
IE
EE

Pr
oo

f

IEEE TRANSACTIONS ON EDUCATION 1

Industrial-Like Vehicle Platforms for Postgraduate
Laboratory Courses on Robotics

Pedro J. Navarro, Carlos Fernández, and Pedro Sánchez

Abstract—The interdisciplinary nature of robotics allowsmobile
robots to be used successfully in a broad range of courses at the
postgraduate level and in Ph.D. research. Practical industrial-like
mobile robotic demonstrations encourage students and increase
their motivation by providing them with learning benefits not
achieved with traditional educational robotic platforms. This
paper presents VEGO, an industrial-like modular vehicle plat-
form for robotic education with an appropriate infrastructure
that has been demonstrated to be very useful at the postgrad-
uate level. Besides learning engineering concepts, in performing
industrial-like exercises, students develop valuable skills such as
teamwork and the capacity to solve problems similar to those
they may encounter in a real industrial environment. The devel-
oped infrastructure represents a valuable platform for robotic
education that can be used in many different disciplines as a way
to demonstrate how to cope with the difficulties and challenges
related to the development of industrial infrastructure systems.
The platform evaluation proved its ability to inculcate the ex-
pected engineering skills. A novel approach is adopted through the
use of multidisciplinary and close-to-industrial-reality platforms
developed under an incremental approach and using an open and
customizable structure.

Index Terms—Curriculum issues, multidisciplinary labora-
tory, postgraduate courses, robotics education, robotized vehicle
platforms.

I. INTRODUCTION

O VER the last decade, a growing number of projects and
initiatives have been dedicated to new educational tech-

nologies in robotics education; some representative examples
can be found in [1]–[7]. Various educational platforms have
been introduced, with a variety of simulators, remote infra-
structures, videos, computer applications, and the like. These
resources are usually integrated in the curriculum of universi-
ties to upgrade the learning outcomes of their students. Many
of these universities have developed sophisticated mobile robot
platforms with very different levels of autonomy and capacity.
Moreover, this has required the integration of the related engi-
neering fields, such as electrical and mechanical engineering
and computer science. Although several very good results have
been obtained from the design and implementation of these
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autonomous mobile robots, less work has been published on
multidisciplinary industrial-like robots with capabilities for
more complex tasks related to localization, navigation con-
trol, exploration, obstacle detection, path planning, and path
tracking; similarly, little has been published on familiarizing
students with the problems arising from the use of industrial
components in robotic systems. This is because the cost of
obtaining a more powerful robot is a deterrent in comparison
to other low-cost solutions. It is worth noting that LabVIEW
Robotics as an interesting platform for the development of mo-
bile robots with industrial-like control systems. In this sense, it
is becoming common to use the out-the-box DaNI platform [8].
The aim of the work described here was to design and im-

plement a mobile robot platform that would be useful for the
integration of many engineering disciplines and would present
the same problems, challenges, and risks that students are sure
to find in the industrial context. One of the biggest challenges
in this work has been the development of industrial-like plat-
forms with incremental complexity, coupled with the design of
an appropriate set of scenarios that allows a suitable hands-on
approach to project-based learning (PBL) [9]. PBL incorporates
a number of fundamental concepts that the students must learn,
understand, and apply in order to complete a project.
The remainder of this paper is structured as follows. Section II

considers the background of the selected approach. Section III
describes the vehicle platforms the authors selected and devel-
oped for the courses. Section IV gives a detailed account of the
development of the lab modules. Section V discusses the results
obtained and, finally, Section VI draws conclusions.

II. BACKGROUND

The “Information and Communications Technologies”
Master’s of Science (M.Sc.-ICT) program has been offered at
the Universidad Politécnica de Cartagena, Cartagena, Spain for
the last decade. Full-time students take a whole academic year
to complete the program, and part-time students usually com-
plete it in two years. There are two mandatory robotics-related
modules available for M.Sc. students: “Robotics and Computer
Vision” and “Software Development for Real-Time Systems
Design.” There are a total of 10 one-semester modules, among
them “Advanced Learning on Signal Processing,” “Electronic
Systems,” “Communications Networks,” and “Radiocom-
munication Systems.” The students in the two mandatory
modules are assessed without exams, based on their daily work
during the course and on their final project. The authors are
convinced that this type of evaluation motivates students to
pursue research on robotics-related areas. The M.Sc.-ICT is
oriented to research and is a precursor to Ph.D.-level work;
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Fig. 1. Vehicle platforms. (a) DaNI. (b) Robotized golf cart VEGO.

