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Foreword

Khir.Tahar
The Higher Institutes of Technological Studies 
“ISETs” constitute a network of higher education 
and applied research establishments under the 
supervision of the Ministry of Higher Education 
and Scientific Research in Tunisia. 
 
Through ISETs,  establishments offer training for 
various fields in engineering such as mechanical, 
electrical, civil, process and computer science en-
gineering  as well as in the field of management 
sciences and law. The diplomas awarded to the 
training hereby constitute of the “licence” and the 
“mastère”.  

Furthermore, the network of ISETs has been en-
joying flourishing collaborations with the Ger-
man Corporation for International Collaboration 
(GIZ) under the umbrella of a project called “ALE-
JE”. ALEJE is a project aiming to strengthen the 
capacity of teachers in order to adapt the train-
ing offered to students to the needs of the socio 
economic environment hereby improving their 
employability and enhancing their professional 
skills. 

Based on the principle that employability does not 
literally mean hiring but rather equipping future 
graduates with perceptible tools in terms of devel-
oped skills, solid scientific and technical means 
of communication. Such qualities further enable 
future graduates to easily integrate into the labor 
market and to rebuild their career in the event of 
job loss.  

With that at hand, the ALEJE project offers real op-
portunities to consolidate the training of students 
and to improve their soft skills. The activities car-
ried out within the framework of this project are 
focused on industrial automation and robotics. 
Furthermore, ALEJE has already offered scientific 
and technical equipment to six establishments. 
This interest confirms the correct orientation of 
the project as well as its futuristic and efficient vi-
sion. 

In addition, a special fund has been granted by 
the DAAD program to ensure the dissemination 
of training and skills acquired for all establish-
ments in the ISET network. This rendered it pos-
sible to organize the highly requested conferences 

on industrial automation and robotics with vital 
players in the field of research and development. 

The papers published in this proceeding have 
been presented in ARNT2021 and illustrate the re-
sults of research carried out in Higher Institutes of 
Technological Studies and other higher education 
institutions in Tunisia. The studied topics relate to 
industrial regulation, robotics, and artificial intel-
ligence. The experimental results obtained on di-
dactic models are analyzed and interpreted. 

Furthermore, the papers included provide ade-
quate solutions to solve real problems proposed 
by actors in the socio-economic environment and 
deal with subjects relating to agriculture, envi-
ronment, and production management. 

The contributions may constitute a ba-
sis for continuing applied research in 
the different indicated fields and for  
choosing optimal designs for industrial proto-
types. 

I would like to thank GIZ and all those in charge 
of the DAAD program as well as those in charge 
of the ALEJE project for their interest in higher 
education and scientific research in Tunisia and 
for their fruitful collaboration on which we place 
great value. 

I also thank the whole team who partici 
pated in the monitoring of the ALEJE project and 
in the organization of the ARNT2021 conference. 

KHIR.Tahar.
General Director of Technological Studies 
Minister of Higher Education and Scientific Research 
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Prof..Samir.Baklouti
The general directorate of technological stud-
ies “DGET” supports all national and inter-
national partnership programs within the 
network of higher institutes. Hereby, “DGET” 
aims to improve the, in order to improve to 
a better level the quality of teaching, the ac-
quisition of skills and the exchange of expe-
riences to tally according to the requirements 
of the labor market employment needs. The 
latter All these objectives will be transferred 
to our students in order to increase enhance 
their chances of easily swiftly integrating into 
a the job ,. Moreover, by better preparing stu-
dents for the labor market and that our insti-
tutes (ISETs) become leaders in ensuring the 
employability of their graduates at national 
and international levels.

In this context, was born this distinguished 
the project called ALEJE “Appui à L’Employ-
abilité des Jeunes Etudiants” (ALEJE) which 
mainly aims to support training in the field 
of industrial automation and robotics. The 
project It has been completed and, in a com-
plementary part, it will be disseminated to all 
the institutes of in the network. 

Finally, I would like to thank all the people in-
volved in the conduct of this project namely 
GIZ, DAAD as well as, Hoof uUniversity. Ad-
ditionally, I´d like to thank  as well as the or-
ganizing team of this first ARNT conference, 
wishing this conference will last for several 
sessions.

Professor.Samir.Baklouti
Director of the Higher Institutes of technological studies
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3. Visions: These contributions introduce 
futuristic student projects which will need 
more than one iteration to be realized. 

4. Study plan: In this session, the authors 
demonstrate the efficiency of their innovative 
ideas and discuss their integration on study 
plans.

Prof..Dr.-Eng..Valentin.Plenk.
Vice President Research & Development , Hof University, 
Hof, Germany 

Dr.-Eng..Malek.Khadhraoui.
Director, ISET Kasserine, Kasserine, Tunisia

Prof..Dr.-Eng..Valentin.Plenk
The project “Appui à L’Employabilité des 
Jeunes Etudiants (ALEJE)” organized by the 
GIZ and sponsored by the Bayerische Staats-
kanzlei gave the initial impulse for the “Auto-
mation & Robotics Network Tunisia (ARNT)”. 
Within the ALEJE project, the contact between 
German and Tunisian colleagues, teaching 
similar subjects and facing similar didactic 
and practical problems, fostered and fueled 
the exchange of concepts and problem-solv-
ing approaches. Furthermore, the network 
facilitated closer contacts and even surfaced 
friendships that in the end led to the creation 
of the “Automation & Robotics Network Tuni-
sia (ARNT)”. The ARNT is a new project fund-
ed by the DAAD aiming at the enhancement of  
ALEJE with specific regard to the  
development of didactic approaches that focus 
on giving students more autonomy and self-re-
liance than the classical teaching methods. 

ARNT envisions a Tunisian network where 
teaching staff from all the Tunisian ISETs ex-
change technical and pedagogical ideas. More 
importantly: Even though the initiative origi-
nated in Germany, the intra-Tunisian network 
will continue to exist and will carry on helping 
to exchange Tunisian ideas between Tunisian 
teachers. 

The papers collected in this book represent 
the first round of ideas exchanged during the 
1st Conference of the Automation and Robotics 
Network Tunisia (ARNT2021) held from Octo-
ber 29 to October 31 in Sousse, Tunisia.  

The papers fall into four categories:  

1. Modwels: These papers present new 
model constructions and the rehabilitation of 
old in-house installations for teaching purpos-
es. The propositions were selected with a view 
to the limited financial resources of the ISETs. 
Consequently, the papers provide a multitude 
of interesting impulses for low-cost implemen-
tation of teaching high-tech subjects.

2. Didactics: In this category the papers 
expose a flurry of learning approaches applied 
on automation and robotic subjects. The pre-
sented didactic methods are deduced from real 
teaching experiences.
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Combining Challenge-Based Learn-
ing with Design Thinking Method-
ology : ISET Béja-Tozeur-Kasserine 
Hackathon

Nadia.Cheikhrouhou1
1Higher Institute of Technological Studies of 
Béja. 
Environment Boulevard, 9000 Béja
nadia.cheikhrouhou@beja.r-iset.tn

Abstract..
This paper reports on the ISET Béja-Tozeur-Kas-
serine (BTK) Hackathon, held in the frame-
work of « Tunisia - Bavaria: Support for the 
Employability of Young Students (ALEJE) ». 
The novelty of this initiative is twofold: one it 
allowed the students that come from differ-
ent engineering fields, to work in teams, in a 
short time frame (24 hours), to solve a real-life  
industrial challenge by applying the  
Design Thinking methodology and two, it offered 
professors who participated as mentors an infor-
mal learning platform to experiment new pedagog-
ical tools that could be transferred to their regular 
courses in different subjects. The results of post 
hackathon surveys showed that students improved 
both their technical and transversal skills, and 
professors improved their teaching practices. The  
focus of this study lies on the implemen-
tation process of the BTK hackathon, 
and its impact on both the participating  
students and professors and provides lessons 
learned and recommendations to implement fu-
ture initiatives.  
Keywords: Hackathon, Challenge-based Learning, 
Design Thinking, Employability Skills.  

1. Introduction
Unemployment has been a significant  
issue in Tunisia, particularly among Higher 
Education graduates. Indeed, during the third 
trimester of 2020, 30% of Higher Education 
graduates were unemployed [1]. This alarm-
ing situation made employment the primary 
concern of the Tunisian government [2]. Ac-
cording to Dr. Slim Feriani, a former Tuni-
sian Minister of Industry and SMEs, «There is 
a gap between the skills of our abundant la-

bor supply and the requirements of industrial 
firms […] graduates need to be multitalented 
knowledge workers who not only have tech-
nical skills but, additionally, non-technical 
skills, like communication, problem-solving, 
decision-making, and multidisciplinary work 
and life skills » [3] 
Therefore, Tunisian Higher Education In-
stitutions should ensure students gain 
the appropriate hard and soft skills need-
ed in the job market by redesigning the 
curriculums and building strong ties 
with the industry. Additionally, educa-
tors should rethink their pedagogical  
approaches and find novel ways to  
enhance students’ employability skills. 
In that regard, hackathons offer an  
interesting framework to foster stu-
dents’ problem-solving competencies and  
provide a competitive yet collaborative envi-
ronment that stimulates creativity, critical 
thinking, and peer learning. 
The main purpose of this paper is to  
present the hackathon as a teaching tool 
that combines both challengebased learn-
ing and the design thinking methodology 
and investigate its impact on both students’ 
skills and professors’ pedagogical practices. 
This paper is structured as follows: first, the 
author presents the theoretical framework 
on the subject and the implementation pro-
cess of BTK hackathon. Next, the description 
of the research methodology is presented.  
Finally, the author provides an analysis of 
data and recommendations to implement fu-
ture initiatives.

2. Theoretical.framework
Hackathons are “competition-based 
events where participants work in 
small teams over a short period to  
ideate, design, rapidly prototype, and 
test their ideas with a usercentric  
approach to solve a determined  
challenge. The word hackathon is com-
posed of two parts: hack and marathon.  
The term hack refers to the creative prob-
lem-solving, designing, prototyping, and 
tackling of the challenge, while the word mar-
athon indicates the intensity of the event” [4]. 
Hackathons originated in the IT  
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community but are being used more and 
more in different sectors [5].  The emergence 
of hackathons dates back to 1960 [8]. Howev-
er, their extensive use in the software devel-
opment field emerged in the 1990s [7]. The 
hacking culture stems from the open-source 
movement that fosters developing techno-
logical solutions within a community where  
everyone, irrespective of background or ex-
pertise, is encouraged to address real-life 
challenges [7]. Many companies nowadays 
host hackathons as part of their open in-
novation strategy [4]. Open innovation can 
be described as a concept where valuable 
ideas can come from both inside and out-
side the company [9]. Companies adopting 
the open innovation concept actively seek  
collaborations from the outside world, 
to cocreate new products or find innova-
tive solutions to complex problems with 
different partners, suppliers and even 
customers. Universities are seen as crit-
ical external partners for companies  
embracing open innovation since they pro-
vide them with talented students who could 
additionally be hired for internships or full-
time positions.
From the university’s standpoint, hack-
athons make for excellent informal 
learning platforms [6]. Hackathons of-
fer opportunities for Higher Education  
Institutions to build strong ties with 
the industrial fabric and confirm their  
community engagement which is one of 
the three core responsibilities of high-
er education, together with research and 
teaching [7].  It is increasingly neces-
sary for the subjects of universities to be  
connected to the Sustainable Development 
Goals (SDGs) [10]. 

Through the process of solution  
development to a specific challenge, 
Hackathons are an effective way to  
accelerate the development of entrepreneur-
ial skills [11]. By applying the design think-
ing methodology, hackathons foster system-
atic and holistic thinking [12] and T-shaped 
skills acquisition with both deep vertical 
technical expertise in a technology or set of 
technologies and horizontal competencies 

in critical thinking and the capacity to link  
expertise across disciplines. Hack-
athons, in that regard, contribute to equip-
ping students with the 4Cs of the 21st  
century skills: Critical thinking, Communi-
cation, Collaboration, and Creativity [13]. The 
current context characterized by the rapid 
shifting of the nature of employment and the 
unpredictability of the future urge universi-
ties to ensure that degrees align with the job 
market’s needs. This includes the develop-
ment of capacities such as lifelong learning, 
civic engagement, and critical thinking [14].

3. The. Implementation. of. BTK. Hack-
athon
3.1. Context.and.Pre-Hackathon.Stage
BTK Hackathon was held in the framework of 
the «Tunisia Bavaria: Support for the Employ-
ability of Young Students (ALEJE) » project. 
The ALEJE project, funded by the Chancellery 
of Bavaria and ran from October 2019 to June 
2021, aimed to support Higher Education In-
stitutions in Tunisia to adjust their training 
offers to the real needs of the industry. Six  
institutions were targeted by this project: 
ISET Béja, ISSAT Mateur, ISET Kasserine, ISET  
Tozeur, ISET Gabès and ISET Djerba. Carried 
out by the Gesellschaft für Internationale 
Zusammenarbeit (GIZ) in cooperation with Ba-
varian companies and universities, this project 
provided faculty from the six Tunisian partner  
institutions with training in the fields of 
mechatronics, electrical engineering, and en-
trepreneurship. 
In that context, BTK 24 Hour hack-
athon took place between the 25th and 
the 26th of March 2021. 59 students  
coming equally from ISET Béja, ISET Toze-
ur, and ISET Kasserine participated in this 
event - held in a hotel located in Gammarth - 
in collaboration with Kromberg and Schubert 
(K&S), a German company established in Béja 
and focusing on the development and pro-
duction of complex wiring systems for the 
automotive industry [15]. K&S’s role was to  
provide the hackathon challenge: a real life prob-
lem encountered within the company and for 
which an innovative solution was required. K& S 
also provided prizes for the winning teams.
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To prepare for this event, faculty  
who participated as mentors, received 
training on how to coach students and 
use design thinking methodology to 
bring innovative solutions to complex  
problems. In turn, the same faculty facilitat-
ed Design Thinking workshops to familiarize 
the participating students with this user-cen-
tric methodology. 

