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Flexible virtual and remote laboratory for teaching Robotics
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This paper describes the new features included in the Robolab 2 System, which permits the students to
work with a simulation of and industrial robot and carry out operations with the real robot through teleo-
peration. Among these features, the flexibility of managing different robots or including new robot mod-
els and the very friendly user interface are highlighted. Some aspects about how Robolab is applied for
teaching Robotics, and some experiences with this virtual laboratory are also described.
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1. Introduction

The teaching of practical subjects or professional courses in Robotics requires traditionally expensive
equipment and many times is insufficient to be used by many students simultaneously, as for example
robots and their controllers, in addition to the need for the students to go to such laboratories according
to some strict schedules [1, 2]. It also is possible that this equipment can be damaged if it is used im-
properly. Nowadays, new technologies such as the Internet, the tele-operation of systems and the virtual
reality, allow the student to carry out practical exercises, and to do a self-evaluation of the knowledge
they have acquired [3], from other places (like at home) without the above-mentioned problems by using
virtual laboratories [3-5].

There is a great amount of Java-based tele-operation applications thanks mainly to the portability of
this language (http://java.sun.com). Many of the applications for Robotics are for simulating or tele-
operating educational equipment or simple robots [4, 6-8]. In the field of industrial robot arms there are
fewer applications, and generally they are designed for specific robots [4, 9]. Very few of them are based
on an open architecture, which offers the required flexibility to change the robot being used or to add
new robots without modifying either the user-interface or the architecture of the system [10, 11]. With
regard to the simulation, there are not many Java-based applications for industrial robots that offer a
realistic virtual environment, and the majority represent only wired-models or simplified structures.

This paper presents the main features of the second version of the Robolab system. This system is
focused on the training of kinematics and the trajectory design for industrial robot arms. The main fea-
ture of Robolab 2, in contrast to other systems, is that it offers the flexibility of managing different robots
or including new robot models and equipment, as well as other kinds of passive objects in the workspace,
without changes in the user-interface and the system’s architecture [10]. Robolab also has other interest-
ing features, such as a feedback to the user based on updating a graphic simulation while the robot is
moving, the use of high-level communication protocols, and the modelling and the virtual representation
of the robots, passive objects and scenarios based on Java 3D (http://www.j3d.org) [11]. This system
displays a more realistic simulation than the majority of the proposed Java-based systems for simulating
robots, and the simulated robot can be very similar to the real robot. It also offers a user interface which
is very user-friendly for operators who are not specialists in Robotics.

The paper is structured as follows. The following section describes the basic aspects of the architec-
ture of Robolab 2. Afterwards, Section 3 explains how the authors apply the system for teaching Robot-
ics, and describes some experiences with this virtual laboratory. Finally, some important conclusions and
the related current work are shown in Section 4.
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2. Robolab 2

This section explains the main aspects of the last version of the Robolab System, called Robolab 2. This
version incorporates new features with regard to the previous version based in Java and VRML [5]. The
two versions are available at http://www.disclab.ua.es/robolab/.

2.1 Equipment and architecture

With regard the equipment in the laboratory, the only pieces that require any considerable investment are
the robots together with their controllers (Figure 1-a). The remaining pieces are commercial items. The
“main server” is a PC that affords the Web services, supplies the Java applet with the user interface as
well as the self-evaluation questionnaires. It also manages the user’s access and accounts. The “teleop-
eration servers” are other PCs that validate the commands to the robot received from a user’s computer,
translate them to the appropriate language and send them to the robot’s controllers. They also obtain
information about the current state of a robot to allow an on-line feed-back. In addition, there is a “video
server” which gives the option of a video stream feed-back for remote operation [10].
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Fig. 1 Equipment (a) and software architecture (b) of Robolab 2 system.

The main achievement of Robolab 2 is the flexibility to define new robot models and include them in
the client-applet and the teleoperation server (Figure 1-b). In this way, new robots of different character-
istics can also be incorporated into the laboratory equipment to be teleoperated [10]. To model a robot, a
library with a set of different Java classes has been created from the Java 3D API [11]. The main advan-
tage of using this API, in contrast to others for Java, is that Java 3D is a standard extension of Sun’s
Java. Since all the system is based on Java, the obtained software is very portable.

Other important feature of Robolab 2 is that the communication between a user interface applet and
the web server is done with high-level protocols, which make possible the use of the teleoperation capa-
bilities from any Internet access, over firewalls or other security systems configured in the networks [10].

2.2 User Interface

The only equipment that the student requires is a computer connected to the Internet, a Web client
program and the Java and Java 3D runtime libraries. With these devices, the student can access to the
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“main server” and get the page in which includes the Java client-applet with the user interface. Figure 2
shows two views of this interface: the first one displays the simulation of a Mitsubitshi PA-10 robot, and
the second one represents a Scorbot ER-1X robot (Intelitek). In addition to the robot, it is possible to
define models for scenarios and passive objects in the simulation in run-time, from a local file or from an
URL. The interface also displays the transformation matrix with the position and the orientation of the
end tool, the values of the robot joints, and the list of tested movement commands entered by the user, in
addition to other options as to modify the point of view of the graphic representation [10].
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Fig. 2 Two views of the user interface of Robolab 2 with different robots.

The applet is able to use different devices to define a position or movement for the robot. Thus, it is
possible to use either, a keyboard, a mouse or a commercial joystick for games. Furthermore, the user
can specify the exact joint values, the transformation matrix that indicates the cartesian coordinates of the
end tool and the duration of the movements (path planning).