since it was inaugurated, a total of 17 Ph.D. theses have been
completed. A total of 145 students finished the M.Sc.-ICT, of
whom 35 defended M.Sc. theses related to robotics between the
academic years 2006–2007 and 2010–2011. Of these students,
53% had a degree in Telecommunication Engineering, 36% in
Industrial Engineering, and 11% in different areas like Physics,
Mathematics, or Computing Science.
The lectures are conducted mainly by the members of the

División de Sistemas e Ingeniería Electrónica (DSIE) research
group, who are deeply committed to the industrial applications
of robotics. Many benefits follow when a course is delivered by
a team with a strong interest in, and research focus on, solving
real application problems. The need to use platforms near to
field applications in mobile robotics, together with the ability
to get mobile robots to react intelligently to their environment,
is a highly developed research field that is explored during the
course. This research field also provides an ideal application
area for applying techniques such as algorithmic problem
solving, computer vision, perception, planning systems, fault
tolerance, or real-time and embedded systems. Other related
work areas include programming languages and computer
architectures. In addition to such disciplines within the scope
of computer science, robotics is a scientific discipline that also
includes the electronics, electrical, and mechanical engineering
disciplines.
To cover this wide range of disciplines, the authors’ main re-

quirements for teaching and research platforms were: 1) close-
ness to industrial robotic applications; 2) integration of commer-
cial Hw/Sw control modules; 3) advanced sensing capabilities;
and 4) open and customizable architecture. The following de-
scription of the platform shows how those requirements were
satisfied.

III. INDUSTRIAL-LIKE VEHICLE PLATFORMS

The design of the laboratory was based on mobile robotic
platforms characterized by their strong multidisciplinarity,
that is, they need contributions from various knowledge areas
that offer open architectures and are close to industrial reality.
Fig. 1 shows the two platforms used by the students: (a) an
out-of-the-box starter kit (the NI LabVIEW Robotics Starter
Kit, DaNI), and (b) the robotized golf cart, called VEGO,
developed by the authors and described in this paper.
LabVIEW was used as the software design tool since: 1) it

provides a comprehensive and scalable platform that spans the
design, prototype, and deployment phases, allowing students to
focus on robotics without getting distracted by implementation

Fig. 2. Authors’ estimation of the possibilities offered by each platform (scale
from 0—min to 10—max).

details; and 2) its industrial use is widely extended. LabVIEW
Robotics is becoming a powerful robotic development tool be-
cause of its ability to integrate with thousands of different de-
vices, proving a uniform programming environment across any
I/O or sensor type. Students can use the same powerful plat-
form to program controllers ranging from microcontrollers to
field-programmable gate arrays (FPGAs); send and receive sig-
nals from virtually any sensor and actuator; design and sim-
ulate dynamic control systems; and implement an interface to
monitor or control the robot remotely. The LabVIEW graphical
system design platform encourages accelerated robotic design
by providing a uniform platform for all robotic designers [10];
additionally, it makes it easy to program complex robotic ap-
plications by providing a high level of abstraction for sensor
communication, obstacle avoidance, path planning, kinematics,
steering, and more [11].
Both vehicles—DaNI and VEGO—share the same design

platform allowing students: 1) to develop control and sensing
algorithms independent of the platform; and 2) to validate basic
sensing strategies, control, and so on, quickly and without risk,
in the DaNI vehicle before immediately implementing them in
the VEGO vehicle.
Based on the authors’ more than 15 years’ experience in

teaching robotics, Fig. 2 summarizes the advantages offered by
the approach described here in comparison to other commonly
found solutions. As observed, LEGO-based and Pioneer-like
platforms have some deficiencies that mean that key concepts
cannot be treated in depth in advanced robotics courses and
distance students from the final industrial reality. DaNI-like
platforms are very interesting because they solve most of the
problems found in LEGO-based and Pioneer-like platforms,
offering a more flexible architecture that allows instructors to
assemble systems into a variety of operational units, as well as
software libraries of standard modules for advanced tasks (tra-
jectory following, obstacle detection, and so on). However, it is
only the industrial-like platform that offers an environment true
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to industrial contexts, with the same challenges and technical
difficulties that engineers find in their working environment.
The following provides a detailed description for both plat-

forms, and in particular for VEGO, which was constructed by
robotizing a golf cart.

