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Abstract: This paper presents the master course on Autonomous Robotics that we offer at
the School of Engineering of the University of Padova (Italy). Its novelty is the assignment of
a lab project carefully designed to train students on autonomous and industrial robotics in the
framework of Industry 4.0: the “Industry 4.0 Robotics Challenge”. Students have to program
both a manipulator and a mobile robot, together with a 3D vision system, in order to collaborate
in the fulfillment of a pick-place-transport industrial task. We adopt a constructionist approach:
project-based learning and team-based learning are applied to robotics and Industry 4.0. The
project is organized as a challenge to motivate students to propose innovative ideas. A survey
on students’ satisfaction is reported at the end of the paper. We made the description of both
the hardware and software setup, together with tutorials and wikis, publicly available to let
other robotics instructors replicate our proposal and make it a point of reference for teaching
robotics in the frame of Industry 4.0.
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1. INTRODUCTION

The fourth industrial revolution, called Industry 4.0 (1),
is underway. It sees the coming of Cyber-physical systems
(CPS): computer-based machines, coupled with physical
and software components, able to interact with each other,
perceive their surroundings, and reason on assigned tasks.
These systems operate within the production chain but do
not slavishly repeat the same pre-programmed routines.
They adapt their operations depending on the kind and
type of goods they are producing by communicating and
collaborating with each other and with human operators.

According to this prespective, the new generation of
engineers should be able to integrate multidisciplinary
and cross-domain knowledge. They should cope with new
paradigms and concepts (e.g., modeling, simulation, inter-
operability and self-organization) and emergent technolo-
gies (e.g., IoT and Artificial Intelligence). They have to
deal with the system’s software implementation instead of
mainly focusing on its hardware counterpart (2). These
considerations triggered the re-design of the Autonomous
Robotics course: a second year course of the Master of
Science (MSc) in Computer Science at the School of Engi-
neering of the University of Padova (Italy). In particular,
we re-designed the laboratory activity proposed by the
course itself: it now asks students to program two different
robots in order to fulfill an assembly task in collaboration
with a human operator (3). This means that students have
to get in perspective of one single complex task that has
to be subdivided into simpler sub-tasks, each of them
has to be assigned to one single robot depending on its
capabilities. This complex task is then achieved thanks to

an efficient robot-robot and human-robot collaboration.
Not only the laboratory activity was changed from the
past years, but the entire course evolved from a course
centered on classical mobile robotics to a course centered
on intelligent robots, as such kind of robots conduces to
the Industry 4.0 revolution.

In previous years, students had to solve six homework,
homogeneously assigned throughout the duration of the
course (4). Every lab asked students to face one single
robotics problem by means of one robot: among others,
we asked to solve a navigation problem by means of a
Lego Mindstorms NXT robot, a manipulation problem by
means of a Universal Robots UR10, and a teleoperation
problem by means of a humanoid Robovie-X robot. In
this way, students were able to program complex tasks
with single, complex robots. However, they lacked a global
view on how intelligent robots could be exploited in
Industry 4.0. Thus, we decided to propose a single complex
assignment to show how robotics systems should cooperate
to fulfill complex tasks.

The rest of the paper is organized as follows. Sect. 2 shows
related works on this field. Sect. 3 gives an overview of the
Autonomous Robotics course by describing the content of
both the lectures and the laboratory assignment, together
with required prerequisites and skills. Sect. 4 and 5 detail
the laboratory assignment. First, the intended learning
outcomes are depicted. Then, both the hardware and
software setups are given. Sect. 6 analyzes best solutions
proposed by students of the A.Y. 2017/2018. Sect. 7
contains results in terms of student satisfaction. Finally,
Sect. 8 contains conclusions and future work.
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Fig. 1. The Industry 4.0 Robotics Challenge arena: on the
top we show the global setup, on the bottom we zoom
on the objects to be picked up and the picking station.

