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Editors’ Introduction
The concept of The Fourth Industrial Revolution was presented in
2016 by Klaus Schwab, Founder and Executive Chairman of the
World Economic Forum, at the Davos conference in Switzerland, to
designate the current era, characterised by a range of new
technologies that are fusing the physical, digital and biological
worlds.
The most raised issue is the impact of the Fourth Industrial
Revolution on employment. The World Economic Forum estimates
that with the improvements in automation, robotics and artificial
intelligence, five million jobs will be eradicated in Europe by 2020
(World Economic Forum, 2016). No job, qualified or not, is immune
to the impact of automation.
The unprecedented sophistication of technology and the
integration of artificial intelligence will have an impact on several
professional areas soon. While on the one hand jobs are
disappearing, on the other hand, new opportunities will be created,
especially for computer and technology specialists. According to
Schwab (2016), the next five years are a critical period of transition.
In this scenario, there is an excellent opportunity to invest in
the training of adults for new job opportunities that will require
knowledge about programming and robotics, and that allow their
adaptation to a complex and ever-changing world.
Yet, in a world where the Internet is increasingly accessible
and mobile, accessing, sharing and producing digital content have
become routine activities. That is why citizens must have skills that
enable them to use technologies that can bring new opportunities
to their lives and, on the other hand, be prepared for increasingly
complex living and working environments that focus on proficiency
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in learning and innovation skills that include critical thinking and
problem solving, creativity and innovation, communication and
collaboration (Schwab, 2016).
Also, the need to continually explore new pedagogical
practices in e-learning creates an opportunity to shape new content
with new tools that stimulate creativity, enabling the adult learners
to understand better the world in which they live in.
The «E-Learning course on mobile robotics for adult
education: the fourth industrial revolution» Erasmus+ project [20191-TR01-KA204-074485], which brought the publicaion of this book,
involved eight institutions from Greece, Portugal, Romania, Turkey,
that deal with adult education.
The partnership design and develop an e-Learning course
on mobile robotics for adult learners, promoting the technical
competences of trainers and learners and enabling them to develop
new skills such as computational thinking and problem-solving.
For almost three years, the partners worked with teachers
and trainers who applied innovative pedagogical scenarios of
mobile robotics, all oriented from a rigorous pedagogical
perspective. The project's main goal was to increase the acquisition
of pedagogical innovation skills and incorporate them into their
pedagogical practices. The project searched to highlight the need
for quality pedagogical training in a new Era: in this, education has
less to do with reproducing information passively and has more to
do with the development of creativity, critical thinking, problemsolving and decision-making.
Simultaneously, these adult education trainers analysed
their pedagogical practices, evaluate, reflect, and share with the
partnership at the e-learning training sessions. During the training
process, it was intended that the interventions in an educational
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context could be an object of collaborative reflections that respond
to the project's objectives.
At the end of this project, the partnership have an e-learning
course on a virtual learning platform, a teaching and learning toolkit
on mobile robotics for adult learners, with pedagogical activities
and practices with innovative educational scenarios for trainers. The
partnership also developed this book that describes the
experiences and perceptions of adult trainers' pedagogical
practices using mobile robotics.
To enrich the project, we invited researchers who have been
studying the use of mobile robotics in education and training to
contribute with a chapter in this book.
So, the book is a collection of ten scholarly articles and
reports of experiences and perceptions concerning pedagogical
practices with mobile robotics.
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A low-cost mobile robot for
STEM subjects
Rolando BARRADAS, Salviano SOARES & António
VALENTE
University of Trás-os-Montes and Alto Douro, Portugal

José Alberto LENCASTRE
University of Minho, Portugal

1 Introduction
STEM areas (Science, Technology, Engineering and Math) are
continuously growing but the number of technical workers do not
accompany that growth. As the 21st century brings new challenges,
students should be prepared for an increasingly complex life and
work environments that will privilege proficiency in Learning and
Innovation Skills that include Creativity and Innovation, Critical
Thinking and Problem Solving, Communication and Collaboration
[1]. Also, the need to continuously explore new pedagogical
practices in teaching and learning creates an opportunity to build
new contents by balancing a stable and tested curriculum with new
tools that stimulate creativity, allowing students to better
understand the world they live in. This article describes the
development of an educational robotics kit, aimed at children and
teens from 8 to 18 years old, meant to work as an interdisciplinary
teaching tool that can be applied directly in a curriculum, promoting
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skills like Computational Thinking and Problem Solving, driven by
the motivation created by a Robotics Competition.
2 Background
2.1 Computational thinking
Computational thinking is defined as a mental activity carried when
formulat- ing a problem to admit a computational solution that can
be carried out by a human or a machine [2]. Nowadays, it influences
not only science and engineer- ing methods but also other fields of
study like medicine, economics, finance and even journalism,
requiring that everyone working in those areas have to learn how to
think computationally. Computational thinking involves solving
prob- lems, designing systems, and understanding human
behavior, using concepts fundamental to computer science [3].
2.2 Problem solving
One of the 21st century most wanted skills is Problem Solving and,
nt learning activity
they can engage in because the knowledge constructed while
solving problems is better comprehended and retained [4].
According to P21, The Partnership for 21st Century Learning [5],
the ability to solve different kinds of non-familiar problems in both
conventional and innovative ways and to identify and ask
significant questions that clarify various points of view and lead to
better solutions are essential to prepare students for the future.
2.3 Micromouse Portuguese Contest
The Micromouse Portuguese Contest [6] is an international
competition, held in Portugal since 2011. The main challenge is to
have a full autonomous micro controlled robot vehicle, explore an
unknown maze and find out the optimum route for the shortest
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travel time from start to end [7]. Competition is one of the key
factors for motivation and getting physical results contributes to the
formation of students independence, developing their leadership
skills and promoting a positive educational process [8]. Also, robot
competitions encourage students to apply their knowledge to realworld problems and motivates them to learn new concepts for
themselves [9], making them a good vehicle to the development of
both Computational Thinking and Problem Solving capabilities.
2.4 Visual programming languages
Visual programming languages (VPL) provide a way for children to
begin programming, reducing the level of abstraction by using
graphical program elements rather than text.
Scratch Scratch is a VPL created by the Lifelong Kindergarten group
at the MIT Media Lab. It was originally thought as an approach to
programming to be used by people who never thought they would
ever write a single line of code. It was meant to be easy for
everyone, of all ages, backgrounds, and interests, to program their
own interactive stories, games, animations, and simulations, and
share their creations [10].
Scratch was made with a simple grammar, based on graphical
programming blocks that are put together to create programs. To
make it even easier, the blocks have connectors that suggest how
they can connect to each other, allowing only to create code that
makes sense [11].

Fig. 1. Scratch key ideas
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mBlock A few years ago, mBlock made its appearance in the VPL
world, as a graphical programming environment based on Scratch
2.0 Open Source Code, thus maintaining all its features, and adding
some others that make it possible to program Arduino projects
within the same interface [12].

Fig. 2. Robots/Arduino category of blocks
in mBlock
3 Method
To develop our product, we decided to follow an Instructional
System Design model [13], which we will refer to as ADDIE, the
acronym of its five phases: Analysis, Design, Development,
implemented the prototype, only three phases (Analysis, De- sign
and Evaluation) will be described in this article. The Evaluation
phase is fundamental and should be a part of the process from the
beginning because it supplies information that feeds all the cyclic
process of design and development and is very useful when as a
part of the spiral of analysis, design, evaluation, etc., by contributing
to the continuous improvement of the prototype [14].

Fig. 3. The ADDIE Model
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3.1 Analysis
Analysis - Study the environment in order to understand it and
describe the goals and objectives required to correct
performance deficiencies (performance gap) that will improve
the
[13].
The analysis phase is the foundation of a learning or training process
[13] and allowed us to study the target audience of our educational
product. By knowing their previous experience, education level,
age, computer experience, among others, it is possible to anticipate
learning difficulties and create boundaries to the complexity of the
product we are to develop [15]. Through documentary analysis and
classroom observations we tried to create a profile for the target
audience of our product.
As we are targeting both Primary and Secondary education
students, the first thing we have to consider is the age gap between
the younger and the older students. In our analysis, the average age
of our students is 11.3 years old. Also, the concepts and academic
level differences are an important fact to consider. A relevant
information is the fact that some of the students in our study already
have some basic knowledge of robotics and programming in
Scratch, due to the fact that Introductory Programming classes are
a part of their curriculum. Also, to consider are the latest
government recommendations stating that every child from Primary
to Upper Secondary education should have Programming and
Robotics classes.
3.2 Design
Design - Define the learning objectives - what the learners
need to do to learn the new performance (activities), and what
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will motivate them to learn and perform. This becomes your
blueprint [13].
The results obtained led us to idealize Kid Grígora (Fig. 4), an
educational robotic platform that can be used as an interdisciplinary
teaching tool to be integrated in the curriculum. Besides that,
primary objective, Kid Grígora has dimensions that allow children to
use it in the Micromouse Robotics Compe- tition. With this alpha
version of the prototype some heuristic evaluation is needed.

Fig. 4. Alpha version of Kid Grígora

3.2.1. Heuristic evaluation of the alpha version
The alpha version of the prototype was tested in a heuristic
evaluation by experts, with the objective of appraising both usability
and potential design problems, and also to gather suggestions from
the experts on how to solve the problems they found, before
performing usability tests with representative users.
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To test the prototype, we chose double experts [15]
experienced not only in usability but also with specific expertise in
the kind of interface under evaluation as they potentially find about
1.5x more problems than simple usability special- ists. We used
three experts, with ages ranging from 40 to 48 years old, with a
degree in areas related to computing, electronics and robotics, with
an average teaching experience of 15 years and with 9 years of
average business experience in developing software and
electronics.
The evaluations were carried out between 9th and 12th
October 2017, with an average duration of 90 minutes, and started
with a simple explanation of the expected use of the robot by end
users, in particular on its use as an educational tool, but also on its
possible use in a robotics contest. Then, the evaluators were given
asked to assemble the robot.
During the tests, each expert was asked to answer a
questionnaire of heuristic evaluation and to report possible

and 4 means a "Usability catastrophe: imperative to fix this before
product can be released".
Talking about the strong points of the heuristic evaluation,
all the experts mentioned that the robot was very easy to build,
mostly because of its small number of components. They also
referred the physical similarity to professional built Micromouse
robots. Two experts referred that because it has almost no soldering
parts, it should be suitable for all target users, eventually with the
help of an adult. All experts referred the use of standard
components as a strong point as it is easy to assemble and also due
to the low price they usually have, making it an educational tool,
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potentially for everyone. The weakest points in the heuristic
evaluation (ratings 3 and 4) are summarized in Table 1.
Table 1. Related severe and catastrophic
errors, according to
heuristics
heuristics
Interface (IN)
IN1
IN3
IN4
IN7
IN8
IN9
IN1
0

Degr
ee
Visibility of system status
4
User control and freedom
3
Consistency and standards
4
Flexibility and efficiency of use
3
Aesthetic and minimalist design
3
Help users recognize, diagnose, and,recover
4
from errors
Help and documentation
3

Regarding IN1, two experts mentioned that the robot had
no information on the status. Related with IN3, all of the experts
stated that the robot needed to have an ON-OFF switch and one
of them referred that as older students may require a little more
control over the robot, it should be useful to have it equipped with
encoders and gyros so that more elaborated algorithms could be
implemented. One of the experts, referring to IN4, mentioned that
the Traction system would not work at very high speeds as the
motor connected directly to wheel brings speed but almost no
working with youngest students, was mentioned by one of the
experts as being potentially a problem, related to IN7. All experts
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3.3 Development
Development - Elaborate and build the products called for in
the blueprint (the finished product is often called courseware or
learning activities).[13].
3.3.1. Building the beta version
Although only Major and Catastrophic problems (ratings 3 and 4)
were de- scribed, before building the beta version, all reported
problems and suggestions of the experts were solved and
implemented, as summarized below.
Table 2. Solutions for usability problems
found by experts
Heuristi
Problem found
Solutio
c
n
IN1 No information on the status Add a Status LED
IN3 The robot needs to have Change the electrical
an ONconnections and
OFF switch
add a power switch
IN3 Equip the robot with
Create a Semi-Pro version of
encoders and
the robot
that uses motors with
gyroscope
encoders, Gyro- scope and
accelerometer
IN4 Traction system would not Use motors with reduction
work
(Figure 6)
IN7 The type of battery used
Change the type of battery
could be
from 4xAA
lighter
1.5v to a 9V battery
Heuristi
Problem found
c
IN7 The use of IR Sensors might
be too
difficult to program and
understand by young
students

Solutio
n
Use simpler Ultrasonic sensor
types in
Kid Grígora Rookie, but keep
the IR sensors in Kid Grígora

Semi-Pro

13

Mobile Robotics

IN7

It may be difficulty to
perceive the
movements, when
working with youngest
students

We created a Pen add-on to
the Kid
Grígora Rookie for the students
to visualize the trajectories of
the robot, by making it write its
way as it moves (Figure 7)
IN8 The battery positioned on As we changed the type of
the top
battery, we
of the robot would create a were able to position
very high gravity center.
differently, low- ering the
height and center of gravity
IN9 No error messages
Use a LED to display Error
codes
IN10 Need for more detailed help Created new electrical
on the
schematics,
electrical connections
with different wire colors
assembly
The results of the heuristics analysis led to the idealization of two
models of our robotic platform, mainly due to the age difference
and academic levels between our target audience.
Kid Grígora Rookie is the simpler of the two models. Aimed to
students with ages from 8 to 15 years old, this robot allows younger
students to make their first steps in robotics and programming. The
price and the ease of build have been taken in consideration, to
make it affordable and easy to assemble.
Kid Grígora Semi-Pro is the most complex, having more powerful
specifications, allowing students, from 15 to 18 years old, to apply
knowledge from other areas like Mathematics or Physics. With a
more powerful processor, motors with encoders, a three Axis
Gyroscope + Accelerometer and four Infra-Red distance sensors,
this model allows a much more accurate control of movements.
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The first beta version had a different Traction System and unified
platforms, allowing us to use, both the simple DC Motors in Rookie
and the DC Motors with encoders needed to Semi-Pro.

Fig. 5. Proposed design of the Traction
System in Kid Grígora Rookie and Semi-Pro in
Beta version
However, as one of our objectives was to build a low cost and easy
to mount robot, this approach led to a solution that used a large
number of 3D printed parts, making it a lot more expensive than
what we anticipated. The solution was to change the Traction
system once again and to use a single pair of wheels, a caster ball
and two geared DC motor with reduction and a pair of pulley
wheels, as seen in Figure 6. With this solution, we were able to
reduce substantially the cost of the solution.
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Fig. 6. Final design of the Traction System in the Beta version of
Kid Grígora Rookie and Semi-Pro
movements, when working with youngest students, we designed a
Pen Add-on to Kid Grígora Rookie, using a standard Servo Motor
and a custom-made pen holder. By placing it on the top of the
robot, it will be possible for the students to visualize the trajectories
of the robot, by making it write its way as it moves.

Fig. 7. Pen Add-On to Kid Grígora Rookie

3.3.2. Usability tests with representative users
The usability tests with representative users were carried out
between the 18th and 22nd December 2017. As, according to
Nielsen [16], "after the fifth user, you are wasting your time by
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observing the same findings repeatedly but not learning much
new", we chose five representative users in different age ranges and
programming and robotics knowledge to evaluate our prototype.
Although we developed and built both models of Kid
Grígora, as in our analysis, our target medium range was 11.3 years
old, in this article we will focus on the tests performed with Kid
Grígora Rookie.