A. NI Single-Board RIO Robot DaNI

The NI LabVIEW Robotics Starter Kit, shown in
Fig. 2(a)[Should this be Fig. 1(a)?], is an
out-of-the-box mobile robot platform that features sensors,
motors, and NI single-board RIO hardware for embedded
control. The controller is a low-cost embedded deployment
solution that integrates a real-time processor, reconfigurable
FPGA, analog and digital I/O on a single board, a module
for high-speed control, custom I/O timing, and inline signal
processing. The simplicity of this starter kit makes it ideal for
teaching robotics and mechatronics concepts, or for developing
a robot prototype with LabVIEW Robotics.
Students can easily change the behavior of the robot by de-

veloping their own algorithms from the ground up, or by using
algorithms built into LabVIEW Robotics software such as path
tracking. M.Sc. students use this robotic starter kit equipped
with in-kit sensors (ultrasound obstacle detection) to build au-
tonomous robots. The greatest advantage of this platform is
its industrial-like open hardware structure and the possibility
of teaching the embedded technology with a combination of
real-time and on-board FPGA chips to build fully customiz-
able solutions, while students avoid problems associated with
mechatronics and control design in the initial learning stages.
On the other hand, this platform does not give full freedom to ex-
periment in the areas of integration of third-party sensors (laser
range finders, global positioning systems, vision cameras, etc.),
control of devices (motors, actuators, etc.), or the integration of
industrial buses for communication.

B. Robotized Golf Cart—VEGO

Once students get used to developing applications for mobile
robotics, they start to work with VEGO, a platform close to
industrial reality. The blend of concepts involved, combined
with a realistic project, engages students, encourages them
to learn, and prepares them for their imminent professional
or research activity. For this purpose, the golf cart shown in
Fig. 2(b)[Should this be Fig. 1(b)?]was robotized as
shown in Fig. 3. The VEGO robotization presented here allows
students to tackle a real case that includes mechanic design,
choice of actuators, control architecture design, and integration
of sensing systems, among other issues. Fig. 4 shows the archi-
tecture developed for controlling the autonomous vehicle. The
architecture consists of four main elements: the control unit,
acting unit, communication unit, and sensing unit, described
below. The control software was developed using LabVIEW
Robotics.
Control Unit: This is based on a programmable automa-

tion controller (PAC) CompactRIO by National Instruments,
designed for applications that require high performance and
reliability. It consists of: 1) a Freescale MPC5200 400-MHz
processor with the Wind River VxWorks real-time operating
system; 2) an FPGA (Xilinx) by which the processor has access

Fig. 3. Robotized golf cart VEGO. (a) Steering modification. (b) Brake modi-
fication. (c) Throttle modification. (d) Control and sensor devices.

to I/O signals; and 3) various I/O modules allowing different
typologies and protocols (digital, analog, CAN, RS485, Wire-
less, PROFIBUS, etc.).
Acting Unit: This allows the control unit to operate mechan-

ically on the vehicle components (throttle, brake and steering)
shown in Fig. 3. Each installed motor is provided with a CAN
output driver connected to the communication unit of the
vehicle.
Communication Unit cRIO: This communicates with the rest

of the systems in the vehicle via several communication stan-
dards: 1) CANopen [12], used to send control orders to mo-
tors—three nodes were defined for this purpose, one for each
component: throttle, brake and steering; 2) TCP/IP, used to ex-
change information with the laser telemetry system (LIDAR)
installed in the vehicle, to receive movement orders in the tele-
operated mode (via Wi-Fi), and as a means of communication
with the programming station in the vehicle; and 3) RS232, used
to receive the frames sent by the GPS installed in the vehicle.
Sensing Elements: The vehicle has the following sensors in-

stalled on-board: 1) LIDAR, with a measuring range of 20 m in
270 with 0.25 and 1-mm precision, which generates a map of
the environment in which the vehicle moves; 2) an ultrasound
ring with eight sensors that allows obstacles to be detected at
a distance of up to 2 m; 3) a GPS and gyroscope that give the
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Fig. 4. VEGO control architecture.