2. STATE OF THE ART

In the latter years, there has been an evolution on require-
ments needed to program a robot: from robots that had
to accomplish single tasks in isolation to robots that have
to communicate and collaborate with each other in Smart
Factories of Industry 4.0. The same evolution is required
on robotics courses offered by colleges and universities:
teachers do not have to focus on classical robotics, they
have to offer a multidisciplinary experience able to train
the workers of the future. With this aim, several long-
term and short-term academic learning programs emerged,
having the purpose of offering a multidisciplinary robotics
specialization (5; 6; 7; 8). Focusing on long-term programs,
Duckietown (8) aims to train engineers capable of respond-
ing to the current needs of the autonomous automobiles
market. The Robotic Decathlon (7), instead, offers a six-
months introductory course composed of a set of lab
projects, each one teaching a different aspect of robotics,
from manipulation to navigation, and performed by teams
of two students. Focusing on short-term programs, the
Robot Operating System (ROS) (9) Summer School 1 is an
interesting initiative. It lasts two weeks and provides both
an introduction to the most important ROS packages and
a deep overview of mobile robot routines, i.e., perception,
localization, and navigation. At the end of the school, there
is a competition in which participants, divided into teams,
must develop a mobile robotics application. In (2), instead,
Leitão recalls the Erasmus Intensive Program on Robotic
Systems (10) and the Summer School on Industrial Agent
in Automation (11). The first is a 60-hour course that
provides a global understanding and practical experiences
in industrial robotics, autonomous mobile robotics and
robotics applied to medicine. The latter is a 28-hour course
focused on multi-agent systems applied to industrial envi-

1 see https://www.fh-achen.de/fachbereiche/maschinenbau-

und-mechatronik/international/ros/

ronments. To the best of our knowledge, we are not aware
of a semester-long learning course focused on Industry
4.0. In particular, we did not find in literature a learning
project that fuses all aspects of Industry 4.0 in a single
project as the one we are proposing in this paper.

We are proposing a mixed approach that combines the
benefits of competitions with the requirements of multi-
disciplinary teaching in the context of Industry 4.0. In-
deed, competitions are widely recognized as strategies for
motivating students and making the learning experience
more extensive (12; 13). We can personally confirm this
statement thanks to our experience in RoboCup (14) and
in the Mohamed Bin Zayed International Robotics Chal-
lenge (MBZIRC) (15). In order to solve the assignment,
we ask students to program using ROS. Indeed, ROS
is open source, fine-grained, and it consists of numerous
reusable modules. By using it, students learn how to orga-
nize software in modules, reuse the structure and classes
of data, and take advantage of class inheritance (16).
ROS also provides tools and libraries to get, create, write
and execute code on multiple computers with a powerful
communication protocol. Therefore, students can easily
implement a network of robots (and computers) that can
exchange data and interact with each other.

3. THE COURSE

Autonomous Robotics is a second-year elective of the Mas-
ter of Science (MSc) in Computer Science at the School
of Engineering of the University of Padova (Italy). This
master aims to train students in the fields of design,
engineering, production, operation and maintenance of
computer and information systems, computer laboratories,
and company information systems, both in the context
of industrial production and services. In order to clarify
the final expertise of students enrolled in this master,
Programming of embedded systems, Network modeling, In-
ternet of Things and Smart Cities, Distributed Systems,
Computer Vision and Machine Learning are other offered
courses. MSc students of ICT for Internet and Multime-
dia, Mathematical Engineering, Automation Engineering
and Electronic Engineering of the same School can also
enroll for Autonomous Robotics. The course lasts 12 weeks
and offers students methodological bases for programming
autonomous robotic systems by combining class lectures
and a laboratory assignment. While lectures give students
a theoretical background on robotic fundamentals, the lab
lets students apply these fundamentals for the resolution
of a robotic task. Students are examined both on lectures
(30% of the final grade) and on the programming assign-
ment (the remaining 70%). As in competitions, the assign-
ment is subdivided into sub-tasks and a scoring schema is
made available to students, assigning a specific score to
each sub-task.

