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Abstract—In this paper, a remote laboratory of automatic con-
trol is presented. The main target of this laboratory is to allow stu-
dents to easily interact with a set of physical processes through the
Internet. The student will be able to run experiments, change con-
trol parameters, and analyze the results remotely. The automatic
control telelab (ACT) allows the user to design his/her own con-
troller by means of the MATLAB/Simulink environment, and to
test it on the actual plant through a user-friendly interface. An
additional feature of ACT is its architecture, allowing for an easy
integration of new processes for control experiments. The ACT is
reachable at http://www.dii.unisi.it/~control/act.

Index Terms—Control Systems, distance learning, education, re-
mote laboratory, virtual laboratory, web.

I. INTRODUCTION

RECENT years have witnessed dramatic changes in grad-
uate education because of Internet and Web technologies.

Web-based teaching, distance learning, electronic books, and
interactive learning environments will play increasingly sig-
nificant roles in teaching and learning processes in the near
future.

This paper describes an experience of designing and building
a tele-laboratory of automatic control at the University of Siena.
Tele-laboratories are expressions of a more general distance ed-
ucation which is attracting wide attention in the academic and
government communities. In [1], the state of the art is analyzed,
outlining the future perspectives of on-line distance education
in the United States. In that paper, the point is made that the
technology to meet the need of distance education is already
available, and it will further improve in the near future. More-
over, software engineers consider on-line education as an im-
portant emerging market and, therefore, a business opportunity.
An overview of Web-based educational systems is given in [2],
where an accurate description of the actual problems concerning
the design of Web-based educational systems and their possible
solutions is also provided.

In [3], Poindexter and Heck present a survey on the usage
of Web-based educational systems in the control area. In this
paper, authors overview the level of integration between Internet
and control courses. Special attention is devoted to the auto-
matic control laboratories accessible through the Web. Tele-lab-
oratories are divided into two classes:virtual labs andremote
labs. The first ones are systems which can run simulations re-
motely with possible animations of the controlled system. One

Manuscript received February 17, 2002; revised August 10, 2002.
The authors are with the Dipartimento di Ingegneria dell’Informazione,

University of Siena, Siena 53100, Italy (e-mail: casini@ing.unisi.it; prat-
tichizzo@ing.unisi.it; vicino@ing.unisi.it).

Digital Object Identifier 10.1109/TE.2002.808224

of the first instances of virtual labs has been developed with CGI
scripts and Java applets at the University of Edinburgh, Scotland
[4]. The student typically connects from a remote client to the
virtual lab server, chooses the experiment, changes some param-
eters and runs the simulation. Then he or she looks at the sim-
ulation results through some graphical interface or downloaded
data stored in a given format.

The MATLAB environment has been used as the core of
the virtual lab in [5] and [6]. A plug-in is required to launch
MATLAB on the remote machine from within a Web browser.
The advantage of MATLAB over Java is that the first is a stan-
dard computational tool for control system applications. There-
fore, it is considered a standard tool for students of control
courses so that they do not need to learn new languages to run
a virtual lab session. In fact, several toolboxes are available in
the MATLAB environment for control applications, e.g., op-
timization, -control, and system identification. Standardized
computer aided control system design (CACSD) tools, mainly
based on the MATLAB/Simulink environment, have been thor-
oughly discussed in [7]. In [6], two more plug-ins are needed to
run a virtual lab session: one is necessary to display MATLAB
figures in the browser windows, and one to use the virtual reality
modeling language (VRML) to render the simulation results. In
[5], students can run two simulations: a magnetically levitated
vehicle and an automated highway. In [6], ball and beam, tanks’
level control, and gyro pendulum simulations are available.

Remote labsare laboratories where students can interact with
actual experiments via the Internet. Usually, remote operators
through a Web interface can change several control parameters,
run the experiment, see the results, and download data. This
situation is, for instance, the case of [8], where a remote lab for
testing analog circuits is described; in [9], a remote chemical
control process is implemented; and in [10], several laboratory
experiments are made available.