Fig. 5. Examples of developed libraries. (a) Motor control library hierarchy. (b) LIDAR control library structure.

Fig. 6. Types of students and their use of the platform.

global and local position at any moment; and 4) a vision system
that allows detection and classification of objects encountered
in front of the vehicle (people, traffic signs, and the like).
Control Software: The algorithm implementation for vehicle

control was carried out using LabVIEW. Various libraries were
developed for the functions used for controlling the vehicle.
Fig. 5 shows two examples of these libraries. One of them,
whose structure is depicted in Fig. 5(a), contains the functions
for motor communication via CANopen. The functions imple-
ment low-level commands allowing communication via the
CAN interface between the control system and motor drivers
in order to control the vehicle trajectory. Fig. 5(b) shows the
structure of the library developed for the LIDAR Sick-LMS200
control and its communication with the cRIO control unit.

IV. LAB MODULES

The VEGO robotized autonomous vehicle represents a
real platform intended for solving scenarios with increasingly

complex tasks that require the incorporation of additional func-
tionalities. VEGO is used by all students, as shown in Fig. 6:
those only enrolled in the Robotics module, those who use the
robot for their M.Sc. thesis work, and those who continue to
their doctoral thesis. Students begin with very simple tasks that
are made more and more complex by adding new components
and interactions.
The scenarios are structured in two groups, as shown in

Table I:
• Group I: The objective of these scenarios is to provide stu-
dents with a framework within which they can continu-
ously validate the work carried out in the classroom. The
internal complexity of the tasks is kept to a minimum (they
can be implemented in only a few weeks using traditional
techniques) since the objective is not to test algorithms, but
to provide support as described. Despite their simplicity,
these scenarios will make it possible to validate all aspects
of the material taught in the Robotics module.
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Fig. 7. LabVIEW application for VEGO’s teleoperation.

TABLE I
INCREASINGLY COMPLEX SCENARIOS FOR ALL STUDENTS USING THE ROBOTIC VEHICLE

• Group II: This group of scenarios marks a qualitative
change in terms of both complexity and objectives. They
will be carried out as a part of the M.Sc. thesis since
they require a substantial advance in the student’s ability
in order to be able to meet these new challenges. They
essentially serve to test patterns of failure tolerance and
distribution. More complex functionalities (for instance,
map generation) will be implemented on the basis of
already-available commercial or free components.

Two examples of applications from different scenarios re-
solved by students are shown as follows. Fig. 7 displays an
application that permits VEGO to be teleoperated to perform
linear or curvy trajectories, corresponding to Group I’s scenario
in Table I, “Implement simple teleoperation”; in this case,
vehicle safety relies on ultrasound sensors. Fig. 8 shows an
application that allows the generation of a 2-D map of the
environment using the LIDAR in addition to generating and

following trajectories, corresponding to Group II’s scenario
in Table I, “Performance of simple tasks including deci-
sion-making.” For the vehicle navigation, an avoiding-obstacle
algorithm known as Vector Field Histogram (VFH) [13] was
implemented. Fig. 8(d) shows the navigation interface de-
signed to allow missions in semi-structured environments.
Once the environment has been chosen for the mission, the
planner divides the mission into lower complexity missions.
Such submissions are supplied to the VFH to have it calculate
the vehicle trajectories at each moment. Mission maps are
loaded in two files: one in JPG format corresponding to the
environment image and another with configuration data. The
data include the GPS position of the core of the image, the
image size in pixels, and a zoom of the picture when it was
taken. The route planning is fixed by the user by marking the
initial and final point of the mission on the preloaded image of
the environment. Then, the planner selects the optimal route by
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Fig. 8. VEGO’s simple mission execution. (a) Part of the LabVIEW code for mission execution: odometry calculation. (b) Front view image from LIDAR per-
spective. (c) Generated polygonal trajectory. (d) VEGO’s navigation interface (light line shows an outdoor trajectory).

means of the algorithm [14]. Finally, the route is executed,
aided by on-board sensors (LIDAR and Vision System).