3.1 Prerequisites and skills

No prerequisite is mandatory for course attendance. How-
ever, having basic C++ programming capabilities facili-
tates the implementation of the lab. Indeed, ROS accepts
both C++ and Python commands, but we suggest the use
of C++ because a course on C++ programming is offered
within our same course of study.
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3.2 Lectures

Three classes of two hours per week are taught. They give
an introduction of both mobile and manipulator robots
with a deep overview on the relationship between percep-
tion and action in robotic systems, existing algorithms for
solving motion planning problems, and learning methods
for the autonomous execution of assigned tasks. During
class lessons, five tutorials of two hours each introduce stu-
dents to ROS programming. Tutorials give an overview of
the ROS architecture and on how to implement publishers,
subscribers, actions and services. They teach how to use
the ROS navigation stack, MoveIt!, and how to implement
advanced perception routines by means of the AprilTags
Visual Fiducial System (17) and the Point Cloud Library
(PCL) (18). Tutorials give attendants the skills needed to
face all project’s sub-tasks.

3.3 Lab project

Course teachers and Teaching Assistants (TAs) designed
the Industry 4.0 Robotics Challenge as follows: multiple
different objects are placed on a table in front of a robot
manipulator, and a vision sensor is mounted on this table.
The manipulator has to detect these objects, pick them
up, and place them on the top of a mobile robot previously
docked next to the manipulator (see Fig. 1). The mobile
robot has first to go through a narrow passage 5 cm larger
than its base. Then, it has to navigate through an open
arena, populated by obstacles (see Fig. 1), until reaching
a second docking area where one student has to pick the
objects and assemble a simple construction. Students have
to cope with the following constraints:

(1) A timeout is imposed (30 minutes).
(2) Pieces are subdivided into three categories, each with

a peculiar shape, color, and weight (red cubes, green
triangles, and yellow prisms). Every category is associ-
ated with scores proportional to the grasping difficulty.

(3) The area on the top of the mobile robot is limited:
students have to implement an optimal policy to
transport all pieces in the minimum number of travels
and to maximize their scores.

(4) The mobile robot has to reach fixed positions in the
map (docking areas) in order to have the objects
loaded by the manipulator or unloaded by the human
operator.

(5) The arena is populated by both fixed and movable
obstacles.

(6) The mobile robot always starts from a prefixed pose.

Both a real and a simulated setup are provided to stu-
dents (see Sect. 5). Course teachers and TAs realized,
sometimes mixing packages already available in ROS, all
tools students need to interact with these environments
(e.g., the packages suitable for the creation of the virtual
environment, the robots bringup, the network connection
and the manipulation and navigation configuration). After
testing, these packages are provided to students so that
they can focus only on the implementation of the percep-
tion, manipulation and navigation routines that perform
the challenge. They have to estimate the pose of the
objects. They have to move both the manipulator and
the mobile robot. They have to implement a Finite State

Machine able to coordinate robots while they are accom-
plishing their own sub-tasks. Every programming effort is
proportionally scored in order to reward those students
who adopt innovative solutions. As solutions should be
innovative but working, we mediate the degree of difficulty
with the time required to complete the project. Setting up
the Challenge makes teachers and TAs aware of its sticking
points. In this way, they will be able to empathize with the
students and anticipate the time-consuming issues that the
students will encounter.

4. LAB PROJECT: EDUCATIONAL DETAILS

We adopt a constructionist approach and we combine
project-based, team-based, and peer-based learning. In
detail, a complex, single project is assigned to students
(Project-based learning). Students organize themselves in
teams and every team has to propose its own solution
(Team-based learning). We suggest groups of two/three
people: larger groups induce confusion and unbalanced
workload division within the group itself. Students can
access the lab and use available robots every day during
the course. One TA is available to them in case they need
help. No more than one TA per time is required because
students should act by themselves: during the class, tuto-
rials are provided on how to perform different sub-tasks
of the assignment. In the lab, every group decides how to
face these sub-tasks, tries to implement their choices, and
discusses what improvements are feasible (constructionist
learning). Students have to present their own solutions
within three months after the end of the course. At the
exam, they must provide both a demonstration proving
the correct functioning of their systems and an oral presen-
tation motivating their implementation choices. For those
students who want to present the project exactly at the
end of the course, a challenge is organized. The winning
team gains two more points on the final grade. In our
opinion, facing a challenge motivates students to present
innovative solutions and to take the exam by the end of
the course (Peer-based learning).

