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Abstract—The aim of the article is to present a new possible
way of an interactive teaching. The effort is to substitute
proprietary software that is commonly used in educational
process by open technologies. Since the subject of this article
is oriented to the engineering area we devoted our attention
to open software and we chose Maxima. Moreover, this tool
can be available not only locally on the desktop computer or
the notebook but also online via Internet. In the paper we
also introduce examples of the implementation.

Index Terms—computer aided engineering, control design,
online services, student experiments.

L INTRODUCTION

In the last decade the development of the low cost soft-
ware (free and open source software) takes increasingly
bigger and bigger importance. It brings competition to the
proprietary software products including open source plat-
forms.

We decided to devote our attention to open computer
algebra systems that can be used in education of technical
topics. We could choose from several possibilities, e.g.
Axiom, Maxima, SymPy, Sage, Yacas, etc. After com-
parison of developed functionality, operating system sup-
port, software ongoing support (year of the last stable ver-
sion) we decided to use Maxima software environment.

Our aim was to increase interactivity of students during
their study. Computer simulations and computations have
the advantage of allowing a student to make judgments,
and also to make errors. The process of interactive learn-
ing through testing, evaluation, decision-making, and error
correction creates a much stronger learning environment
than passive instructions. It also improves students’ learn-
ing activities helping them to reach with success their uni-
versity degree.

The paper extends the use and explores new possibili-
ties of the Maxima software (GNU Computer Algebra
System).

II. MAXIMA SOLUTION

Maxima is the software environment that enables to ac-
complish various mathematical operations including sym-
bolic calculations. It presents a computer algebra system
that is oriented to symbolic solutions of given problems.
In this way it can be an alternative for such programs as
Maple, Mathematica or Matlab with Symbolic Toolbox
are.

The disadvantage of Maxima can lie in the fact that it
has not so many toolboxes for so many areas as mentioned
proprietary software environments. In the paper we pre-
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sent a created Maxima support for selected topics in
Automation area.

Our attention was devoted mainly to the solution of
tasks via Internet. Since Maxima is the software that is
determined for the installation on a local computer it was
necessary to find a way how to explore it online. To trans-
form Maxima to an online tool it was necessary to build
an interface that would enable to approach the program
kernel via Internet. Actually, we decided to implement
two interfaces:

e graphical user interface that offers users to use all
Maxima functions via the command line available on
the web page [15].

e program interface that enables to exploit the Maxima
functionality in other web applications.

The first possibility enables to put Maxima software on
the server and to allow students to use it via command line
(or command area) for mathematical computations with-
out need to take care about the installation on own com-
puter.

The second possibility enables to exploit the Maxima
functionality for building various external web applica-
tions. In the paper we introduce several applications that
can be used for teaching Control Theory that is one of the
fundamental subjects that are taught at universities of
technical orientation.

III. MAXIMA ONLINE TOOL TECHNOLOGY

The functionality of the created Maxima based online
tool is sketched in Fig.1.

All commands that have to be processed by Maxima are
sent from an external web application to the server side
PHP script. The script validates the data (from the user or
from an external application) and according to their type it
decides about their next manipulation. Actually, the script
can receive two different inputs:

e simple command that can be forwarded for computa-
tion to Maxima software without any need for addi-
tional command processing.

Server side

PHP scripts
>

Maxima <&=) Systemshell (=)

Web browser

Figure 1. Schematic block scheme of Maxima online implementation
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e graph plotting command — in this case the script
needs to generate the filename for the image file
which is going to carry the image of the plotted
graph.

However, in both situations we need to transfer com-
mands received from the external application to the form
that is acceptable by Maxima. Therefore it is necessary to
create a batch string containing Maxima commands that
can be executed via shell exec() PHP function whereby
the system shell enables to start the installed version of
Maxima.

After Maxima gets and executes the batch string, the
Maxima output is sent back to the shell as the text string
and the shell forwards it to the PHP script. In the case that
the batch string contained graph plotting commands
Maxima generates the necessary output and call Gnuplot
application to generate PNG image file from Maxima out-
put with the already generated filename.