The complexity of designing the hardware and software ar-
chitecture of the remote laboratory dramatically if the feature of
the controller design within a remote Web session is required.
One such instance is the case of the remote lab developed at
the College of Engineering, Oregon State University [11], [12].
Here, students can remotely control a robot arm by changing
some parameters and transmitting the control program which
changes the dynamics of the closed-loop system. The student
can edit his/her own controller and paste it in an applet window.
Then this code is uploaded to the server machine of the re-
mote lab, compiled, and executed on the robot arm, becoming
an actual remote lab experiment. The user interface consists of
a graphical network application referred to as second best to
being there (SBBT). The design has three main features: col-
laboration with peers, active presence, and complete control of
the remote experiment. Another approach has been investigated
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in [13] where the user can run an experiment using a controller
which resides not only on the server but also on the client, com-
piling and executing it on the user machine. In this case, some
issues about network reliability and delays have been addressed.
The audio and video feedback is very important to increase the
effect of telepresence, as shown in [14], where authors imple-
mented an interesting pan, tilt, and zoom control of cameras
grabbing the experiments of the remote lab.

In general, a remote laboratory can use a well-
known software environment, such as LabVIEW [15] or
MATLAB/Simulink [16], [17], but it can also use a special
purpose one, as in [18], where a flow process is analyzed.

In [19], a comparison between virtual labs and remote labs
is presented. The authors examine a common experiment (ball
and beam) from these two points of view and conclude that vir-
tual labs are good to assimilate theory, but they cannot replace
real processes since a model is only an approximation which
cannot reproduce all the aspects of the process, such as unex-
pected nonlinearities. To avoid these issues, remote laboratories
which allow a student to interact directly with real processes
should be used; this opportunity takes a fundamental role espe-
cially for engineering students.

From a pedagogical point of view, remote labs, allowing for
designing the whole control law, are more stimulating. Typi-
cally, the price to pay to obtain the controller design feature is
that students must learn and use new control languages which
are designed for the remote lab and cannot take advantage of
control functions developed in other contexts.

In this paper, the realization of a remote lab, the Automatic
Control Telelab (ACT) developed at the University of Siena,
is presented. Preliminary results have been provided in [20].
ACT allows students to choose a control law, change the con-
trol parameters on-line, and design their own controller simply
through the MATLAB/Simulink environment. The main feature
of the ACT is that a remote user can synthesize his/her own
controller without learning any special language. To know and
run the MATLAB/Simulink environment is all that is needed.
The authors’ opinion is that the use of a standard language like
MATLAB/Simulink will dramatically encourage the exercise
with remote labs in control classes. Moreover, the ACT is ac-
cessible in a very easy way from every computer connected to
the Internet through any browser, without the necessity of down-
loading any special software or plug-in. The authors think this
fundamental point makes the lab accessible to everyone.

The paper is organized as follows. Section II describes the
common features of remote laboratories and the specific char-
acteristics and some implementation notes about the ACT. Sec-
tion III describes the ACT operations from a more practical
point of view. Section IV describes some teaching experiences,
while conclusions are drawn in Section V.

II. A UTOMATIC CONTROL TELELAB OVERVIEW

The ACT is a remote lab whose main goal is to create an
educational environment that allows a remote student to interact
with some real processes through the Internet [21].

A. Common Features of Remote Labs

Like other remote labs [22]–[24], ACT implements the main
features described hereafter.

Activeness:A remote lab which is far from the user facili-
tates the active learning process. The student goes through a full
set of operations as if he or she were in a traditional lab. The stu-
dent can make decisions on what to do, having the freedom to
make mistakes and learn from them.

Full Availability: Similar to most applications that run over
the Internet, a remote lab is available 24 hours a day. This avail-
ability implies that the safety system must always be active.
Every experiment of the remote lab must be equipped with a
self-protection device to prevent damages to the components
and local users present in the lab. Without such devices, breaks
and electric shocks could cause damage and break the system
availability.

Accessibility: The use of the Internet allows students to con-
nect to the lab with extreme ease from every part of the world.
All that is needed is an Internet connection and a browser, such
as Netscape Navigator or Microsoft Internet Explorer, to reach
the home page of the remote lab. Additionally, students with
motor problems can easily learn and operate staying at home.