Our Intended learning Outcomes (ILOs) follow. As for (8),
we subdivide them into four categories: operational tools,
development methods, autonomy (perception, control, co-
ordination) and documentation. By the end of the course,
students should be able to:

(1) Use operational tools, included Ubuntu and ROS.
(2) Acquire knowledge on development methods, such as:

• (DEV-ROS) develop ROS software modules and
integrate them in their systems;

• (DEV-Tools) utilize standard tools for software de-
velopment (e.g., source code repositories; branching
and merging);

• (DEV-Open) familiarize with the dynamics of open-
source development, including the challenge of inte-
grating independently-developed functionalities.

(3) Implement features guaranteeing robots autonomy by:
• (AU-Perception) guaranteeing the autonomous de-
tection and recognition of manipulation objects;

• (AU-Control and Motion Planning) guaranteeing
the autonomous manipulation and navigation. Col-
lisions should be avoided, and the mobile robot
should autonomously face the narrow passage;
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with a deep overview on the relationship between percep-
tion and action in robotic systems, existing algorithms for
solving motion planning problems, and learning methods
for the autonomous execution of assigned tasks. During
class lessons, five tutorials of two hours each introduce stu-
dents to ROS programming. Tutorials give an overview of
the ROS architecture and on how to implement publishers,
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the ROS navigation stack, MoveIt!, and how to implement
advanced perception routines by means of the AprilTags
Visual Fiducial System (17) and the Point Cloud Library
(PCL) (18). Tutorials give attendants the skills needed to
face all project’s sub-tasks.

3.3 Lab project

Course teachers and Teaching Assistants (TAs) designed
the Industry 4.0 Robotics Challenge as follows: multiple
different objects are placed on a table in front of a robot
manipulator, and a vision sensor is mounted on this table.
The manipulator has to detect these objects, pick them
up, and place them on the top of a mobile robot previously
docked next to the manipulator (see Fig. 1). The mobile
robot has first to go through a narrow passage 5 cm larger
than its base. Then, it has to navigate through an open
arena, populated by obstacles (see Fig. 1), until reaching
a second docking area where one student has to pick the
objects and assemble a simple construction. Students have
to cope with the following constraints:

(1) A timeout is imposed (30 minutes).
(2) Pieces are subdivided into three categories, each with

a peculiar shape, color, and weight (red cubes, green
triangles, and yellow prisms). Every category is associ-
ated with scores proportional to the grasping difficulty.

(3) The area on the top of the mobile robot is limited:
students have to implement an optimal policy to
transport all pieces in the minimum number of travels
and to maximize their scores.

(4) The mobile robot has to reach fixed positions in the
map (docking areas) in order to have the objects
loaded by the manipulator or unloaded by the human
operator.

(5) The arena is populated by both fixed and movable
obstacles.

(6) The mobile robot always starts from a prefixed pose.

Both a real and a simulated setup are provided to stu-
dents (see Sect. 5). Course teachers and TAs realized,
sometimes mixing packages already available in ROS, all
tools students need to interact with these environments
(e.g., the packages suitable for the creation of the virtual
environment, the robots bringup, the network connection
and the manipulation and navigation configuration). After
testing, these packages are provided to students so that
they can focus only on the implementation of the percep-
tion, manipulation and navigation routines that perform
the challenge. They have to estimate the pose of the
objects. They have to move both the manipulator and
the mobile robot. They have to implement a Finite State

Machine able to coordinate robots while they are accom-
plishing their own sub-tasks. Every programming effort is
proportionally scored in order to reward those students
who adopt innovative solutions. As solutions should be
innovative but working, we mediate the degree of difficulty
with the time required to complete the project. Setting up
the Challenge makes teachers and TAs aware of its sticking
points. In this way, they will be able to empathize with the
students and anticipate the time-consuming issues that the
students will encounter.