Among these faculty, focal points in each par-
ticipating institution were nominated and were 
responsible for (1) promoting this event, (2) dis-
seminating the marketing materials through 
different communication channels well ahead of 
the date of the event in order to ensure the news 
reached the largest number of students and (3) 
handling the registration and the selection of the 
participants. It was also crucial to get the right 
students for the challenge since this will impact 
the quality of the hackathon’s outcomes. The se-
lection criteria (number of students and special-
ty) were decided in concert with K&S and con-
sidered the Corona context and the compliance 
with the health protocol. In that regard, each in-
stitution selected the first twenty senior students 
who applied before the deadline and whose fields 
of studies are Mechatronics, Embedded Systems, 
and Electrical Engineering. As far as possible, 
the participating students were divided equally  
between these three specialties. 
We also requested that students mention why 
they would like to participate in this event 
in the registration form. Their motivations 
were diverse but included some common fea-
tures such as: gaining handson experience 
and broadening their knowledge, working in 
teams, networking, gaining new skills, be-
ing open to new opportunities, discovering 
what is a hackathon, enriching their résumés, 
winning the competition, and going through 
a challenging experience. One of the respon-
dents stated: «I’m interested in the challenge, 
and I’m ready to test my limit under pressure; 
also, it could be a nice experience to meet and 
compete against likeminded people ». 

Prototyping materials were also made avail-
able at this stage, and a day before the event, 
on-site preparations were organized.

3.2. The.Hackathon.Stage

On the day, the different stakeholders were 
present : the students who were selected to 
participate, the coaches, three representatives 
from K&S (human resource manager, commu-
nication manager, and operation manager), GIZ 
- who had been responsible for the logistical 
aspects of the hackathon and the coordination 
between the different stakeholders so far - and 
the facilitators. The facilitators were two train-
ers from Denkmodell - a German consulting 
company - responsible for training the partici-
pating coaches, consulting the different stake-
holders to prepare the hackathon program, the 
evaluation criteria and the jury’s composition. 
They were also the persons who made sure ev-
erything ran smoothly during the event and, if 
needed, were there to guide the coaches.
The Hackathon program was as follows: af-
ter the official welcome, teambuilding activi-
ties were organized by the facilitators to form 
teams and match them with coaches. Eight 
teams were formed with a mixture of stu-
dents from the three partnering institutions 
and from the three specialties mentioned 
above to ensure interdisciplinarity. After the 
teambuilding activity, the challenge was an-
nounced by K&S. The challenge was about 
eliminating unnecessary movements during 
the transfer of cut wires from the cut zone to 
the storage zone by workers within K&S fac-
tory. Students watched a video to illustrate 
the problem faced by K&S’s workers. After the 
challenge’s announcement, students started 
applying the Design thinking methodology to 
come up with creative ideas to solve the prob-
lem. They started by engaging with the end 
users - who are K&S representatives - through 
interviews to have a better understanding 
of the problem (this was the explore phase). 
Then they tried to make sense of what they 
learned from their interviews and research 
by defining the problem they were going to 
solve (This was the understanding phase).  
A How Might We question was formulated by 
each team at the end of the understanding 
phase. Then came the brainstorming of po-
tential ideas that could solve the problem, and 
what followed was a series of two iterations 
where teams started by developing a prototype 
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1.0, testing it with K&S representatives, get-
ting feedback from them to develop prototype 
2.0. At the end of the second iteration, each 
team pitched their ideas to a jury composed 
of subject-matter experts. The evaluation cri-
teria were: creativity of the solution, its desir-
ability by the company, its feasibility, its via-
bility, teamwork and the quality of the pitch. 
The top teams were announced immediately 
after judging, followed by an awards ceremo-
ny.  The prizes were Bluetooth headsets and  
internships within K&S. 

4. Impact. of. the. Hackathon. on. both.
Students.and.Professors

4.1. Research.Methodology

At the end of the hackathon, it was essential 
to step back and reflect on the whole expe-
rience: what worked well and what needed 
to be improved. Therefore, the following re-
search questions were investigated (1) What is 
the impact of the BTK hackathon on students’ 
skills? and (2) what is the impact of the BTK 
hackathon on teachers’ pedagogical practic-
es?
The following hypotheses were formulated for 
the study (1) Through participating in the BTK 
hackathon; students gained technical, and 
non-technical competencies and (2) participat-
ing teachers shifted their pedagogical practic-
es from a transmissive to a student-centered 
setting.

In order to address the research questions, 
two major data collection tools were de-
signed, namely surveys for students and in-
terviews for teachers. Surveys used closed 
and open-ended questions. In closed ques-
tions, a 5-point Likert scale was used to probe  
participants’ degree of agreement or disagree-
ment with different statements. Open-ended 
questions were mainly used to get feedback 
on what students liked and did not like about 
the hackathon and collect their suggestions 
on improving the next initiatives. Interviews 
were conducted with participating teachers to 
gain insights into their satisfaction with the 
whole experience, their suggestions for im-

provements, and how their pedagogical prac-
tices were impacted. A descriptive statistical 
analysis was subsequently carried out using 
the SPSS tool to confirm or refute the initial 
hypotheses and answer research questions.

4.2. Results.and.Recommendations
In total, 15 students out of 59 filled out the 
questionnaire sent to them by email. 27% 
were mechanical engineering students, 
40% electrical engineering students, and 
33% IT students. 100% of the respondents 
agreed that the hackathon improved their 
problem-solving competencies. 93.3% of 
the respondents agreed with the following 
statements: participating in the hackathon 
enhanced my self-confidence, working in 
an interdisciplinary team was an enriching  
experience for me, and the hackathon en-
larged my network. 73.3% agreed with the 
following statements:  I developed my critical 
thinking and my technical skills thanks to the 
hackton. 80% of the respondents agreed that 
they enhanced their teamwork skills and that 
they could transfer the knowledge and the 
competencies acquired during the hackathons 
into other contexts. 66.7% of the respondents 
felt ready for the job market and that they en-
hanced their public speaking skills. So, the 
first hypothesis was confirmed: hackathons 
improve students’ technical and transversal 
skills.

Students mainly liked the following as-
pects about this experience: meeting 
new people, teamwork and solidarity  
between team members, the hackathon’s 
good organization, and the new knowledge 
acquired. One respondent stated: « To me, it 
was above my expectations, the challenge it-
self and to deliver it in a short period, with 
the competition against other creative part-
ners, being surrounded by amazing teams, 
and being able to show what I’m good at to 
other people. I liked people putting faith in 
me same as my trust in them”. This highlights 
trust and solidarity as important factors for 
effective teamwork.

The respondents were mainly dissatisfied 
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with the duration of the hackathon; for them, 
24 hours was a short period to develop their 
prototypes. Others reported tiredness and 
conflicts between team members. One of the 
respondents pointed out, “I wish there will 
be better prizes for winners next time, and to 
make the challenge harder since most of the 
solutions to the challenge span around the 
same thing... Make it harder and watch them 
get creative.” Therefore, the duration of the 
hackathon, the value of the prizes, and the de-
gree of complexity of the challenge are essen-
tial factors to be taken into consideration by 
the hackathon organizers because they affect 
the participants’ satisfaction and can cause 
their frustration.
Regarding the suggestions to improve future 
initiatives; the respondents provided the fol-
lowing answers: extend the duration of the 
hackathon, provide more trainings for the 
participating students before the hackathon 
to prepare them for this event, offer bet-
ter prizes for the winning teams, have bet-
ter communication between teams and their 
coaches and select better students. One re-
spondent suggested: « Raise the level of com-
petition to the next level, like minigames 
during the main challenge itself, that makes 
teams gain access to the bonus, example: if 
they win a challenge they can ask extra ques-
tions to the jury, or have access to better mate-
rials and tools for the prototype.” Introducing 
this gamification aspect within hackathons is 
a venue to be tested and studied.

Interviews were also conducted with the 
participating coaches, who were also fac-
ulty at the three partnering universities. 
These were face-to-face interviews either 
in person or virtual using the video confer-
encing tool MsTeams. Teachers were asked 
open ended questions about how they eval-
uate the hackathon experience and how 
they perceive this event’s impact on their 
pedagogical practices. That is why these in-
terviews were conducted two months after 
the hackathon so that teachers could have 
enough time to experiment new didactic ap-
proaches. 6 out of 10 coaches consented to  
participate in this study. 
The main results are: coaches mainly  

appreciated the general atmosphere of the 
hackathon and the strong involvement of K&S 
representatives to answer students’ questions 
about the challenge and provide construc-
tive and insightful feedback to the teams to 
improve their prototypes. They also appreci-
ated the high motivation and commitment of 
the different teams, organizers and coaches, 
the excellent organization, and the quality 
of the final prototypes and pitch. However, 
teachers did not appreciate the long period 
between the design thinking training and the 
hackathon. Also, they did not like the lack of 
follow-up of the winning projects. Therefore, 
they suggested a follow-up for the winning 
solutions either by developing the prototypes 
as part of an end-of-study project or a technol-
ogy transfer agreement between the univer-
sity and the partnering company. As for the 
impact of the hackathon on faculty’s pedagog-
ical practices, the respondents pointed out 
that they shifted from transmissive pedagogy 
to challenge-based pedagogy in their classes 
and reported higher motivation and commit-
ment of their students. Teachers also reported 
their use of the design thinking methodology 
to tutor students’ end-of-study projects and 
teach their regular courses. So, the second 
hypothesis of our research was confirmed as 
well. 

5. Conclusion
This paper aimed to investigate the impact 
of the BKT hackathon on both participating 
students and teachers who played the role of 
coaches. Post hackathon surveys showed that 
hackathons provide informal learning plat-
forms for students who improved their tech-
nical and non-technical skills such as prob-
lem solving, critical thinking, and teamwork. 
Results also showed that students felt more 
self confident, especially when it comes to 
public speaking since they pitched their inno-
vative solutions to the challenge in front of a 
jury composed of a subject matters experts. 
They also felt more ready for the job market 
since they tried to solve a real-life problem. In 
that regard, hackathons contribute to closing 
the gap between graduates’ skills and the job 
market needs.
Teachers were also positively impacted by 
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their participation in this event, and results 
showed that they transferred both chal-
lenge-based and design thinking methodol-
ogies to their regular classes. Shifting, thus, 
from a transmissive to a student-centered 
pedagogy.  
It was also important to provide colleagues 
from other universities with a step-by-step 
guide on how the BTK hackathon was orga-
nized, and share lessons learned and recom-
mendations on improving future initiatives. 
Organizing a hackathon entails challenges 
and needs a firm commitment from all the 
stakeholders involved. It is crucial for coach-
es to be transparent about their role and the 
type of guidance they should provide to their 
teams. Coaches should also continuously 
communicate with their teams and be careful 
of their specific needs, especially when con-
flicts arise between teammates or in case of 
burnout.  Likewise, the partnering company 
must be transparent about following up with 
the winning team after the hackathon. Coach-
es suggested to further develop the winning 
prototype as part of an end-of-study project 
or in the framework of a technology transfer 
agreement between K&S and the partnering 
ISETs. Finally, the duration of the hackathon, 
the prizes and the level of complexity of the 
challenge are important factors that need to 
be well considered by the hackathon’s orga-
nizers because they deeply impact student’s 
motivation and satisfaction with such an 
event. 
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Abstract..
During the last two years, due to the spread of 
COVID 19, multiple sectors have been forced to 
move to virtual life, including the higher edu-
cation sector.  The regular offline academic ex-
change was difficult for most higher education in-
stitutions; therefore, the virtual exchange (VE) is 
the only way to maintain academic exchange. This 
paper represents the virtual exchange program 
that connects mechanical engineering students 
from Higher Institute of Technological Studies 
of Beja (ISET Beja), Tunisia, and mechanical and 
electrical engineering students from An-Najah 
National University (ANNU), Palestine, by work-
ing on a robotics-related project. This paper shows 
the importance of enhancing soft skills that pre-
pare students to get engaged in the industry and 
marketplace. It also focuses on global/multi-cul-
tural skills that prepare the students to integrate 
into an interconnected world. Results show that 
the students appreciate this collaboration and be-
lieve it fosters their communication and teamwork 
skills with the multidisciplinary team. Educators 
seek to expand the size of the virtual exchange 
program in the future by involving more students 
and establishing other partnerships. 
Keywords: Virtual exchange, Global/multi-cultur-
al Fluency, Robotics.

1. Introduction
Higher education institutions must adapt their 
teaching approaches to provide their grad-
uates with the necessary skills to integrate 
into a constantly changing world. According 
to Campbell [1], the five skills that companies 
are looking for in their candidates include 
critical thinking and problem solving, team-
work and collaboration, professionalism and 
strong work ethic, oral and written communi-
cation skills, and leadership. According to the 
National Association of Colleges and Employ-
ers, these skills are rated 99.2%, 97.5%, 100%, 
95.9%, and 68.6% essential, respectively. 
However, graduates tend to be proficient with 
only 55.8%, 77.0%, 42.5%, 41.6%, and 33.0% 
in each of those skills, respectively. Teaching 
methods must foster these skills by designing 
the appropriate curriculum and activities. As 
such, students must engage in active learning 
by doing internships, field trips, labs, active 
discussions with their peers or professors to 
think about real-life problems and apply their 
technical skills to solve specific problems. 
These active discussions can equally boost 
teamwork skills. Teamwork skills can also be  
developed by collaborating on a common 
project and promoting the exchange of ideas. 
Professionalism and ethics can be devel-
oped by habituating the students to be punc-
tual, not cheat in their assignments, and 
submit their coursework on time. Oral and 
technical communication skills are a fun-
damental component in teaching and must 
be fostered throughout all subjects and ac-
tivities. Students must be trained to be good 
listeners and conduct active conversations. 
Furthermore, students must be acquainted 
with the necessary writing skills to convey 
concise and straightforward messages. Ac-
quiring this is extremely important when 
looking for jobs, as they must write effective 
resumes and motivation letters or use appro-
priate language in a professional environ-
ment within the company. Last but not least, 
leadership can result from all the skills and 
can be developed by teaching the students 
to self-evaluate their skills and establish the 
area of strengths and weaknesses. Those are 
the must-have skills that most employers are 
looking for in a candidate. However, as we 
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live in an interconnected world where many 
companies have subsidiaries across many 
regions in the world, one more skill must be 
added to the list, global/multicultural fluen-
cy [2]. Therefore, a candidate can behave as a 
global citizen by communicating and working 
with colleagues from different cultural back-
grounds, a skill of paramount importance if 
a graduate decides to work in a multinational 
company while either based at home country 
or abroad. In order to promote those skills for 
the students, a virtual exchange program is 
being conducted between ISET Beja, Tunisia 
and An-Najah National University, Palestine. 
The program connects students from the De-
partment of Mechanical engineering of ISET 
Beja and the Department of Mechanical and 
Mechatronics engineering of ANNU to work 
on a robotics-related project.
This paper is organized as follows: In section 
2, the virtual exchange and the Stevens Ini-
tiative effort are described, and the activities 
that promote the virtual exchange program 
are highlighted. Section 3 presents the pre-
vious virtual exchange programs conducted 
at both partner universities. Section 4 details 
the current project, including the participants 
and the educators, their background, and the 
specific tasks. Section 5 presents the results 
of this collaboration through conducting in-
terviews with the participants. Section 6 gives 
the project outcomes, and section 7 summa-
rizes the essential findings and provides rec-
ommendations for future works.

