To determine the stability of a fixed point, we do the linearization of the
system near this point. In this process we obtain a linearized version of the dynamic system. If we canfexpand
Taylor series and retaining only the linear terms, we get a linear system with a linear, constant coefficient ODE system
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formed by the derivativg’, the Jacobian matrix about the fixed points. The stability properties of the fixed points can be
characterized by the eigenvalues of the Jacobian. If all eigenvalues of this matrix have the negative real component then
the fixed point is asymptotic stable.

In the qualitative study of the dynamic systems we investigate the solution curves in the phase space and how these
curves change when the parameters system are varied continuously. The “sudden qualitative” changes in the phase curves
that occur, when the system parameteese changed continuously, are called bifurcations or branchings.

In the next sections we want to show how Scilab can be used to construct the phase portrait of modified Duffing’s
oscillator and Chua’s circuit.

4. The modified Duffing’s oscillator

This version of the Duffing’s oscillatbidescribes a particle moving along the x-axis, subject to a cubic fofee-
B3, a linear damping and a time-dependent, harmonic driving force (Aguirre and Sanjuan, 2002). This dynamic system
is given by (2) e (3)

T o=y 2
y = —0y— (Bzwiz) + yeos(wt + ¢), ®)

whered, 5, wy and~y are real parameters. The paramétean be interpreted as the damping strengthas the frequency

and~ as the amplitude of the forcing. If there is no damping and no driving force this system is conservative and it has
no attracting fixed point (Guckenheimer and Holmes, 1983). If we consider the linear damping to the unforced Duffing’s
oscillator, this system has no closed orbit (Guckenheimer and Holmes, 1983). The harmonic driving, damped Duffing’s
oscillator presents explicit time dependence and it is classified as a non-autonomous system. The pgiartieter
control parameter associated to the bifurcations in the dynamics.

Simulating the equations (4) and (5) we have gotten the time series and the phase portrait (see figures (5) to (8).
We have fixedy=0.18, 8=1, wo=1 w=0.8, =0 and have chosen certain valuesyofin those figures, one can see the
influence of the bifurcation parametet,in the flow on the phase space. There also are duplications of periods, which are
well-known as a route to chaos (Fiedler-Ferrara and Prado, 1994; Guckenheimer and Holmes, 1983).

T =y (4)
) = —6y— pr® —wiz + ycos(wt). ®)

5. Chua'’s Circuit

The figure 9 schematically show the Chua'’s circuit (Torres and Aguirre, 2000). This circuit is not difficult to build
in the laboratory, a simulated inductér a resistorR, capacitors”; andC, and the Chua’s diode make up it. Its active
element is the Chua’s diode and gives the nonlinearity in the circuit. The current-voltage characteristic of this diode is
given by the function

f(x) = Rig(z), (6)
where

mox + Bp(mo —my), if z<-B,
ig(r) =< mz, if |z|<B, , @)
mox + Bp(my —myg), if =>B,

andmg, m; and Bp are real parameters of the Chua’s diode. The current voltage characteristic is a piecewise-linear

function. We have made simulations, which are not shown in this paper, with a cubic function that fits the piecewise-

linear function of Chua’s diode. This procedure was also successfully undertaken by means of Scilab (see figure 10).
Using Kirchhoff’s current and voltage laws, we have obtained the evolution equations given by (8)

T = ply—=x— f(v)]
y = x—y+=2 (8)
Z = —qy+bz,

4The original Duffing’s oscillator describes a particle subjected to a double well potential (Guckenheimer and Holmes, 1983).
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Figure 5. Phase portrait of Duffing’s oscillator withr19.0 (period 1) and the time series.
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Figure 6. Phase portrait of Duffing’s oscillator witk21.2 (period 2) and the time series
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Figure 7. Phase portrait of Duffing’s oscillator witkr22.0 (period 4) and the time series
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Figure 8. Phase portrait with=30.0 (chaos) and the time series

wherep = Cy/C1, ¢ = R?Cy/L andb = —r/(RL). The overdot in these equations means time derivative. However
time ¢’ has been scaled iy= t'/RC' . In our implementation of this circuit we have used a simulated inductor with no
associated resistaneg,. This circuit can exhibit different nonlinear behaviors such as bifurcations, spirals, double scroll,
bistability and excitability (Mira, 1997).

Simulating the Chua’s circuit equation in Scilab, the following time series of the voltage in the cagagitdr and of
the current in Chua’s diode have been gotten and illustrated in the figures 11 to 15. The R value was varied in order to get
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Figure 9. Chua’s Circuit
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Figure 10. Linearization of Chua’s diode curve uslimgolvefunction of Scilab((—) simulated curve, (+) linearized curve).
Axis xis voltage. Axisy is current.

different dynamic behaviors. For the Chua’s circuit graphics, it can be seen that with a small variation in the parameters
of the circuit, the resistanc® in this case, we can get completely different behaviors.
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Figure 11.R = 150012, (=) voltage inC1, (---) voltage in  Figure 12. R = 150012, voltage in capacito€’; x voltage
Cs and (+) current in diode. in capacitorCs.
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Figure 13.R = 180012, (-) voltage inC1, (---) voltage in  Figure 14.R = 180012, voltage in capacito€’; x voltage
Cs and (+) current in diode. in capacitorCs.
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Figure 15.R = 190012, (=) voltage inC1, (---) voltage in ~ Figure 16.R = 190012, voltage in capacito€; x voltage
Cs and (+) current in diode. in capacitorCs.

6. Final Remarks

This article has presented a brief overview of Scilab as an alternative tool for studying of nonlinear dynamic systems.
In the two systems case, Chua’s Circuit and Duffing’s Oscillator, we see that Scilab functions are suitable for some
nonlinear analysis. The help command is a simple tool, that allows us to consult the syntax functions. This help also
allows a new-user a fast learning, as the syntax presents a good overview of the functions, as well as some examples.

Scilab was adequate in the simulations, being an alternative to paid softwares, as Matlab for example. The emphasis
of this article has been to present a Scilab to the community of engineers and researchers. As Pendharkar (2005) pointed
out “readers are invited to try out the package and evaluate it for themselves”.
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