4. LAB PROJECT: EDUCATIONAL DETAILS

We adopt a constructionist approach and we combine
project-based, team-based, and peer-based learning. In
detail, a complex, single project is assigned to students
(Project-based learning). Students organize themselves in
teams and every team has to propose its own solution
(Team-based learning). We suggest groups of two/three
people: larger groups induce confusion and unbalanced
workload division within the group itself. Students can
access the lab and use available robots every day during
the course. One TA is available to them in case they need
help. No more than one TA per time is required because
students should act by themselves: during the class, tuto-
rials are provided on how to perform different sub-tasks
of the assignment. In the lab, every group decides how to
face these sub-tasks, tries to implement their choices, and
discusses what improvements are feasible (constructionist
learning). Students have to present their own solutions
within three months after the end of the course. At the
exam, they must provide both a demonstration proving
the correct functioning of their systems and an oral presen-
tation motivating their implementation choices. For those
students who want to present the project exactly at the
end of the course, a challenge is organized. The winning
team gains two more points on the final grade. In our
opinion, facing a challenge motivates students to present
innovative solutions and to take the exam by the end of
the course (Peer-based learning).

Our Intended learning Outcomes (ILOs) follow. As for (8),
we subdivide them into four categories: operational tools,
development methods, autonomy (perception, control, co-
ordination) and documentation. By the end of the course,
students should be able to:

(1) Use operational tools, included Ubuntu and ROS.
(2) Acquire knowledge on development methods, such as:

• (DEV-ROS) develop ROS software modules and
integrate them in their systems;

• (DEV-Tools) utilize standard tools for software de-
velopment (e.g., source code repositories; branching
and merging);

• (DEV-Open) familiarize with the dynamics of open-
source development, including the challenge of inte-
grating independently-developed functionalities.

(3) Implement features guaranteeing robots autonomy by:
• (AU-Perception) guaranteeing the autonomous de-
tection and recognition of manipulation objects;

• (AU-Control and Motion Planning) guaranteeing
the autonomous manipulation and navigation. Col-
lisions should be avoided, and the mobile robot
should autonomously face the narrow passage;
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• (AU-Coordination) guaranteeing the autonomous
coordination and cooperation of available robots.

(4) Write an exhaustive Documentation by:
• (DOC-Presentation) preparing a presentation with
design choices, system benefits, limitations and
ideas on how to overcome these limitations;

• (DOC-Documentation) commenting their code and
creating step-by-step instructions to enable future
users to reproduce their systems.

5. LAB PROJECT: IMPLEMENTATION DETAILS

This section describes the hardware and software setups
needed to reproduce our laboratory assignment.

5.1 Hardware setup

Adopted hardware (see Fig. 1) is low-cost, highlighting
our aim of making an industrial setup easily reproducible.
Details of each component follow, based on the routines it
accomplishes.

(1) Manipulation: we have a UR10 manipulator robot
with a Robotiq 3-Finger gripper attached on its end
effector.

(2) Navigation: we have a Turtlebot 2 mobile robot with
a box mounted on its top letting the transportation of
collected objects. Turtlebot 2 has to navigate within
an arena built of extruded polystyrene panels. In it,
traffic cones are placed in order to simulate obstacles.

(3) Perception: Focusing on the perception needed for the
manipulation routine, we mounted a Microsoft Kinect
v2 on the table in front of the manipulator robot.
This visual sensor streams both a 2D image in Full
HD resolution and a depth image at 512x424 pixels.
The information is streamed at 30 Hz. Students can
choose which data to use to estimate the 6D pose of the
objects on the table knowing that these objects have
different colors and Apriltag markers [(19)] attached
on their tops. Focusing on the navigation, we mounted
a Hokujo URG-04LX-UG01 and a webcam on the
Turtlebot. They can be used to map the environment
and to detect obstacles and docking stations even
when light conditions are disadvantageous.

(4) Communication: A desktop computer acts as ROS
master and it is connected both to the robot (UR10
and gripper) and the Kinect. A laptop, instead, is used
for Turtlebot 2 and its sensors. PCs can communicate
with each other thanks to a network built ad hoc for
the Challenge. It is composed of both a switcher and a
router so to form both a cabled and a wireless network
to which students can connect their laptops too.

5.2 Software setup

The project is based on ROS. We adopted Ubuntu 16.04
and ROS Kinetic: the last LST version at the time of
project formulation. A simulated version of the real-world
setup is provided to let students test their systems without
the need of being in the lab. In this way, they can correct
possible implementation errors before testing their pro-
posal on real robots. Gazebo is used as simulator (20) as
it is the official ROS simulator. The list of software pack-
ages needed to reproduce the project follow, subdivided
according to the routines they accomplish.