Fig. 8. Representative user performing
Usability test
The tests were carried by 5 students, aged from 11 to 17, 2 boys
and 3 girls, and had an average duration of 127 minutes, with a 15minute pause for the users to rest and then regain their focus on the
tasks. As for background on robotics, only two users were already
engaged in robotics activities at school. The other three had never
been in close contact with robotics. Starting with a simple
explanation on the basics of the assembly and best practices to do
assembly instructions and were asked to assemble the robot. In all

17

Mobile Robotics

tests, we used the think-aloud protocol, letting users verbalize their
thoughts as they move through the interface [15], and audiorecording to gather data.
At the end of the tests, the users were asked to fill a SUS [17]
satisfaction questionnaire, whose average satisfaction results were
given a meaning by using the adjective scale by Bangor, Staff,
Kortum e Miller [18]. The obtained results are summarized in Table
3.
Table 3. Summary of usability tests by
representative users
Sex:
Age
Previous
robotics:
Length (min)
Rating
Meaning

Student
1
F
16
Student
1
No
131
92.5
Best
Imagi
nable

Student Student Student Student Avg
2
3
4
5
M
M
F
F
13
11
11
17
13.6
Student Student Student Student Avg
2
3
4
5
No
No
Yes
Yes
134
85

147
90

120
95
Best
Excellen Excelle Imagi
nt
nt
able

103
100
Best
Imagi
nable

127
92.5
Best
Imaginable

The mean result of the five tests was 92.5 points, Best
Imaginable, meaning that there were almost no usability problems
detected with the prototype. The analysis of the results show that
the representative users were unanimous giving the Strongly agree
score to the question "I think that I would like to use this robotics
kit frequently" and the to Strongly disagree to the question "I found
the robotics kit unnecessarily complex" which shows the good
acceptance of this robotics kit. The analysis of the think-aloud
showed that most of the difficulties lied in the part of the wiring,
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particularly in those users who have never had contact with robotics.
This led us to think that perhaps an introductory session on the
concepts of electronics and wiring will be necessary before end
users start building the kit.
4 Kid Grígora hardware components
To build both models of Kid Grígora, we chose the following
standard compo- nents:
4.1 Kid Grígora Rookie
Arduino Nano The Arduino Nano microcontroller is a small board
based on the ATmega328, clocked at 16MHz and operating at 5v.
that are meant to be built in this version of Kid Grígora.
L298N Motor Controller Because of the limited power output of
the micro controller outputs, they cannot be used to drive the
motors directly. Motor controllers act as an intermediate device
between the micro controller and the motors, allowing to set both
speed and direction. L298N is a low-cost solution that enables the
control of two DC motors with voltages between 5 and 35V DC.
Geared DC Motors Because regular DC motors run too fast and
cannot be used to drive the robot, we decided to use geared DC
motors with a gear assembly attached to the motor, reducing the
speed of the motor while increasing its torque. This approach to the
design allowed to attach the wheels directly to the motor assembly
thus reducing the total cost of the product.
Ultrasonic Sensors We decided to use three HC-SR04 ultrasonic
cost and simplic- ity. Ultrasonic sensors can measure the distance to

19

Mobile Robotics

an object by using sound waves. This particular sensor provides 2cm
to 400cm of non-contact measure- ment with an accuracy up to
3mm, allowing the robot to detect the walls of the maze and
navigate accordingly.

Fig. 9. Assembled Kid Grígora Rookie
Aimed to be a low budget robotics kit, one of our main
concerns was to keep it as cheap as possible, without sacrificing its
main purposes. The following table resumes all the components
used in Kid Grígora. Prices are based on eBay and local stores.
Table 4. Costs of Kid Grígora Rookie, in
EUR
Kid Grígora Rookie
Parts
Welded Arduino Nano Clone + USB
cable
Acrylic Chassis Kit
M3 10mm Screws
M3 20mm Screws
M3 40mm Screws
M3 Hex Screw Nut
DC Motor with reduction

20

Qt
y
1

Unit Tota
Price l
3.45 2.45

1
4
2
4
24
2

1.23
0.08
0.05
0.03
0.02
0.84

1.23
0.32
0.10
0.12
0.48
1.68
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TT DC Geared Motor Bracket Holder
(with screws)
Pulley Wheels 36mm
Rubber tyres
Ultrasonic sensor HC-SR04
L298N DC Motor Driver Module Dual H
Bridge
9volt Battery Holder Clip
5mm Green LED
Mini ON-OFF Switch
Jumper cables pack
Mini Breadboard
Metal Caster Ball
Velcro tape (20cm)
Double sided tape (20 cm)

2

1.06 2.12

2
2
3
1

0.21
0.10
0.88
1.54

1
1
1
1
1
1
1
1

0.07 0.07
0.12 0.12
0.17 0.17
1,04 1,04
0.97 0.97
1.19 1.19
1.10 1.10
0.10 0.10
Total: 18.58

0.42
0.20
2.64
1.54

Table 5. Costs of the Pen Add-On to Kid
Grígora Rookie, in EUR

Pen add-on to Rookie
SG90 9G Micro Servo 1
Motor
M3 20mm Screws
4
M3 Hex Screw Nut

4

Pen holder (3D printed) 1

1.10 1.1
0
0.05 0.2
0
0.02 0.0
8
8.58 8.8
6

4.2 Kid Grígora Semi-Pro
Still on its final phase of development, this version of Kid Grígora
will used the following components:
Adafruit Feather 0 Powered by ATSAMD21G18 ARM Cortex M0+
processor, clocked at 48 MHz and at 3.3V logic, this microcontroller
will be able to handle all the information retrieved from the
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Gyroscope, Accelerometer, IR Sensors and Encoders. The 256K of
FLASH memory and 32K of RAM allows students to create more
complex maze solving algorithms that require lots of memory
space.
Infrared Distance Sensors Because of the need for small size, we
decided to create custom distance sensors using four infrared light
emitting diodes in three directions (front, diagonal left and diagonal
right) that detect the intensity of the reflected light, used to
determine wall information and correct the robot navigation.

Fig. 10. Schematic of the custom- m a d e IR
sensors

DC Motors with Encoders Motor encoders are used for a precise
speed control. Built in with a 334 line disc and an AB-phase
platforms we built, and provide both position and direction of
rotation.
3 Axis Gyroscope+Accelerometer To give our Kid Grígora SemiPro a way of knowing exactly where it is in the maze, we chose the
MPU-6050 3 Axis Gyro- scope+Accelerometer. By monitoring the
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angular velocity and the acceleration speed this chip provides the
information needed f
maze.
The change of some of the components to improve
performance, lead to some important changes in the costs of the
robot. All the prices are based on eBay and local stores.
Table 6. Costs of Kid Grígora Semi-Pro, in
EUR
Kid Grígora Semi-Pro
Parts
Adafruit Feather 0

Qt
y
1

Acrylic Chassis Kit

1

M3 10mm Screws

4

M3 20mm Screws

2

M3 40mm Screws

4

M3 Hex Screw Nut

24

DC Motor with 334-line AB-phase
Encoding
Wheels 30mmx5mm (3D printed)
Rubber tyres

2

16 Tooth Wheel for motor (3D printed)
Wheels and motor holder (3D printed)
IR distance Sensors (Custom built)
L298N DC Motor Driver Module Dual H
Bridge
MPU-6050 6DOF 3 Axis
Gyroscope+Accelerometer
9volt Battery Holder Clip

2
2
4
1

Mini ON-OFF Switch

1

4
8

1
1

Unit Tota
Price l
17.60 17.6
0
1.23 1.2
3
0.08 0.3
2
0.05 0.1
0
0.03 0.1
2
0.02 0.4
8
2.34 4.6
8
0.10 0.8
0
2

1.54 1.5
4
1.01 1.0
1
0.07 0.0
7
0.17 0.1
7
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Jumper cables pack
Mini Breadboard

1.0
4
1

Velcro tape (20cm)

1

Double sided tape (20 cm)

1

1.04
0.97 0.9
7
1.10 1.1
0
0.10 0.1
0

5 Software interfaces
5.1 mBlock
Currently under development, the mBlock extensions (see Figure
11), will be one of the core components of this project.
Simple KidG The Simple KidG extension will have a basic set of
blocks to move the robot, like Move Forward, Turn Right and Turn
Left, and will be used, typically by students from 8 to 12 years old.

Fig. 11. KidG proposed mBlock extensions
KidG The KidG extension was planned to provide students, from
12 to 15 years old, with a greater level of control over the robot,
providing, for example, different left and right motor speeds and
different sensor distance measuring, allowing different kinds of
interactions.
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5.2 Android apps
development of two type of Android Apps, typically to be used by
students from 8 to 12 years old.

KidG Remote Control The simplest App of the package works as a
remote control, allowing young students to explore all the
movement possibilities of the robot and the Pen Add-on.

KidG Step by Step
graphical interface, students can create simple algorithms, send
them to the robot and watch it execute them.
5.3 Virtual maze
Virtual Maze is a representation of a real-world maze, developed in
Scratch and planned to allow students from 12 to 15 years old, a
first contact with the Micromouse Contest. Together with the
mBlock extensions and the developed Firmware, it allows the
simulation of Maze Solving algorithms and the transpo- sition of the
movements on screen to the real robot, in a real-life maze.
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Fig. 12. VirtualMaze

5.4 Firmware development
The custom Firmware will allow interaction with both the mBlock
extensions and the Android Apps. Through a Bluetooth connection
to the computer or Android device, the firmware will receive
commands and make the robot execute them.
5.5 C++ and the Arduino IDE
Also implemented as Firmware, aimed to be used with Kid Grígora
Semi-Pro, and typically used by older students, from 15 to 18 years
old, the planned Ar- duino libraries will allow them to program the
Kid Grígora Semi-Pro with C++ while providing high levels of
abstraction to interact with the hardware. Planned functions include
movement, like MoveForward, TurnLeft, TurnRight, TurnBack, and
sensing, like ReadDisplacement, isWallLeft and isWallFront.
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6 Educational uses

6.1 Primary education
For this range of ages, 8 to 12 years old, our main objective will be
creating activities aimed to develop Computational Thinking.
Because Computational Thinking is more about conceptualizing
than programming [3], we plan on using Kid Grígora Rookie with
the Pen Add-on attached, together with the Android Apps and the
Simple KidG mBlock extension. Using real-life problems and scenarios and interacting with virtual environments, created in mBlock,
children can take their first steps in robotics and programming, by
creating simple algo- rithms and watching them come to life.
6.2 Lower Secondary education
Using the motivation created by a Robotics Competition and the
knowledge previously created, simulating in the Virtual Maze allows
students, from 12 to 15 years old, to further develop their ProblemSolving skills by placing them on the control of a robot that needs
to find the centre of a maze, in the fastest possible way. By creating
Maze Solving algorithms, students can, at first, see their robot in
action on screen. Later, students can assemble their own robot and,
using the KidG mBlock extension connected to Kid Grígora Rookie
by Bluetooth, they can debug their algorithms in both Virtual Maze
and real life. Using the same mBlock extension, they can develop a
program to work autonomously and participate in the Micromouse
Portuguese Contest.
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6.3 Upper Secondary education
Also aiming the participation in a Robotics Competition, Kid
Grígora Semi- Pro allows a deeper level of control but also requires
a lot more knowledge to work with. Using the custom firmware
created in the form of Arduino libraries and with all the sensing
hardware, students from 15 to 18 years old, are no longer limited
to making their robot sense their way in the track and react. Now
they can create real autonomous navigation systems for the robot
to find all possible ways to the center of the maze, return to the
starting point, backtrack the optimal route [19] and run to the center
the fastest it can.

7 Conclusion
We strongly believe that Problem solving and Computational
Thinking are two of the most needed skills for 21st century students.
Following an Instructional System Design cite clarkd we created a
prototype of an educational robotics kit, aimed at children and
teens aged from 8 to 18, to be used in scholar activities with the
objective of developing those skills. In the Analysis phase, we
gathered enough information to idealize the alpha version of the
product, later tested by experts. The test results revealed some
interface usability issues, corrected in the development phase which
was also used to implement some suggestions of the experts and
create the beta version, tested by representative users. In the
satisfaction test, the prototype of Kid Grígora Rookie obtained 92.5
points, Best Imaginable, that show a very stable and satisfactory
robotic platform, with almost no usability problems detected, which
serves as an incentive to the next development phases.
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Introduction
Mobile robotics represent an expanding field of scientific research,
having the ability to substitute humans in a lot of areas. They can
be found in industrial and non-industrial applications (planetary
exploration, petrochemical, industrial automation, transportation,
medical care etc.).
A mobile robot can be defined as a machine controlled by a
software that uses sensors or other technologies having the purpose
to identify its surroundings and then to move around its
environment. It uses a combination of artificial intelligence and
other robotic elements, like tracks, coupling parts or wheels. A big
advantage is that they can be used to assist the working process or
to accomplish tasks that can be dangerous or impossible for
humans.
The principle of mobile robotics includes four steps:
locomotion (used to understand the mechanism, kinematics,
dynamics and control theory), perception (signal analysis, computer
vision and sensor technologies), cognition (analyzing the input data
from sensors), navigation (knowledge of planning algorithms,
information theory and artificial intelligence).
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There are many classifications of mobile robots, but a
primary typology it is the following one:

Industr
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oid
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Figure 1. Primary classification of MR

Robotics in general and the mobile robotics will continue
with their evolution during the next years. Cognitive architecture,
artificial intelligence, speech communication, and affective human
robot interaction will be increasingly incorporated into robots which
are designed for many applications such as military defense and
security, surveillance, dangerous work and moving in hazardous
places, space exploration, and so on. In addition to this, many
economic sectors will be influenced by these technologies
(medicine, industry, agriculture, health care, underwater
exploration, domestic service, and so on). Mobile robots will be
perfected to revolutionize the world of the automotive sector (with
AIVs), logistics and distribution, oceanic exploration, and
household. Mobile robotics will be applied with greater and greater
impact on the food industry, food processing, and pick and place
applications, along with networking and collaborative work.
Technological areas will continue their development.
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Figure 2. Main components of a robot

The IoRT (Internet of Robotic Things) represents a concept
where robotic things from different environments become active
participants in a lot of applications. The second important point is
that they can exchange or share information with other robotic
things, devices or humans. These systems are transformed in
industrial applications using technologies like IIoT, AI, intelligent
connectivity and electric mobility.
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Figure 3. IoRT-An interdisciplinary branch of engineering and science [1]

Nowadays, seeing the impact of COVID-19 infection on
human health, the researchers tried to apply robotic elements and
to improve solutions in areas of medicine. Parts like drones or
different robot technologies were configured to assist the
disinfection process, delivery of medical supply or surveillance.
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Figure 4. Covid 19 virus [8

The fast increase in the COVID-19 cases forced the
engineers, the doctors to develop solutions in rapid testing,
manufacturing of masks or in the studies for a new possible vaccine
that can be essential in the fight with this invisible enemy.

1. Classification and types of mobile robotics
Mobile robots can be classified in two ways: by the environment in
which they work and by the device they use to move.

Figure 5. The intersection between what it is and what is not a robot

Examples of different environment mobile robots include:
Polar robots that are designed to traverse icy, uneven
environments.
Aerial robots, also known as unmanned aerial vehicles (UAVs) or
drones, which fly.
Land or home robots, or unmanned ground vehicles (UGVs), that
navigate on dry land or within houses.
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Underwater robots, or autonomous underwater vehicles (AUVs),
that can direct themselves and travel through water.
Delivery and transportation mobile robots that are designed to
move materials and supplies around a work environment.
The different devices that can classify a mobile robot include:

legs
(humanlike or

tracks

wheels

There are also two main types of mobile robots:
autonomous and non-autonomous, or guided, mobile robots.
Guided mobile robots require some form of instruction or guidance
system to move, whereas autonomous mobile robots (AMRs) can
move and explore their surroundings without any sort of external
direction.
AMRs differ from autonomous guided vehicles (AGVs)
because AMRs possess the ability to be more independent. AGVs
typically require external guidance, such as magnet strips, wires or
sensors installed in the environment's floor, thus creating an
inflexible system that is both expensive and difficult to adjust as
needs change. AMRs aim to overcome these obstacles by requiring
little to no external guidance.
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Figure 6. Development of search hits for robotics and mobile robotics [4]

Figure 6 shows that the popularity of robotics has been
increasing almost constantly over the last ten years. The relevance
of mobile robotics in scientific publications, on the other hand,
remained almost constant between 2009 and 2016, and has been
increasing rapidly every year since then. On the one hand, this
shows that the research area mobile robotics is more relevant than
ever before and on the other hand that there are more and more
solutions and research results in this area in the form of publications.

Figure 7. Typology of educational MR [2]
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Figure 8. Types of robots, by locomotion [2]

Another typology of robots, education used mainly, can be
humanoid industrial or services, social-emotional and language,
non-modular programmable and modular robotics kit.
The robotics category is broadly defined as mechanical,
electrical and either intelligent or programmable. While some are
adopting humanoid form, the majority are modular construction or
play-based learning forms.
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Figure 9. The European Robotic Startup Landscape [3]

Over the past few decades, roots have gone from incredibly
expensive machines with limited functionalities to affordable robots
that are flexible and equipped to do multiple jobs. Consequently,
robots are highly adopted by people across the globe and various
industries and play an increasing part in our daily personal lives.

Figure 10. Robotic startups in Europe founded 2014 2021: Funding per
segment (source: Ventures [3])
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As in many other segments, Covid has offered challenges
and a major opportunity to robotic firms, especially in the logistics
and grocery space. Unforeseen stress tests to supply chains and
surging demand on products have emphasized the need for greater
supply chain efficiencies. Workforce constraints due to safety
protocols and illness have also hammered various sectors. Robots
are surely not new, however rapid technological enhancements and
developments like IoT, 5G and AI, are heavily increasing adoption
of robotics engineering and technology as well as a growing
number of use cases and applications.
on
throughout the European robotic startups ecosystem and to identify
its trends and challenges, we took a closer look at more than 100
companies from the last seven years (founded 2013 or later).
Throughout our research we identified 58 companies of which more
than 50% (unsurprisingly) fall into the Industrial segment (52%, 30
companies), followed by Medical (16%, 9 companies) and Light
Duty (12%, 7 companies). The overall number of startups founded
in the robotics industry seems rather low compared to other
industries. Potentially, this might be due to its deep-tech character
and the associated capital requirements as well as the researchintensive nature.