2. Virtual. Exchange. and. the. Stevens.
Initiative.Effort

A virtual exchange consists in connecting 
people using the technology across different 
regions for education and exchange purpos-
es. Virtual exchange can be international 
by connecting people who are living in dif-
ferent regions of the world. The goal behind 
it is to help participants, who are usually 
young people, gain global competencies to 
allow them to navigate the world’s challeng-
es. Virtual exchange replaces the physical 
exchange that requires physical mobility, 
hence financial resources. Virtual exchange 
is an excellent opportunity to promote the  

internationalization of each institution and 
student at home [3].
The virtual exchange has been used since at 
least the late 1980s when International Educa-
tion and Resource Network (iEARN) conduct-
ed a program to connect high school students 
from the United States and the Soviet Union 
to bridge the divide of the Cold War. The ad-
vancement in telecommunication and tech-
nology and the easy access to the Internet 
have promoted Virtual exchange [4].
The Stevens Initiative is an international ef-
fort that aims to expand the area of virtual ex-
change between institutions, organizations, 
universities, and schools in the United States 
and the Middle East and North Africa (MENA) 
region. The effort was created in 2015 to pay 
tribute to the American Ambassador J. Chris-
topher Stevens, who dedicated his life to build 
bridges between different countries by con-
ducting open dialogues. The effort awarded 
60 grants and aims to expand its reach to more 
than 43,000 young people by summer 2022. The  
Aspen Institute administers the effort. 

According to [3], a virtual exchange pro-
gram helps foster knowledge of the oth-
er country or culture, cross-cultural  
communication, collaboration, self-con-
fidence, and better presentation skills.  
However, there are some related  
challenges. For example, scheduling exchang-
es between different time zones and school 
schedules can be cumbersome. Additional-
ly, involving an unequal number of students 
from both sides might inhibit connection as 
the few participants from one side will have 
to spend extra time on the activities.  Further-
more, the technology issue must be account-
ed for if there is a connectivity problem. Also, 
the language barrier is a common problem if 
participants lack English proficiency. These 
challenges were accounted for during the 
present work, and best practices were adopt-
ed to alleviate these issues.
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3. Previous.VE.programs.at. ISET.Beja.
and.An-Najah.National.University.

The VE approach was implemented previous-
ly at ISET Beja for the Entrepreneurship course 
through a collaboration with the University 
of Michigan from October to December 2019. 
During this collaboration, 35 students partic-
ipated, where 25 students from University of 
Michigan were enrolled in the Innovator’s Tool-
kit course, and ten students from ISET Beja were 
enrolled in Entrepreneurship course. Two edu-
cators supervised the group. Students work on 
creating a prototype for a seawater farm in the 
region Khniss, Tunisia. The participants were 
split into five groups, where each team had five 
students from the University of Michigan and 
five students from ISET Beja. Each team had 
students from different technical backgrounds, 
namely computer sciences, mechanical engi-
neering, and psychology, to form multidisci-
plinary groups. Each team focuses on a spe-
cific aspect, including legal, social, cultural,  
engineering, and environmental aspects. This 
work was analysed qualitatively by conduction 
interviews with the participants. Participants 
from the University of Michigan expressed their 
appreciation towards this collaboration as it per-
mitted them to learn from their peers at ISET 
Beja about Tunisia and the Tunisian culture. 
Furthermore, they confirmed that they 
learned new approaches to solve problems 
from their peers and overcome the chal-
lenge of keeping everyone on the same page 
through regular communication. Participants 
from ISET Beja highlighted that this exchange 
was an opportunity to practice their English, 
make friends from the other side of the world 
and gain technical skills. The exchange was 
also a fruitful experience for the educators 
who learned to adapt their pedagogical meth-
ods to each other [5].
ANNU has adopted in-person exchange with 
other national and international institutions 
since its establishment, and it is one of its pri-
orities to increase the global reputation and 
international collaborations. 
Over the past five years, with the rapid-
ly moving technology and communications 
tools, ANNU has adopted virtual exchange 
to be part of the global connections and in-

ternational collaborations. Several virtual 
exchange programs were implemented at 
ANNU. One of the most famous programs is 
the connect program from Soliya, which the 
Stevens Initiative supports. The connect pro-
gram aims to connect students worldwide and 
mainly from MENA universities and the USA 
universities [6]. The students virtually have 
dialogues about various topics related to cul-
ture, religion, etc. Such dialogues improved 
and strengthened the student’s 21st century 
skills and leadership skills. However, due to 
the COVID-19 pandemic, several virtual ex-
change programs (for students or staff) were 
held nationally and internationally. Most of 
these programs aim to improve their commu-
nication skills, create dialogues using the En-
glish language, explore a foreign culture and 
enrich their technical experience.

4. The.Pilot.Project
Seven students connected through this ex-
change. ANNU team has four students in their 
final year, where three of them belong to the 
electrical engineering program and one stu-
dent to the mechanical engineering program. 
The team of ISET Beja has three students in 
their second year of mechanical engineering 
with a major in mechatronics. The exchange 
is taking place from November to December 
2021. Students work on the design and imple-
mentation of an industrial robotic arm. The 
main parts of this project consist of deriving 
the kinematics and dynamic model, design-
ing the robotic arm via SolidWorks software, 
controlling the robot, choosing the electrical 
components, and implementing the robot. 
Students from ANNU started working on this 
project in February 2021 as a graduation proj-
ect, and the students from ISET Beja joined 
them to work on some parts of the project. 
The central part that will be the subject of 
the exchange is the derivation of the robot’s 
kinematic model and checking the 3D model. 
The selected parts belong to the curriculum 
of mechanical engineering at ISET Beja. 
Two educators were involved in this project to 
facilitate the exchange. Both educators have a 
similar background, Dr. Islem Megdiche from 
ISET Beja is an expert in Robotics and com-
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putational mechanics, and Dr. Mahmoud As-
sad from An-Najah National University is an 
expert in innovation and design of thermal-
mechanical engineering systems with pro-
fessional skills in computational mechanics. 
The facilitation was performed by conducting 
weekly meetings with the students to track 
their progress. Students were advised to speak 
about cultural topics and not only be limited 
to the technical problem they were solving. A 
Facebook group and email list were created to 
facilitate communication with students.  

5. The.Results.of.the.Exchange.
Interviews were conducted with the students 
to investigate whether they appreciated this 
new teaching approach. One student from 
ISET Beja says that he could exchange ideas 
with peers from ANNU through this virtual 
exchange. He also appreciated teamwork as 
this will improve the quality of the work. He 
also expressed that this was an excellent op-
portunity to enhance his English, allowing 
him to work in multinational companies. He 
also indicated that he enjoyed working with 
students from different cultures since this 
interaction allowed him to learn about their 
culture and country.
The student reveals that he prefers to choose 
his topic rather than being assigned a project 
and, he mentions that involving other part-
ners from other countries will make the ex-
change experience richer.
A student from ANNU said that he was 
struggling with some parts of the proj-
ect, and thanks to the knowledge of  
Tunisian students of the kinematic der-
ivation, he could derive a correct mod-
el. Generally, all the students agreed 
that this is a fruitful experience and they  
expect to learn many skills from it.

6. The.Project.Outcome
The project is promising as it has 
many positive impacts on the students’  
attitudes and ways of thinking. Students 
are expected to enhance their commu-
nications skills and improve their abili-
ties to communicate in English. Students 
were advised not to use Arabic and push 

themselves to speak English even if they 
make mistakes. Additionally, this col-
laboration is an excellent opportunity to  
enhance teamwork skills with peers from 
different cultural backgrounds, where 
this is a common situation, they will  
encounter in their professional life. Further-
more, students will master the use of tech-
nology as the new learning environment 
and learn how to overcome challenges relat-
ed to problems of connectivity or time dif-
ferences. Also, students will enhance their 
technical skills and critical thinking. Ed-
ucators and universities also benefit from 
this collaboration as they will improve their 
international collaborations, making them 
more visible in the international education  
community.

7. Conclusions.and.Future.Work

This project integrates the virtual exchange 
approach in the teaching process by connect-
ing ISET Beja and ANNU students to work on 
a robotics-related project. The goal was to in-
vestigate the behavior of the students in re-
sponse to this type of collaboration. Students 
showed to be very motivated, and they con-
firmed that they want to have other collabora-
tions in the future. Educators considered this 
as an incentive to set milestones for future 
works.  These milestones consist of remote 
virtual labs from which students of ISET Beja 
will benefit from the equipment of ANNU. 
Additionally, the project will be extended to 
include other partners from other countries 
to have access to better facilities and foster 
students’ skills.  Furthermore, educators are 
looking for partners from USA universities to 
apply for the Stevens Initiative fund.
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Abstract..
Digital technology and robotics are constantly 
evolving. However, making young students aware 
of these sciences is a significant stake. Nowadays, 
a decrease in interest in science and technology 
(S&T) among students is documented internation-
ally. This decrease would harm on their academic 
success. Thus, this article aims at identifying the 
effects of educational robotics (ER) specifical-
ly on the interest and learning of computer sci-
ence students. A total of 90 students participated 
in this project, and two principal measures were 
collected at the end of the task: a performance in-
dex resulting from the variation of problem-Solv-
ing percentage before and after robotics assessed 
learning in S&T, and a questionnaire of Likert-
scale situational interest developed for this proj-
ect to get students’ opinions on the adopted meth-
odology and assess interest in S&T. The significant 
difference in the variance of student interest sug-
gests that ER would generate some student inter-
est in S&T. The main conclusion of this study is 
that the integration of educational robotics in a 
task in science and technology makes it possible 
to stimulate more the interest of the students than 
the same task mobilizing traditional material, 
while allowing an equivalent learning.

Keywords: Project-based Learning, Robotics, Edu-
cation

1. Introduction

Computer science, as well as most scientific 
disciplines, suffers student’s lack of motiva-
tion [1] due to traditional methods of educa-
tion based on rote learning and abstraction. 
Consequently, it is necessary to find and de-
velop an educational route which may be 
more attractive and more adapted to student 
needs.
In recent years robotics has gained the high 
attention of teachers as a valuable tool to de-
velop cognitive and social skills for students 
and support learning in science, technolo-
gy, informatics, and other interdisciplinary 
learning activities. Then as we seek to moti-
vate learners’ interest in these fields, Students 
explore the field of robotics as a real-world 
discipline in which the fundamentals learned 
are put to practical use [2] in a project-based 
environment.
In this study, the focus group was composed 
of technological higher school license stu-
dents. Robotic-Project based learning envi-
ronment was designed to support program-
ming courses which represents for students 
the hardest learning unity. In project-based 
learning (PBL), tasks are given to students, 
and they created teams for group works. Stu-
dents collaborated to manage their project. 
They tried to apply critical thinking princi-
ples by debating ideas, making predictions, 
asking questions, collecting, and analyzing 
data, making conclusions, and communi-
cating their findings to others. This study 
aimed to prove how emotions and learning 
at work are closely related and highlight-
ed the interest in emotional intelligence, 
which refers to how one can monitor feel-
ings and direct students’ thinking and actions  
accordingly.

1.1. Project-based.Pedagogy.
Project-based Pedagogy also called “learn-
ing by   doing,” is an active method in which 
learning is in action.  The instructional pro-
cess with project-based learning descript-
ed in Fig.1, provides a valuable opportunity 
for the learner to apply acquired skills and 
knowledge to situations of concern. The tri-
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The first objective of this approach consists 
of a “formative” function that makes it possi-
ble to give meaning to the learning, to combat 
the lack of motivation by allowing students to 
engage in a meaningful activity: their project. 
The accomplishment of the work must con-
sider time, economic, material, and human 
constraints. The search for resources and 
information to carry out the project, which 
plays the role of didactic function, brings the 
student to process and organize varied and 
sometimes new knowledge [5]. The project 
can also fill a social and mediation function: 
since the project’s pedagogy leads the student 
to open to others, to other institutions, to be 
recognized by them; it also led the group to 
share skills and compare opinions, as shown 
in Fig.2.  

1.2. Educational.Robotics.
Educational Robotics uses programmable ro-
bot constructs to engage groups of students in 
playful collaborative problem-solving activ-
ities. It enables students to become familiar 
with and deepen their knowledge of robotics 
and programming, while at the same time 
learning other cognitive skills.
                    
Educational robotics is included within the 
so-called STEM (Science, Technology, Engi-
neering, and Mathematics) [3] education, a 
teaching model designed to teach science, 
mathematics, and technology together and 
one in which practice takes precedence over 
theory. Educational robots help develop the 
mental process we use to solve problems of 
various kinds through an orderly sequence of 
actions. 

Educational robotics uses robotics kits, pro-
gramming software, and computers as hands-
on learning tools. It can create a learning 
environment that can enhance collaboration 
and communication among students, prob-
lem-solving skills, critical thinking skills [6], 
and creativity. During the last decade, edu-
cational robotics started its promotion by de-
veloping FABLAB (Fabrication laboratory), a 
platform for rapid prototyping of physical ob-
jects, “intelligent” or not. at the platform tar-
gets entrepreneurs who want to move faster 
from concept to prototype, designers, artists, 
and students wishing to experiment and en-
rich their practical knowledge.

2. .Research.Motivation.
In this study, we start from some observa-
tions:
1. Traditionally, learning takes place in 
an abstract classroom situation. Students 
without the necessary abstraction skills may 
fail.
2. There is often concern that learners 
may become discouraged when programming 
repeatedly fails.
3. The research elaborating emotions in 
organizational settings has increased con-
siderably in recent years. However, we lack a 

al-and-error experience affirms or discon-
firms the usefulness/applicability of the ac-
quired skills and knowledge set employed.  