The PHP script receives the result of Maxima computa-
tion as the string from the shell exec() function. The script
transforms the Maxima output to the TeX format. Finally,
the web page with the Maxima output can be generated
and visualized in the web browser to the interested user.

An external web application can use two formats for
visualization of mathematical results (JSMath or PNG
images). If the mathematical results should be displayed
by JSMath tool the output is generated with the TeX rep-
resentation of received strings and JSMath will take care
about all the remaining job. Otherwise the PNG images of
results are generated using MATHTEX and DVIPNG
tools.

Since Maxima software is used as an engine for execut-
ing all required computations in an external web applica-
tion, the mathematical tasks for Maxima are indicated not
by the user but by the other application. Similarly, the
results from Maxima are sent not to the user but they are
sent back to the online application that created the opera-
tion request. Actually, the user doesn't need to know about
the existence of Maxima environment on the server. The
created program interface includes methods that enable
interaction between Maxima and a new web application.

IV. DEVELOPED WEB APPLICATIONS

The Control Theory is one of the fundamental subjects
that are taught at universities of technical orientation. At
the Faculty of Electrical Engineering and Information
Technology (Slovak University of Technology) in Brati-
slava it is placed into the second year of the study.

The course is considered as an introduction to analysis
and design of feedback control systems. It presents an
integrated approach to control theory both from the fre-
quency domain and time domain. The big emphasis is
devoted to modeling of various systems. Among other
topics you can find stability of systems; root locus, Bode
plots and Nyquist criterion; controllability and observabil-
ity; pole placement, etc. In created applications we tried to
illustrate in an interactive way at least some of these top-
ics.

Nowadays the front end of the web application can be
created by various technologies. The developer can use
Java, Flash, JavaScript in combination with DOM and
CSS, etc. Each of them brings its pros and cons. After
consideration several factors in this paper we decided to
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Figure 2. Front-end of the application for model conversion

combine classical HTML with CSS and JavaScript tech-
nology. It enables to create well-looking output in a quite
simple way. The graphical user interface is supported by
other complementary technologies such as JQuery,
JSMath and Yetii.

A. Transformation of Mathematical Model Description

For the control design it is really important to find the
exact possible mathematical model of a system. Mathe-
matical models can be described by different forms. De-
pending on the particular system and the particular cir-
cumstances, one mathematical model can be better than
another one. For example, in optimal control problems, it
is advantageous to use state-space representations. On the
other hand, for the transient response or frequency re-
sponse analysis of single input single output, linear, time-
invariant systems, the transfer function representation may
be more convenient than any other [5]. Another possibility
is to use the differential equation description. Once a
mathematical model of a system is obtained, various ana-
lytical and computer tools can be used for analysis and
synthesis purposes.

Fig.2 illustrates the developed application that enables
to transform one form of the dynamical system description
to the other one. The user can enter the transfer function of
the system or its state space representation and as a result
he or she can get the system differential equation or the
state space representation in a selected canonical form.
This application helps students to understand and to prac-
tice all types of system transformations that they should
learn.

B. RLC Circuit Solution

Another application enables modeling of RLC circuits.
The client application (see Fig. 3) allows to build RLC
circuits by simple drag and drop procedure. The circuit
structure can contain one input voltage and arbitrary num-
ber of passive components such as resistor, inductor and
capacitor. By default the output of the system is deter-
mined by the voltage on the last entered element. How-
ever, it can be easily changed. The circuit structure can
also be saved in an intermediate stage so the user is not
obliged to finish the whole problem solution in one ses-
sion. He or she can return to it later.

Using this application the user can find mathematical
model of the created circuit, i.e. mathematical dependence
between input and output voltage.