2. Principle functions of mobile robotics
In this field of mobile robots, can be found four basic steps, which
help the mechanism to realize its principal function, described
below:
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a. LOCOMOTION - an important aspect of the mobile robot design
air etc.) and technical criteria like controllability, maneuverability,
efficiency, stability etc.
Taking this element, the robot can walk, jump, run, slide, skate,
swim, fly. It can be classified into the following major categories [8]:
- stationary (arm/manipulator);
- land-based: wheeled mobile robot (WMR), walking (or legged)
mobile robot, tracked slip/skid locomotion, hybrid;
- air-based;
- water-based;
- other.
Stationary robot (arm/manipulator). In this case, the base of the
robot is fixed and represents an open kinematic chain, having
special tools that can handle objects and realize actions like,
welding, assembling, painting, machining etc. Some examples of
robots like these that can be found in production are Abb, Kuko,
Fanuc, Kawasaki, Witmann etc.
Land-based robots. Here can be found four different elements:
wheeled mobile robot (WMR), walking (or legged) mobile robot,
tracked slip/skid locomotion, hybrid.
Wheeled mobile robots are very important systems for locomotion
and autonomous intelligent vehicles (AIVs) represent a big
challenge in this research field of mobile robotics. AIVs will be
essential in areas like transport, logistics or distribution. This
method is easier to design, build and program, and does not have
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any difficulty in terms of balance issues, because the robot is usually
in contact with a surface, but a disadvantage of wheels is that they
have problems at navigating over obstacles [8].
Table 1. Basic Wheel Types [8]
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Type of wheel

Characteristics

Fixed standard wheel

These are conventional wheels with
one degree of freedom (DOF),
rotation around the contact point

Castor wheel

It has two DOF and turning around
an offset steering joint

Swedish wheel

It has three DOF, revolving around
the driven wheel axle, around the
contact point and the rollers

Ball or spherical wheel

Its implementation is technically
complex

Mobile Robotics

Table 2. Wheeled mobile robots (WMRs) [8]

Classification according to drive
system

Classification according to the
number of wheels

Differential drive WMRs

Single-wheeled robots

Car-type WMRs

Two-wheeled robots

Omnidirectional WMRs

Three-wheeled robots
Four-wheeled robots
Five-wheeled robots

Synchro drive WMRs
Six-wheeled robots
More than six wheels

Walking or legged mobile robots - it represents another
common form of locomotion. This type is more expensive than
wheels, but it can be found a lot of advantages, regarding their
transversality and efficiency, a better mobility, stability, easily
coping with obstacles. The most used legged robots are onelegged robot, two-legged or humanoid robots, three-legged
robots, four-legged robots, five-legged robots, six-legged robots,
more than six-legged robots [8].
Tracked robots - In this case the maneuverability of the
robots can be improved, using treads or caterpillar tracks, instead
of wheels [8].
Hybrid robots are combinations between the elements
described in this chapter. In the image below, it can be seen some
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of the most important hybrid robots, according to Bruzzonel and
Quglia [8].

Figure 10. Hybrid robots, drone application during Covid 19 and
Health 4.0 workflow for monitoring system [5]

AIV - based robots - the most known robot from this area is
the drone, a machine inspired by an air-
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Water-based robots - the underwater vehicle manipulator
system represents a big interest for researchers. An example is
OceanOne, which is a submarine robot that explores the seabed,
and can rescue objects [8].

Table 3. Other robots [8]
Type of robot

Characteristics

Snake-like robots

These robots are highly articulated, having the
advantage that they can perform a variety of
locomotion capabilities and a second
important point is their versatility.

Worm-like robots

The advantages of this type are: high
deformability of the worm structure, high
stability on irregular terrain and a good
mobility. This type is usually used in medicine.

Nanorobots

These robots offer the possibility to interact
with nanoscale object having a good
precision.

Cooperative
nanorobotics

Applicable to nanorobots (molecular robots)

b. PERCEPTION - this step includes the use of sensors to perform
robot positioning, localization tasks, mapping and representation.
The latest studies in areas of sensors and artificial intelligence are
used in speech recognition, being very important to reproduce the
capabilities of a person. It gives information about the environment,
the relationship between robot and medium [8].
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Table 4. Types of sensors [8]

Type

Characteristics

Tactile sensors

These are used to localize physical contact,
forces or the position of an object

Force torque sensors

This type helps to detect the applied force of
the robot

Encoders

To be able to control the position and the
speed of robot

Infrared sensors

Ultrasonic sensors

Sonar

Active beacons

Accelerometers
Gyroscopes
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These works based on different types of light
This type produces high-frequency sound
waves and are based on vibrations
It can be used in water, but also on land
To keep under control the navigation of the
robot
These are used to measure the acceleration
For the measurement of angular velocities
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Type

Laser range finder

Vision-based sensors

Color-tracking sensors
Contact and proximity
sensors
Pressure sensors
Depth sensors

Characteristics

It can localize the distance between the laser
and object, by calculating the speed of light
and its returning time
This type uses an electromagnetic spectrum
to produce an image
These help to find colors in the environment
To detect the force of contact with the
environment
To measure the pressure
For 3D inspection, object detections

c. COGNITION AND CONTROL SYSTEM - it is based on the data
obtained from the sensors, having the purpose to decide how to act
and what it is necessary to do to achieve its objectives. The control
system coordinates all the input data and has the role to planify the
regular moving. In the cognition step, must be
planned the path that the robot must take for achieving its principal
functions [8].

robot, the environment, and the way in which they interact. In the
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figure below, can be found the most used control strategies in this
field.

Figure 11. Phases of the control strategy
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Figure 12. Navigation and functions of MR

d. NAVIGATION - navigation skills are very important, helping the
robot to move from one place to another. In this case, the
interaction medium can be known or unknown, taking in
consideration the values of the sensors to get the desired targets.
The most important characteristics of this step are presented in the
next image [8].
In this step, the trajectory planning plays an essential role,
then the obstacle avoidance, to prevent the potential collisions with
other objects or humans. Other important skills are the localization
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Figure 13. Game setup with varying complexity for robot learning, in
Robo Cup challenges [6]

3. Comparison of mobile robotics and traditional robot
technology
In developments of mobile robotics, the researchers focused on
some parameters like performance, speed and repetition accuracy.
When people manufactured modern robots in all areas of
application the fundamental requirements were that they must offer
flexibility, adaptability, good autonomy. Innovation in this zone will
influence our lives in many ways, the robots will be realized to work
for us, to save time and money [7].
Mobile robotics developed from classic robots, but can be
found a lot of differences, like their central realignments or sensory
systems. If for classic robotics, the sensors are not necessary, mobile
robots use a lot of sensors like cameras, laser scanners, transducers
and other technologies, that are incorporated into the product. A
second point of view very important is the way how they are
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programmed to realize the objectives for which people fabricated
them.
The classic machines/robots repeat one task in a constantly
way, the same work process, while mobile parts can plan and
accomplish its movements independently, with a combination of a
software program and a complex sensory system [7].
Advantages of mobile robotics [9]:
- offer the possibility to explore new environments or to locate
better solutions;
- computer vision capabilities;
- give the opportunity to use a lot of sensors that allow them to
observe their environment in real time;
- good autonomy;
- flexible and quick to implement;
- capability to remove human error.
Disadvantages of mobile robotics [9]:
- the stockkeeping unit (SKU represents the alphanumeric program
of particular product) requires large amounts to operate at a high
level;
- limitations regarding the capacity of the working areas;
- big challenges with the wireless connections, having some
difficulties with the connection between the robot and the
information point.

Conclusion
The basic structure of a mobile robot contains elements like
locomotion, perception, cognition and control system, navigation.
These help the robot to move, to identify the objects that are in the
environment, to localize, detect or measure different parts, to
planify actions using a lot of methods and technologies developed
in recent years by scientific people.
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There is a growing trend of robotization in a lot of working
fields like medicine, automotive, aerospace, manufacturing etc., the
robots having the purpose to minimize the work of humans, to save
time and to increase the economy. At the same time, these
mechanisms can improve the performances of different processes,
being able to do jobs that sometimes are impossible for people.
While the definition of the types and application areas of
mobile robots can be determined with little effort, the elaboration
of typical capabilities and implementations requires a
comprehensive literature review. In particular, the trends of the last
ten years are derived from search hits.
The COVID-19 pandemic has generated the need to evolve
health services to reduce the risk of contagion and promote a
collaborative environment even remotely. Advances in Industry 4.0,
including the internet of things, mobile networks and robotics,
cloud computing, and artifcial intelligence make Health 4.0 possible
to connect patients with healthcare professionals.
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Introduction
industrial plants [1]. AGV can be used to move raw materials, and
semi-finished or finished products from one point to another in the
plant, guaranteeing maximum safety thanks to specific devices
capable of safeguarding people and goods transported.
AGV is an extremely flexible solution for handling goods and
an excellent alternative to conveyors and hand trucks. The AGV
system guarantees full integration between the high-level
information system used by the customer (Customer, Host,
departmental system, SAP, etc.) and other management systems or
devices, such as forklifts, robotic areas, palletizers, assembly lines
and automated warehouses. AGVs differ significantly in terms of
weight and load size, single or multiple loads, type of load and
navigation system.
Automation is a fundamental part of the fourth industrial
revolution and here, AGV systems have an important role to play.
However, with ever-changing layouts and requirements for high
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flexibility, AGV implementations are challenging. Due to Sabattini
et al., [2] industrial environments are often crowed and the AGVs
must share floor space with other entities, including human
operators, whose trajectories are unpredictable, thus increasing the
risk of collision. As Raineri et al. [3] claimed the barriers that divided
the manual and the automatic world are increasingly disappearing
in automated warehouses until getting an environment where
operators interact directly with AGVs. A series of new measures
need to be adopted, from the designing of a suitable layout and
safety systems required by law, to the training of operators to avoid
injuries. Each workplace is unique and likely to present different
risks and hazards.The advantages of using an AGV are: it facilitates
the work; reduces the damage of the transported materials;
increases the efficiency and reduces the costs; helping to automate
a production or storage unit.
The disadvantages of an AGV systems are: high costs; there
are difficult technical problems to solve in the operation of vehicles
outside the buildings or when passing from one hall to another; the
terrain on which the vehicles circulate (hall floor, external access
roads) must have a certain quality of the surface, must not have
potholes, unevenness, etc., must not have slopes greater than 10%
and there must be no obstacles on the routes.
In conclusion, the paper is the subject of a study that
analyses the design of a mechanical assembly that fulfils the role of
maintaining a certain interstice between the platform of the AGV
and the uneven ground of an old winery.

1. Description and examples
There are many manufacturers on the world market that
manufacture and design AGVs or their components. The first AGV
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was built in 1953 by Barrett Electronics Corporation and was
designed and used as a modified tow truck, navigating from one
point to another, following a field wire [4].
The products on the market now are AGVs that are used to
transport different goods and not only, more common in the car
manufacturing industry (for example: Dacia Plant, where AGVs
transport different components of a car in different stages
assembly).
AGVs are portable service robots and come in several
varieties based on how they are guided: wire, guide tapes, laser
targets, gyroscopic and cameras. They are categorized by the
International Federation of Robotics as service robots and,
accounting for 41% of global sales, represent the largest segment
of service robots sold annually (followed by maintenance robots,
39% and vacuum cleaners, 19%) [5].
Components that most AGVs have in common include
traction motors, traction batteries, a computer interface and
payload interface. Traction motors assist in movement, while
traction batteries provide the power. Usually, these are lithium-ion
phosphate batteries. The computer lets the main control processor
contact the AGV and give it instructions. The payload interface is
the material handling component. Examples include: conveyors,
forks and loading decks [4].
An AGV that is improved using a simple pivoting system is
presented in the paper of Franke J. and Lutteke F. [6], an AGV for
low payload. In Fig. 1.a. the prototype of a small-scale
transportation vehicle is depicted. A CA design of a transportation
vehicle is shown in Fig. 1.b. The differential drive enables to move
the vehicle independently in two degrees of freedom. Longitudinal
movement can arbitrarily be superposed to rotational movement
around the vertical axis. To obtain free movement in all 3 degrees
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of freedom, the transportation platform can swivel around the
vertical axis [6].

Fig.1.a. AGV`s prototype [5]

Fig.1.b. CA design of transport platform
[5]

Mehami et al. [7] demonstrated the internal logistics of a
smart factory`s manufacturing using two types of AGVs: an AGV
robot with an arm and attached gripper used for carrying objects
and a robot that followed a fixed laid-out path. Tracks were
designed to showcase the individual abilities, interactions, and to
demonstrate the flexibility of Radio Frequency Identification (RFID)
technology in creating a much simpler guidance and control
method. Fig. 2 presents 3D printed bearing used for one of the two
AGVs.
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Fig. 2. 3D printed bearing [7]

3D printed components allow easy customization of the AGVs that
are destined for carrying lower weight.

2. Market description
The market for such products is vast, with multiple variants of
vehicle positioning technologies and guidance systems. The market
trend is based on meeting the needs of customers who require
technology and customization, design and manufacture of this type
of product according to the requirements of each customer as AGVs
are used in industries such as aerospace, automotive, mail
processing, manufacturing, printing, pharmaceutical, production,
storage, different environments, in which various requirements and
working conditions are met.

3. Target customer
The target customer is the owner of the medium-sized winery. The
product is dedicated to wineries in which bottles and not barrels
must be handled and moved.
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Reference winery: For the realization of another architecture
and the final dimensioning of the guidance system, further, the
study focuses on a winery: with production of over 1 million liters/
year; where bottles are stored and not barrels; the floor is uneven
and the space between the shelves is a maximum of 1500 mm.
50% -80%; low brightness; uneven ground; living.

4. Usage scenario
The use of the final AGV platform is schematically represented in
figure 2 which includes the life cycle of the product with the main
phases it goes through between identifying the need and disposal/
recycling.
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Fig. 2. Usage scenario

5. Technical solution 1
AGVs move between any two points, and the way they move is
based on their own drive system and guidance system based on a
magnetically materialized trajectory (magnetic stripe). Thus, this
guidance system can be programmed with a fixed trajectory that is
well marked on the ground, but which can be modified.
As the floor of the cellar is not flat, the guidance system must
be located only on the AGV platform which has suspensions to
mitigate unevenness.
Two proximity sensors located on the magnetic sensor has
been adapted to this prototype, it detects the distance to be
observed between the ground and the AGV platform; the
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information is then transmitted to a pinion-rack mechanism that
makes it possible to maintain the gap.
The prototype of concept 1 is represented in figure 3 and its
characteristics in table 1.

Fig. 3. Concept 1

Primary technology
Gauge
Direction of travel
Speed
Autonomy
Proximity scanning

Table 1. Characteristics of concept 1
Magnetic sensor / magnetic stripe guidance
Advantages
max 500mm X 700mm
front to back
Max 12km/h
25/30 h operation depending on the regime
360° obstacle scan (2 sensors)
Disadvantages

The gap between the
magnetic stripe and Max. 30 mm
the sensor
Innovations
Keeping the gap
Collecting information from the proximity sensor
constant
and adjusting the height of the magnetic sensor
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Resources needed for development
Primary technology

Magnetic sensor / magnetic stripe guidance
Programming + mechanical knowledge

HR

(system adaptation to platforms)

Materials

Sensors, Magnetic tape, Computer control,
Suspensions, Motherboard, Transmission
Maintenance
Sensor + personal cleaning solutions

Time
Frequency

1-2 h
once a month

Material resources

The advantage is that by positioning 2 sensors on the
outside of the vehicle (front and rear) the presence of obstacles can
be detected. There are 2 sensors because the direction of travel of
the AGV is back and forth. As the ground in the winery is not flat,
the guide system must be located on the AGV platform which has
suspensions for each wheel to mitigate unevenness.
The maintenance of the gap between the platform and the
ground at this solution can be a maximum of 30 mm.

6. Technical solution 2
Concept 2 is based on coloured tape guidance, which leads to a
change in the technical solution compared to concept 1 (fig.4).
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Fig. 4. Concept 2

Table 2. Characteristics of concept 2
Primary technology Colored tape / Optical sensor
Advantages
Gauge
max 500mm X 700mm
Direction of travel front to back
Speed
Max 12km/h
Autonomy
20/25 h operation depending on the regime
Proximity scanning 360° obstacle scan (2 sensors)
Disadvantages
Band discoloration Due to aging and accumulated dirt
Innovations
Protecting the strip Adaptation of a special profile brush to remove all
from impurities
impurities and objects
Resources needed for development
Programming + mechanical knowledge (system
HR
adaptation to platforms)
Sensors, Color Tape / Paint, Computer Control, Label
Material resources Indicator, Antenna
Maintenance
Sensor cleaning solution + staff + New paint and
Materials
strips
Time
3-4 h
Frequency
once a month
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This type of guidance requires the removal of dust from the
tape and its illumination. To solve the problems raised by this type
of guidance, the system is equipped with a brush located in front of
the AGV to remove dust particles and a low intensity light bulb to
illuminate the band, which are the disadvantages of this technical
solution.
Based on the analysis of the conditions in the winery and the
characteristics of the two technical solutions, concept 1 was chosen
as the right one to meet the customer's need. The reasons for this
choice are as follows:
-concept 1 is more cost effective because the components are
cheaper;
-is much easier to maintain;
-does not require a light source for visibility;
-is more physically achievable than concept 2.