Fig. 1. The instructional process with proj-
ect-based learning [4]

Fig.2. Principal student role in PBL 
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comprehensive understanding of the role of 
emotions in learning at work or learning by 
doing.
4. The rate of a student leaving the in-
stitute without having a diploma is fairly in-
creasing.

Then we are trying to offer an outline of a 
solution.
 
3. .Methodology
The pedagogical experiment took place 
during the educational practice of students at 
the Higher Institute of Technological Studies, 
KAIROUAN, TUNISIA, during three school 
years (2018-2021).  Third-year students of IT 
specialties attended the experiment, and it 
concerned a sample of 90 students (a class of 
30 students per school year)
 According to the nature of the PBL, students 
were distributed into groups of three; each 
group selected a team leader. Then, we con-
ducted an exploratory study on students’ ac-
tivities for one semester to identify the effect 
of educational robotics on motivation and 
success rate in a project-based context. For 
that purpose, a questionnaire was adminis-
tered to explore the impressions on the proj-
ects’ organizational aspects, the students’ 
ability to work in a team, their satisfaction of 
the work accomplished and their investment 
in the project. As shown in Fig.3, robots used 
are of the Elementary Speechi type.  

There are 5 Robot models to create (construc-
tion and programming): Line tracking robot, 
conveyor, remote control, crane car, or even 
the doggy Robot. The programming of the 
Robot is with Studuino and its programming 
software.

- The first phase is an observation phase of 
different programs.
- The second is to use icon programming.
- The third phase is programming by block.
- In the fourth phase, the student already had 
a clear idea of how his robots work, and he 
will be more motivated to start programming 
with the Arduino IDE.

A group of three students has a project as-
signed. The final mark will be an average of 
3 marks: one mark per programming phase. 
The first two notes will be encouraging since 
most students will pass the first two simple 
phases, their emotional role will undoubted-
ly  improve the student’s self-confidence and 
motivate him to pass the last programming 
phase. The following data collection element 
used was a pre & post robotics team interview. 
I as a teacher also kept a researcher journal 
to record my observations at the end of each 
week. I made visual observations of the stu-
dents working and listened to them interact 
with each other.

4. Findings..
As shown in Fig. 4, the strategy described 
above helps to solve several problems.

Fig.3. The Elementary Speechi robot

Fig. 4. Problem Solving Strategy Results
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We can notice that educational robotics en-
hanced the motivation of students to work in 
group, improved their knowledge assimilation 
and interest in the project, which helped most 
of them complete the requested work. This 
improvement of motivation is due principal-
ly to the act of gaining self-confidence during 
the two primary phases. Good emotions en-
gendered concurrently aspect which leads to 
better results. Indeed, The Absenteeism-Rate 
presented in Fig.5, is decreasing thanks to the 
excellent atmosphere of teamwork based on 
cooperation, coordination, and competitive 
aspect between groups.  

The school dropout rate fell from 2% to 1,2% 

A questionnaire of Likert-scale situational 
interest, developed for this project to assess 
interest in S&T, clearly shows in Fig. 7 the 
positive opinion towards the adopted method-
ology.

Discovering that errors are not final, but a 
source of new conclusions is a valuable lesson 
for the future that helps students develop sev-
eral skills as introduced by Fig. 8. The group 
challenge approach encourages socialization 
and collaboration. The search for solutions 
and the freedom to assign new functions to 
these robots stimulate imagination and cre-
ativity. Achieving success in a new field im-
proves students’ self-awareness. In addition 
to boosting their self-esteem, success in one 
field stimulates them to take on new tasks 
in other fields. Students learn to assess their 
performance by seeing the results of their ac-
tions instantly, without the need for a teacher 
to tell them whether they have done well or 
poorly.

Fig.5. Variation of Absenteeism Rate

 Fig. 6. Variation of success rate

Fig. 7. Students’ opinions on the adopted method-
ology 

then to 0%. This decreasing tendency cor-
relates to the hope of finding a place in the la-
bor market, higher self-confidence level than 
those who left the institute without graduat-
ing and go to the military searching for a job 
and are desperate to be admitted to their field 
of study.   

The success rate-improvement shown in Fig. 6 
is due to all the above factors.

Fig. 8. Skills that student develop thanks to edu-
cational robots
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Other cognitive skills that are positively influ-
enced by educational robots are responsibil-
ity, order, and more optimal development of 
spatial perception and relationships between 
objects.

5.......Conclusion.
In this paper, we reported on our experience 
of integrating educational robotics activities 
into higher education with project-based en-
vironment. The goal was to identify the ef-
fects of educational robotics specifically on 
the interest and learning of computer science 
students. Our results show valuable benefits 
from such activities and indicate that educa-
tional robotics is a promising tool in a proj-
ect-based environment. Finally, we can say 
that the integration of educational robotics 
in a task in science and technology makes it 
possible to stimulate more the interest of the 
students than the same task mobilizing tradi-
tional material, while allowing an equivalent 
learning.
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Abstract..
Food waste is one of the biggest problems dairy 
farmers and ranchers face. There are two reasons 
behind this problem: cows do not have the exact 
nutritional needs due to the quantity and quality 
variation from cow to cow and the gestation cycle. 
The project used the Scrum methodology to meet 
a need expressed by a farmer in the region where 
an automated livestock unit allowed the dosage of 
the appropriate amount and type of feed for each 
cow. The work is executed in an innovation lab-
oratory with dynamic specification expressed by 
the product owner, the farmer. 
             
Keywords: Scrum Methodology, Sprint, Cow Farm 
Unit First Section

1. Problem.presented.by.Customer.
The problem, as expressed by the product 
owner consists in waste of food.  Cows do not 
always present the same food need qualita-
tively and quantitatively as depicted in Fig. 1. 
This results in losses estimated at 200 – 300 
TND/day corresponding to 6,000 – 9,000 TND/ 
month and 72,000 – 108,000 TND/year.
Adding to that, farmer will also lose time in 
the distribution of foods cows or in managing 
his quantity of cow foods.

2. The. Efficiency. of. the. Scrum.Meth-
odology.
The Scrum methodology allows a higher con-
sideration of the specifications from the real 
customer, in our case, the farmer. Trello tool 
[1] was used to generate the iterations and 
work as a team; many sprints [2] were devel-
oped to meet the dynamic specifications of 
the project as shown in Fig. 2.  A work sched-
ule is prepared during work, and a working 
team meet with the farmer to discuss the proj-
ect requirements and specifications, which 
are detailed in the following figure:  

Cow « A » need 3kg of food every 
12 hours and could produce more 
than 5 liters of milk in a day.

Fig. 1: Different food needs for cows

Cow « B », a pregnant cow, need 
2kg of another type of food every 
12 hours and produce just 2 liters 
of milk in a day

Fig.2: First sprint steps developed in Trello user 
interface

3. Solution.
An automated distribution system is devel-
oped to feed the dairy cows. Fig.3 and Fig4. 
Depict the system. This system consists of 
two parts: the place where cows raised and 
the location of distribution. The system is 
composed of:
• Two hoppers where the food will be placed
• Distribution’s channel (for each hopper) 
composed of distributions pipe and an aspira-
tor
• Cow’s food bins
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• Cow’s locations
Firstly, the system will identify the cows us-
ing RFID technology, so each cow will have 
her own RFID tag, the RFID lecture will be 
placed near the cow feed bins to assure the 
perfect functionally and identifications for 
the cows. Then using the database sever that 
we have, and that describes each cow need of 
food, the system will manage automatically 
the quantity and the quality of needed food. 
Then the distributions channels will deliver 
food for each cow and will assure the non-loss 
of food and the win of time.

 Fig.3. Layout of the distribution system 

 Fig.4. 3D Model of the Distribution system

4. Hardware.
Fig. 5 present the hardware of the system.
The breeding area is composed of:

• RFID tag attached to the cow 
• RC522 RFID reader 
• RC522 RFID reader
• ESP32 card
• Two dosers ‘A’ and ‘B’
• The HMI man-machine control

- Interaction zone is composed of: 
• Raspberry PI card
• Database server 
• Board computer or a mobile phone

Fig. 5. Hardware of the System 

5. Interconnexions
Fig. 6 depicts the signal path from the cow to 
the database server. After reading the cow ID, 
an electrical signal is communicated to the 
ESP 32 card, which communicates with the 
RASPBERRY PI card via the LORA network [3, 
4]. The RASPBERRY PI control board [5] uses 
WIFI for communication with the internet 
and optic fiber with the database server.

Fig. 6.  Signal path 

6. Software
The software part consists of programming the 
Raspberry PI card, communicating with the 
ESP32 card, retrieving information from the 
database, determining the cow’s need, and re-
cording the data for the ESP32 card, it consists of 
programming the control of metering units, and 
the communication with the Raspberry PI card.
Adding to that, internet will give all access to the 
farmer, so he will be able to control, manage or 
modify the system, as he wants using phone or 
computer.
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7. Conclusion
Starting form a local problem we tried to find 
out the newest and the best solution, that why 
we want the system to be automatic because 
automating this agricultural activity is neces-
sary because it saves time and money.
Cow’s automatic breeding system is an in-
novation system that provides a new way of 
managing farmers especially managing one 
of the most important activities nowadays, 
it is also considering as an agritech innova-
tions that helps farmer be more profitable, it 
helps again farmers gain their time. There-
fore, this solution is sustainable. The farm-
er can consult the statistics of the consumed 
quantities to estimate the profitability and 
most important farmer can manage this data 
and statistics so he can make decision care-
fully as example he can know if cows’ us-
age of food is increasing or not and which 
cows need more food than the others, which 
needs type ‘A’ and which need other type. 

These entire data can really make a differ-
ence that is what agritech is all about it is to 
help farmers grow to a brighter future.
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Abstract..
The work presented in this project aims to con-
tribute to the study of a solar photovoltaic system 
operating at its maximum power. In this sense, 
the PV system must include an adaptation stage 
associated with an MPPT algorithm. This work 
focuses on a validation through an experimental 
test, whose test bench contains a photovoltaic gen-
erator, a chopper, a resistive load, and a CPU 1200 
type PLC that ensures the control.

Keywords: MPPT (Maximum Power Point Track-
ing), MPP (Maximum Power Point), CPU (Pro-
grammable Logic Controllers), PVG (PV Genera-
tor).

1. Introduction
Given the global energy problems caused by 
the depletion of conventional (fossil) sourc-
es, the use of renewable energies (eg: photo-
voltaic generators) presents an alternative 
solution. PV panels are characterized by the 
non-linearity of their output characteristics 
influenced by environmental factors caus-
ing the shift of the operating point to achieve 
maximum power. So, to locate this point and 
ensure continued optimal operation, the en-
tire PV system must be controlled to operate 
at the point of maximum power continuously. 

For this, an adaptation between the PV source 
and the load is necessary [1-4]. This adapta-
tion is achieved by inserting a DC / DC type 
static converter driven by an optimal oper-
ating point tracking system.  At the electron-
ics laboratory located at ISSAT Mateur, we 
have a photovoltaic panel of the Solarnova 
PQ 40/50 type characterized by a maximum 
power of 50W under standard test conditions 
and a BOOST chopper which is designed and 
produced by students as part of their study 
project.  We will use the industrial program-
mable logic controllers CPU 1200 to control 
this converter and implement the maximum 
power point tracking algorithms. The work 
proposed in this project will be based primar-
ily establishing a test bench for the extraction 
of maximum photovoltaic power. This work’s 
main objective is to implement of the “P&O” 
technique on the CPU 1200 PLC while analyz-
ing the working principle of this dedicated 
method for optimal power extraction. There 
are also various devices for viewing and sav-
ing the results.

2. Learning. Technique:. Academic.
Knowledge
Part I:
Acquire academic knowledge for the manage-
ment of photovoltaic energy in the student 
(autonomous and guided): Develop a sense of 
autonomy in the student
Part II:
Develop the system:    
- Import new features, improve the system,
- Use new technologies.

This allows us to develop a sense of responsi-
bility in the student, involve him in the train-
ing cycle and make it more dynamic.
It also allows the student to:
- Know the importance of photovoltaic ener-
gy,
- Study photovoltaic energy,
- Study the operation at maximum power, 
- Learn PLC programming,
- Carry out experimental studies.

The student must also be able to manage a 
system powered by a photovoltaic source.
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2.1. Importance.of.Photovoltaic.Energy
Ask the energy problem and let the student 
discover the energy difficulties in the world: 
Given the growing global demand for energy 
as well as the limitation and exhaustion of the 
reserves of traditional sources (oil, natural 
gas, uranium), the most appropriate solution 
is to use clean energies, also known as “re-
newable energies,” which have the advantage 
of producing electricity while respecting eco-
logical requirements.

2.2. PV.energy.study.
To use photovoltaic energy: It is necessary to 
know its principle.

Modeling of PV cell 
A solar cell is a diode having a p-n junction ex-
posed to light. When the diode is sufficiently 
illuminated by sunlight, it generates an elec-
tric current in a load resistor. This current is 
due to the “Photoelectric phenomenon” [5, 6].  
Figure (1) clearly shows the photovoltaic ef-
fect at the scale of a cell.