(1) Manipulation: in order to control the manipulator
arm, we provide the ROS-Industrial universal robot,
the ur modern driver (21), and the robotiq pack-
ages. We also make available the MoveIt! configuration
of the provided setup.

(2) Navigation: the Turtlebot 2 ROS packages and its
navigation stack are provided to move the mobile
platform inside the arena while avoiding obstacles.

(3) Perception: to control the Kinect, we provide the IAI
Kinect2 library. Students can use both the AprilTag
library and PCL to accomplish the object detection.

Packages and the simulation setup are available through
Bitbucket 2 . In this way, it is easy to solve bugs and
distribute software updates. Moreover, it is easy for other
institutions to replicate our assignment.

6. PROPOSED SOLUTIONS

In A.Y. 2017/2018, 16 students attended the course and
passed the exam. 15 of them were MSc students of Com-
puter Science and 1 was enrolled in Electronic Engineer-
ing. Below we report the two best solutions they proposed.

One team completed the lab by choosing the minimum
difficulty coefficient in favor of a reliable and fast solution.
For object detection, they exploited the AprilTag library,
MoveIt! was used to plan the manipulation, and the ROS
navigation stack was used for the navigation. They accu-
rately turned navigation parameters to avoid collisions. To
go through the narrow passage, they measured the passage
width and combined this information with that extracted
from the laser in order to implement a routine letting the
robot travel a path equidistant from the passage walls.
They completed the project within the end of the course,
faced the challenge, and succeeded at their first run in
about 20 minutes.

The second-best solution was the most innovative one. The
team exploited objects’ colors for object detection. MoveIt!
was used for solving the manipulation problem and an
ad-hoc routine was implemented for the navigation part.
This routine exploited potential fields to face both obstacle
avoidance and narrow passage. However, 3 additional
months were required to complete the project and, during
the trials, some penalties were assigned due to mobile
robot inaccuracies.

These proposals confirm the lessons that we learned during
the MBZIRC Challenge (15): a good trade-off has always
to be found between a reliable, fast to implement, solution
and an innovative, efficient, but maybe unstable, one.

7. STUDENTS SATISFACTION

At the end of the A.Y. 2017/2018 course, we asked stu-
dents to compile an anonymous questionnaire and have
feedback, on a 1-5 scale, on the perceived quality and
usefulness of both teaching and lab experience. Feedback
should highlight if goals of Sect. 4 were achieved. 9 stu-
dents out of 16 completed the questionnaire. Obtained
results demonstrate that students were overall happy with
the experience: 58.3% of them assigned an average grade
2 See https://bitbucket.org/account/user/iaslab-unipd/

projects/ROB2018
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Fig. 2. The challenge phases. From the left: obstacle avoidance, narrow passage, objects manipulation and delivering

Table 1. Most significant questions of the ques-
tionnaire assigned to students.

N Question

Q1 Before starting the course, I had good programming skills.

Q2 Before starting the course, I was able to use ROS.

Q3 Before starting the course, I had knowledge of robotics.

Q4 ROS tutorials are enough to face the assigned lab.

Q5 The lab assignment lets me apply the theory taught in
class.

Q6 The lab complexity proved discouraging and was difficult
to manage.

Q7 The lab assignment asked for a lot of work, but this work
is necessary if you want to become competitive in robotics.

Q8 Working with real robots is more interesting and challeng-
ing than working in simulation.

Q9 The overall lab experience was useful in terms of personal
gratification and growth.

Q10 Working in teams was effective for achieving the assign-
ment: we achieved results that I would not have reached
alone.

Q11 By working in teams, I improved my ability to split tasks
among people.

Q12 By working with ROS, I gained new programming skills.

Q13 After this lab experience, I’m able to use ROS.

Q14 Working with real robots made me face practical problems
useful for my future job.

Q15 Programming an industrial robot make me competitive
for my future job.

Q16 The course stimulated my robotics interest so that I
decided to continue with a course of study/work based
on these topics.