7. Prototyping
Following the choice of concept 1 as the final solution, the rack-andpinion system attached to the magnetic sensor was prototyped (fig.
5). Each element of the assembly was designed in a 3D design
software - SolidWorks, and 3D printed transforming the solid file
into a step model so that it can be read by the dedicated software
of the 3D printer, type Creator, and parameterized.
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Fig. 5. 3D printed system

After the prototype of the mechanism, the resizing of the
mechanism according to the real size of the AGV is required as a
correction.

Conclusions
This paper develops the analysis of two technical solutions for
adapting an AGV platform used to transport wine bottles in a cellar
with special conditions. Several interesting findings have been
observed:
the components of the latter are more expensive, the guidance
method used is more technologically advanced;
expensive than that for concept 1;
concept 2 requires maintenance due to the guidance system used
(colored band);
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functionality, embedded.
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Lizard Robot for Education
Environment
Bogdan GRĂMESCU & Laurențiu Adrian CARTAL
University Politehnica of Bucharest, Romania

Introduction
Those pages are presenting a lizard robot developed for education
purposes. The activities were mainly oriented to develop the
physical model of the robot and to implement its control.
The common problems of all types of autonomous robots
are concerned with spatial orientation system and mathematical
models. There are also many difficulties from the practical
development point of view, but technology evolution has made
possible to develop smaller sized robots and to provide them more
autonomy.
The wheeled robots are easy to build, and relatively easy to
control. They could avoid obstacles, but not to climb them. That is
why, for evolution within more complex configuration spaces, the
solutions are inspired from nature, with legged or worm/snake
locomotion strategies.

Robot structure
The lizard robot developed for education purposes is an
energetically and informational autonomous mechatronic system.
Its aspect is like a lizard, the locomotion is achieved by commanding
the movement of four legs and a minimum one rotating joint on the
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body of the robot. The main subsystems of the lizard like mobile
robot are:
A. The mechanical structure of the robot, which offer
movement stability and the possibility of the direction changing,
using a special rotating joint based on a ball bearing and a gear
transmission. The robot body has the following dimensions 229 mm
x 80 mm x 77 mm.

Figure 1. The mechanical structure of the lizzard robot
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The proposed mechanical structure of the lizard mobile robot has
the possibility to have different moving strategies. The robot
consists in two main modules, each one with two legs, and a central
part which is linking the mentioned modules by a rotating joint.
The two modules, named ending modules, accommodate
the actuations elements and the legs. The central part offers the
rotation joint between the two ending modules (rotation in the
horizontal plane).
The moving for a single complete step using a leg is about
90 mm. The structure was realized by means of plastics materials.
The reasons were to reduce the cost and the weight.
The ending module is presented in figure 3. For the robot
are needed 2 of this kind of modules. One of the modules will be
the front end and the other one the rear end. The module function
is to fix the servomotors (the rotation axes are in opposition with
The central part is presented in figure 3. The assembly is
used to link the front end and rear end modules. It is built using a
servomotor, the gears which create the rotational joint.
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Figure 2.

Figure 3.

The structure thus designed allows the robot to be steered
with a maximum angle of 28

Figure 4. The steering angle and the step calculation

To calculate the distance travelled for a step, we start from
figure 4. When the foot touches the ground, it makes an angle of
length of the leg is 45 mm. In order to find out the effective useful
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travel length, we subtract the radius of 2.5 mm from the grip of the
foot on the engine. The useful angle of movement in a complete
step:
2

𝜋
∙ 42.5 𝑚𝑚 = 89.01 𝑚𝑚
3

Figure 5. The lizard robot

B. The driving subsystem of the legs and of the rotating joint
is based on four digital servomotors with continuous rotation
Parallax #900-00008 and one standard digital servomotor Parallax
#900-00005 with a rotation angle limited to 270. The command
must be done by the control system.
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Robot control system
The control system must manage 5 continuous current servomotors.
Four of these make the walking possible and have a continuous
rotation, and the fifth servomotor is the one responsible for the
steerage. The electrical system connects the servos to the Basic
Stamp 2 OEM microcontroller capable of taking decisions and to
coordinate the movements of all the elements, the robot thus
achieving informational autonomy.
Power supply for the entire electrical subsystem is a 6V
battery (4 AA). It assures the energetic autonomy of the robot.

Figure 6.

The microcontroller has 16 I/O. 4 of them are used for the
4 inputs/outputs are used for the receiving of the signals from the
synchronizing sensors which detect a complete rotation of a leg.
(Please see later). The importance of this sensors is in synchronizing
the legs movement. If one leg is commanded to execute a rotation
faster than other legs, it will wait the other legs to finalize their
rotation in order to be able to execute another rotation. Those
speed differences could appear not only caused by the
displacement environment, but also caused by the motor itself. For
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example, for the first start of the robot each motor must be
calibrated.

Figure 7. Motors connection to the BS2

The motors used are powered at a maximum of 6 Vdc, have
a mass of 45 grams, torque 3.4 kg-cm, and the dimensions are 40.5
mm x 20 mm x 38 mm.
To control a servomotor using the BASIC Stamp 2 module,
the motor control input is connected to one of the I / O ports of the
module. To generate pulses, the PBASIC program uses the
PULSOUT command, which has the following syntax: PULSOUT pin,
time, where pin is the number from 0 to 15 representing the
connecting pin used, and time is a variable, constant, or expression
whose value from 0 to 65535 specifies the pulse duration. When
using the BASIC Stamp 2 module, the resulting pulse width is time
x 2µs.
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Here is an example of the test program for the standard
Parallax engine # 900-00005:
' {$STAMP BS2}
' {$PBASIC 2.5}
servo CON 11
n VAR Word

'The pin to which the motor is connected
'Variable used in the FOR cycle

LOW 11
FOR n = 1 TO 30
PULSOUT servo, 750
PAUSE 20
NEXT
END

At the execution of this program, the motor connected to
pin 12 and powered at 6 Vdc moves to the position corresponding
to a pulse of 750x2µs = 1.5 ms with maximum speed. This is the
central position of standard # 900-00005 servomotor. (Due to the
fact that there may be small differences from motor to motor, it is
recommended to perform a calibration for each motor used,
respectively to identify the value for which the motor reaches the
center position; for example, it can be 754, instead of 750).
The continuously rotating actuator is similarly controlled,
except that in this case the duration of the transmitted pulses
determines the constant speed at which the motor performs the
rotational movement of the shaft. In this case, a control pulse width
of 1.5 ms (time value 750) corresponds to zero speed. The two
directions of movement are determined by a pulse larger or smaller
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than 1.5ms. 1 ms the speed is maximum in one direction and 2 ms
the speed is maximum in the other direction.
The same program as exemplified above will cause the
motor to stand still in this case. (However, the calibration is
recommended in order to determine the exact stop value).
The command programs for the lizard robot moving were
written in the specific programming language and implemented on
the microcontroller. The program is addressed to all five motors in
order to execute locomotion strategy. The robot moving program
works in an infinite loop. All the commands executed by the
microcontroller will cause delays, which will be added to the
execution time of each cycle.
The following is an example of an extremely simple program
for simultaneously controlling the robot's feet in order to move
without changing direction and without information from some
sensory elements.
' {$STAMP BS2}
' {$PBASIC 2.5}
i VAR Word
mot1 CON 10
mot2 CON 11
mot3 CON 5
mot4 CON 6
LOW mot1
LOW mot2
LOW mot3
LOW mot4
DO
FOR i=1 TO 30
PULSOUT mot1,650
PULSOUT mot2,850
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PULSOUT mot3,650
PULSOUT mot4,850
PAUSE 20
NEXT
LOOP

Legs synchronization
Regardless of the movement strategy, the relationship between the
positions of the legs at a given time is important. Even if the legs
were well initialized at the beginning (for example, all upright in
contact with the ground), during the movement there are
desynchronizations due to either the incorrect non-calibration
discussed above or due to external events that block one foot for a
short time.
4 Parallax QTI sensors (# 550-27401) were used for
synchronization. Such a sensor relies on a reflective infrared sensing
element (QRD1114 - phototransistor and LED in the same
component) to determine the reflectivity of the surface next to it.
When there is a dark surface near the sensor, the reflectivity is very
low, when the surface is light, the reflectivity is high. The sensor
information in these two situations will differ. With a sensor
mounted on each leg, a reference position can be set for the
microcontroller to be "informed". The proposed synchronization
procedure is that if one foot reaches the reference position before
the others, it waits until the others reach the established positions
and only then to continue its movement.
The QTI sensor requires two microcontroller ports, one of
which can be shared with the other identical sensors.
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Figure 8. Using sensors for the synchronization of legs

Obviously, the use of these sensors leads to a more complex
program that monitors the status of the sensors and addresses
different behaviours.

Locomotion strategies
It is obvious that for the robot moving it is necessary a simultaneous
command for the robot legs. Function of contact with displacement
surface, it was tested a few locomotion strategies:
- all the legs in a simultaneous contact with the displacement
surface
- the diagonal legs (looking from above) in simultaneous
contact with the displacement surface
-

all legs displaced in phase with 90
The second method was the most efficient. It was achieved
the maximum speed and the best control of the moving direction.
The robot can support another sensor in order to improve
the position detection in the workspace, the moving speed, the
obstacle avoidance and so on.
If the robot must have a RF control, it could also support
Parallax transceiver/receiver modules.
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Snake-like robot
Laurențiu Adrian CARTAL & Bogdan GRĂMESCU
University Politehnica of Bucharest, Romania

Introduction
In this paper we want to make the control program for a mobile
robot with movement similar to that of the snake. Biological snakes
occupy a wide variety of ecological niches, from arid deserts to
tropical jungles, as well as swimming in rivers and oceans [1]. Due
to their different survival strategies, snakes hunt their food through
the ground, through grassy terrain or passing from one tree to
another. Attempts to create a mobile crawling robot inspired by
snake movement methods can be used to make different robots
that will carry sensors that take samples from areas less accessible
to humans.
Due to their multi-articulated structure, mobile crawling
robots that adopt the movement of snakes can move on difficult
terrain such as rough terrain, piles of a collapsed building, through
narrow spaces, pipes, or complicated geometries [2].
Using the research on snake locomotion (figure 1), two
movement models were obtained to be implemented for crawling
robots.
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Figure 1 Snake locomotion

This locomotive model does not require the use of all
actuators resulting in low power consumption, but instead, the
robot can move only on flat surfaces [3]. For example, we
considered a structure consisting of six modules articulated
between them (figure 2).

This locomotion model requires the use of all the actuators,
which results in a higher energy consumption than the locomotion
presented above, but its implementation allows the robot to travel
on rough terrain (figure 3).
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Figure 2

Figure 3

Figure 4 Mechanical structure: CAD model vs. physical model.
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In figure 4, the mechanical structure of the designed snakelike robot is presented [4]. The structure is composed of 1- Action
camera; 2 - Head module; 3-7 - five identical motor actuated
modules and a tail-8.

Drive system
To control the robot, it is necessary to be able to control the
module actuators synchronously. The drive system consists of the
Arduino Pro Micro ATMega 32U4 microcontroller, five XYZ Smart
Servo A1-16 and a power supply. The drive system diagram can be
seen in the figure below.

Figure 4 Drive system diagram

To control the robot, Arduino Pro Micro ATMega 32U4
microcontroller is used.

Figure 5 Arduino Pro Micro microcontroller
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XYZ Smart Servo A1-16

Figure 6 XYZ Smart Servo A1-16

The actuator chosen is the XYZ Smart Servo A1-16
servomotor due to its very high torque compared to its dimensions
[5]. These types of motors are special DC motors, which have
integrated the control circuit that can control the absolute position
or speed in a closed loop. The communication is made through the
serial port, being able to be connected in series maximum 16. Five
such motors are required to move the robot.

Technical parameters:
Dimensions
Mass
Resolution
Interface
Gear ratio
No load speed at 12V
No load current at 12V
Nominal torque at 12V
Rated voltage

50x30x40.5 mm
60g
0.323 °
5V TTL serial
254:1
70 rpm
500 mA
2,4715 Nm
12V
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Servomotor control
Given that the mobile robot is a modular type, consisting of 5
modules, each with a servomotor included, the first step is the
individual testing of the servomotors. These through pins 3 and 4
connect to the Arduino Micro microcontroller to the RX and TX pins.
XYZrobotServo library is used [6]. First step is setting the Id for each
one. An example of a program in which an absolute position is
achieved is shown in the figure below. The ATMega32U4
microcontroller was chosen for the native baud rate of 115200. To
absolute position and play time.
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Figure 7 Program example

The following table shows the maximum, middle and centre stroke
values of the motors.
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  max

  max
2

0

 max

 max

2

M1

800

700

600

500

400

M2

500

400

300

200

100

M3

700

600

500

400

300

M4

700

600

500

400

300

M5

700

600

500

400

300

The robot must go through four phases to perform a step in the
mode of Crawl locomotion.

I. Initial position
This start phase sets the motors in the center position.

600

300

500

500

500

Figure 8 Initial position

' Initial position '

#define END_FRAME { 0xFFFF }
const Frame animation [] = {
{1300, 600, 300, 500, 500, 500} //Speed, M1position,
M2position, M3position, M4position, M5position
END_FRAME
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II. Stage 1

Moving from step 1 to step 2

Figure 9 Moving from step 1 to step 2

#define END_FRAME { 0xFFFF }
const Frame animation [] = {
{1300, 700, 500, 300, 500, 500} //Speed, M1position,
M2position, M3position, M4position, M5position
END_FRAME

III. Stage 2

Moving from step 2 to step 3

Figure 10 Moving from step 2 to step 3
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#define END_FRAME { 0xFFFF }
const Frame animation [] = {
{1300, 700, 400, 600, 400, 500} //Speed, M1position, M2position,
M3position, M4position, M5position
END_FRAME

IV. Stage 3

Moving from step 3 to step 4

Figure 11 Moving from step 3 to step 4

#define END_FRAME { 0xFFFF }
const Frame animation [] = {
{1300, 600, 100, 700, 400, 500} //Speed, M1position, M2position,
M3position, M4position, M5position
END_FRAME

V. Stage 4
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Figure 12 Moving from step 4 to step 5

#define END_FRAME { 0xFFFF }
const Frame animation [] = {
{1300, 600, 100, 600, 600, 400} //Speed, M1position, M2position,
M3position, M4position, M5position
END_FRAME

VI. Stage 5

Moving from step 5 to step 6

Figure 13 Moving from step 5 to step 6

93

Mobile Robotics

#define END_FRAME { 0xFFFF }
const Frame animation [] = {
{1300, 600, 300, 400, 700, 400} //Speed, M1position, M2position,
M3position, M4position, M5position
END_FRAME

VII. Stage 6 - Last step

Figure 14 Last step

' Last step '

#define END_FRAME { 0xFFFF }
const Frame animation [] = {
{1300, 600, 300, 500, 500, 500} //Speed, M1position,
M2position, M3position, M4position, M5position
END_FRAME

In conclusion, to implement this type of movement, a program must
be built that contains instructions for going through all the six
phases. For the robot to perform an infinite number of steps, a
closed loop can be inserted into the program.
In this case, it was decided to perform a finite number of steps.
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The full program for this type of locomotion is presented in Annex
1.