Solar cells are manufactured using several 
technologies that are distinguished by their 
performance, degree of maturity and life-
time: 
- First generation,
- Second generation,
- Third generation.
A PV cell is generally modeled by the follow-
ing equivalent electrical diagram shown in 
Fig 2:

Fig. 1.  Photovoltaic effect at the scale of a cell

Fig. 2. Electric model of a solar cell

In the sense of this diagram, the mathemati-
cal model of a solar cell is given by equation 
(1):
                                                                                                                                    (1)

Mathematical Model of a Photovoltaic Module 
and Generator
A photovoltaic cell produces a no-load voltage 
for crystalline silicon between 0.5 and 0.6V, 
and it remains in the range 0.6 to 0.9V for 
amorphous silicon. So, to increase this volt-
age, ns cells are connected in series constitute 
a photovoltaic module. Thus, a cell’s nominal 
power is always limited to a few watts, where 
it is better to market solar energy in the form 
of modules or panels. Another series-paral-
lel configuration of several panels is called 
a photovoltaic generator. A PVG is a configu-
ration comprising Np rows in parallel; each 
row is formed of Ns panels in series [7-10]. The 
quantities that characterize a PVG generator 
are voltage and current, respectively, and are 
expressed by:

(2)
                                                                

We can also write:
                                                                                  
(3)
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The external current-voltage characteristic of 
a solar panel is similar to that of an elemen-
tary cell. This characteristic represents three 
essential areas, figure (3):

3. Study. of. Operation. at. Maximum.
Power:. Extract. the. Maximum. Power. de-
livered.by.the.Panel

3.1. Study. of. a. DC. /. DC. Converter. Con-
trolled.by.an.MPPT:.How.to.guide.the.Sys-
tem.to.the.MPP
Therefore, the insertion of a DC / DC type 
static converter is necessary [12]. This con-
verter acts as an adapter between the source 
and the load.
In order to reach the maximum power point 
which corresponds to the optimum power 
generated by the PV generator, the adaptation 
stage must be equipped with a control stage 
to ensure the monitoring of the MPP by auto-
matically acting on the duty cycle of the se-
lected static converter.
These commands are generally found in the 
literature as “Maximum Power Point Track-
ing” (MPPT). These techniques essentially 
consist of returning each time the operat-
ing point of the photovoltaic generator to the 
MPP, regardless of sudden load variations or 
climatic conditions [13].  The schematic di-
agram of the study system is given by figure 
(5).
 
3.2. Buck.DC/DC.Converter

Fig. 3. Different areas of the characteristic (cur-
rent-voltage)

Fig. 4. Evolution of the operating point with a direct 
link between the source and the load

The simplicity and low cost of the direct con-
nection between the PV source and the load 
allow it to be the most used, [11].
However, the major drawback of this con-
nection is the direct connection of the power 
extracted from the source to an application 
which is often very far from the maximum 
power that the photovoltaic generator can de-
liver, as shown in the following figure 4.

Fig. 5. Schematic diagram

The function of DC-DC converters is to pro-
vide a variable DC voltage from a fixed DC 
voltage. The name of BUCK chopper is linked 
to the fact that the average output voltage is 
lower than the input. It comprises a switch 
with controlled starting and blocking (bipo-
lar transistor, MOS, or IGBT transistor) and a 
switch with automatic blocking and starting 
(diode).
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3.3. MPPT.controller
Description of control approaches
Several works on MPP search techniques ap-
pear in the literature [14]. These commands 
differ from each other generally in point of 
view; operating principle, precision, and 
speed of finding the maximum power point. 
These different techniques are classified into 
several families:
- Family of direct methods,
- Family of indirect methods,
- Families of methods with variable structures, 
- Family of intelligent methods.
The method chosen in this work is the P&O 
technique, part of the family of direct meth-
ods (characterized by the simplicity of imple-
mentation).

Principle of the perturb  and observ  (P&O) 
command
The Perturb and Observ  method (common-
ly referred to as P&O) is the “Hill Climbing” 
type. This approach is based on a periodic 
disturbance (incrementation or decrementa-
tion) of the voltage or current and the obser-
vation of the influence of this disturbance on 
the power delivered by the PVG  . Based on 
this observation, the algorithm of this meth-
od decides what to do during the next itera-
tion, Figure (7)

Fig. 7. Trajectory of the operating point on the 
characteristic (current-voltage)

Fig. 6. General structure of BUCK converter

The structure of this converter is given by fig-
ure (6):

The value of the average voltage at the termi-
nals of the load is given by the following rela-
tion:

(4) We can also write:

 : The operating point is to the right 
of the maximum power point; the 
control system moves the operating 
point in the same direction of the 
disturbance.

 : The operating point is at the point 
of maximum power; the disturbance 
is kept the same.

 : The operating point is to the left 
of the maximum power point; the 
operating point moves in the opposite 
direction to the disturbance, [15].

This method requires the use of a voltage sen-
sor and a current sensor to calculate the pow-
er at any time. Fig. 8 gives the algorithm of 
the proposed method:
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4. Learn. PLC. Programming:. How. is.
the. maximum. Power. Extraction. Algo-
rithm.implemented.on.the.PLC.
4.1. SIMATIC.S7-1200.Controller

The SIMATIC S7-1200 PLC is a modular 
mini-controller used for a small performance. 
There is a comprehensive range of modules 
for an optimized adaptation to the automation 
task. The S7 controller consists of a CPU that 
is equipped with digital and analog signal in-
puts and outputs.
The student must study the sensors, then 
choose the appropriate sensors for measuring 
the current and the voltage of the PV panel.

Current Sensor:
The ACS712s sensor is a hall effect sensor 
whose maximum current that can withstand 
it is 5A.
This sensor is connected in series in an alter-
nating (AC) or continued (DC) circuit, and it 
uses the magnetic field generated by the cur-
rent (and therefore the hall effect) to measure 
the current flowing through it, figure (9).

Fig. 8. Algorithm of P&O method

Fig. 9. Current sensor ACS715 type

Voltage sensor:
The voltage sensor used in this work is DC0-
25V type. This module is based on a resistive 
separation principle and it can only measure 
up to 25V, figure (10).

Fig. 10. Voltage sensor DC0-25V type

4.2. PLC.Study.and.Programming

We used TIA PORTAL software to develop our 
ordering program, based on the “P&O” opti-
mization approach. The inputs of this block 
are accurate signals (current and voltage) that 
are obtained from the sensors. The “PWM 
Generator” block mainly makes it possible 
to supply a PWM signal to drive the MOSFET 
gate.
To implement the maximum power control 
approach, we need to measure specific quan-
tities; voltage and current are key elements in 
real-time control. The programmed system 
overview is given by figure (11).  
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6. Experimental.Validation.
The purpose of the manipulation:
- Master the operation of a photovoltaic sys-
tem,
- Observe and verify the effectiveness of the 
MPPT method,
- Study a complete resistive load-photovoltaic 
generator system in real-time.

Fig. 12. Block diagram of the proposed system

Fig. 11. Programmed system overview

5. Carrying.out.Experimental.Studies:.
How. to. implement. the. Energy. Manage-
ment.System
5.1. General.structure.of.study.system
The schematic diagram of the photovoltaic 
system studied in this work is composed of 
a PV generator equipped with an adaptation 
stage between the source and the load pro-
vided with a control which is ensured by an 
industrial programmable logic controller as 
shown in the figure 12.

6.1. Test.bench
The test bench that is the subject of this work is 
part of the equipment of the electronics laborato-
ry of ISSAT Mateur. Figure (13) shows the exper-
imental test bench used to implement and study 
the performance of the proposed MPPT technique 
through the CPU. This test bench consists of a PV 
panel characterized by a maximum power of 50W 
in STC, a voltage sensor and a current sensor, a 
buck chopper, a CPU 1200 programmable control-
ler, and finally, a variable resistive load.

Fig. 13. Test bench, view 1

6.2. Results.
The principal objective of this manipulation 
is to master the operation of a photovoltaic 
system and to observe and verify the efficien-
cy of the MPPT method studied for a complete 
resistive load-photovoltaic generator system 
in real-time. Figure 14. shows another view of 
the implemented test bench.

Fig. 14. Test bench, view 2
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These figures show the values of the voltages 
at the input and output of the chopper, respec-
tively. These values prove very well the effec-
tiveness of our control and the BUCK converter. 

The development and improvement of the sys-
tem by the students:
- Network operation,
- Remote control, supervision (on-board sys-
tem),
- Use new technologies.
Work in collaboration with industry: Intern-
ships, PFE ...

7. Enabling.Plan
Part I:
Teach the student: Ask the problem and wait 
for the student’s feedback in the different 
stages for mastery of energy management
Part II:
Develop the system: Academic knowledge -> 
development of skills and monitoring of tech-
nological development.

8. Conclusion
In this work, we have developed a real solar cell 
model, the different manufacturing technolo-
gies, and the recording of the characteristics of 
a photovoltaic panel in order to show the influ-
ence of climatic parameters on their operation. 
We also investigated the importance of optimal 
operation and exposure of a maximum power 
point tracking method. Finally, we exploited a 
BUCK chopper produced as part of an end-of-
study project to perform real-time tests to verify 
the dynamics of the PV system with the MPPT 
control method.
We have tried to interpret these results as a 
whole, but they leave us convinced that this is 
just the beginning and that the main thing lies 
in improving the studies carried out for future 
work.
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Abstract..
The aim of this paper is to adopt the “Project-based 
learning” at university specifically for the practi-
cal modules. Hereby, a logistical problem arises. 
What space should we provide? The solution was 
mainly to put FabLabs at the service of “Proj-
ect-based learning”.
Our experience was applied for a practical module 
called: “Industrial Installations”, taught to first 
year students of Electrical Engineering. A choice 
justified by the industrial aspect of the subject, 
which can make it easier for students to reach a 
feasible project. The hosting space for students is 
the ISET innovation lab in Kasserine. The innova-
tion lab does not solely epitomize an open space 
for the student’s creativity; however, it is also part 
of the all-in-one well-equipped open access labo-
ratories.
Our experiment targeted a sample of 28 students. 
This sample was the subject of an experimental 
study to evaluate approaches in question. This pa-
per will include evident results.
Keywords: PBL, FabLab, Motivation, Pedagogy, In-
dustrial processes, Innovation.

1. Introduction
Among the methods that can improve stu-
dent motivation lies the Project-Based Learn-
ing pedagogy, representing a widely used ap-
proach in vocational and higher education 
in a bevy of countries (France, Germany, 
Quebec etc.). Project-based learning (PBL) is 
a teaching method in which students learn 
through active engaging in real and personal 
outstanding projects [1].
Our most important goal is the application 
of the PBL approach in practical university 
teaching with the focus on technical modules. 

A host of university teachers from the ISET 
network had the opportunity to gain Professor 
Valentin PLENK’s experience from Hof Uni-
versity (Bavaria, Germany) within the frame-
work of a training course which included ‘’A 
project to support the employability of young 
students” (ALEJE). It is a teaching experience 
which is based on the PBL model and which, 
therefore, impacts the contributing teachers 
in the training   .
Still, we have to bear in mind whether our lab-
oratories and university workshops can pos-
sibly support such a cumbersome approach, 
which is demanding high volumes of material 
and consumables. That can call for entangle-
ment and cooperation of various disciplines, 
teams and specialties. The most suitable spac-
es that meet the requirements of the PBL ap-
proach are the FabLabs.
Motivated by the effective contribution of 
PBL, we thought about enacting the approach 
with a group of students. Furthermore, since 
the PBL approach concords with the offered 
practical modules within the ISET network, 
we applied the content of the practical mod-
ules and the FabLabs’ efficiency for incu-
bation and realization of students’ projects.   
Concrete results will be put forward summa-
rizing our experience [2].
Part 2 outlines the current traditional ap-
proach and its impact on demotivated stu-
dents.
In part 3 we will then give an idea about the 
Project-Based Learning approach and present 
how such approach can be fitted to the scope 
of our project (FabLabs for Project-Based 
learning of industrial installation).
Finally, in part 4, we will present the experi-
ence gained by adopting the PBL ap-proach in 
FabLabs and by realizing it with the students. 
Results with analyzes are presented at the 
end of the paper.

2. Practical. teaching. within. the. ISET.
network
2.1. The. traditional. pedagogical. ap-
proach
Practical education is one of the characteris-
tics of the ISET network courses. The hourly 
volume devoted to practical work largely ex-
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ceeds that of all other Tunisian universities. 
Table 1 provides a comparison between the 
overall weekly hours and those allocated to 
practical work for licenses in similar special-
ties and in different institutions. It is clear 
that practical education occupies a fairly im-
portant place within ISETs.

duces the effectiveness of the educational ap-
proach employed. The classic approach that 
has always been used boasts indisputable ad-
vantages such as continuous monitoring, per-
manent assistance and supervision. However, 
it  still remains to be a feeding back model 
with the reputation of being unmotivating for 
the learner.
Therefore, there is a need for teaching with 
higher student attendance and more discreet 
involvement rates and a more effective teach-
er attendance. The tested and highly effective 
PBL approach may present the best solution to 
the prevailing problem [3].
However, remedying the inadequacy of con-
ventional laboratories with the help of the 
PBL approach, requires an unlimited acces-
sibility in terms of time, space, interference 
from several work teams and managers as 
well as a wide variety of equipment. Knowing 
that several institutes have a FabLab or a form 
of lab that has a similar concept (Innovation 
lab, living lab, etc.) where sharing spaces, 
machines, skills and knowledge is complete-
ly free, we thought that the practical projects 
could be carried out in such FabLabs. A ped-
agogical approach based on teaching certain 
practical modules in FabLabs whilst adopting 
project-based learning can constitute a prom-
ising pedagogy in technological education.

3. Project-Based.Learning.(PBL).
3.1. What.is.Project-Based.Learning?
Project-Based Learning (PBL) is a student-cen-
tered pedagogy that involves a “dynamic class-
room”-approach which is based on the allega-
tion that students acquire a deeper knowledge 
through active exploration of real-world chal-
lenges and problems [4]. Students learn about 
a subject by investigating and responding to 
complex question, challenges, or problems 
over an extended period of time [1][5]. Hence, 
PBL is a style of an active  and inquiry-based 
learning. Furthermore, PBL contrasts to pa-
per-based, rote memorization, or teacher-led 
instructions by posing questions, problems or 
scenarios instead [6][7][8].

The objectives targeted by each practical 
work are briefly mentioned in a subject file 
which is established by a sectoral commis-
sion of teachers chosen by the DGET for IS-
ETs and by the rectorate for other university 
institutions. This paper epitomizes a contract 
to be achieved by the teacher of the subject. 
Teachers must formulate the specific objec-
tives in the form of a report which will then 
be completed and submitted by students or a 
group of students at the end of each practical 
session.
We should also highlight that the practical 
work depends on two essential factors:  
On the one hand it relies on the progress 
of the theoretical subject courses associat-
ed with the practical modules. On the oth-
er hand, practical work hinges on the level 
of laboratory equipment available for use.  
These Factors will hinder a global vision of 
the module and prevent the realization of a 
practical project. Assembling, testing and ex-
perimenting therefore remains to be labora-
tory work and does not look like what can be 
found in the industrial environment. In their 
best cases, practical projects are carried out 
on educational models for specific objectives 
only.

