PAPER
SCILAB BASED REMOTE CONTROL OF THERMO-OPTICAL PLANT

ScilLab Based Remote Control
of Thermo-Optical Plant

http://dx.doi.org/10.3991/ijoe.v7i4.1783

M. Jano and K. Zakova
Slovak University of Technology, Bratislava, Slovakia

Abstract—The  paper deals with the web-based
implementation of the control system of a thermo-optical
plant. The control of the plant is based on the SciLab
software which originally is not designed for web-based
applications. The paper shows a possible way to circumvent
this limitation. The ultimate goal is to enable remote
controlled experiment using ScilLab. The paper also
describes possible tools for communication and control of
the real plant and visualization of results.

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

L INTRODUCTION

Expansion of Internet has provided numerous
significant educational opportunities. Web-based teaching
materials have been widely produced and used for various
educational subjects. This tendency has also influenced
the education process in the area of automation. Teaching
materials were supplemented by various tools bringing a
certain degree of interactivity. Using Internet students can
find ever-growing number of interactive examples,
animations, and experiments illustrating more or less the
topic that is taught.

The development of Internet based control applications
can be done in various ways. It is possible to create a
completely new application where one has to take care
about all steps of the development of a client-server
application  including building of mathematical
mechanism needed for simulation executing. Another
possibility is to use support of already developed software
that can serve as a simulation engine of virtual or even
remote experiment. For this purpose one can consider
standard software that is widespread at universities over
the whole world such as Matlab, LabView, SciLab, ... The
paper is dedicated to the second approach whereby our
attention is devoted not to the commercial software but to
open and free technologies.

In the last decade the development of the low cost
software (free and open source software) takes
increasingly bigger and bigger importance. It brings
competition to the proprietary software products including
open source platforms. Open standards are also supported
by European Union that would like to create conditions
for the market development and to avoid the constraints
given in the case when the only exclusive producer creates
software for certain area. The direction was also supported
by the speech of European commissioner Neelie Kroes
with title “Being open about standards” from June 10,
2008 where she recommends to use the software based on
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open standards. This recommendation was headed to
governments of all European countries.

The kernel of the presented application engine is
formed by SciLab package. SciLab belongs to the
software (developed on the base of open and free
technologies) that enables to simulate dynamical systems.
In its nature it reminds Matlab mainly because of its
graphical interface Scicos that is very similar to Simulink.

It is to say that Scilab is usually used for computations
that are accomplished on the computer locally. However,
the increased expansion of Internet together with the
growing support of online education raised a question how
to exploit capabilities of SciLab for these purposes, too. In
such a case, one installation of ScilLab placed on the
remote server could serve for several clients whereby the
client can be represented by a person or an application.

We started to test ScilLab for various online interactive
examples and simulations. Later we tried to use it for a
remote experiment. Such approach is also presented in this
paper.

II. PLANT

The introduced thermo-optical laboratory plant
uDAQ28/LT (Fig. 1) presents a system that enables to
control two physical variables — the temperature inside a
plastic cylinder and the intensity of a light source.

The plant [4] has three inputs — the bulb voltage (the
heat & light source), the ventilator voltage (system
cooling) and the light diode voltage (the second possible
light source). In addition to these 3 input voltages there
also exist two parameter inputs for adjusting the sampling
period and the time constant of the built in derivative
filter.

Figure 1. The combined thermo-optical laboratory plant

http://www.i-joe.org



PAPER
SCILAB BASED REMOTE CONTROL OF THERMO-OPTICAL PLANT

The user can use eight measured outputs: the system
temperature measured by a PTI100 sensor, the light
intensity (both measured directly, or with a preliminary
filtration by the filter of the 1st order) and its derivative,
the ambient temperature, the current and the rotation
speed of the ventilator.

The whole plant is supplied by 12V/2A DC external
adapter. The advantage is that the whole system can
communicate with a computer via a USB interface. No
special card is required. Since the USB port can be usually
found on all today’s computers including notebooks, the
introduced equipment can be easily widespread.

The communication with the computer runs via the
string exchange. The data transfer rate is 250kbit/s. The
plant enables to use a sampling period 40-50 ms whereas
considering the dynamics of the presented system 1
second should be sufficient for its quasi-continuous
control.

Even though the user can measure 8 variables, students
usually do not use all of them. They control the
temperature inside the plastic cylinder that is influenced
by the bulb heating and the ventilator cooling. In spite of
the fact that both these variables can be used for control at
the same time together, the plant is very often controlled
only by the bulb voltage with the ventilator being
considered as a disturbance factor. Another possibility is
to control the light intensity that can be influenced by the
voltage on the light diode.