#include <XYZrobotServo.h>
#ifdef SERIAL_PORT_HARDWARE_OPEN
#define servoSerial SERIAL_PORT_HARDWARE_OPEN
#else
#include <SoftwareSerial.h>
SoftwareSerial servoSerial(10, 11);
#endif
#define SERVO_COUNT 5
XYZrobotServo servo1(servoSerial, 1);
XYZrobotServo servo2(servoSerial, 2);
XYZrobotServo servo3(servoSerial, 3);
XYZrobotServo servo4(servoSerial, 4);
XYZrobotServo servo5(servoSerial, 5);
XYZrobotServo * servos[SERVO_COUNT] = {
&servo1, &servo2, &servo3, &servo4, &servo5,
};
typedef uint16_t Frame[1 + SERVO_COUNT];
#define END_FRAME { 0xFFFF }
const Frame animation[] = {
{1300, 600, 300, 500, 500, 500},
{1300, 700, 500, 300, 500, 500},
{1300, 700, 400, 600, 400, 500},
{1300, 600, 100, 700, 400, 500},
{1300, 600, 100, 600, 600, 400},
{1300, 600, 100, 700, 400, 500},
END_FRAME
};
void setup()
{
servoSerial.begin(115200);
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servoSerial.setTimeout(20);
#if defined(SERIAL_PORT_HARDWARE_OPEN) &&
defined(__AVR_ATmega32U4__)
pinMode(0, INPUT_PULLUP);
#endif
}
void loop() {
delay(2500);
uint16_t playtime = 25;
for (const Frame * frame = animation; ; frame++)
{
uint16_t duration = (*frame)[0];
if (duration == 0xFFFF) { break; }
if (duration == 0) { continue; }
for (uint8_t i = 0; i < SERVO_COUNT; i++)
{
servos[i]->setPosition((*frame)[1 + i], playtime);
}
delay(duration);
}
}
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AIR CUSHION MOBILE ROBOT
(HOVERCRAFT)
Alexandru CĂPĂȚÎNĂ & Bogdan GRĂMESCU
University Politehnica of Bucharest, Romania

Introduction
An air cushion vehicle (ACV), more commonly known as Hovercraft,
is an amphibious craft capable of traveling over land, water, mud,
ice and other surfaces. Hovercraft use blowers to produce a large
volume of air below the hull, or air cushion, which is slightly above
atmospheric pressure. The pressure difference between the higherpressure air below the hull and lower pressure ambient air above it
produces lift, which causes the hull to float above the running
surface.
This article will describe the construction and control of an
air cushion mobile robot for educational purpose. The majority of
mechanical parts are made with rapid prototyping techniques, such
as 3D printing and laser cutting. The robot uses an NI myRIO
controller on-board which can be commanded via Wi-Fi from any
type of portable device, like a smartphone, tablet, or PC.
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Fig. 1. Air Cushion Mobile Robot

Being a mechatronic product, the robot is structured on
three sub-assemblies: mechanical, electrical, and informational. The
mechanical structure contains a base made of poplar wood on
which the skirt is fixed. This skirt, when filled with air from the ducted
fan, provides the air cushion on which the device glides. On top of
the base are the four brushless motor assemblies, along with the
ESCs (Electronic Speed Controllers), sensors, Li-Po batteries and the
myRIO controller. These constitute the electrical and informational
sub-assemblies.
The robot was modeled in Solidworks and its behavior in
motion was simulated with the help of Solidworks Motion Flow and
Matlab/Simulink.
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Fig. 2. Solidworks model of the hovercraft

A down-firing ducted fan provides the necessary thrust to fill
the skirt beneath the base with higher pressure air than outside the
vehicle. This air then escapes from under the craft through the
central cut-out in the skirt, creating a thin film on which the robot
can hover. Two more rear mounted fans handle the forward thrust
one. An emergency brake fan is placed on the front end which is
capable of rapidly slowing down the hovercraft when needed.
The behavior of each fan was simulated, and the adequate
motors and power delivery system were selected.
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Fig. 3. Simulation of the ducted fans

Brushless DC motors were chosen in this design as they are
more efficient than their brushed counterparts at higher RPM
(Revolutions Per Minute) and can also develop more torque. Thus,
propellers with higher blade count and a more aggressive pitch can
be u
behavior in motion.
In order to estimate the speed of the motors and the current
consumption, the mechanical motor-propeller assembly was
translated into an electrical equivalent and provided in Matlab as an
input, along with the air resistance. For the down-firing fan, a bigger
propeller is needed in order to move the necessary volume of air to
lift the hovercraft. This induces more air resistance, so the current
consumption will increase. For the thrust fans, a smaller propeller
will ensure the rapid change of speed needed to accurately control
the motion of the robot. The simulation of these characteristics is
important, as it allows to tweak the balance between RPM and
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power consumption. Below is a graph from Simulink showing the
simulated behavior of one of the thrust fans.

Fig. 4. Simulated speed vs. current consumption of a ducted fan

Responding to a step input (going from zero to maximum
voltage), the motor will present a spike in the current draw until the
rotor begins to turn and gain momentum. Due to the nature and
efficiency of brushless motors, both the rotational speed and
current draw are quickly stabilized at a constant level after
approximately 0,1 𝑠𝑒𝑐𝑜𝑛𝑑𝑠.
Knowing these characteristics, the proper power supply and
motor drivers can be selected. In this case, 11,1𝑉 Li-Po batteries
and 30𝐴 ESCs were chosen. These can provide power to all four
motors and also the myRIO controller and sensors.
Fused Deposition Modeling (FDM) is used as a technique to
make the motor supports, ducts, and propellers. This 3D printing
method is a relatively cheap and fast way to create a working
prototype.
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Fig. 5. Thrust motors 3D printed

The base is laser cut from a poplar wood sheet and the
parachutes, so it provides the necessary endurance and is
lightweight.
Once the mechanical and electrical assemblies are
completed, the information part comes from the accelerometer and
tachometer sensors, myRIO controller and the companion control
application on a mobile device.
LabVIEW is used as a development environment for both the
myRIO and the companion app. This can use ready-made high-level
functions and is easier to learn and understand due to being a visual
programming language instead of a text based one. The controller
uses an RTOS (Real Time Operating System) and an FPGA (Field
Programmable Gate Array) which are capable of true parallel
computing, fast data acquisition from the sensors and enough
processing power to manage the data from the user and
environment with low latency. Having integrated Wi-Fi on-board
also allows for a high bandwidth, low latency and long-range
communication in open spaces with the user.
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Each ESC can adjust its output by modifying the PWM on
the input pin. They operate at a frequency of 50 𝐻𝑧, meaning that
one period is 20 𝑚𝑠. The motor speed is determined by the duty
cycle of the pulse, more specifically on the amount of time the pulse
stays HIGH.
1 𝑚𝑠 HIGH

19 𝑚𝑠 LOW

Duty cycle of 0,05

2 𝑚𝑠 HIGH

18 𝑚𝑠 LOW

Duty cycle of 0,1

As such, the level of thrust from 0-100% can be translated in
a duty cycle of 0,05-0,1. In LabVIEW, a control loop is created for
each of the four motors to control their speed according to the
aforementioned logic.

Fig. 6. LabVIEW control loop for a motor

The downward facing blower fan also has a tachometer in
order to maintain a specific RPM and thus more accurately control
the air cushion. This tachometer is made from a color sensor which
is able to output a positive impulse when a certain color is detected.
Marking the propeller in one place on the circumference will result
in an encoder system where the sensor will send out a pulse on each
full revolution of the motor. This train of impulses is then sent to the
not, an automatic correction will then be made.
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The myRIO platform also has a built-in accelerometer. This
type of sensor allows detection of position, movement, incline,
vibrations and of course, acceleration. It is a MEMS (Micro
Electromechanical System) accelerometer and has a small silicon
based mobile structure that is moved slightly by vibrations. This
causes a change of capacitance between the fixed and moving
plates, which in term gives a variation of the output voltage.

The myRIO interprets these voltage variations and can
determine the relative position of the hovercraft. In critical
conditions, like when the craft is about to tip over, a corrective
algorithm will balance the robot back again.
On the user side, a similar application was developed in
LabVIEW that can be run from a handheld PC. This provides the
controller interface,
sensors.
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Fig. 8. User control interface for an air cushion mobile robot

With this, the information sub-assembly is complete. The air
cushion mobile robot is a good demonstration of a mechatronic
device and can be used for educational purpose, as well as research
and exploration in harder to reach environments.
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Introduction
According to the British
automatically driven machine that replaces human effort, although
it may not look like human beings in appearance or perform similar
In a particular way mobile robots must have some source of
input data, some way of decoding that input, and a way of taking
actions (including its own motion) to respond to a changing world.
For the development of mobile robots, able to interact with
the outside environment, the main source of inspiration for
engineers is nature. For example, in order to develop a robot
capable of mowing a lawn surface, it is necessary to analyze how
the human operator performs this task.
In the past, lawn plots were mowed using a tool dedicated
to this action. A tool that the unam operator had to maneuver in a
certain way, to mow the lawns, also to cover the entire surface of
the lawn, as well as to make decisions to respond to a changing
environment.
Things evolved when people developed an electric mower,
so that it removes the task of the human operator to maneuver the
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tool in a certain way, but it remains the task of traversing the surface
of the lawn, but also to make decisions. by external factors.
Moreover, machines have been developed that make the
operator's work even easier, as they are able to perform the task of
locomotive, only the handling of the machine is necessary to mow
the lawn surface.
A machine capable of performing this last task (guiding the
whole assembly as well as making decisions based on the input of
the environment) is a mobile robot for mowing the lawn.
Therefore, in order to build a robot dedicated to mowing
the lawn, it is necessary to design an assembly composed of 3
systems: the mowing system, the locomotive system (capable of
transporting the mowing system over the entire surface), as well as
a control system (capable of to interact with the external
environment, to make decisions and to guide the whole structure).

MOWING SYSTEM
Most lawn mowers use a blade dedicated to these tasks, powered
by an electric motor (Figure 1). In order to obtain a larger cutting
belt, so that the robot can mow a larger area of land, 2 such blades
were used, each driven by an electric motor (Figure 2).

Figure 1. Lawn mower blade Figure

2. The robot's mowing system

At high speeds, the blades can easily mow the lawn, so a
high-speed, low-torque electric motor is perfect for this task. A
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brushless motor was used for the demonstration model. The
prototype robot has an 240 [mm] cutting band.

THE LOCOMOTION SYSTEM
The mowing system must be integrated in a chassis that gives the
robot stability, uniform mowing and vibration resistance. In this case
there are several solutions (Figure 3 a. Differential-rear drive; b.
Center-differential drive; c. Front-wheel drive; d. Rear-wheel drive
and front-wheel drive), but for this model a double chassis with 4
wheels was chosen, with center differential drive (Figure 3.b and
Figure 4).

Figure 3. Chassis configurations

Figure 4. Center differential
drive

All support components, including drive wheels, were made
of plexiglass, laser-cut for high accuracy. The drive wheels (Figure
5.) have been designed so that the robot does not encounter
difficulties in advancing, and the support wheels (Figure 6.) are
similar to the wheels of shopping carts, which allow a 360-degree
rotation, so as not to hinder the movement of the robot.
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Figure 5. Drive wheel

Figure 6. Support wheel

The drive wheels are individually driven by a geared electric
motor. The gear reducer has the task of providing the wheels with
the necessary torque to move the robot, but also of taking over the
radial load of the wheels, so as not to damage the motor shaft
(Figure 7). All components are positioned symmetrically so that the
center of gravity of the robot coincides with the geometric center,
also the voltage source, which consists of a lithium polymer battery,
is placed in the center of the robot (Figure 8).

Figure 7. Top view driving system

Figure 8. Driving system block diagram

By changing the speed of the propulsion engines, we can
control the robot to go forward, to brake, to move backwards, to
make turns, to rotate around the geometric axis, or to rotate around
the axis of one of the wheels.
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CONTROL SYSTEM
All electronic components are controlled by an arduino nano. A
voltage source was also used to supply each electrical component
with the desired voltage. Each actuator is controlled by a driver
dedicated to this task. A block diagram of the control system is
shown in the figure below.

Figure 9. Control system block diagram

At this step we have an autonomous guided vehicle (AGV),
but the ability to interact with the environment and make decisions
will turn the vehicle into an autonomous mobile robot (AMR).
The demonstration model aims to operate in an
environment whose perimeter is well delimited by stationary
obstacles such as: a wall or a fence; but also to avoid any
unstoppable obstacles he encounters, such as: a person, a pet, or a
vehicle.
In this regard, infrared proximity sensors (as in the figure
below) were mounted on all 4 sides of the robot. The proximity
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sensors used have a maximum range of 500 [mm], which can be
adjusted depending on the environment.

Figure 10. Infrared proximity sensors
Figure 11. Infrared proximity sensors placement

MOWING STRATEGIES
One of the simplest strategies for traversing a surface by a mobile
robot can be described in 2 steps: advancing to meet an obstacle,
turning to avoid the obstacle. Repeating these 2 steps will cause the
robot to traverse a lawn surface in a certain amount of time (Figure
12).

Figure 12. Mowing strategy 1

For a more efficient traversal of the surface and a faster
mowing, various more effective strategies can be implemented
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depending on the geometric shape of the surface. For example, if
the mowing surface is rectangular, the robot can mow strips of grass
until it covers the entire surface as shown in the figure below (Figure
13).

Figure 13. Mowing strategy 2

Equipped with proximity sensors on all sides, the robot can
identify and monitor corner obstacles but also obstacles that appear
only in front of the robot. By monitoring surface crops, the robot
can determine when it has traveled the entire surface.
For a high efficiency the mobile robot must start its activity
in a corner of the surface, which it will call corner 1. The next
obstacle (in this case the edge of the surface) will be identified as
corner 2. At this point the robot will perform detour maneuvers so
that it will start mowing the next strip of grass.
By applying this algorithm, the robot will know that when it
reaches the corner with number 4, it has covered the entire surface.
For efficient mowing, but also because during its activity, the
robot can encounter unsteady or stationary obstacles that are inside
the surface and can generate unmowed plots of land (Figure 14), a
single traversal of the surface is not enough.
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Figure 14. Stationary obstacle

To solve this problem, when the robot encounters the corner
obstacle type number 4, it performs a detour maneuver through a
90-degree turn, initializes corner 4 as corner 1 and resumes its
activity.
At this point, the direction of movement of the robots is
perpendicular to the initial direction of travel, so that the robot also
mows the surfaces it has bypassed.
The completed prototype is shown in the figures below.

Figure 15. Top view without electronic components
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Figure 16. Top view with electronic components

Figure 17. Side view

Various improvements can be added to this demonstration
model, such as: a return function to a recharging base, when it runs
out of power, solar panels for recharging the battery, a protective
case, and other types of sensors depending on the environment
that it is desired to operate.

117

Mobile Robotics

References
[1] B. Grămescu - Mobile robots (electronic edition, 2018) ISBN 978-9730-27489-9
[2] V.A. Mormocea - Theoretical and experimental research for the
development of a lawn mower - degree thesis University POLITEHNICA
of Bucharest, 2018

118

Mobile Robotics

Teaching robotics for hybrid
education: current and future
landscape
Mihaela-Elena ULMEANU, Paulina SPÂNU &
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Introduction
Future predictions by industry experts (Vogels et al., 2020) bring
about more questions than answers, regarding innovations and
their implications in societal development. Nonetheless, together
with other cutting-edge areas, like artificial intelligence, quantum
mechanics and bioengineering, there is no doubt that robotics will
play a key role in shaping our future environment.
Engineering nowadays must be perceived as a cross and
multidisciplinary approach in order to appropriately address the
current needs of technological developments within our
surroundings. With the latest achievement of robotics in the area of
space exploration, the James Webb telescope (NASA, 2022) is a
perfect example of scientific excellence achieved by the synergy of
multidisciplinary collaboration. There is a plethora of sectors in
which robotics are currently implemented and further improved and
developed, some of which can be mentioned: Research and
innovation; Business and finance; Health and medicine; Politics, law
and Society; Arts and entertainment; Education and DIY projects;
Events; Military and defence; Exploration and mining; Mapping and
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surveillance; Environment and agriculture; Aerial; Automotive;
Industrial Automation; Consumer and Household; Space etc.
Robotics is one of the most complex disciplines to be
introduced in an educational setting (López-Belmonte et al., 2021),
compiling knowledge from mathematics, physics, computer
science, machine design, constructions, materials, electronics and
mechatronics.
Education has the major task of establishing a knowledge
base for a wide variety of topics, including robotics. Currently, the
educational process has been disrupted by the ongoing SARS-Cov2 pandemic regulations, enforced worldwide, and is continuously
shifting and reshaping to accommodate both knowledge
acquisition and appropriate competence development. Some of
the changes brought by current events are here to stay, due to their
unforeseen benefits and opportunities. Online and hybrid elearning environments specifically designed and tested for teaching
engineering have been challenging to implement, whilst
maintaining high quality standards. Moreso for applied subjects like
robotics, where participants should acquire practical skills through
hands-on work and achieve high-quality scientific content and
outputs.
The current review focuses on current developments in an
online and hybrid educational environment for robotics-based
curriculums, in an attempt to provide future guidelines for students,
educators, managers or any other interested stakeholder.
Starting with STEM kindergarten initiatives all the way up to
PhD and postgraduate fellowships in applied science, engineering
principles have been successfully addressed in both formal and
informal learning environments. We identify four main categories
for teaching of robotics, including online and hybrid, which address
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the following educational sectors: primary, secondary, tertiary and
adult education.
Online and hybrid learning paths are much more prevalent
in tertiary and adult education scenarios (Rae C., 2021). In 2018,
more than one-third of higher education students attended at least
one online course, reflecting a continuing shift away from traditional
classrooms. Rae C. identified that by the end of 2020, over nine out
of ten higher education institutions employed a blended learning
approach to their curricula.
The current global restrictions are driving all educational
sectors into fostering innovation through blended learning and
robotics is making a real change, not only as an individual taught
subject, but also as an instrument to teach other disciplines. Thus,
education institutions must adapt and integrate hybrid and blended
learning methods to maintain attendance and allow students to
continue studying securely during critical situations or disruptions,
such as the current worldwide epidemic.