2.2. What. educational. approach. should.
we.adopt?
It is clear that practical education in ISETs oc-
cupies a prominent place in official curricula. 
This, of course, represents a major asset for 
graduates. However, a flurry of problems re-
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3.2. Who.chooses.the.project.and.defines.
it?
What we suggest is to guide students, in the 
most discreet way, to commit to choices that 
meet the needs of the program. Before choosing 
or drafting a problem and planning the prog-
ress of the PBL activity, we will have previously 
determined the objectives that will be attained. 
These objectives will concern knowledge (con-
cepts, principles, rules, procedures, method-
ologies, ways of doing things, etc.), skills and 
attitudes specific to the targeted content and 
perhaps even more general skills developed in 
the program. The more the student is involved 
in defining and writing the project, the more he 
will be motivated [5][9][10].

4. Application.of.the.approach
4.1. Framework.of.the.experience
Students of electrical engineering, industrial 
maintenance, mechatronics, electromechanics 
or other fields have imperatively “Industrial In-
stallations” courses. The practical teaching of 
this module in a traditional electrical diagram 
laboratory or industrial process laboratory fails 
to achieve the objectives targeted by the mate-
rial sheets furnished by university curricula   . 
Certainly, in handling industrial installations, 
one manages to start, as it should be, a three-
phased asynchronous motor. However, this 
simple start-up procedures leave no student to 
place the element of driving force in a true in-
dustrial manufacturing process. After meeting 
and questioning Tunisian university graduates 
about their experience, it becomes clear that 
the graduates are very discontent and dissatis-
fied with the application of practical projects 
during their course of study. Further, they not-
ed that manufacturers and potential employers 
criticized them for the lack of mastery of in-
strumentation, data acquisition elements (vari-
ous sensors, conditioners, etc.), PC-PO interface 
elements, human interface elements, machines 
and the handling of effectors (conveyor, move-
ment transfer or transformation system, etc.) at 
industrial plant level.

4.2. Approach
The sample chosen for the experiment is a first 
year Electrical Engineering class. The class is made 
up of 28 students, 13 girls and 15 boys, with an aver-
age age of 19. The chosen module is “Industrial In-
stallation workshop” one of the cardinal practical 
modules. The experience spans the second semes-
ter of the 2020-2021 academic year from February 
to June. Students, divided into groups of four, were 
asked to define their projects within a deadline of 
one week. Consequently, they received a presen-
tation of a model design made by the teacher in 
order to carefully prepare specifications guiding 
students to correct composition, defining and de-
scribing their project. After one week, a recapitu-
lative meeting took place to separately discuss the 
projects and to develop the specifications in order 
to achieve the objectives of the material sheet. The 
latter took place with no fixed coaching appoint-
ments, but rather debriefing meetings left to the 
students’ choice.
The innovation lab of ISET Kasserine is available 
for the students. The space has been consolidated 
with material that is somewhat specific for the pre-
viously mentioned module.

4.3. Results.and.findings
Choice of project: The majority of students (six out 
of seven groups) have succeeded in providing spec-
ification notes (compare Figure 1). In total, we have 
kept five of whom three required some fine-tun-
ing (they were very ambitious and/or financially 
demanding). The remaining other project was de-
nied because it lacked originality and did not meet 
module objectives. In addition, one group did not 
submit specifications note. These two groups have 
chosen projects out of a list prepared by the teacher. 

Fig. 1. Distribution of projects according specifi-
cations’ relevance.
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Student autonomy: The teacher has chosen to 
be available twice a week for possible requests 
by the students. Once in his office and once 
in the workplace in the innovation lab. The 
results presented in Figure 2 show the num-
ber of meetings requested by the students and 
which reveal that some students were signifi-
cantly more independent than others.

Impact of space on student work: Logistical 
problems prevented us from developing a 
system for monitoring student attendance in 
the innovation lab. However, according to the 
lab’s bookings book we can conclude that stu-
dents have spent a lot of time working on their 
projects when compared to the hourly volume 
of the material in the classic approach. In Ad-
dition, when questioning the satisfaction of 
our participating students with their work in 
the innovation lab, we received that 75% are 
very satisfied, 11% are satisfied and merely 
7% each feel either indifferent or not satisfied 
(compare Figure 3).

Fig. 2. Student ranking according to meetings 
with the teacher.

Project evaluation: We opted for a formative 
evaluation which promotes the progression 
of learning, and which informs the student as 
well as the teacher on what has been learnt or 
on what needs to be improved. Four possible 
levels were given in the projects: ‘Excellent’, 
‘Good’, ‘Average’ and ‘Substandard’.
 

Fig. 3. Satisfaction rate with innovation lab.

Fig. 4. Ranking of projects according to specifica-
tions note author.

Experience evaluation of “the PBL approach 
in the Innovation lab”: To resolve, we have 
asked the students the following question: 
Under which circumstances did you feel at 
ease, under the classic approach and in clas-
sic labs or those of the PBL approach within 
the innovation lab? The results of the ques-
tionnaire revealed, that 82% of the students 
felt more at ease under PBL within the Fab-
Lab approach than under classical or other 
approaches (compare Figure 5). 

Fig. 5. Rate of students according to the choice of 
the pedagogical approach
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have been an additional source of motivation. 
The idea of being free in time and space is at-
tractive especially for such young men and 
women.
We don’t need ingenious analysis to find that 
the students enjoyed their time in the prac-
tical project. In addition, having had results 
that exceeded our expectations, students de-
veloped new skills such as: problem solving, 
proactive thinking, self-directed learning, 
critical thinking, communication, integra-
tion, group spirit and teamwork, etc.
Nonetheless, all of the benefits cannot hide 
the limitations of PBL. We have found that 
group work can lead to disadvantages such as:
• The team can trust a leader and will be dom-
inated by his conduct or just the contrary, it 
can be influenced by the less motivated.
• Engagement can decrease with the difficul-
ties a team may face.
• The PBL approach has not yet found its place 
in the legislative framework of Tunisian high-
er education.
  All in all, the PBL pedagogical approach has 
helped students become more committed es-
pecially with their choices. It cuts away the 
classical feedback-based approaches which 
are no more useful. As the results have 
shown, its efficiency has become quite stun-
ning when practiced in the FabLabs.

4.4. Interpretation.of.the.results
For students it is clear that the current ap-
proach is much better than the classic ap-
proach. To be more objective, we will recall 
the other parameters of the survey. The vol-
untary autonomy of most of the students 
was outstanding. More than 72% of students 
claimed meeting the teacher for only 4 times 
at most throughout a full semester. We have 
found that students can perform better if the 
teacher rather plays the roles of a guide, a mo-
tivator, a facilitator and a mediator, instead 
of a ‘tutor’. In this case the students feel chal-
lenged and empowered which enables them 
to release their full energy.
We noticed that the more the students are at 
the origin of the project, the better results 
they achieve. Indeed, of the 72% of the stu-
dents that have dealt with their own ideas, 
80% of projects were good or even excellent.
The results indicate that over 85% of projects 
are above average, over 50% are good projects 
and 29% are even excellent ones. These per-
centages have never been reached by these 
students whether for the same module in the 
first semester or for the other practical mod-
ules of the same semester.

5. Conclusion
Our study was based on a comparison be-
tween the classical teaching method and proj-
ect-based learning and more particularly the 
teaching of practical technical modules in 
FabLabs or any other similar forms of space 
with a project-based approach. “Industrial In-
stallations” and “Industrial Processes” in par-
ticular are very suitable modules for this ed-
ucational approach since finding a project in 
the industrial field that meets the objectives 
of the subject seems to be a fairly easy task 
for the students.
Freeing themselves from all obstacles of time 
and space and finding themselves faced with 
their own project and situations that they 
themselves have conceived, can act as a mo-
tivation for students to prove their ability to 
develop a project from the idea to the achieve-
ment.
The innovation lab, despite being in the pro-
cess of being furnished and not yet ready, may 
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Abstract...
In the field of the automation industry, the develop-
ment of a specific machine or an automated project 
is carried on through a series of stages that allow 
the automation engineers to successfully accom-
plish their tasks. In Addition, the industry aims to 
improve overall quality in projects by involving up-
grades in such machines. To be in phase with expec-
tations of the industrial part, the concept of design 
thinking is considered in this work.  the concept is 
an innovative method that places creativity at the 
center of the process. It is based on a more pragmat-
ic view of a problem by promoting the rapid proto-
typing of solutions.
The aim of this work is to apply design thinking to 
produce relevant and effective solutions for Bottle 
Packaging Machines in order to fully automatize it. 
The project has been realized by students in cooper-
ation with the vegetable oils industry and backed by 
the university. Results have shown the relevance of 
the concept of design thinking in a learning project.
Keywords: Automation, Design thinking, Packaging 
machine.

1. Introduction
This study examines the importance of design 
thinking competencies in dynamic project en-
vironments. According to findings a lack of 
communication, the inability to understand ob-
jectives, and the inability to manage industry 
expectations are the key reasons for project fail-
ure. The diagram below (compare Fig.1) shows 
the principal stages (empathize, define, ideate, 
prototype, and test) of the design thinking tool. 
Design thinking is an innovative approach fre-
quently used to solve complex problems, uncov-
er hidden needs, and develop more desirable 
solutions by adopting a collaborative user-cen-
tered approach [1]. Hence, a growing number 
of industrial companies have involved design 
thinking to develop sophisticated products and 

services. W. Tushar et al. [2] have introduced a 
design innovation (DI) approach that considers 
design thinking techniques as well as desirabili-
ty and empathy to establish a sustainable smart 
energy system for buildings. V. Malele et al. [3] 
illustrate how design thinking could be applied 
to align the Science, Technology, Engineering, 
Agriculture, and Mathematics (STEAM) curric-
ulum towards the expectations of the fourth In-
dustrial Revolution.  Malele et al. present a proj-
ect which was executed with students engaging 
in designing and building automated plant 
watering/irrigation systems using any wire-
less-based solutions. M. Lynch et al [4] have con-
ducted a study of the relationship between tech-
nology and entrepreneurial education through 
design thinking. In this context, they found that 
in order to bridge the gap between science and 
engineering education they will have to educate 
their students by upgrading their skills to inno-
vative industry standards, Therefore, introduc-
ing design thinking accordingly has been giv-
en increasing attention both in practice and 
research [5]. 

Fig. 1 Design thinking process
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2. Design. thinking. and. automation.
project
2.1. . Architecture. for. Industrial. Auto-
mation.Systems
The emergence of the Industrial Internet of 
Things (IIoT), allows reconsidering many 
traditional notions in relation to industrial 
automation systems.  Broadly speaking, the 
topologies are based on technological consid-
erations. As shown in Fig. 2, the information 
and communication side of existing industri-
al automation control systems are tradition-
ally divided into the shape of a “Pyramid” 
following the ISA-95 standard. In the ISA-95 
pyramid, five layers are defined from top to 
bottom including enterprise resource plan-
ning (ERP), manufacturing execution sys-
tems (MES), supervisory control and data ac-
quisition (SCADA), the controller (PLC), and 
field-level (sensors and actuators).

that you ask, ask, and ask. If you have the 
slightest doubt, ask the right person (Opera-
tor, technical manager, engineer…). 

Define: Explore and define the parts which 
are concerned for upgrades. The methods 
used for this purpose include user activity 
diagram, personas, behavior-based frame-
works, a hierarchy of purpose and system 
functional modeling.  

Ideate: Generate ideas and questions to ask, 
to solve the design thinking problem in re-
lation to parts of the project. There are a 
host of techniques used in this stage such as 
mind-mapping which is an ideation method 
that is analogous to human memory. Further-
more, we can use C-Sketch as a graphical, 
team-based ideation technique for creating 
refined solutions to design problems and op-
portunities. In addition, design by analogy is 
an efficient process of transferring solutions 
through different design domains. 

Prototype: Realize an inexpensive scaled 
down sample version.

Test: Rigorously try and test the solutions.

3. . Case. study:. Bottle. Packaging. Ma-
chine
3.1. Presentation.of.Problem
With the currently existing semi-automat-
ic machine for bottle packaging, companies 
have the problem that carrying out the cash-
ing operation manually or semi-automatical-
ly disrupted efforts to expand production and 
increase profits. The purpose of this study is 
to define a solution that makes it fully auto-
matic by application of the design thinking 
concept. In the following subsections the De-
sign Thinking methodology will be applied 
(compare 2.2).

3.2. Empathize
To be empathic towards the users of the exist-
ing machine, several methods were applied. 
First of all, the students observed the bottling 
machines in their “natural environment”. 
Then, during the working sessions they ob-

Fig. 2 ISA-95 Architecture for Industrial Automa-
tion Systems

2.2. Design.thinking.in.Automation.sys-
tem

There are two ways to establish design think-
ing DT in an automation system. The first one 
includes DT from the outset and the other 
way focuses on upgrading an existing system 
or machine, which is the case in this paper. 
Therefore, we will now present the distinct 
stages of DT in relation to developing an auto-
mation system.

Empathize: You will have to know all the fea-
tures that the special machine will have to 
integrate. For this it is of utmost importance 
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served the machines with their team in order 
to capture the reactions as they go. Addition-
ally, they have conducted interviews with dif-
ferent members of the team about the diffi-
culties that they face. Another interview was 
carried out with the manager to define what 
his precise needs comprise. The students then 
prepared a document about the situation of 
the machine which included technical parts, 
historical repairs, etc...

3.3. Define

After using a user activity diagram, the stu-
dents have defined the necessary major up-
grades to be:
- Automate the cashing operation.
- Scale back working time and costs by im-
proving mechanical parts.
- Increase the feasible amount of production.
- Improve efficiency.

3.4. Ideate

At this stage, students have developed ideation 
through the mind mapping method (compare 
Fig.3). They have presented solutions in rela-
tion with mechanical parts, sensor and detec-
tion, the controlling part and the IHM part.

3.5. Prototype
Students have realized a full 3D design of the 
bottle packaging machine with CAD software 
containing a real simulation of the process 
(compare Fig. 4). The controlling part of this 
concept was realized through Siemens S7-
1500 PLC. Then they continued with design-
ing an interface IHM with Win CC Flexible 
Engineering System (compare Fig.5). 

Fig. 3 Mind mapping method 

3.6. Test
The test was successfully realized first in 
form of a simulation at the university and was 
then transmitted to the industry. 

4. Conclusion
All in all, this study has shown the impor-
tance of design thinking competencies in 
automation project environments. The suc-
cessful application of our upgraded bottle 
packaging machine (upgrading it to be auto-
matic and connected) reveals that adopting a 
user-centric and holistic approach is momen-
tous for the innovative industry.  Further-
more, it demonstrates that design thinking is 
applicable in pedagogy and that its use at uni-
versity may diversify the teaching/ learning 
process.