Instrumental Easiness:A student who wants to interact with
a remote lab must know the essentials of control systems, such
as modeling a process and designing a controller. He can avoid
the details and problems encountered by lab’s technicians in
making the experiments fully operative.

B. Main Features of ACT

In addition to the previously described features, common to
every remote lab, ACT enjoys the following additional features
which exploit most of the advantages of the MATLAB/Simulink
environment, in particular for the remote controller design.

Easy Interface:Simplicity of use is essential to estabilish
an interface that can be used by everyone [3], and the user can
focus his/her efforts on interacting with the experiment without
wasting time in trying to understand how to proceed through the
site.

ACT is based on intuitive HTML pages and Java applets, both
fully supported by the latest versions of the main browsers. Help
pages are also provided for detailed information. The use of
plug-ins or external programs are not required unless the user
wants to design his/her own controller; in this case, the use of
MATLAB and Simulink is required.

Remote Simulink-Based Controller Design:The most
important feature of ACT is the design of a controller using
Simulink. MATLAB and Simulink are standard tools in the
control community, and they are adopted in many basic and
advanced courses. Since the controller is a Simulink model,
the user does not spend time to learn a special programming
language to implement the controller; only a basic knowledge
of MATLAB and Simulink environment is required. Besides,
through the use of the Simulink graphical interface, a large set
of blocks can be chosen and connected in a very easy way. Thus,
a continuous, discrete or hybrid controller can be designed
without any additional hurdles. Since MATLAB provides many
tools for data analysis, at the end of the experiment, a file in
MATLAB workspace format (.mat), which contains all the
data collected during the experiment, can be downloaded for
off-line analysis.

Controller Type: Every experiment in the remote lab can be
controlled according to two modes: predefined or user defined.
In the first case, the student will choose a control law in a pre-
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Fig. 1. General scheme of ACT connections.

defined set and then assign the value of typical parameters. For
example, the student can select a PID controller to control the
experiment and choose the value of proportional, integral, and
derivative coefficients.

Rather than using a predefined controller, the user can design
a new one (as described in the previous point) and send it to
the ACT server. The new controller will be used to control the
experiment.

On-Line Reference and Controller Parameter Changes:If a
student chooses a user-defined controller, he can also decide
what references he wants to run during the experiment. He can
select some references among a set or create new ones building a
Simulink subsystem. Moreover, while an experiment is running,
ACT allows the user to change some typical controller param-
eters on-line (e.g., for a PID controller, the user can change the
proportional, integral, and derivative coefficients, while the ex-
periment is running).

Reference Change:As in the previous point, the system ref-
erence can be changed while an experiment is running. Thus,
the user does not have to start a new experiment to verify the
response of the system for different input signals. The user can
run the experiment for a given time length. At the end of this
period, the experiment ends, and the user is disconnected.

Lab Presence:For effective distance learning, the users must
have a sense of “presence” in the laboratory. Therefore, a live
video is provided so that students may view the real process
while the experiment is in progress. This key point distinguishes
between remote labs and virtual labs, the latter only providing
software simulations of physical processes. Work is in progress
to improve the sense of “presence,” for instance, through an
audio feedback system.

Easy Addition of New Processes:The ACT has been de-
signed to allow the lab administrator to increase the number of
processes available on-line in an efficient way. To connect a new
process to the ACT, only two files are needed: one is a Simulink
model file, while the other is a simple text file containing infor-
mation on the process.

C. Software and Hardware Notes

In this section, a brief description of implementation aspects
is provided.

Fig. 2. Integration of the user-defined controller.

The home page and other descriptive HTML pages are stored
in a unique server which is common to every process. When
an experiment is chosen, the user host is re-addressed to the
machine connected to the process (Fig. 1). Data is exchanged
through the Internet by a TCP connection between the user
(client) and the ACT server which is directly connected to the
process. Once the connection is established, the server sends
all the data the client needs (controller parameters, references,
etc.); afterwards, the process is ready to start.