Primary education
Primary education does not lack in initiatives for teaching robotics
in any scenario type, be it face to face, online or hybrid. The
common ground for all of them is the usage of innovation to foster
positive developmental changes in participants and increase their
knowledge and competence acquirement. One of the
distinguishing features of robotics for children is that it is usually
taught through gamification. Teaching of robotics enables the
assimilation of mathematical, physical, mechanical, or computer
ideas in a pleasant manner, thus promoting the learning of skills that
are part of the teaching curriculum. At this level, the focus is mainly
on longitudinal skills, so as to build the fundaments for the critical
skills are increasingly in
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high demand for learners to successfully adapt to changes and to
strong connection between robotics for children and constructivism
and active pedagogy philosophies. Constructivism is a complex
process in which learning is created through experiences rather than
via the transfer of knowledge (Dbrosovestnova, 2019). This
fundamental characteristic of robotics is difficult to transfer in a
hybrid environment or even fully online one, thus the challenge for
curriculum developers. Thus, it becomes essential to employ
innovative hardware and software tools in this academic sector,
adding another component to the learning process, whilst
providing opportunities for students to gain experience and
knowledge. Researchers (Eteokleous et al., 2018) found that a
robotics curriculum can significantly improve creative abilities in
participants. The study conducted on 32 primary school children
was implemented as a one-hour per week non-formal robotics
module and it was aimed at assessing the effects of the proposed
Trybulska et al., 2016) emphases that robotics is a modern form of
interdisciplinary education of children and youth, in the context of
training key competences like mathematical literacy, scientifictechnical knowledge and positive social behaviours.
Long before anticipating the need of a fully online curricula
for robotics, researchers identified innovative approaches for
teaching robotics in primary schools, as a combination of physical
activities and resources with online tools and courseware portals,
like K12Lab, National Instruments or Lego initiatives (Scaradozzia et
al., 2015).
Studies (Lathifah et al., 2019) show that there are numerous
skills that children develop due to educational robotics, amongst
the most important are: creativity, imagination and curiosity;
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teamwork; self-esteem, leadership and confidence; proactive spirit;
logical thinking; psychomotricity; concentration and problemsolving. The main challenge of teaching robotics in a hybrid
education scenario, especially in primary education, is to facilitate
the development of all the above-mentioned skills, without
compromising on their achievement quality. This can only be
achieved by innovative pedagogical approaches implemented by
qualified trainers and using the most appropriate tools as
fundamental teaching aids.
Alamo J. (Alamo et al., 2021) together with a group of
researchers from various institutions in Spain, show through their
work that the lockdown in primary schools brought about changes
within the curriculum of students, which lead to teaching and
implementation of sustainable educational robotics. Their findings
indicate that, in an online educational setting, virtualization of
robotics and programming is a viable and beneficial option for
students, allowing for the development of digital skills while being
strengthened by the use of audio-visual resources and internet
materials.
In an attempt to address the limited access to specialised
hardware and software usually necessary in a robotics class, two
professors from Switzerland (Giang and Negrini, 2021) studied the
implementation of educational robotics in an online distance
learning setting using only pen and paper approaches
complemented by common social media in order to facilitate
collaboration and communication throughout the activities. Results
showed that the availability of the used tools and simplicity of
applications led to high participant engagement, whilst them
marking the activity as mainly positive. Nevertheless, some
limitations of the work involved the small focus group comprised of
only 13 primary school students, the short time frame of the
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approach (within a period of just four weeks) and the extra work put
in by the teachers which had to record and compile on a computer,
high dropout rate of older students, which the researchers corelate
with the low difficulty levels of the proposed activities. This finding
strongly suggests that for higher educational sectors, the usage of
interactive instruments and tools is a necessity for student
engagement and content development, thus knowledge retention.

Secondary education
Teaching robotics for secondary education is usually linked to
acquiring the ability of attributing coherent purpose to a complex
constructed robot (Dunn, 2015). Dunn studies the opportunity of
implementing an online robotics course in secondary schools by
a blended environment and develop critical competences in
accordance with curriculum requirements and learning outcomes.
Student engagement and overall performance was found to be
influenced by four main components: accessibility of the online
course and learning materials; level of background knowledge and
skills of the participants; internal motivation of participants;
interaction of participants with the online course. The latter
highlighted the importance of appropriate online content
development, variety of e-tools used and simplicity of usage for
increasing engagement levels and reducing dropout rates.
Translating all these into a hybrid approach has its challenges.
Other approaches focus on increasing impact of curriculum
robotics by transitioning from formal to informal learning
environments (McKay et al., 2013). Core elements of success are
identified in both approaches, but they are divided into
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informal curriculum. Hands on activities are defined as core
elements in the informal approach, together with an emphasis on
attitudes and engagement. A significant improvement in student
engagement was registered in the informal environments, mainly
attributed to the amount spent on the curriculum during intensive
experiences, whereas formal class time is divided into limited
sessions and spread throughout a semester.
tional
technology company for coding, robotics and artificial intelligence
(AI) for kids, launched a hybrid robotics education course in India
(BW Education, 2020). Their hybrid course combines live online
classes together with a physical robotics learning kit. The EdTech
company uses a circuit simulation software for children to design
and simulate the robotics circuits before they physically create the
robot. This makes the learning process intuitive and highly
engaging. Coding is done using Scratch for young children and
C++ for middle school and high school students. The kits are
Arduino based, with 42 components which students can use in a
variety of way to build and operate their robots. The 12 live online
classes are meant to help students to create manual, semiautonomous and autonomous robots using the available kits.
A similar solution was developed by Learn Robotics offering
innovative remote, in-person or hybrid robotics classes for middle
and
high
school
learning
environments
(https://www.learnrobotics.org/remote-teaching-solution/).
One
particular advantage is that their solution delivers learning bundles
comprised of: ready-made curriculums; robotics kits; quizzes and
assessments; hands on lab activities. Apart from the actual hybrid
solution, the platform also offers educator trainings for a successful
delivery of learning outcomes.
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Led by the current global status of education, earlier this year Twin
Science and Robotics, an Ed-Tech Start-up launched the global
online-hybrid STEM school for K-12 education (Paykamian B., 2021).
The new onlineand technology professionals to solve challenges related to climate
change, pollution and autonomous technologies. Classes are
available via a mobile application known as the "Twin app," which
allows users to engage in interactive courses and lectures on the
fundamentals of coding, robotics, and other science, technology,
engineering, and math disciplines (STEM). The ultimate goal is to
prepare learners for an progressively tech-integrated job market by
developing their early ambitions in STEM occupations, as
technology businesses and governments have acknowledged a
shortfall of qualified recruits in the face of rising demand for IT skills
in the workforce. The initiative designed a range of STEM kits with
hands-on projects aimed at developing coding and robotics
abilities using Lego-like blocks, amongst many other activities. As
of now six different kits are used and divided into concepts like
robotics and coding, aviation and AI. Moreover, The Twin app
includes weekly classes and tech workshops on emerging
technology issues including machine learning and artificial
intelligence, as well as potential applications and the fundamentals
of their creation.
Integrated AI and machine learning techniques are part of
the future of robotics, leading to the further development of truly
autonomous robots (Gubenko et al., 2021).

Tertiary education
Tertiary education plays a key role in bridging the gap between
current achievements and future development in robotics, through
in depth applied studies and scientific research. A variety of
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platforms offer online and hybrid university robotics curriculums.
The best known are EdX, Coursera, Udemy, Study Portals and Class
Central. Depending on the content the classes are free or can be
attended with a fee. Lately, to address the current challenges in
education, which arose due to COVID-19, apart from the online
training platforms, highly esteemed universities around the world
offer online or hybrid robotics classes. Further on, we look at some
typical robotics curriculum available for tertiary education.
Introduction to Robotics from Stanford University introduces
learners to physics-based robotic system design, modeling and
control, with a focus on robotic arms, studying fundamental
approaches and technologies, as well as providing a solid basis for
future

robotic

research

and

applications

(https://www.cs.stanford.edu/groups/manips/ teaching/cs223a/).
Learning activities are undertaken in a hybrid learning environment
with lectures conducted over Zoom and other activities being
developed in-person. No at home kits are necessary, as all
assignments are pen and paper robotics problems which are bound
to cover the following topics: Develop a robot with an ideal
environment; Design a robot with appropriate accuracy; Design and
program a robot motion controller that reveals desired behaviour;
Design and program a compliant robot motion/force controller that
reveals intended behaviour; Design and program a noise-resistant
vision-based robot motion controller; Analyse the shortcomings of
traditional model-based techniques, visualize the failure instances
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and provide a solution for dealing with them. This approach targets
the development of knowledge and competences in: Spatial
Transformations; Forward and Inverse Kinematics of Robots;
Jacobians; Robot Dynamics, Joint, Cartesian, Operational Space
and Force Control as well as Vision-based Control.
Carnegie Mellon University offers an Introduction to
Robotics course which is taught in a hybrid environment as follows:
lectures are organised remote via Zoom and recordings are
available for all participants; laboratories are both remote and inperson

at

assignments

the

Robotics
remote

Education

Laboratory;

and

(https://www.cs.cmu.edu/~16311/current/).

homework

asynchronous
All

materials

are

available on the course webpage, from lectures and study materials,
to labs, homework assignments and extra resources and tutorials.
The lectures focus on topics like vision, motion planning, mobile
mechanisms, kinematics, inverse kinematics, and sensors, but are
not limited to the. Prerequisites are mandatory and include: General
programming concepts (C, MATLAB, Python); In depth C
programming skills; Linear algebra knowledge; and, possibly the
most important cited by the leading professor, Willingness to
independently learn. The core concept of the course is that the
students learn to construct robots, driven by a microcontroller, each
assignment being linked to the basic principles developed in
lectures. It is of particular interest that the advice from the head
professor is that the teams should be comprised of three students,
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usually an electrical engineer, a mechanical engineer, and a
computer scientist.
Massachusetts

Institute

of

Technology

xPRO

(https://xpro.mit.edu/) in collaboration with Emeritus offer a
Robotics

Essentials

10

weeks

Course,

taught

online

(https://executive-ed.xpro.mit.edu/robotics-essentials). The course
curriculum focuses on exposure to a wide range of robotic controls
and systems, a framework for understanding full stack robotics, and
a deeper appreciation of opportunities for using robotics and
automated technologies. The Robotics Essentials online program
provides learners with knowledge and resources to identify basic
robotic subsystems, evaluate human-robot interactions, and
analyse challenges to the implementation of robotic systems.
Enrolled learners will undertake the following tasks: Study systems
for motion control, including proportional-integral-derivative (PID),
linear quadratic regulator (LQR), and model predictive controller
(MPC); Explore models for task planning, including computational
models and their distinguishing characteristics (such as MDP, HMM,
POMDP, and temporal planning); Deepen knowledge through
crowdsourcing

and

design

simulation

activities;

Learn

characteristics and limitations of PDDL, including temporal and
generative planning; Walk through algorithms and view coding
examples; Examine key metrics and quality attributes for humanrobot interaction in certain applications. One key advantage is that
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the course does not require any specific prerequisites, though a
capacity for technical concepts is recommended.
Northwestern University through McCormick School of

hybrid learning (Northwestern, 2021). With three required courses
(Intro to Mechatronics, Robotic Manipulation and Embedded
Systems in Robotics) and seven elective courses, the Master of
Science in Robotics offered by Northwestern was able to provide
hands-on experience during the COVID-19 pandemic, for learners,
despite the fact that activities were initially scheduled online and

purchase and send individual robotics kits to each of the program's
learners, so as to guarantee they would work with real robots while
being away from campus. The kits included a Trossen PincherX
Robot Arm (https://www.trossenrobotics.com/pincherx-100-robotarm.aspx),

a

Robotis

(https://www.robotis.us/turtlebot-3/),

Turtlebot3
and

an

robot

Intel

Realsense

(https://www.intelrealsense.com/depth-camera-d435i/)

depth

camera. Students used these to manipulate objects, run navigation
algorithms and build three dimensional maps of their homes, while
working remote. Online video chat was used to deliver lectures,
laboratories and any additional live tutoring. In-person activities
were scheduled at the end of the program and focused on
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Other online and hybrid robotics courses can be found at
world renowned universities and educational platforms. Some of
the most used platforms are abundant in robotics curricula: EdX
(https://www.edx.org/) - 11 programs and 70 courses; Coursera
(https://www.coursera.org/)

183

courses,

projects

specialisations; Udemy (https://www.udemy.com/)

and

238 Arduino,

65 Robotic process automation, 36 Robot operating system and 20
Robot structural analysis professional courses; Study Portals
(https://studyportals.com/)

168 bachelors study programs, 125

(https://www.classcentral.com)

65 online robotics courses.

Regardless of the course typology, there are seven main
subjects when teaching robotics: Robot action and perception, Arm
Kinematics, Mobile robots kinematics, Robot dynamics, Motion
planning and control, Robot Navigation, Computer Vision. Lectures
and asynchronous tasks are usually delivered in an online
environment, whilst practice can be don either through pen and
paper

exercises,

either

through

practical

robot

practice.

Applications are delivered mostly in-person or through remote
access of various laboratory facilities. Two options are regularly
available for robot practice: robot simulations-based environment;
real robot-based environment. Simulation-based environment
require the usage of a Robot Operating System (ROS), which is a
set of software libraries and tools that help build robot applications.
There are several options to run a ROS, amongst which the most
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common are: install a ROS on a working computer; instal a virtual
machine with ROS; use a ROS-based docker; work remote on
university computers which run a ROS; use the Robot Ignite
Academy web-based environment or any other similar ROS webbased environments (Tellez, 2020). Real robot-based environments
entail the usage of a robot by a student which is either provided as
a kit by the university, either is acquired by the learner.
The plethora of available robotics courses are substantiated
by the technological advances, consequently the development and

Emerging Jobs Report in 2020, robotics engineers rank 2nd
amongst top-15 emerging jobs in the US, with a growth rate of 40%
(LinkedIn, 2020).

Adult education
For adult education there is scarce to no guidance on how to
proceed into online or hybrid teaching of robotics. One could enrol
in any of the robotics classes provided by universities ort by learning
platforms, but the reality is that little to none of those solutions are
tailored for adult education.
Based on the abovementioned, it is a fact that a robotics kit
is somewhat essential for a hands-on approach for teaching hybrid
robotics, at any educational level. Robotics Apps and Websites for
STEM applications are usually complementary, and sometimes
necessary, to teach students robotics in a hybrid learning
environment. We offer further a list of the most common used ones,
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as follows: Blue-Bot (app), Root Coding (app/ coding platform),
Blockly for Dash & Dot Robots (coding app), Robo Code (app), The
Robot Factory by Tinybop (app), Evo by Ozobot (custom app),
Gizmos & Gadgets (app), SAM Labs (comunity), Wonder for Dash
and Dot Robots (programming app), KOOV (app and kit), Sphero
Edu (app and kit), Kai's Clan (STEM package), Microsoft MakeCode
(web platform for coding, circuits, robots and more), Technovation
Families (AI focused website), Cue by Wonder Workshop (robo
app), CoderZ (coding curriculum), Virtual Robotics Toolkit (robotic
kit simulator). The list is not in any way exhaustive, and educators/
readers are encouraged to search for better suited options for their
applications.
Another set of important tools for implementation of hybrid
teaching of robotics are the e-Learning and cloud-based platforms
which offer a variety of open-source robotics projects, for any level
of education. Some of the main educational platforms are Arduino
Project Hub (https://create.arduino.cc/projecthub), Electronics Hub
(https://www.electronicshub.org/),

FAIR-SPACE

Hub

(https://www.fairspacehub.org/), DIH-HERO (https://dih-hero.eu/)
and RoboHub (https://robohub.org/). All these resources and much
more of their kind represent extensive knowledge repositories for
teaching robotics.
When developing curricula for robotics in a hybrid
environment, some elements prove to be challenging in
unexpected ways. One such aspect is targeted at assessment
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methods, which need to be tailored to both content (robotics) and
delivery method (hybrid teaching). Whilst there are numerous
studies citing the best assessment methods (Carnegie Mellon
University, 2020; Gray, 2020; Tahir, 2021) for a hybrid educational
approach, we chose to address the less approached area of
advantages and disadvantages of hybrid assessment methods in
teaching robotics.
We identify the main advantages of assessment methods in
hybrid teaching robotics:
-

Students tend much more relaxed to work in a familiar
environment and at their own pace; considering that students
can work from home outside of the classroom setting on their
robotics project.

-

The teachers/trainers can take their time and ask supplementary

not being confined by a specific timeframe; professors can
replay recorded evaluation sessions and grade accordingly.
-

For primary or even secondary education, family members can
get involved, thus enhancing the learning experience for the
student and lowering the stress levels and pressure of formal
assessment methods.
The disadvantages, on the other hand require some creative

problem solving in order to diminish their impact on the learning
outcomes. The main disadvantages of assessment methods in
hybrid teaching robotics are given below:
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-

The assessment is usually twice or even three times as long as
face to face evaluations.

-

Students who highly rely on non-verbal communication, might
not be able to transmit the information the same way they would
in a face-to-face assessment scenario.

-

Teamwork assessment is more difficult to implement in an
online or hybrid scenario, thus individual assessment needs to
be used.

Current challenges and limitations
Regardless of the educational sector, almost all conducted research
identified a series of current challenges and limitations when
teaching robotics in a hybrid educational environment.
-

Access to appropriate internet services and infrastructure
hardware (laptop/ tablet/ robotics kits) and software (robotics &

location, other than the one from where the class is being
taught.
-

Teamwork can be cha
full extent, especially when it involves the physical assembly and
testing of robots.