Among the many devices that may be used as a user interface for controlling the remote robot arm in
Tele-robotics, the force-feedback joystick is the most commonly employed, not only because it is a very
intuitive way of specifying the movements, but also because it transfers the robot arm’s sense of touch to
the human operator’s arm. However, force-feedback joysticks that are made specifically for Robotics are
sophisticated and very costly devices. Taking this into consideration, we have improved the user inter-
face applet of Robolab 2 with the capability of using a joystick for games in addition to the typical key-
board or mouse devices. There are many models which have simple force-feedback features. However,
the majority of these joysticks are designed for specific operating systems and require specific APIs what
contrasts with the main aim of Robolab: providing a portable and flexible user interface [12].

To access the joystick’s functions, we use the MS. DirectX API. The problem arises when a Java
application has to use DirectX functions, since Java can not access this API directly. So, a “bridge” be-
tween DirectX and a Java library that manages the joystick has been developed. With this library, a
commercial joystick for games can be used to move the simulated robot easily and directly (Figure 1-b).

Moreover, if a force-feedback joystick is used, the system can transmit the contacts or collisions of the
robot-arm with its environment to the user, through a sensation of resistance. Robolab 2 can use two
different sources of information to identify the collisions. The first one is the simulation engine in the
client applet, which detects the collisions of the robot-arm with their environments (passive objects) or
with itself. The second one is an optional force sensor which can be incorporated into the robot’s end
tool to obtain the real force read, while manipulating objects, and transmit it to the user interface through
the Internet. The client applet evaluates the data of the two sources to control the joystick’s movements.

Finally, the system permits two options for performing the feedback to the user during a teleopera-
tion: an online video stream from the robot workspace or a graphical updating of the 3D simulation in
the client-applet based on information about the robot’s current state received from a teleoperation server
[5, 10]. The second option allows a fluid tele-operation with a lower bandwidth requirement the first one.
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3. Using Robolab

3.1 Practical exercises

Robolab is used in several courses in the University of Alicante (Spain) by the authors of this work. In
particular, it has been used since the 1999/2000 academic year in practice groups of the course “Robots
and Sensorial Systems”, which is an optional course in the degrees in Computer Engineering and Com-
puter Systems. In the practical classes of this course, students have to achieve a set of exercises which
combine computer vision algorithms used as sensorial techniques with Robotics [12, 13].

Robolab is used in several experiments. On the one hand, the simulation is used to study the compo-
nents of different robots, introduce the coordinate systems and homogeneous transformations, and ex-
periment the direct and inverse kinematics of a robot. On the other hand, after students have imple-
mented the appropriate computer vision algorithms to locate an object in the workspace of the robot,
Robolab is used to design and evaluate the kinematics control of a robot for catching the object. For this
task, students have to apply point-to-point trajectories and a cubic interpolator [12].

The student first does the exercises on the simulated virtual environment and then, after checking that
the results are correct, can execute their in the real system by means of the tele-operation option. Thanks
to the simulation, the students are able to practice and carry out correct movement sequences. Once a
correct simulation has been effected, the student can request the “main server” to remote execute the
movement sequences with the real robot. Although the user interface is always available for executing
simulations in the virtual environment, the student must identify himself as an authorized user to use the
tele-operation capabilities.

3.2 Experiences in teaching

To evaluate the virtual laboratory’s acceptability and its effect on learning, several statistical studies have
been carried out during several academic years [12, 14].

The main result of the studies is that a great number of students have happily accepted the virtual
laboratory and have used it to do the practice experiments remotely (30-40%, depending on the exercise)
because the flexible time table, although many students have chosen the option of real laboratory at the
university (60-70%) where they can work in coordination their class-mates and have the support of a
teacher, although they have also used the virtual laboratory. Thus, it is very interesting to investigate web
environments that offer not only virtual tools but also ones that allow the students to share their experi-
ences and their results, while having a virtual teaching support [15]. The studies also have shown that the
remote access to costly tools and resources like robots is positive and interesting, since it makes practice
more attractive and real in comparison to a mere simulation.

4. Conclusions and current working-lines

The main feature included in the second version of Robolab is the flexibility in changing the robot model
used in the simulation or in adding new robots to be tele-operated in the laboratory. The library of classes
created for modelling robots, which is based on Java 3D, facilitates the specification of new robot models
and their inclusion in the system. In addition, the user interface of Robolab 2 is very user-friendly, and
the graphical simulation very realistic.

There is no doubt that a simple interface with a good simulation, like the one performed by Robolab 2,
helps the students to save time in learning to use the tool and allows them to concentrate on the more
important aspects of the course. In any case, it must be assured that the software required for the stu-
dent’s computers is accessible and easy to install and run. To do so, Java is a very good option.

However, it is also important to evaluate aspects such as the acceptability of such laboratories by the
students and the effect they have on teaching, in contrast with the traditional teaching. The studies per-
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formed have showed that students considerer the virtual laboratory to be a valuable complement to the
teacher and traditional teaching, but they also demand the support of the teacher and the collaboration
with their class-mates. Nevertheless, the majority of the virtual laboratories are designed to be used indi-
vidually, and they do not permit the work in group. Considering the previous conclusions, our research
group is currently working in collaborative environments which incorporate shared virtual laboratories.
This kind of virtual laboratory allows the teacher and the students of an on-line course through the Inter-
net to use shared simulations in order to experiment practical concepts in a coordinated way [15].

Our research group continues developing the Robolab system, and we are working on including new
features such as the 3D recognition of basic objects in the workspace and their inclusion in the simula-
tion as 3D models, the inclusion the virtual objects in the 3D simulation and in the video feedback using
augmented reality, and the ability of manipulating this objects with the robot. Also, a new version of the
virtual laboratory is being developed using the EJS software (http://www.um.es/fem/Ejs/) [16].
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