After defining the RLC circuit structure the incidence
matrix and the vector of RLC components is generated. It

http://www.i-jep.org



PAPER
MAXIMA — AN OPEN ALTERNATIVE FOR ENGINEERING EDUCATION

Canvas: (svg document) new document Library:
Image Title
F Y™™ Inductor
B | R | H H Resistor
1
. % c1 J—J-—i c2
Vector of components:
[ULL1R1CLC2] @ —
Incidence matrix:
[11000] . R
[01110] : d- _d
[00101] E 23] (Z) CI CELIRI + d—fu; (f) C;R[ + (F Uy (f) (C}Ll +CJ- LI) +u; (f) = d_[ Uy (f)
[10011]

Figure 3. Web application for modeling of RLC circuits

is done automatically by the server script on the base of
position of all elements in the structure. Then, the matrix
and the vector are sent to Maxima environment where
differential equation, transfer function or/and state space
representation of the model are calculated. The results are
sent back to the server script that enables their visualiza-
tion for the user.

Of course, the created Maxima procedure can also be
used independently from the presented web application. In
such a case, the user has to enter the incidence matrix and
the vector of RLC circuit components in the Maxima envi-
ronment manually. Then, these variables can be used as
input arguments for the developed procedure.

The advantage of the online solution consists in the fact
that students are not forced to use Maxima directly, it is
incorporated in the kernel of application, and therefore
there is no need to learn Maxima syntax for those who are
not interested in it.

Our aim is to extend this application in such a way that
it would serve not only for solution of RLC circuits but
also for solution of mechanical systems where instead of
resistor, inductor and capacitor we will consider mass,
spring and damper.

C. Block Scheme Simplification

The next developed application is the application that
enables simplification of the block scheme. The client
application (see Fig. 4) enables to build a general linear
SISO circuit again by simple drag and drop procedure.
The control structure can contain input, output, sum ele-
ments and several blocks that can be described by the
transfer function defined either in numerical or in analyti-
cal way.

After defining the block scheme user can find the re-
sulting transfer function that describe the behavior of the
whole system. The background computation is done in
Maxima. It is again necessary to define the system de-
scription on the base of position of all elements and all
connections in the block scheme structure. The whole
problem can be converted to the solution of linear equa-
tions. Their number is depending on the number of blocks
in the control structure.
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However, in spite of many advantages this application
together with the previous ones brings one crucial prob-
lem. Students receive the whole solution of the task in a
very comfortable way. It is sufficient only to draw a cir-
cuit or a scheme, to press a button and student has imme-
diately the correct result. It is not necessary to enter nei-
ther any parameter. Therefore the applications should
serve only as a support tool for checking results. They are
not able to teach student all steps of the solution.

D. Building of Next Applications

In spite of the fact that we introduced here only three
applications it is not the end of our efforts. Our aim is to
continue in this direction and to build set of applications
that will support the whole course of the subject Control
Theory. In present time we are building applications for
demonstration of characteristics of linear systems, i.e.
transient response, impulse response and frequency char-
acteristics. Then, we would like to devote our attention to
the stability of systems and to other basic topics. Advan-
tage is that all computations can be done in Maxima envi-
ronment and we take care only for front end of applica-
tion, communication with back end and interaction with
student.
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Figure 4. Web application for simplification of block scheme
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V. CONCLUSIONS

The paper presented a tool for developing of online ap-
plications oriented to the interactive solutions of examples
in Control Theory. We exploited a possibility to use
Maxima software for doing all computations.

The advantage is that the tool is available online via
Internet for all interested users in any time they need.
Since the presented topic is part of the study at probably
all technical universities devoted to electrical engineering
it presents the useful instrument in an educational process
mainly in online and distance forms of education.

The last thing to mention is the fact that each version of
the introduced application was prepared by regular stu-
dents in frame of their individual projects. Actually, for
example the front end of the application for solution of
RLC circuits represents already the 4th solution of the
graphical design. In frame of the projects students tried to
apply Flash technology, Java applets and Javascript. Step
by step the solutions are better and better. Of course, ap-
plications could also be done by professional programmer,
but we decided to give opportunity to students. They like
programming and together with it they learn control the-
ory, too. The idea of “learning by doing” is in this case
very actual and the results showed that it is good to con-
tinue in this direction also in future.
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