Q17 After this lab experience, I fell I have acquired the
necessary skills to be included in a Smart Factory of
Industry 4.0.

of 8.0 (out of 10.0) to the course, meaning that they were
satisfied on how the course was held. 33.3% of students
assigned a grade greater than 8.0 and only 8.6% of them as-
signed a grade lower than 6.0. An average grade of 8.46 has
been assigned to the educational action, highlighting that
teachers correctly stimulated and motivated the interest in
the robotics discipline, beyond they clearly explained the
course contents. Table 1 collects most significant questions,
whose answers are reported in Fig. 3. In detail, students
started the course with average programming skills (Q1),
no knowledge of ROS (Q2), and a very low perception of
what robotics was (Q3). They attested that, at the end of
the course, their programming capabilities enhanced (Q12)
and they recognized themselves as novice ROS program-
mers (Q13). The project is complex, but this complexity
did not discourage students from facing it (Q6), they
know that a lot of effort is needed to become competitive
in robotics (Q7). Moreover, being able of autonomously
carrying out a complex task gave a feeling of personal
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Fig. 3. Results of the survey: degree of agreement of the
student (1-5) for each question (Q1-Q18).

grow and gratification (Q9). Focusing on the teachers’
contribution, they were able to keep students’ interest high
by adopting a constructivist team-based approach (Q10,
Q11) and employing real robots instead of a simulated
setup (Q8). Indeed, working with real robots was perceived
as useful for a future job (Q14, Q15).

The most critical feedback was related to the theoretical
and tutorial support that teachers provided during the
course. Results (Q4, Q5) highlight a margin for improve-
ment on the integration of theory and tutorials in the
hands-on activities. We believe this was a consequence of
this being the pilot edition of the project: many structural
“one-time” tasks had to be accomplished. E.g., setting up
real and simulated environments, developing the necessary
software, preparing wikis and necessary tutorials. In sub-
sequent editions, less time and effort will be necessary for
these tasks in favor of the integration between theory and
practice.

As a result, students’ robotics interest was stimulated in
such a way that they decided to embark on a robotics
course of study/job (Q16). Moreover, they felt they ac-
quired good Industry 4.0 capabilities (Q17).

8. CONCLUSIONS AND FUTURE WORK

In this paper, we presented the laboratory project pro-
posed by the Autonomous Robotics course of the M.Sc.
degree in Computer Science at the School of Engineering of
the University of Padova (Italy). The project asks students
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grow and gratification (Q9). Focusing on the teachers’
contribution, they were able to keep students’ interest high
by adopting a constructivist team-based approach (Q10,
Q11) and employing real robots instead of a simulated
setup (Q8). Indeed, working with real robots was perceived
as useful for a future job (Q14, Q15).

The most critical feedback was related to the theoretical
and tutorial support that teachers provided during the
course. Results (Q4, Q5) highlight a margin for improve-
ment on the integration of theory and tutorials in the
hands-on activities. We believe this was a consequence of
this being the pilot edition of the project: many structural
“one-time” tasks had to be accomplished. E.g., setting up
real and simulated environments, developing the necessary
software, preparing wikis and necessary tutorials. In sub-
sequent editions, less time and effort will be necessary for
these tasks in favor of the integration between theory and
practice.

As a result, students’ robotics interest was stimulated in
such a way that they decided to embark on a robotics
course of study/job (Q16). Moreover, they felt they ac-
quired good Industry 4.0 capabilities (Q17).

8. CONCLUSIONS AND FUTURE WORK

In this paper, we presented the laboratory project pro-
posed by the Autonomous Robotics course of the M.Sc.
degree in Computer Science at the School of Engineering of
the University of Padova (Italy). The project asks students
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to program two robots to cooperate for object picking
and transportation in the context of Industry 4.0. The
project is assigned to students in terms of challenge. A
constructivist approach is adopted based on a project-
based, team-based, peer-based learning. The effectiveness
of our proposal is proved by students’ satisfaction through
an anonymous questionnaire. We made software and hard-
ware setup, together with provided tutorials, publicly
available. In this way, this project can be replicated by
other institutions and can be adopted as a point of refer-
ence for teaching Industry 4.0. In the future, we plan to
introduce both a more effective human-robot interaction
and the use of Cloud-based services for AI and robotics.
These are two other pivotal points of Industry 4.0.
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