Fig.4 Bottle packaging machine

Fig.5 IHM for the packaging machine
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Abstract..
Temperature control is still a theoretical approach 
in our study plan. On the other hand, the industry 
lacks efficient techniques to control an industri-
al dryer. The idea is to realize a test bench which 
touches the previously mentioned fields.
Keywords: Thermal behavior, Test bench, 
multi-control system.

Introduction
Drying is an operation that removes some of 
the solvent (usually water) from a body, by va-
porizing the solvent. The product then passes 
from a “wet” state (liquid or solid) to “dry” [1]. 
The choice of the drying technique is import-
ant because it consumes energy to then pro-
vide the latent heat of evaporation [2]. Today, 
industrial hot air drying is the most common 
method. There are numerous methods of hot 
air drying, depending on the relative direc-
tion of circulation of the air and the product 
[3]. 
This article proposes a design and realization 
of an industrial dryer used as a thermal test 
bench. The system presented is a multivari-
able system of MISO type. Another challenge 
is to provide appropriate control over the sys-
tem.

Thermal.test.bench.design
The thermal test bench design is constructed 
of an industrial air-drying system which is 
used to reduce humidity. It is a didactic bench 
which serves to familiarize the students with 
the thermal field.
The thermal test bench is composed of a mo-
tor (blower) which is controlled by a variable 
speed drive VSD. The air flow passes through 
a pipeline equipped with three heating resis-

tances controlled by SSR relays. A Pt100 probe 
is placed at the end of the pipeline (compare 
Figure 1). 

The resistance of Pt100 is expressed as fol-
lows:

Where R0 represents the resistance for T=0°C 
and α sensor thermal sensitivity.
The system is controlled by Siemens 
PLC S7 1200. A transmitter is wired to 
the Pt100 probe to get a voltage image  
[0 10V] of temperature.
The test bench presents an open-source facil-
ity where the system could be controlled by s7 
1200 PLC or by a temperature controller AS-
CON type KR3-HCIRRD.
This controller is already wired to Pt100. In-
deed, this controller has two outputs and 
plays two main roles:

1. Transmitter by converting the resis-
tance output of Pt100 to voltage image (1st 
output).  The converted voltage is wired to the 
PLC analog Input.
2. Local controller by reading the actual 
temperature value and releasing PWM signal 
(2nd output). This output could be wired to 
the SSR Relay.
The PLC CPU is 1212 having 3 pwm outputs 
and two analog inputs.

 Fig.1. Test bench design.
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Controller.structure
Within the controller structure of the design 
the focus lies on temperature control which 
can be monitored by three types of control-
lers: 

• Hot controller: Maintain a fixed motor 
speed Ω (constant air flow) and vary the 
temperature by a PWM signal to the SSRs 
vary the heating resistance power.

• Cold Controller: Maintain a fixed heating 
power WR and vary the air flow. Here we 
are dealing with a reverse effect regula-
tion: the increase of air flow causes the 
decrease of temperature because the air 
in circulation will not have enough time 
passing through the resistors.

• Mixed Controller: of previous control-
lers by SSR and variable speed drive: 
multi-variable system with two inputs and 
one output (MISO).

In the following sub-sections, we will shed a 
closer look onto the application of tempera-
ture control under the use of no controller 
(open loop) and under the simultaneous appli-
cation of multi-controllers.

Open.loop
In the open loop, we start the system by giv-
ing the SSR relay 50% as a heating set point. 
Then we start the blower by giving 50% to the 
VSD. We observe that the system ś response 
indicates that there is an instable zero. In-
deed, the temperature slides a little before 
rising to the final value. Within the open loop 
the system remains stable.

Multi-controllers
When integrating our three types of control-
lers which we outlined at the beginning of 
this section, we get the following controller 
architecture (compare Figure 2):

Within this architecture the supervisory 
switching approach designates the desired be-
havior of the system by controlling:
• Optimization of thermal consumption UH
• Speed of convergence to a desired state UC
• Combination between the two concepts 

UM

For the Mixed UM control two strategies can 
be introduced:

Switching Controls: 

Fusion Controls:

Conclusion
In this paper a didactic thermal bench has 
been realized. The multi-controller structure 
is developed depending on the identification 
of the dynamics of the open loop and regard-
ing a supervisory layer. The behavioral study 
of the system is developed by the GEMMA 
tool. The existing system in the laboratory of 
automatism illustrates the practical sessions 
of temperature control (compare Figure 3).

 Fig.2. Controller architecture.
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Fig.3. Real Dryer 
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Abstract..
In this paper, the authors present an innovative 
approach to the integration and motivation of stu-
dents in technical education. An approach based 
on the concept of “Steven Covey’s Seven Habit” [1] 
to match modern teaching methods [2] as flipped 
classroom and learner-centered teaching and by 
orienting these approaches towards the effective-
ness of learning addressed by cognitive neurosci-
ence.
After an in-depth evaluation of the practical 
teaching at the level of the Department of Me-
chanical Engineering a gap was detected between 
the objectives and the reality of the skills acquired 
by the students. To make up for this gap and to en-
sure the correct perception of technical and tech-
nological concepts, a work team put a strategy in 
place to address all practical and theoretical gaps 
and to ensure student engagement in practice ses-
sions and theoretical course sessions.
The goal was to simultaneously develop both tech-
nical and life skills or 21st skills defined by “World 
Economic Forum” [3]
Keywords: competency, initiative, motivation, Em-
powering, Teaching Process, competence-based 
approach, Cognitive neuroscience, Lifelong Learn-
er, Learner-centered teaching.

1. Introduction
During the last decade, the field of new 
technologies such as mechatronics,  
robotics and automation, teaching access to 

skills was based on the learner’s ability to 
use hybrid sciences. Hybrid sciences within 
this context are understood as combined sci-
ences such as mechatronics, which requires 
mastery of the concepts of mechanics as well 
as computer science and electronics. To con-
trol a flexible production cell or a robot in a 
practical work session, the student must call 
upon a mental presence and technical skills 
as well as great social and emotional intelli-
gence. The student requires these skills so 
that he can coordinate with his coworker’s 
team members and carry out all the tasks re-
quired and succeed in innovating or creating.
Internal studies [4] at the ISET Beja  have 
shown a lack of personal motivation, critical 
thinking, problem-solving skills and most 
importantly self-training and peer training 
(training among students).

Furthermore, empowering students [5] in 
technical fields is not a simple task but re-
quires a lot of work and research. Profes-
sionalizing teaching and especially using the 
project-based approach requires the teacher 
to have a capacity for rapid evolution so that 
he can succeed his mission. Teaching in a tra-
ditional way using mock-ups and having stu-
dents perform repetitive tasks only creates a 
routine and demotivates the group. This pa-
per presents a learning approach using cog-
nitive neuroscience techniques paired with 
the approach of soliciting targeted areas of 
the brain to develop intelligences demanded 
by this evolution (Solicit social intelligence). 
To create, for example, a constructive syn-
ergy between students and an interdepen-
dent and enriching communication, teachers 
should prepare a scenario using the teaching 
methods and the learning pyramid to vary the 
learning channels among students.

Moreover, rapid technological change re-
quires a synchronous evolution of human in-
telligence, computers and the machines used. 
Technological change invites teachers to cre-
ate intuitive learners and to solicit the sense 
of initiative, innovation, and creativity in 
them. 

How can learning channels be valued in the 
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teaching process? How can we create and/
or improve the motivation to learn and un-
derstand? How do we enhance the students’ 
sense of innovation and creativity? What is 
the relationship between cognitive neurosci-
ence and technical education? How can we 
exploit the interactions of learning methods 
and intelligences to make our students intu-
itive learners? How can we prepare life-long 
learners(LifeLong Learner 3L)?

This paper is organized as follows: 
Section 2 provides a bigger picture of how 
people learn with a particular focus on the 
applied learning process.

Section 3 then presents a synthesis of the in-
ternal evaluation of ISET Beja, carried out 
according to the AQIUMED framework of the 
second field: Training. 

Section 4 provides the method adopted for the 
modernization of the teaching of mini-robot-
ics projects to target not only technical skills 
but also life skills. 

Section 5 summarizes the impact and results 
of the new approach and finally section 6 con-
cludes the paper. 

2. Education.and.learning.process
According to the National Research Council 
NSC and the Committee on Developments in 
the Science of Learning, the retention rate of 
what has been taught depends on the method 
of learning that used these results as well are 
related to the learning styles of the students. 
The most effective method is one that meets 
the needs of all learning styles and enables 
the active and effective participation of all 
students. It is therefore important to know 
how to improve learning methods that al-
low maximum retention for all students. The 
pyramid below (compare Figure 1) illustrates 
learning methods based on the retention rate 
for learners. [6 & 7]

Fig. 1. The learning Pyramid, Knowledge reten-
tion rates [9]

Many authors say that retention rates, are 
really related to learning methods, however 
even methods with low rates are important 
and necessary in the learning process. That is 
the reason why it is important to renew ped-
agogical methods and work with active peda-
gogy without neglecting reading and passive 
methods that develop solitary, auditory, visu-
al intelligence, sense of comparison and criti-
cal thinking. [7 & 8]
Pedagogical methods are designed to develop 
and improve intelligences, enabling the learn-
er to gain knowledge. But are all the methods 
applicable to all types of learners? Of course 
not. Consequently, we must find the perfect 
combination to reach the maximum intelli-
gence for most learners.
According to “How People Learn” [6], we use 
more cognitive space in our brain when we 
learn a new thing/method/process, name-
ly the prefrontal cortex, the parietal cortex, 
and the cerebellum. However, once the skill is 
learned, only one area (called the motor-sen-
sory cortex) will be used to perform what 
has been learned. This means that learning a 
new thing takes much more time and energy 
than remembering it. As a consequence, the 
teacher must work with the brains of the stu-
dents. The research suggests that the teach-
er should divide the information into small 
pieces so that it is compatible with working 
memory and long-term transfer. Telling stu-
dents something new is not enough to retain 
or understand. Teachers need to be involved 
in guided instruction while students are en-
gaged in productive group work.
This does not mean that we rely solely on di-
rect instruction and simply telling students 
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what they need to know. On the contrary, we 
need to guide students to new levels of under-
standing and ensure that they have a multi-
tude of opportunities to practice and use this 
information so that it moves into long-term 
memory and can then be accessed by the 
working memory without the constraints of 
the number of elements that can be used [9 
and 10]. We can conclude that: 

• Research clearly shows that we learn best 
when one actively participates in observing, 
speaking, writing, listening, thinking, draw-
ing, and doing.
• Learning is consolidated when a person sees 
the potential implications, applications, and 
benefits of what is learned.
• Learning builds on knowledge already ac-
quired even if it is false.
• Learning is built when knowledge is pre-
sented in small pieces to be compatible with 
working memory. This is called the teaching 
scaffolding method that reduces the demand 
for work memory and facilitates long-term re-
tention. [5]

3. Results.of.the.internal.assessment.
As part of the continuous improvement of 
ISET Beja and the training, an internal au-
dit with an assessment according to the AQI-
UMED standard was established in March 
2020. The students interviewed are almost 
equally divided between female and male 
(compare Fig. 2.) and originate from the three 
specialties taught at the ISET Beja (Mechani-
cal Engineering, Electrical Engineering and 
Computer Science) and from the continuing 
education (compare Fig. 3.).
By including all three departments at a con-
sistent percentage (~ 30%), we further elimi-
nated the possibility of mistaking a specialty 
problem for a more generally concern of stu-
dents (compare Fig. 4).

Fig. 2. Gender 

Fig. 3. Percentage of students interviewed by de-
partment

Fig. 4. Percentage of educators interviewed by 
department

When looking at the results of the interviewed 
students we find that although 37% of stu-
dents are quite satisfied with their teachers´ 
ability to explain the course, 29% of students 
are dissatisfied and 20% of students even sub-
mitted that they are not at all satisfied with 
the teaching methods used. Nevertheless, 
students additionally submitted that they do 
not find it difficult to communicate well with 
their teachers.
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As for the competency of the teachers, 40% of 
the students are convinced by their teachers´ 
expertise however, students additionally con-
sider 51% of them to be dispassionate about 
the subjects taught and 41% of students think 
that the objectives of the course are not met.

When asking the students about the organiza-
tion of the course and about their degree of 
accompaniment, 37% say that they are quite 
satisfied and 29% admit they are dissatisfied. 
In the face of this problem, teachers should 
make use of certain active teaching methods 
to give students the opportunity to be better 
directed and accompanied.

The modules and subjects taught at the level 
of each specialty represent a basic reference 
of the quality of the training perceived by the 
students. The latter are mixed as to their de-
gree of satisfaction with each measurement 
criterion. Indeed, most students are (very or 
fairly satisfied) with the homogeneity and co-
herence between subjects and modules (58%), 
the hourly volume (51%) and the completion 
rate of modules (54%).
On the other hand, 72% of teachers inter-
viewed confirmed that students’ concerns 
are: (compare Fig. 4.).    
- Lack of initiative and total absence with 
worrying laziness
- Communication issue 
- Concerns about writing and clarity of ideas
- Total dependence on the teacher, always wait-
ing for the recipes ready to carry
- Huge lack of student motivation
- No future projection
- They are not aware of the objectives of the 
modules or their usefulness in their training.

However, teachers and students are divided 
between little and no satisfaction with the 
other criteria and more precisely regarding 
the overload of modules, the materials avail-
able and the state of the rooms. This requires 
considering the layout of rooms in poor con-
dition and upgrading existing equipment at 
the institutional level.
However, both teachers and students are dis-
satisfied with the content of the modules and 
think they are quite cumbersome hence coor-

dination among teachers to better target the 
parts that need to be taught will allow for bet-
ter understanding and therefore selective dis-
cernment.

Teaching at ISET Beja seems to cover all 
the required aspects. However, a reflection 
shared by the students remains to be led on 
the harmonious integration of other comple-
mentary training, allowing the students to en-
rich their training and life skills. In the same 
sense, the students strongly expressed their 
desire to consider the possibility of finding 
a solution for the improvement of teaching 
methods and working with teachers as teams. 
Which methods can give them the opportuni-
ty to better understand and learn? Moreover, 
another very important part students and 
teachers have confirmed, the need to direct 
all mid-project and practical sessions to real 
case studies inspired by industrial problems 
has to be addressed and resolved.