-

Lack of human contact / interaction between participants and
available resources.

-

Lack of digital skills to solve particular activities leading to an
increase in difficulty level for problem solving of robotics related
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tasks, because of improving digital skills during the teaching
session.

Opportunities
Nevertheless, hybrid teaching of robotics brings about a unique set
of opportunities, including the following:
-

Teaching robotics can be combined with a variety of multimedia
resources (videos, images, apps, e-tools) in addition to tutorials
or video conferences; thus, the students may refer back to all
taught information at any moment if they have questions and
making the objectives of the activities critical to be explained in
detail at the beginning of each task.

-

Robotics is not a separate subject, but rather a discipline that
must be integrated with active teaching approaches, especially
in hybrid and online educational environments, improving
transversal skills like creativity, problem solving, teamwork,
organisational skills and even social competences.

-

Hybrid teaching of robotics allows the usage of both
synchronous and asynchronous learning techniques in favour of
both the student and the teacher.

-

The undertaken activities allow for self-paced learning.

-

Encourages critical thinking, creative development, and
individual work.

-

Boosts motivation and engagement, when the curriculums and
tools are age appropriate.
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Improvements
Building on the identified benefits of teaching robotics for hybrid
education some improvements and future development strategies
are necessary for a more suited integrated educational approach:
-

Organise hybrid assessment events as walk-in and virtual
galleries for final project presentations. A project fair could be
implemented in an open space environment where each
student is provided with an area for product functionality
demonstration, with respecting the safety rules and regulations
set in place by the educational institution. Live streaming
services should be available for students or any other interested
participants to access from the safety of their own home.

-

High end streaming services / Provide integrated camera
systems for individual students or teams.

-

Ensure remote access to infrastructure.

home. A low-cost robotic kit for each student comprised of the
basic mechatronics components.
-

Encourage peer learning / assessment strategies to improve
student interaction.

Conclusion
It is a certainty that robotics be taught efficiently in a hybrid learning
environment, while still providing a complete learning experience.
Research showed that one main rule must be followed: to teach
robotics, one must utilize an actual robot. When teaching robotics,
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the focus is on how to understand how robots works and how to
create programs that make the robots properly interact with the
world. Hence, as highlighted in the literature review, most courses
take a physical robot for granted and concentrate on the control
algorithms. Lectures are the easiest way to be provided in a hybrid
learning environment, usually undertaken as live online activities
using a meeting software (Zoom, Google Meet, Skype, Teams etc)
and with additional material usually provided as lecture notes.
Robotics practice on the other hand, is divided into two main
categories: hands on practice (hardware & software) and pen and
paper principle exercises, both being complementary in terms of
knowledge, skills and competences acquired by learners. The
variety of tools available for delivering a robotics hybrid class is
overwhelming at times, but they offer the necessary platform to
provide interactive quality teaching and improve target knowledge,
skills and competences.
There is no doubt that the future of teaching will include hybrid
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Introduction
According to Brush K. (2019) a mobile robot is a machine controlled
by software that uses sensors and other technology to identify its
surroundings and move around its environment [1]. Hu et al. (2021,
a) conclude that a mobile robot is a robot that can move in the
surroundings. Mobile robotics is usually considered to be a subfield
of robotics and information engineering [2]; robots are becoming
increasingly popular across different business sectors. They are
used to assist with work processes and even accomplish tasks that
are impossible or dangerous for human workers [1].
Hu et al. (2021, b) sustain those mobile robots have the
capability to move around in their environment and are not fixed to
one physical location. They can be autonomous-which means they
can navigate an uncontrolled environment without the need for
physical or guidance devices [3] or can rely on guidance devices
that allow them to travel a predefined navigation route in relatively
controlled space [4]. By contrast, industrial robots are usually
stationary, consisting of a jointed arm and gripper assembly,
attached to a fixed surface [4].
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The research of Moubarak et al. (2014) explains that mobile
robots have become more commonplace in commercial and
industrial settings. Hospitals have been using autonomous mobile
robots to move materials for many years; warehouses have installed
mobile robotic systems to efficiently move materials from stocking
shelves to order fulfillment zones. Mobile robots are also a major
focus of current research and almost every major university has one
or more labs that focus on mobile robot research [5].
Brush K. (2019) also bring forward the concept that mobile
robots function using a combination of artificial intelligence and
physical robotic elements, such as wheels, tracks and legs [1]. Hu et
al. (2021, c) reveals the components of a mobile robot: a controller,
sensors, actuators and power system [4]. The controller is a
microprocessor, embedded microcontroller or a personal
computer. Gopalakrishnan et al. (2014) wrote that the sensors used
are dependent upon the requirements of the robot. The
requirements could be dead reckoning, tactile and proximity
sensing, triangulation ranging, collision avoidance, position location
and other specific applications. Actuators usually refer to the
motors that move the robot that can be wheeled or legged [6].
In terms of product application, More A. (2021) said that
Autonomous Mobile Robots are used in hotels, healthcare,
manufacturing, logistics and warehouse, among which logistics and
warehouse account for the largest proportion of the market share,
about 55% in 2019 [7].
While in the most developed European countries the
combination of falling robot prices and high wages boosts
robotization, these driving factors do not sufficiently explain why
today we are experiencing a sharp increase in deployment of
industrial robots in European countries with low wages. Particularly,
in Central and Eastern Europe where a decade ago robots were
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almost nonexistent but today more than 30,000 robots are at work
[8], according to Cséfalvay Z. (2020).
Mobile robotics is the branch of science and technology,
wherein developers create mobile robots that can move in any
environment without the need of human intervention, from Kumar
(2021). Devices such as sensors, software, and other
gears, are used to control these robots. Robotic technology such as
unmanned ground vehicles, unmanned aerial vehicles, and
autonomous underwater vehicles, are taken into consideration
while studying the mobile robotics market through various industry
verticals [9].

Figure 1. Mobile robot example [9]

Global mobile robotics market is segmented based on
product, component, application, and region. Based on product,
the market is categorized into unmanned ground vehicle,
unmanned aerial vehicle, and autonomous underwater vehicle. By
component, it is divided into hardware, software, and support &
services. The applications covered in the study include logistics &
warehouse,
military
&
defense,
healthcare,
domestic,
entertainment, education, agriculture & forestry, and others. Based
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on region, it is analyzed across North America, Europe, Asia-Pacific,
and LAMEA along with their prominent countries [9].
As stated by Lässig et al. (2021), robotics is a crowded
industry of more than 500 companies making products that can be
best broken down into four categories: conventional industrial
robots and cobots, stationary professional services (such as those
with medical and agricultural applications), mobile professional
services (such as professional cleaning, construction, and
underwater activities), and automated guided vehicles for
transporting large and small loads in logistics or assembly lines.
Professional services robots will dominate the sector. Currently only
a bare sliver of the market, professional services robots will have
sales that may be more than double those of conventional and
logistics robots [10].

1. History
Cséfalvay Z. (2020) reveals the convergence with respect to robot
densities within Europe over the past two decades was a result of
two distinct time space diffusion waves. The first wave, between
1996 and 2005 were the years for catching-up of large economies
(Italy, France and Spain) with some highly robotized industries (car
manufacturing, aerospace), and to a lesser extent the other old
member states. In this period their growth rate reached or even
become moderate. By contrast, the second wave between 2006
and 2015 were characterized by entering an entirely new group of
countries in the adoption process of robots, that of the countries of
Central and Eastern Europe [8].
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Figure 2. Time-space diffusion waves in the adoption of robots in Europe
[8]

A recent analysis of Market and Markets (2021) shows that
the mobile robots market is expected to grow from USD 18.7 billion
in 2018 to USD 54.1 billion by 2023, at a CAGR of 23.71% during
the forecast period. The high adoption of robots for personal uses,
such as companionship and entertainment, is the key factor driving
the growth of the market. Increasing demand for automated ground
vehicles (AGVs) of warehouse automation is another driving factor
for the market [11].
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Figure 3. Mobile robots market by region [11]

Kumar R. (2021) explains that the notable factors positively
affecting the mobile robotics market forecast include increase in
need for safety for human life and upsurge in demand for mobile
logistics from online retailers. However, high initial acquisition cost
and challenges of working in untested environments are expected
to hinder the mobile robot market growth. Conversely, the
emergence of industry 4.0 into warehousing & logistics and surge
in adoption of mobile robotics in the agriculture industry are
anticipated to offer potential growth opportunities in the coming
years [9].
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Figure 4. Global mobile robotics market by region [9]

The International Federation of Robotics explains that the
robot mobility is booming worldwide: Unit sales of Autonomous
Mobile Robots in the logistics sector e.g. will increase by 31%
between 2020 and 2023 annually. At the same time, the use of
AMRs in public environments will also go up rapidly IFR predicts
unit sales will grow by 40% per year worldwide [12].
While researchers have worked on technologies for
autonomous mobility since the 1940s, autonomous mobile robots
have only become commercially viable over the last decade. This is
primarily due to the availability of far more powerful and cheaper
computing power [12].
Also, according to Sharma A. at the end of 2020, mobile
robots were deployed in just over 9,000 separate customer sites. By
2025, deployments will increase to over 53,000 sites [13].
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Figure 5. Service robots for professional use by application [12]

2. State of the art
More A. (2021) analyzed and shown that the global Autonomous
Mobile Robots market is valued at USD 751.4 million in 2019. The
market size will reach USD 5039.5 million by the end of 2026,
growing at a CAGR of 29.0% during 2021-2026 [7].
Markets and Markets showed that the mobile robots market
is expected to grow from USD 18.7 billion in 2018 to USD 54.1
billion by 2023, at a CAGR of 23.71% during the forecast period.
The study involved 4 major activities in estimating the current size
of the market. Exhaustive secondary research has been done to
collect information about the market, the peer market, and the
parent market. Validating findings, assumptions, and sizing with
industry experts across the value chain through primary research has
been the next step. Both top-down and bottom-up approaches
have been employed to estimate the complete market size. After
that, market breakdown and data triangulation methods have been
used to estimate the market size of segments and subsegments
[11].
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Figure 6. Breakdown of Primary participants [11]

Wood L. (2021) said that Europe's autonomous mobile robot
market will reach $4.4 billion in 2019 and will grow at a 2020-2026
CAGR of 11.8% [14].
Szakacs et al. (2021) found out that a factory in western
Hungary churns out more than a million plastic parts a day but on a
busy morning in one of its large production halls there is only the
sound of machines clicking and whirring. Workers have all but
disappeared. He also said that similar transformations are underway

production base. Factory owners from Hungary to the Czech
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Republic and Poland find themselves with little choice but to invest
in the automation of their manufacturing processes if they want to
remain competitive. Manufacturing in the region has boomed since
the EU expanded eastwards in the mid-2000s, with companies such
as automakers opening local production lines and spawning
supplier ecosystems, but more recently strong economic growth
has led to a shortage of workers and rising wages. Staffing company
Hays recently noted that the average annual wage increase in the
Czech Republic, Poland and Hungary of around 10% was far higher
than in many western countries and estimated that almost 5% of
Hungarian jobs, or 200,000 roles, could be fully automated over the
next decade [15].
He also said that Hungarian recruitment portal profession.hu
registered an 11% fall in manufacturing sector job postings last year.
In the Czech Republic, Grafton Recruitment has seen a similar drop,
while consultancy Deloitte has estimated around half of current jobs
could be replaced by machines. It's not only manufacturing that is
falling to the machines, insurance company Allianz's ALVG.DE
Hungarian unit, for example, is automating data processing to offset
rising wage costs. The International Federation of Robotics (IFR)
expects robot sales in major Eastern European economies to rise
through 2022 but although it acknowledges that some jobs will
disappear, it does not foresee a major net effect on employment
[15].
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Figure 7. Global mobile robotics market - Top impact factor [9]

In their study, the International Federation of Robotics said
that the World Robotics 2021 Industrial Robots report shows a
record of 3 million industrial robots operating in factories around
the world an increase of 10%. Sales of new robots grew slightly at
0.5% despite the global pandemic, with 384,000 units shipped
globally in 2020. This trend was dominated by the positive market
developments in China, compensating the contractions of other
markets. This is the third most successful year in history for the
robotics industry, following 2018 and 2017 [16].

Figure 8. Annual installations of industrial robots 2015-2020 and
2021-2024 [16]
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and grow by 13% to 435,000 units in 2021, thus exceeding the
lations
in North America are expected to increase by 17% to almost 43,000
units. Installations in Europe are expected to grow by 8% to almost
73,000 units. Robot installations in Asia are expected to exceed the
300,000-unit mark and add 15% to the previous
Almost all Southeast Asian markets are expected to grow by
double71% of all newly deployed robots in 2020 were installed in Asia
(2019: 67%). Installations for the region's largest adopter China
grew strongly by 20% with 168,400 units shipped. This is the highest
value ever recorded for a single country. The operational stock
reached 943,223 units (+21%). The 1-million-unit mark will be
broken in 2021. This high growth rate indicates the rapid speed of
robotization in China [16].

Figure 9. Annual installations of industrial robots 15 largest markets 2020
[16]
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Industrial robot installations in Europe were down by 8% to
67,700 units in 2020. This was the second year of decline, following
a peak of 75,560 units in 2018. Demand from the automotive
industry dropped by another 20%, while demand from the general
industry was up by 14% [16].
Germany, which belongs to the five major robot markets in
the world (China, Japan, USA, Korea, Germany) had a share of 33%
of the total installations in Europe. Italy followed with 13% and
France with 8% [16].
The number of installed robots in Germany remained at
about 22,300 units in 2020. This is the third highest installation
count ever - a remarkable result given the pandemic situation that
dominated 2020. The German robotics industry is recovering,
driven by strong overseas business. Robot demand in Germany is
expected to grow slowly, mainly supported by demand for low-cost
robots in the general industry and outside of manufacturing [16].
In the United Kingdom, industrial robot installations were up
by 8% to 2,205 units. The automotive industry rose by 16% to 875
units - representing 40% of the installations in the UK. The food and
beverage industry almost doubled their installations from 155 units
in 2019 to 304 units in 2020 (+96%). The food and beverage
industry has a high share of foreign workers, often from Eastern
Europe, and is facing a massive labor shortage. With continued
Covid-19-related travel restrictions as one reason and Brexit
another, the demand for robots in the United Kingdom is expected
to grow strongly at two-digit percentage rates in 2021 and 2022.
[struggling to connect] The modernization of the UK manufacturing
industry will be boosted by a massive tax incentive. The newly
installed 2,205 units in the UK are about ten times less than the
shipments in Germany (22,302 units), about four times less than in
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Italy (8,525 units) and less than half the number in France (5,368
units) [16].
According to Sharma A., while this may seem like a great
deal, it is not even close to reaching the ceiling of market saturation.
Market penetration of mobile robots in 2025 will still not have
exceeded 30%. Furthermore, those penetration levels do not
account for facilities where multiple types of robots are installed,
nor the mass rollout of fleets in a single warehouse. Given that, the
market opportunity for Automated Guided Vehicles (AGVs) and
Autonomous Mobile Robots (AMRs) is even greater [13].

Figure 10. Market penetration of mobile robots in 2025 [13]

AMRs, overall, are less expensive than AGVs. The average
price for AMRs stands at approximately $20k, compared to $75k for
AGVs, and the purchase price of a small sortation AMR can be as
little as $4k [13].
AMRs have gained a particularly strong foothold for order
fulfillment operations in logistics centers, where their autonomous
navigation technology allows them to be deployed in a facility in
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large numbers.
AMRs is being increasingly incorporated into other types of robotics
and automation solutions, including AGVs [13].
AMRs with higher payload capabilities are now being
produced (up to 1,350kg), and as a result, AMRs are becoming
popular in manufacturing and other sectors for moving heavy loads
(pallet conveying, for example). In many cases, AGVs are being
superseded by AMRs [13].