Server programs run under Microsoft Windows 2000 oper-
ating system; they are executable files obtained by MATLAB
Real-Time Workshop (RTW), which allows the transformation
of a Simulink model to a C source code.

To realize all the features of ACT, a specific code is linked
with the source code generated by RTW, making it possible to
establish a TCP connection, to change controller parameters
and references on-line, and to obtain real-time requirements.
The user-defined controller function is implemented by
merging the controller model (control.mdl) with the selected
process Simulink model (source.mdl). Thus, the file obtained
is compiled and executed by means of RTW (Fig. 2). The
resulting file (process.exe) will exchange data with the Java
applet, implementing the user interface.

On the client side, Javascript and Java applets are used, so
that platform compatibility is assured. In this way, the user can
operate through a user-friendly graphical interface.

To allow video transmission, the software Webcam32[25],
developed by Neil Kolban, is used. It uses a Java applet to dis-
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play the live video of the experiment without requiring specific
plug-ins to perform this task.

A worthwhile point is that network delays do not deterio-
rate the performance of the control system which runs locally.
Network delays can only delay changes of input references and
controller parameters sent by remote users, and data plots and
videos sent back to the users.

Four processes are currently available for remote control.
Three are single-input–single-output (SISO) systems: a dc
motor, a tank, and a magnetic levitation system (Fig. 3). The
fourth one is a multi-input–multi-output (MIMO) helicopter
with two degrees of freedom. The dc motor is a simple process
to be controlled, the tank exhibits system nonlinearities, and the
magnetic levitation system and the helicopter are nonlinear and
unstable processes. Work is in progress to add more processes
to ACT as a six-degrees-of-freedom robot arm (PUMA 560)
and several LEGO systems.

As with every remote lab, security aspects are crucial. Since
everyone can connect to ACT at every time everyday, hard
software constraints (saturations) and hardware constraints
have been added to prevent breaks and electrical accidents.
Moreover, since the user can make the control systems unstable,
physical safety protections are present. For example, in the case
of the magnetic levitation experiment, two transparent shields
prevent the ball from falling during the normal operating
conditions or at the start of the experiment.

III. A UTOMATIC CONTROL TELELAB OPERATIONS

From the home page of ACT, the user may perform general
operations, such as reading help files, contacting lab people,
sending comments, and viewing the set of processes available
for remote control. All these pages are stored in the main web
server which is common to every experiment.

After choosing a process, one can view a page describing
the physical system and a mathematical model. Moreover, a
Simulink model is provided to allow students to test a controller
before running the actual experiment.

A. The Control Type Interface

The control type interface has been provided to allow the user
to choose the controller for the experiment (Fig. 4). This inter-
face is divided into two parts: the personal data panel and the
controller panel.

• Personal Data Panel:The task of this part is to identify
the user who will interact with the remote lab. The user
must indicate his/her name, nationality, and e-mail ad-
dress. This information will be stored and used for sta-
tistics about ACT users. Access restrictions can be set to
avoid undesirable users.

• Controller Type Panel:In this panel, the user can choose
his favorite controller for the process. He can select a pre-
defined controller or a customized one. In the second case,
the user must choose the sample time and send the file
containing the controller to the ACT server; this file must
be a Simulink model. To help the user in this phase, a
Simulink model template which simplifies the design of
the controller can be downloaded. In fact, one only needs
to connect the provided signal blocks about references,
outputs, and commands with the Simulink designed con-

Fig. 3. ACT’s on-line experiments.

Fig. 4. The control type interface for ACT. This is the display that the remote
user will use to choose the controller to control the process.

troller. An example of a user-defined PID controller is
shown in Fig. 5. Note that an interesting feature of the
ACT is that it is possible to make some parameters and
gain blocks tunable on-line. They can be obtained simply
by naming them with the prefix “ACT_TP_”.

After providing the personal data and choosing the controller,
the user can proceed to the next interface, the “experiment
interface.”

B. The Experiment Interface

The user interacts with the process through the experiment
interface represented in Fig. 6.