III. COMMUNICATION WITH A REAL PLANT

Scicos (a part of ScilLab) is software that is primary
determined for process modeling and simulation.
Therefore it doesn’t contain a possibility to control real
plants directly. However, it has several possibilities how
this problem can be solved. The communication in real
time is dependent both on the chosen solution and on the
operating system, as well. Linux solution is supported
directly by the OS kernel but OS Windows was not
designed as the real time operating system. Therefore the
Windows solution can be found only with some
constraints.

In this part we try to mention the most frequent
possibilities that are used for the real time control in
Scicos together with their advantages and disadvantages.
Our main interest was to find a solution that could be used
with both operating systems, i.e. with OS Linux and also
with OS Windows.

A.  Scicos-HIL

Scicos-HIL [7] (Hardware In the Loop) enables to
incorporate blocks representing external devices and
input-output cards into Scicos schemes. It enables both
digital and analogue communication. It supports more
than 100 A/D and D/A cards, communication via serial
and parallel port and also via USB interface (both versions
1.1 and 2.0). Communication uses two standards —
Comedi for Linux and Measurement Computing
determined both for Linux and Windows operating
system. The interface standardized for both operating
systems is the main advantage of the solution. The
disadvantage consists in the fact that in this solution each
port of the real device has to be represented by an
independent block in a Scicos scheme. In the case that real
plant has several ports, the simulation scheme can become
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very obscure. The possibility to set block parameters is
also very low. It can bring problems when it is necessary
to establish communication with a device that accepts
both numerical and string values as well.

B.  Scicos-RTAI

Project RTAI (Real-Time Application Interface for
Linux) [2] is an extension of the Linux kernel. It enables
to create applications communicating with external
devices in a real time. Scicos-RTAI is represented by a
group of Scicos blocks that use this extension. Scicos-
RTAI contains extended functions for creation of
independent executable applications. They can be created
in two steps: first of all the C code is generated on the
base of Scicos simulation scheme. Then, the C code is
compiled to executable application. Scicos-RTAI can also
communicate with A/D and D/A cards that use Comedi
drivers.

The advantage of this solution is the communication in
a real time that can be also used for very short sampling
periods. The disadvantage is the strict cohesion only with
the Linux operating system and the necessity to interfere
with the Linux kernel. Actually, it is not always a desired
solution.

C. C-Code Generator

Scicos enables to generate C programming code from
the block scheme. The code can be later compiled to the
executable file that can be used together with previous
solutions  (Scicos-HIL, Scicos-RTAI). The second
possibility is to take the generated code and to supplement
it by an external function for communication with a
device. The advantage is that the operation of the final
application doesn't require SciLab running. There runs
only a small program containing the necessary
functionality. The disadvantage consists in the fact that
Scicos doesn't manage to transform all blocks to C code.
Blocks generating events (e.g. timer) cannot be
transformed. In addition, the generated C code is not able
to communicate with a real device by itself. It always
needs some additional problem solution.

D. External Driver

Another approach is to create a special external driver
for the given plant designed especially for simulation in
Scicos. The driver has to be completed with Scicos blocks
representing the plant.

Sometimes it can happen that it is possible to use a
driver developed for other applications. After it is
compiled to a dynamically linked library, it can be
imported to Scicos where the real device can be
represented by a general generic block. However, this
procedure is possible only for very simple drivers that can
be used with frequently used devices. More preferable
way is to design own driver for the specific plant.

E. Final Discussion

All mentioned solutions have their pros-and-cons and
they are all verified by sufficiently big user group. Let’s
summarize disadvantages of all solutions.

Scicos-RTALI is capable to work in hard real time, but it
is focused only on Linux operating system. Scicos-HIL is
solution working under both Linux and Windows
operating system, but it is based only on single port Scicos
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blocks. Since both solutions try to be general and to cover
the maximum of possible applications, it can happen that
the final implementation is quite complicated.

C-code generator requires regular compiling of a
simulation scheme in the real service of application and it
also requires an external solution for communication with
a real device. It means that each designer of a new
simulation scheme has also to be a good programmer in
the C language. In reality this requirement is very difficult
to achieve.

The problem of external driver consists in the fact that
there exists only a small amount of devices that are
supplied with a driver for SciLab/Scicos environment. To
build the own one the user has to have quite good
knowledge of the internal functionality of Scicos blocks
and internal structure of dynamical libraries.

On the base of these conclusions we decided to build an
own external driver for the thermo-optical plant. The
reason was that the plant has a simple communication
protocol and therefore the creation of the driver was not so
difficult. Except of this the driver can be used also with
other SciLab solutions, i.e. not only for the solution that is
presented in this paper.

IV. REMOTE CONTROL AND VISUALISATION

Firstly, it is necessary to mention that SciLab doesn’t
contain functions for remote control and for online
visualization of results. Our requirement was to enable
remote user to run experiment with own simulation
parameters, with own control algorithm and to visualize
results in a real time. The problem can be solved using
additional technologies. Of course, we cannot mention
here all solutions but let introduce at least some of them.