Figure 11. Annual shipments of mobile robots [13]

Lässig et al. (2021) expect the global robotics market to
climb from about $25 billion this year to between $160 billion and
$260 billion by 2030, with market share for professional services
robots hitting up to $170 billion and industrial and logistics robot
sales topping off at about $80 billion [10].
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Figure 12. Global robotics market value in billion USD [10]

On the report of Siegwart et al. (2011) mobile robots have a
broad set of applications and markets, there is one fact that is true
of virtually every successful mobile robot - its design involves the
integration of many different bodies of knowledge. Mobile robots
are a young field. Its roots include many engineering and science
disciplines, from mechanical, electrical, and electronics engineering
to computer, cognitive, and social sciences [21]. According to Jones
et al. (2018) the rise in popularity of the single-chip microcomputer
and the drastic reductions in size and cost of integrated circuits in
recent years have opened huge new arenas for creating intelligent
systems. building a robot, however, requires more expertise than
simple programming. The robot designer must own a compendium
of basic skills from fields such as mechanical engineering, electrical
engineering, computer science, and artificial intelligence [22]. Also,
Lässig et al. (2021) sustain that the mobile robotics market will
evolve in next ways [10].
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Figure 13. Three ways the robotics industry may evolve by 2030 [10]

3. Quantitative analysis
In the opinion of Rubio et al. (2019) humanoid robots can be
distinguished from other robots by their ability to move
autonomously, with enough intelligence to react and make
decisions based on the perception they receive from the
environment. Mobile robots must have some source of input data,
some way of decoding that input, and a way of taking actions to
respond to a changing world. Nowadays, there are mobile robots
that can walk, run, jump, and so on like their biological counterparts.
Several fields of robotics have arisen, such as wheeled mobile
robots, legged robots, flying robots, robot vision, artificial
intelligence, and so on, which involve different technological areas
such as mechanics, electronics, and computer science. In this article,
the world of mobile robots is explored including the new trends.
These news trends are applied to different fields such as medicine,
health care, sports, ergonomics, industry, distribution of goods, and
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service robotics. These tendencies will keep their evolution going
in the coming years. Nowadays, mobile robotics is one of the fastest
expanding fields of scientific research. Due to their abilities, mobile
robots can substitute humans in many fields. Applications include
surveillance, planetary exploration, patrolling, emergency rescue
operations, reconnaissance, petrochemical applications, industrial
automation, construction, entertainment, museum guides, personal
services, intervention in extreme environments, transportation,
medical care, and so on, as well as many other industrial and
nonindustrial applications. Most of these are already available on
the market [23].
Shift, an online topic web site, explains that iIn the field of
public relations and communications, it is critical to use both
quantitative and qualitative thinking. However, the two are often
confused. As a result, PR and communications professionals
sometimes attempt to assign arbitrary pseudo-measures to
qualitative work, or attempt to influence quantitative analysis with
qualitative perspectives [18]. Also, Shift gave a definition to
quantitative analysis and it is to measure by quantity rather than
quality. When we do quantitative analysis, we are exploring facts,
measures, numbers and percentages. When we do quantitative
work, we work with numbers, statistics, formulae and data [18].
Kumar R. (2021) said that the mobile robotics market size
was valued at $9,340 million in 2018, and is projected to reach
$39,585 million by 2026, registering a CAGR of 21.5% from 2019 to
2026. North America was the highest contributor to the global
mobile robotics market, with $3,933.1 million in 2018, and is
estimated to reach 14.492.1 million by 2026, registering a CAGR of
19.4% during the forecast period [9].
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Figure 14. Global mobile robotics market by product [9]

On the authority of the Statista Research Department, the
Asian-Pacific region will be the fastest growing market between
2018 and 2023, surpassing 2.4 billion U.S. dollars in 2023 [17].

Figure 15. Market value in million USD [17]

As stated by an online website, Asia & Middle East Food
Trade, the average robot density in the manufacturing industry hit
a new global record of 113 units per 10,000 employees. By regions,
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Western Europe (225 units) and the Nordic European countries (204
units) have the most automated production, followed by North
America (153 units) and SouthEast Asia (119 units). The world's top
10 most automated countries are: Singapore (1), South Korea (2),
Japan (3), Germany (4), Sweden (5), Denmark (6), Hong Kong (7),
Chinese Taipei (8), USA (9) and Belgium and Luxembourg (10). This
is according to the latest World Robotics statistics, issued by the
International Federation of Robotics (IFR) [25].

Figure 16. The life robotic - Global industrial robots [17]

4. Qualitative analysis
Shift, an online topic web site, explains that qualitative analysis
fundamentally means to measure something by its quality rather
than quantity. When we do qualitative analysis, we are exploring
how we describe something. Very often, it cannot use numbers or
numerical expressions to describe those things. When it does
qualitative work, it works with descriptions. It works with feelings,
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thoughts, perceptions. It attempts to understand motivations and
behaviours [18].
Shneier and Bostelman (2015) reveals the field of mobile
robotics covers autonomous driving on roads and across the
country, flying and water-based mobile robots, and a range of
indoor applications that are not related to manufacturing.
Historically, research in the United States has focused largely on
areas of interest to the military and emergency services because
that is where funding for research has been available. More recently,
interest has been growing in mobile robots to assist people or
provide services because there is a perception that robotic solutions
might be commercially viable. Research in Europe has been more
varied and has addressed more of the manufacturing needs, while
Japan has focused, until recently, on humanoid robots and Australia
has conducted substantial work in mining and agriculture. All these
strands of research are starting to be combined into systems with
greater capabilities both for movement and autonomous action. As
a result, it can be expected that the number of mobile robots in
manufacturing will increase and the tasks that they will be expected
to accomplish will become more complex. With a parallel increase
in sensor processing capabilities and hardware robustness, it will
become more common for people and robots to interact in a
common workspace [24].
The online web site, Automation World, claims the
percentage of total robotics shipments by industry 35.880 units
shipped in North America in 2018. According to robot industry
statistics, deployment of robotics in North America in the food and
consumer goods segment reported record setting growth of a
47.6% increase in the number of units shipped from 2017-2018
(total 2,946). In addition to this, a 31.3% increase in units shipped
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also occurred in the life sciences/pharma segment during the same
time (total 1,714) [19].

Figure 17. Percentage of total robotics shipments by industry [19]

As stated by Prescient and Strategic Intelligence, the boom
in the global e-commerce industry is one of the major factors fueling
the expansion of the market for autonomous mobile robots.
Because of the increasing penetration of the internet, the popularity
of online shopping is rising sharply, which is, in turn, propelling the
advance of the e-commerce industry. E-commerce sales grew by
nearly 22% from 2017 to 2018. One of the key trends currently
being witnessed in the autonomous mobile robots market is the
increasing usage of mobile collaborative robots [26].
The Global Autonomous Mobile Robots Market size is
expected to reach $145.5 billion by 2026, rising at a market growth
of 24.6% CAGR during the forecast period. Autonomous mobile
robots are responsible for performing informed and un-coerced
tasks in a very precise way. Autonomous mobile robots are
functional in various fields like household cleaning, maintenance,
delivery of goods & services, space flight, and wastewater
treatment. Generally, autonomous mobile robots are present as a
separate unit in an industry, but it is within the strict limitations of
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the direct environment. It is because, in an industrial autonomous
mobile robot, the factory workplace is challenging. These
challenges are in terms that workplace function in as the processes
is expected to contain unpredictable, and chaotic variables [20].

Figure 18. Autonomous Mobile Robots Market Size, By Offering, 20202026 [20]

These robots are largely adopted for personal uses, like
companionship and entertainment, it becomes the key driving
factor for the growth of the market. There is a growing demand for
automated ground vehicles (AGVs) of warehouse automation and it
is another factor that is boosting the market growth. Professional
robots are adapted for medical applications, like surgery assistance,
and laboratory automation is one of the major factors that is driving
the market. Though, warehouse automation is the latest trend
witnessed in the industry and AGVs play a very dynamic role in the
warehouse automation process. Additionally, the robots also help
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the logistics companies achieve a short- to medium-term payback
period and offer a greater return on investment (ROI) [20].

Figure 19. Autonomous Mobile Robots Market Share, By End Use, 2019
[20]

The development of IoT and AI has given a new aspect in
developing the idea that robots can interact with humans.
Moreover, the development of MEMS and sensors, and
improvements in visualization technology have enhanced the
accuracy and efficiency of mobile robots. The mobile robot market
is continuously growing for domestic applications. It results from
modernization and innovation in the field of robotics.
Advancements in technologies and research activities have resulted
in the development of domestic cleaning robots, and they are very
helpful for humans to perform ordinary tasks [20].
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Figure 20. Autonomous Mobile Robots Market Competition Analysis [20]

Based on Offering, the market is segmented into Services,
Software and Robotic System. Robotic Segment is further
segmented across Unmanned Ground Vehicle (UGV), Unmanned
Aerial Vehicle (UGV), Unmanned Maritime Vehicle (UGV) and
Humanoid. Based on End User, the market is segmented into
Logistics & Warehousing, Agriculture & Forestry, Healthcare,
Manufacturing & Mining, Residential, Military & Defense and
Others. Based on Regions, the market is segmented into North
America, Europe, Asia Pacific, and Latin America, Middle East &
Africa [20].
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Figure 21. Annual installations of industrial robots by customer industry
in the World [20]

CONCLUSION
Different reports, from different sources show a record of industrial
robots operating in factories around the world. Sales of new robots
grew despite the global pandemic, with 384,000 units shipped
globally in 2020. This trend was dominated by the positive market
developments in China, compensating the contractions of other
markets. This is the third most successful year in history for the
robotics industry, foll
is expected to fade slightly in 2022 on a global scale. From 2021 to
2024, average annual growth rates in the medium single-digit range
are expected. Minor contractions may occur as a statistical effect,
not break the overall growth trend. The notable mark of 500,000
units installed per year worldwide is expected to be reached in
2024. Take in consideration the data presented above, it is one of
most dynamic fields that is now on trend and there is a huge
potential there to develop new mobility robots in order to achieve
a need that exists in the market at this moment.
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Using the robocode framework
to learn java in vocational
training
Bárbara Gaspar CLETO & Roberto CARVALHO
Secondary School Henrique Medina, Portugal

Introduction
Teaching concepts related to programming, especially concepts as
abstract as object-oriented programming (OOP), is a problem that
teachers who teach these contents face (Queirós & Leal, 2021;
Gomes et al., 2008; Sobral & Pimenta, 2009). Students demonstrate
difficulties in understanding and applying the concepts, which leads
to a lack of interest, demotivation and frustration for not being able
to solve the proposed challenges (Tavares et al., 2016), especially if
we take into account the ages and characteristics of the students
who attend the vocational training school.
There are several strategies to teach the different modules
that involve enrolling students:
1. In programming competitions promoted by higher
education institutions (Bebras1, Tecla2, Topas3)
2. In the Turing4 interschool competition

1

http://bebras.dcc.fc.up.pt/index.html

2

http://tecla.estga.ua.pt/

3

https://topas.dcc.fc.up.pt/

4

https://turing197821758.wordpress.com/
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3. In different initiatives, such as Hour of Code5 e Code Week6.
Also, to participate and stimulate activities in the exhibitions
to promote the course related to the programming of robots. In the
first modules, Introduction to Algorithms and Control Structures,
students had the opportunity to perform Unplugged Coding
Activities, play LightBot and use a platform to simulate code, which
they later transferred to microBits.
The receptivity to these initiatives has been very positive.
The students showed great interest in participating and striving to
execute the proposed problems, eventually recognizing that in
addition to applying the acquired knowledge, they also learned
new content. This year, the strategy was to use a RoboCode
framework.

RoboCode
Robocode simulates a virtual arena, combat between robots. Uses
Object-Oriented Programming. This way makes it possible to teach
programming languages such as Java or C# (.NET platform) and to
understand the various OOP concepts, for example, classes and
objects, inheritance, encapsulation polymorphism and exceptions.
It is also possible to introduce artificial intelligence concepts, but as
it is not the content of these modules, this topic will not be relevant
for this article.
Robocode is composed of an installer, robot editor and
Java/C# compiler. The interface is graphical (Graphical User
Interface - GUI) and has its own Integrated Development
5

https://hourofcode.com/pt/pt

6

https://codeweek.eu/
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Environment (IDE) (Meira et al., 2016). The battlefield and robot
editor constitute the IDE (Meira et al., 2016). The player programs
the virtual robot (figure 1), creating a class that derives from the
existing classes in Robocode (Saques, 2018), defining its behaviour
in the arena, implementing the class methods. The methods define
the robot's actions (Saques, 2018). The robots are created by
extending existing classes, such as the Robot class, the usage
pattern (Martins, 2018).

Figure 1: The battlefield and robot editor

The robots are composed of three elements with
independent movements: cannon, radar and wheels (Martins,
2018). The battles take place in real-time and on the screen, where
it is possible to observe the robots' behaviour. The battles consist
of one or several rounds. The robots start from a random starting
position and fight each other, individually or in teams, where the
programmers/players choose the best strategy, manipulating
events, such as: avoiding the impact against a wall or dodging the
opponent's bullets (Martins, 2018). Events can also be implemented
to warn when the robot hits the opponent, receives a shot or when
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the battle is over, among others (Saques, 2018). The robot obtains
the information from sensors, such as robot position, cannon angle
and/or radar (Hong & Cho, 2004; Fayek & Farag, 2014; Meira et al.,
2016).

Learning java in vocational training with RoboCode
This article reports an experience in which the Robocode framework
was used as a didactic resource to verify the students' perception
of the followed strategy and whether its use can effectively promote
OOP learning, specifically the Java programming language. The
experience involved students in the second year of the Vocational
Training Course of Technician of Management and Programming of
Computer Systems (TMPCS), in the subject of Programming and
Information Systems (PIS) of a Secondary School in the north of
Portugal. At the end of the modules, one carried a competition, and
a questionnaire was applied to the students to obtain data
regarding the experience. The results are presented in detail,
showing the evaluation by those who used the framework. The
activity reported in this article associates game exploration and
gamified strategies, game-based learning, with the Problem-Based
Learning model (Barrows, 1984; Barrows, 1996). The theoretical
basis comes from the theories of cognitive psychology (Bruner,
1959, 1961; Dewey, 1910; Piaget, 1954) and is based on the
assumption that students learn by analysing and solving
representative problems (Dochy et al., 2003) and challenges them
to learn and work in groups to that find solutions to real problems
(Hou, 2014).
It is intended to assess students' perception of the relevance
of the Robocode framework to learning OOP (Java). Two students
from two TMPCS second-year classes participated in the ink
tournament competition. These students were chosen because the
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contents to be taught in the modules of the PSI discipline are OOP.
The teachers responsible for the subject presented the framework
and introduced the concepts necessary for robot programming in
the first classes. In addition, students were provided with a tutorial
and support sites. During the classes (25 lessons of 50 minutes), the
students programmed and prepared (individually) their robots. In
the penultimate class of the module, the competition was held. In
the last lesson, the students answered a questionnaire.
Of the thirty-two students involved, only eighteen
responded to the questionnaire (the ones which the
Guardians/Parents allowed to participate in the study). Students are
aged between 15 and 18 (average 17 years), seventeen of them
male. Three students already knew the framework.
The questionnaire was adapted from one already applied to
higher education students (Pires, 2009; Meira et al., 2016; Martins,
2018) and aimed to understand whether this strategy helped them
learn the concepts of OOP and Java programming language.
There were eleven questions asked. The first two it was
intended to characterize the participants, asking themselves about
their age and gender. The students were also asked if they knew
the platform. The remaining questions it was intended to measure
the students' perception concerning the Robocode framework. For
this, the participants answered five multiple-choice questions
(Yes/No answer, an open-ended answer) and two based on a 3-level
Likert scale (Not Interesting/Interesting/Very Interesting and Did
not contribute /Contributed/Contributed a lot).
All students responded that they enjoyed performing the
activity, evaluating it as very interesting (six) and interesting (twelve).
All students reported that it increased their interest and motivation
in studying the concepts taught in the programming subjects.
Regarding the question of the activity's contribution to learning the
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concepts of the programming discipline, six mentioned that it
contributed a lot, eleven that it contributed, and one said that it did
not contribute. Sixteen students also consider that this strategy
allows the consolidation of knowledge. Only one student believes
that it does not. The same result is verified for the question
"provided new knowledge". The students also considered that it
contributed to promoting a more systematic study, as it allowed
training at anytime, anywhere, with fourteen answering yes to the
question and four saying no.
Finally, the students were asked to mention some advantages and
disadvantages. Regarding the advantages, the students revealed
that:
- "Provides new knowledge to students."
- "A different way of learning a new programming language.
- "I had fun programming the best robot possible. It provides
a more dynamic type of learning."
- "It was fun learning to code on RoboCode."
- "It's intuitive."
- "Very good and fun. It allows us to have more knowledge of
the subject. It forces us to research.
Concerning the disadvantages, the students indicated that:
- "I don't think there is any downside."
- "It's complicated managing all the information and
programming the best robot".
- "A good way to approach programming content".
- "It made classes more interesting and Java became more
intuitive."
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Final considerations
This article presents some strategies used with students in the
programming subject of a vocational training course in Secondary
School. The aim was to motivate the students and lead them to
experiment and discover solutions. This article presents the
students' view of one of the strategies implemented.
The results demonstrate that Robocode is a suitable tool for
use in subjects whose contents involve Object-Oriented
Programming, making them more fun, exciting, and playfully
allowing learning. Students get involved as they are challenged to
present solutions to build the best robot, favouring the
development of logical reasoning and research methods and
programming skills. The answers to the questionnaire reveal the
interest and commitment of the participating students. They also
show that this strategy encourages and motivates them to learn,
train and assist them in studying concepts related to OOP playfully
and excitingly. It challenges them to present solutions, consolidate
concepts and research new content, which are not always
addressed in the classroom due to lack of time. Therefore, it is
considered that this type of activity is motivating and productive
and facilitates the teaching/learning processes.
It would be interesting to gather more data from more
students in future work. It would also be interesting to get the
teachers' perspectives. Another aspect to explore would be to verify
if there was learning, creating a control group (which does not use
the framework), and comparing the results with the test group.
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