This interface is divided into five parts: 1) command panel,
2) controller parameters panel, 3) reference panel, 4) experiment
dynamics window, and 5) video window of the experiment.

This interface provides the tools necessary to control the
experiment and to change the reference and the controller
parameters as well.

• Command panel:This panel shows only three buttons
which start, stop, or quit (before starting) the experiment.
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Fig. 5. Example of a PID controller with tuning parameters.

Fig. 6. The experiment interface for ACT. Through this interface the remote
user can interact with the experiment.

• Controller parameter panel:In this panel, the typical
parameters of the controller are displayed. The user
can modify them and send the new values to the server
by pressing the “update parameters” button. When the
TCP/IP packet containing the new values reaches the
server, the parameters are immediately changed.

• Reference panel:This section gives the user the op-
portunity to choose the reference signal among a set
of possible choices. Like the previous point, when the
ACT server receives the TCP/IP packet, the reference
is changed accordingly.

• Experiment dynamics window:To monitor the dynamics
of the process, some graphical and numerical panels are
provided. The number of these panels will change with
the number of inputs and outputs of the process. For a
single-input single-output (SISO) process (Fig. 6), there
is a panel for the input (command) and a panel for the ref-

erence and the output. The graphical and numerical panels
are updated every second.

• Video window:A video of the experiment is shown, which
is useful, especially for processes with moving parts.
In this case, the user can observe the process dynamics
during the experiment having the feeling of being really
present in the laboratory.

At the end of the experiment, the user can download the file con-
taining the detailed dynamics of the experiment in MATLAB
format (.mat). Thus, the user can use this information for off-line
analysis.

IV. TEACHING EXPERIENCES

Since 1999, ACT has been used in some practical undergrad-
uate classes of “Automatic Control” courses. A typical lesson
can be summarized as follows:

• The lecturer describes the process to be controlled and ex-
plains its main features, such as dynamic properties, spe-
cial nonlinearities, etc.

• Students divide into groups and try to design a controller,
testing it on the provided Simulink model.

• If a controller passes the test phase, it is sent to the ACT
server, and it is used to perform the actual experiment.

• After the experiment has been executed, data is down-
loaded and analyzed to gather performance indexes, such
as overshoot, rise time, and settling time.

• Different kinds of controllers can be compared to show
which are their features in terms of dynamic or static per-
formances.

During these lessons, students seem to be very excited, basically
because they can put in practice their control theory knowledge
through the Internet. Moreover, they are stimulated in a sort of
competition to design the best controller. Since the mathemat-
ical model generally catches the main features of the system,
students can evaluate the differences between the model and the
actual plant and can tune on-line some parameters to obtain a
controller which works better with the real process.

In addition to the University of Siena, other institutes are
using the ACT in their Automatic Control courses, for instance,
the University of Pisa, the Polytechnic of Milan, and the Univer-
sity of Bologna. Moreover, the ACT server has been installed
at the Department of Aeronautics and Astronautics at MIT, to
allow a decentralized and coordinated control of a team of ve-
hicles (helicopter simulators).

V. CONCLUSION

The ACT provides a sophisticated, but easy-to-use mech-
anism to control a remote process through the Internet. This
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laboratory is intended to allow control system students to
operate on real processes without being present in the labora-
tory. A student can choose a predefined controller or design
a customized one (through a Simulink model) to control the
process. While the experiment is running, it is possible to
change controller parameters and reference signals.

Since the software is quickly adaptable to various kind of pro-
cesses, adding a new process to the remote lab is quite easy. As
the ACT is still in a development phase, the number of available
processes is limited (dc motor, tank, magnetic levitation system,
and helicopter). Future work will be devoted to add some MIMO
processes and, in particular, a six degrees-of-freedom robot arm,
and several LEGO robots and processes. Additional flexibility
will be added to the user interface in order to manage data plots
and video feedback for MIMO systems.

Further future improvements regard the development of com-
petitions between student controllers and a special interface for
the identification of the available processes, to allow the use of
ACT also in “System Identification” courses. The ACT’s home
page is http://www.dii.unisi.it/~control/act
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