V. EVALUATION OF THE PROPOSAL

During the last three academic years of the M/SC.-ICT
(2008–2009 to 2010–2011), the lecturers conducted surveys to
elicit the evolution of students’ perceptions of their previous ex-
perience in topics directly related to the Robotics module. Only
the above-mentioned 27 students who carried out their M.Sc.
thesis using robotized vehicles took part in the survey willingly
(7, 9, and 11 students per course offering). The reference
point for this study comes from the IEEE-CS/ACM curricular
recommendation for Computer Science (CS2008) [15]. This
curriculum seeks, among other objectives, to identify the
fundamental skills and knowledge that all computing students
must possess. The CS2008 curriculum defines 14 Knowledge

Areas divided into Knowledge Units, and within those are
Knowledge Topics. The areas of knowledge selected for their
marked influence on robotics were Programming Fundamen-
tals, Operating Systems, Graphics and Visual Computing, and
Intelligent Systems.
The four knowledge units most closely related to robotics

were selected from each knowledge area. For example, the
knowledge units chosen from Intelligent Systems were Basic
Search Strategies, Planning Systems, Robotics, and Perception.
In order to facilitate decision-making for respondents, each
knowledge area was described by the detailed knowledge topics
and learning objectives that allow the contextualizing of topics
within each knowledge unit since they are intended to capture
what students are able to do with this knowledge. For example,
the knowledge topics for the knowledge unit of Robotics were
Planning vs. Reactive Model, Sensing, Robot Programming,
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Fig. 9. Results of the survey after finishing the Robotic module. The lower part shows the numerical distribution of the answers.

Fig. 10. Results of the survey after using the robotized vehicle.

Robot Software and Architecture, Navigation and Control.
Then, a questionnaire was administered that had
questions, which students had to answer by indicating their
perception about the training level for each knowledge unit. A
five-point Likert scale was used, with a range of answers from
“1—No experience” to “5—Very experienced.”
The survey was carried out twice: first, after finishing the

Robotics and Computer Vision teaching period, and second,
after finishing the M.Sc. thesis using VEGO. This comparison
revealed the students’ perception after finishing their training
with the use of a real platform like that described here; see
Fig. 9. As observed, students are positive with respect to
their training in event and object-oriented programming. Al-
though they consider this acceptable in topics directly related

to robotics, they did not find it totally satisfactory after com-
pleting the robotics module. Fig. 10 shows the evolution of their
perception of the same group of students after finishing their
M.Sc. theses six months later. There is a significant increase
with respect to the knowledge units most closely connected to
robotics (planning systems, computer vision, robotics, real-time
and embedded systems, device management, perception) as a
result of the availability of an integrated platform with multi-
disciplinary possibilities. The number of students who perceive
their level of training as “very experienced” (13.25%) is sig-
nificantly increased in comparison to the previous situation
(3.93%). Likewise, the percentage of students who considered
themselves as not having any experience (6.75%) is reduced to
1.07%.
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VI. CONCLUSION

A novel approach for teaching robotics at the postgraduate
level has been presented here. The approach consists of the use
of industrial-like vehicle platforms with the aim of improving
learning opportunities for postgraduate students; the impact of
the proposed approachwas carefully evaluatedwith two surveys
per year. The platforms described expose students to hands-on
learning, which has led to promising results in the topics of al-
gorithmic problem solving, recursion, fault tolerance, concur-
rence and advanced search. The trend seems to be that the more
“robotic” skills (RTS[Define RTS], device management,
robotics, perception, computer vision, and planning systems)
are really favored by the proposed approach. Nevertheless, in
the case of particular learning objectives like computer anima-
tion, geometric modeling, and graphic systems, students’ per-
ception has not improved so markedly. The experience gained
from implementing these various scenarios is expected, in the
medium term, to lead to new case studies that will also con-
tribute to improving learning.
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