A. Java

Java programming language was from its beginning
designed as the language independent on the platform
with a wide spectrum of functions oriented also to the web
application development. Nowadays, Java servlets
represent maybe the most frequent Java based approach
that is used for the design of web applications. They run
on the server side and enable to increase a functionality of
a web server. They can cooperate with databases or enable
communication via HTTP protocol. Using graphical
libraries (e.g. Swing) it is possible to create a platform
independent solution that enables unified approach to all
elements of web application.

B. XMLlab

XMLlab [8] is a programming environment that enables
to create a web interface for realization of experiments
without knowledge of more complex programming
languages as e.g. C language or Scilab script languages
are. Graphical design of the web application and setting of
parameters are done on the base of XML language that is
wide spread among various types of applications.
XMLIlab enables to include control of application and
visualization of results as a part of web page, that is easily
accessible from any web browser. However, at this time
the control via web page is implemented only for Linux
OS and it also requires other additional applications such
as Apache web server or VNC program for remote
management of computer. Results can be visualized via an
animation, too. The problem is that the animation cannot
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be realized in a real time. It can be accomplished only
after the computation of all values.

C. LAMP and WAMP Environments

Next possibility is to use LAMP (Linux — operating
system, Apache — web server, MySQL - database, PHP —
script language) and WAMP (Windows, Apache, MySQL,
PHP) program environments with corresponding
extensions. The abbreviations come out from names of
technologies and programs that are wused at the
development of web applications. In spite of the fact that
PHP script language also includes functions for dynamical
generation of figures, it is not an ideal solution when we
take into account that the visualization should be done in a
real time. However, using some of graphical JavaScript
libraries can solve this problem in a quite simple way.

D. Final Discussion

As in the previous paragraph let’s try to summarize
disadvantages of mentioned solutions.

XMLlab represents an interesting approach but it is
oriented mainly to Linux operating system and it doesn’t
allow visualization of results in a real time.

The solution based on Java language enables real time
visualization without problems. In the same way the
portability among various platforms doesn’t bring any
problem. However, Java program needs to be compiled.
Since servlets typically embed HTML inside Java code,
the later modification of code, its enhancement and bug
fixing can be difficult. Considering Java applets they
require installing a plug-in that allows their running on a
client computer. It can happen that the end user has not
such privileges.

Following these facts we decided to use the third
solution (LAMP, WAMP packages) with combination of
JavaScript library called Flot that will serve for real time
visualization of results in the final web application. This
approach should not cause any difficulties since an
interpreter of JavaScript is a part of each modern web
browser.

V. REALISATION

The basic problem that has to be solved at building
online experiment is to find a way for communication
between a remote client and the technological equipment
(Fig.2). Actually, for accomplishing the remote control of
experiment it is necessary to create two applications:
application for the server and application for the client.
For simplicity we can consider that the remote client is a
typical Internet user with Internet browser and the
technological equipment is the controlled plant — in our
case the thermo-optical plant.

Remote client Technological plant

Figure 2. Communication between remote client and plant
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A. Applied Technologies

We used various technologies for the realization of the
whole application.

New Scicos blocks were developed in C programming
language. The same language was also used for the
development of driver for the thermo-optical plant.

The web portal is created using HTML mark-up
language in combination with PHP scripting language that
is used for generating of dynamical parts of the web page.
The graphical layout is customized using cascade styles.

JavaScript ensures interaction with the web page
environment on the client side. For this purpose we use
mainly the jQuery library that facilitates work with web
page elements. Recently the library is quite popular
among web designers because of its simplicity and
possibility to increase its functionality by various
extensions. As it was already mentioned the graphical
visualization of variables is done using JavaScript library
called Flot that is also built on the base of jQuery.

The server side of the created client-server application
that ensures interaction between the web portal and the
Scicos environment is realized by Python programming
language. Python is an interactive interpreted language
with wide possibilities of implementation. The language
was chosen because of its simple syntax, fast
development, and ready functions for all used
technologies.

B.  Driver

The driver is in fact aset of functions (in our case
written in C language) for setting of data transfer rate,
device initialization, data reading, data writing and closing
communication with the real device. The created driver
can be used not only for the solution in SciLab but also for
other solutions outside this software environment.

The communication was ensured using the LibUSB
library [3]. It is an open source library written also in C
language representing an interface between an application
and a real device connected to USB port. It is distributed
under the LGPL license. It was developed mainly for
Linux operating system but there also exists a version for
Windows. Since these two versions are very similar we
were able to create a driver for both operating systems
without any essential change.

C. Scicos Block for the Plant

Since the simulation scheme for the experiment will be
created in the Scicos environment, it was necessary to
develop a new block representing a thermo-optical plant.
The name of this block is uDAQ28/LT (Fig.3).

The realization of the block consists of two steps:

* It was necessary to build an executive part of the
block that has to ensure communication with the
created driver (this functionality was realized in C
language).

* The block has to have some graphical
representation that is visualized in the Scicos block
scheme. The graphical form (realized in ScilLab
script language) defines e.g. number and type of
input and output ports, information about block
parameters, predefined values, block description,
etc.
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Figure 3. Measurement of transient response using
uDAQ28/LT block

D. Scicos Block for with  Web

Application

Communication

Another task that has to be solved is the question how
to communicate with Scicos from the web page. Since it is
supposed that experiments will not run on the web server
where web pages are situated, it was necessary to solve
the transfer of data via Internet. Standard installation of
SciLab/Scicos doesn’t contain any functions or blocks for
a network communication. Therefore we decided to create
a client-server application communicating via TCP/IP
sockets. The client part on the Scicos side is realized by
the new created autonomous Scicos block that is called
SockCom. This block sends data from simulation to the
server and operates client requests for closing the
simulation. Similarly as in the previous case this block
was also built in two steps: firstly, it was necessary to
develop its executive part and then it was necessary to
prepare its visualization. This block has only input ports
since it always operates as the output block. The block has
3 parameters where we can define size of input signals,
server IP address and port that will serve for connection
during the simulation (Fig.4).

S

r
B Scilab Multiple Values Request

Set SockCom block parameters
— %%

Input ports sizes |23

Server address | 192.168.205.13

Server port 54321

r Cancel | J

\

Figure 4. SockCom block and its parameters

E. Scicos Block Scheme

The Scicos block scheme for the remote control of the
thermo-optical plant is shown in Fig. 5. Except of two
blocks that were presented in previous paragraphs it
contains a block for a controller. We considered two types
of controller blocks: PID controller and Scifunc block that
enables user to define own algorithm for the control of the
plant. Whereas the PID block allows user to set up only
PID controller parameters, the Scifunc block is more
complex. However, in this case it is necessary to take into
account the fact that a remote user can specify in the block
any code that is executable in the Scilab script language,
i.e. not only acontrol algorithm. This code can be
eventually dangerous, because Scilab also enables to
write any text to a file and subsequently to execute this
file by the operating system. Therefore it is necessary to
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Figure 5.  Scicos block scheme for the remote control of the
thermo-optical plant (uDAQ28/LT block)

realize the whole solution only on the secured server
whereby the security has to be solved on the level of
operating system. The web server can run under the
restricted user that has only minimal permissions
necessary for interaction with ScilLab and our client/server
application.

F. Socket Server

The task of this server is to process requests from the
end user, to ensure the control of the real device and to
send experiment results back to the web page. The server
is developed in Python and it is a simple console program
without a graphical interface that has to run on the
computer where the thermo-optical plant is connected to
and where SciLab is installed.

The communication with the server is accomplished in
an asynchronous way. It means that the server can deal
with several requests in the same time. It is very
convenient since this application has to communicate both
with SciLab (using SockCom block) and the script (called
SockPHP) that dynamically generates the web page for
the end user (Fig.6).

SockPHP
(PHP script)

SockServer
(Python)

SockCom
(C-language)

Figure 6. Socket Server communication

G. Web Portal

The web portal (Fig.7) enables the interaction of the
user with the remote experiment. It has several parts

* theoretical description of the experiment,

* time reservation (in each time the experiment can
be run only by one user),

* setting parameters, i.e. parameters for simulation
and controller; user is also allowed to set up own
control algorithm,

e result visualization.

The administrator is also allowed to see the time
reservation of all other users. Except of that the
administrator has the right to create a new experiment that
can be immediately visualized for students.

VI. CONCLUSIONS

One way how to increase the interest of students in
technical education is to make the educational process
more attractive. Except of the theory students need to
master various practical problems. Numerical calculations
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Figure 7. Web Portal for remote control of thermo-optical plant

can be supplemented by interactive exercises, tasks,
simulations and real experiments that result from real
situations and not only from the abstract concept. Building
of remote laboratories helps this direction. Moreover, they
are available to students when they need them and not
only when the laboratory room is opened.

The presented approach to remote control uses the
engine of SciLab/Scicos simulation software package. The
SciLab is wusually used for computations that are
accomplished on the computer locally. However, the
increased expansion of Internet together with the growing
support of online education raised a question how to
exploit capabilities of SciLab for these purposes, too.

The ScilLab environment doesn’t bring any standard
solution how to exploit this software over Internet.
However, there exist some indirect ways. One of them
was introduced in this paper.
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