4. Improvement.method.
When referring to the bibliographic study 
and especially the internal evaluation of ISET 
Beja, we recognized that in order to meet the 
needs of educators and students, the institute 
has to improve connectivity between the three 
elements of the learning triangle (Knowledge, 
educator, learners). Hence, it is necessary that 
the educator work on the development of two 
parts, namely technical skills and life skills.

4.1. Empowering.to.success.and.self-re-
flection
To improve the sense of belonging and to 
strengthen the motivation and personal ini-
tiative of students, it is necessary to:
• Act directly on their paradigms and en-
courage them to reflect on themselves and to 
adopt their attitudes positively.
• Raise awareness to adopt a positive and ac-
tive learning attitude
• Motivate students to embody the concept 
of empowering with the primary goal of de-
veloping the skills of tomorrow (skills for fu-
ture).
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To meet these objectives, a strategy, based on 
a concept of comparison, has been developed. 
Two pilot groups of mechatronics specialties 
will be formed in ‘Empowering for success’, 
following the concept developed by Saloua 
Saidane Rezgui.
Professor Saloua Saidane Rezgui created his 
approach to ameliorate the Tunisian educa-
tion system and to create lifelong learners, 
based on his Tunisian training and his exper-
tise as a professor of higher education in the 
US. The concept developed by Prof. Saloua is 
inspired by the approach of Steven Covey and 
The Landis Ray Component. Furthermore, 
his concept aims to create an awareness 
among learners and educators of the need to 
change their paradigms to improve the level 
of learning using modern and targeted teach-
ing methods and universal values (compare 
Fig. 5. & Fig. 6.). The method is based on a 
horizontal relationship and win-win spirit. 
The goal is not to change students but to in-
vite them to get to know each other and to de-
liberately work on themselves to renew their 
perceptions and paradigms about themselves, 
others and about life.

Only two groups MT2.1 and MT2.2 will be 
trained in empowering during the second 
year of mechanical engineering (compare Ta-
ble 1).
In the third year of mechanical engineering 
(four groups MT3.1, MT3.2, CFM3.1 and MI3.1) 
the students have technical projects (compare 
Table 2) during which we will test the rate of 
autonomy, motivation, and initiative by using 
a new approach to animate the sessions of the 
practical work.

Fig. 5. Curriculum, The Student Course, Saloua’s 
Approach 

Fig. 6. Personal Growth, The Landis Ray Compo-
nent

4.2. The. mini-project. and. teaching.
methods
The Mini-Project 4.1 subject constitutes the 
constituent element of an optional teaching 
unit (E.C.U.E.O)    for students in the third-
year Mechanical Mechatronic Course classes.
The project contains 42 hours of practical 
work at a rate of 3 hours per week. The work 
proposed to the students involves the design 
and realization of a robot.
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The.old.method.of.teaching.mini-projects:
This version of teaching concerns students who 
have not participated in the preparation for the 
programmed success in the second year. During 
the first session, the work teams are formed, 
and specifications are provided to the students 
for the following topics:
• A robot following lines 
• An obstacle detector robot
The four groups then select one topic from the 
two proposed topics with the following project 
stages:
• Bibliographic research 
• The needs analysis by analyzing the specifica-
tions and determining the requirements of the 
design and implementation
• The 3D designs 
• Actuator control after signal acquisition and 
processing 
• Writing an activity report 

Furthermore, teachers avoid giving recommen-
dations for grouping, assignment, and work 
planning.

The students are evaluated by three criteria, 
namely 3D/2D Design, Programming and Actu-
ator Control and Report (compare Table 3). 

The idea is to stimulate the specific in-
telligence of each student involved in the 
mini-project work. To join the aim of this ob-
jectives, we must diversify the type of work 
planned. Hence a list is proposed to the stu-
dents, containing different types of robots 
such as a robot driven by multifilament mus-
cles, a pizzaiolo robot, a welding robot and a 
dancer robot. 

• Originality.and.diversity.of.work: 
The mechatronics student is invited during 
his training course to learn mechanical de-
sign, programming, and control. The design 
and realization of a robot in this mini proj-
ect, therefore, requires students to leverage 
acquired skills by adopting a hybrid multidis-
ciplinary approach combining the use of me-
chanical engineering, electrical engineering, 
and computer science).

• Diversity.and.complementarity.of.roles: 
Based on cooperative learning, students are 
divided into groups. The cooperative learning 
method involves putting students in groups 
so that they work together to understand 
and learn. Student groups are generally com-
posed of a maximum of two to six members. 
The grouping is heterogeneous in relation to 
the characteristics of the students and their 
learning styles. Group members share the 
different roles of learner and teacher and in-
terdependently achieve the group learning 
objective. At the start of the practical work 
phase, students are invited to share doable 
tasks considering the skills of each team 
member. All group members play their part 
by leveraging their strengths whilst simulta-
neously learning from others. Consequently, 
all team members develop, improve, or per-
fect, all facets of their intelligence. The meth-
ods´ aim is to concurrently develop technical 
and social skills by promoting the cohesion 
and harmony of the group. Furthermore, this 
method teaches to respect individual opinions 
and to learn from others. Hence, this concept 
provides a methodology that allows students 
to evolve their intelligence, develop their crit-
ical thinking, and refine their communica-
tion skills. [5]

The.new.learner-based.method
The objectives, referring to the newly set 
curriculum “Third year of mechatronics: 
Mini-project 4.1” define that the student must 
be able to:
• prepare specifications for a robot
• 3D Design a robot
• handle sensors signal acquisition and elec-
tronic card programming control an actuator
• write an activity report
• present the work in front of a jury

To follow the evolution of the student’s in-
volvement in the learning process, the target-
ed competencies are specified to be communi-
cation, emotional intelligence and teamwork.
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Practical. working. sessions. with. the. new.
method:
The work of this mini project took place for 
14 weeks, with the last two weeks reserved for 
the writing of the report and the presentation.
• The first.session is dedicated to the presen-
tation of the general theme of the mini-project 
and to set up the working teams for a group of 
16 students.
This step can be done randomly by passing 
through the students and numbering from 1 
to 4 and then forming the team made up of 
members with the same number. [5]
Furthermore, it is recommended that the 
teams choose the team spokesperson to pres-
ent progress and reports, the student respon-
sible for graphic design (graphic designer) 
in 3D (CATIA, SW, etc.) or 2D, the student 
responsible for taking notes and remarks as 
well as the student responsible for time man-
agement.
• During the second. session, the students 
then discuss the content of the mini-project 
specifications, considering the time allocated 
and the bibliographical research carried out. 
At the end of this session, the project`s Gantt-
chart is prepared for each team.
• In.the.third.to.the.sixth.session.the students 
finalize the mechanical design of the robot in 
3D and the technical projection in 2D. Within 
this context, it is recommended to allow stu-
dents to present their skills to allocate time 
for presentations of kinematic animations 
and graphic designs of the robot.
• Within. the. seventh. to. the. twelfth. session: 
students must choose an actuator, a sensor in-
stalled in the robot. In the following the stu-
dents first program the acquisition and the 
processing of the sensor signal and then con-
trol the actuator.
• As.mentioned.earlier,.the.last.two.weeks.are.
reserved.for.the.writing.of.the.report.and.the.
presentation.. Therefore,. in. the. thirteenth.
session the students discuss the contents of 
the activity report, taking into consideration 
the written notes. 
• Lastly, in the fourteenth meeting, the stu-
dents present their project. The presentation 
is supposed to last 15 minutes per group. Fur-
ther, it is strongly recommended that all stu-
dents contribute to the presentation. 

Students are then assessed according to a host 
of criteria, namely the 3D/2D Design, Pro-
gramming and Actuator Control of the proj-
ect, the degree of teamwork & synergy within 
the group, the quality of their report as well 
as the presentation and consistent interven-
tions from all team members (compare Table 
4.). 

The components, teamwork, synergy and 
harmonization of responses, invite students 
to consolidate their teamwork and to develop 
the competence of all team members without 
exception to achieve the previously defined 
goals. 

Motivation.and.sustainability:
To motivate the teams a competitive spirit 
with long-term projections of the projects is 
defined.  This long-term projection state that 
the first three teams will win the following 
price:
• Personalized follow-up and intensified su-
pervision for the completion of the work and 
the realization of the robot in the innovation 
laboratory (Innovation LAB) during 4 weeks 
of internship. 
• Personalized support by specialized teach-
ers, for the realization of prototypes using 
conventional and CNC machining machines, 
shaping, construction and three-dimensional 
metrological control in mechanical engineer-
ing department workshops 
• Additionally, the teams will be involved in 
the procurement process of specific compo-
nents 
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cess”, then adapt new methods to conduct the 
practical work sessions to solicit the updating of 
student paradigms in regard of adopting team-
work ethics and acceptance of each other. This 
participatory approach aims not only at the 
amelioration of technical skills but also at rais-
ing awareness to continually self assess, build 
self-confidence and self-esteem.
It is true that the official program of the partici-
patory approach defines the technical skills that 
should be acquired. However, it also contains a 
list of future skills that students should attain., 
This list is set by the World Economic Forum [3] 
and entails the following skills:
• Analytical thinking and innovation
• Active learning and learning strategies
• Complex problem-solving
• Critical thinking and analysis
• Creativity, originality, and initiative
• Leadership and social influence
• The use, monitoring and control of technology
• Technological design and programming
• Resilience, stress tolerance and flexibility
• Reasoning, problem-solving and ideation

This paper developed a qualitative analysis, to 
find reliable and realistic results for the tech-
nical teaching at ISET Béja. However, it is nec-
essary to further deepen the analyses and to 
conduct quantitative analyses. In addition, the 
students’ sample should be expanded and the 
work on the three departments should be con-
tinued to further test the students’ ability to 
adapt. By persistent analyses, the difference 
between courses and specialties in terms of re-
sponses to the methods will become visible.

5. Impact.and.results:.
The assessment is conducted throughout all 
sessions since observing the learning groups 
in action allows the teacher to effectively evalu-
ate the students’ work and their understanding 
of the objectives set by the program.  Through 
monitoring the students’ behavior during their 
group work, the teacher gains the opportunity 
to intervene if necessary to correct mistakes as 
well as things misunderstood by the students. It 
also enables students to reflect on and to evalu-
ate themselves and others.
Hence, this process allows for:
• face-to-face interaction and therefore the facil-
itation of communication.
• individual responsibility.
• appreciation of group effort through an assess-
ment grid that highlights the interdependence 
in teamwork
• the development of all intelligences.
• reflection, evaluation, and continuous im-
provement.
• the development of the student’s involvement 
through diverse topics and flexibility in the re-
alization of the work by allocating time to per-
sonal initiatives of design and animation 2D/3D

Furthermore, by closely examining the work-
ing groups, this approach provides the learners 
with the opportunity to:
• engage in an activity that forces them to reflect 
on ideas and how they use them
regularly assess their own level of understand-
ing by applying new concepts to solve problems 
and obstacles encountered (this process is also 
called “metacognition “[6])
• acquire knowledge by participating or contrib-
uting; engage mentally, and often physically, in 
activities that lead them to gather information, 
reflect and solve complicated problems [10]
• experience peer training
• accept the difference of others
• develop a sense of sharing and collective suc-
cess

6. Conclusion
In the scope of this paper the authors present 
a participatory approach for the development 
of knowledge of students. The first steps are to 
train teachers in “empowering students to suc-
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Abstract.
The automatic routing technique has developed 
considerably in many industrial disciplines (Agri-
food, pharmaceutical, aeronautics, etc.), but it was 
not considered in the health sector, specifical-
ly the sterilization of medical devices. However, 
while manual routing has its advantages, it is not 
a risk-free act. During their transportation after 
each operation, the medical devices used undergo 
microbiological contamination increasing the risk 
of transmission of an infection and with non-com-
pliance with ergonomic standards as a result the 
sterilization department agents risk several dan-
gers. The present project aims to develop an au-
tomatic machine for transporting medical devic-
es and to improve the quality of the disinfection 
process whilst protecting staff. The development 
of this machine will ensure the quality of its de-
livery process and close disinfection by improving 
delivery time, reducing the risk of contamination, 
and protecting the health of medical staff. In or-
der to complete the development of the machine, 
it was essential to start with examining the steril-
ization’s conditions at the Cartagena Hospital Cen-
ter. Then, a very deep functional analysis of the 
machine was carried out, followed by a study to 
choose the different elements of the final concept 
and eventually the machine’s design.
Keywords: Robot Transporter, Sterilized Material, 
Contamination, Disinfection

1. Introduction
Being aware of the problems and risks caused 
by the manual transport of equipment, mate-
rials and tools used in the operating room of 
clinics and hospitals, we had the idea of devel-
oping an automatic machine to transport bins 
as well as surgical and medical equipment 
containers after each operation. 
This project was implemented in the health 
sector and enabled us to design and automate 
a biomedical sterilization system. We first 
tried to understand the sterilization process 
which consists of destroying various micro-
organisms (bacteria, viruses, fungi, parasites 
...) that are present on a material medium. 
Sterilization is obligatory for all medical and 
surgical equipment, (such as compresses, 
wicks, materials used for the injection of me-
dicaments, for the installation of eye drops 
or at the skin incision, etc.) to be used under 
strict aseptic conditions. 
A specialized team equipped with protective 
materials (gloves, bibs etc.) has the responsi-
bility to transport the bins and containers of 
the surgical and medical equipment used af-
ter each operation to the laundry service to 
sort, wash and disinfect   materials. 

2. Technical.and.current.state

2.1.. The.Sterilization.Process
After sterilization, the probability of finding 
a non-sterile object is one per million, partial 
sterility does not exist. A device that has just 
been used for a patient must first be predis-
infected at its place of use, then washed thor-
oughly, dried, checked, conditioned, steril-
ized, and then redistributed after validation. 
All these steps take a minimum of three and 
a half hours. 
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In the sterilization department of the Hos-
pital, a special team performs the following 
tasks:
• Making sure that containers and bins are 
present in the unloading desk 
• A hygiene officer manually loads the equip-
ment on a transport trolley (Overall size: 700 
* 480 * 900mm, load capacity: 25kg) present in 
front of the counter. (compare Fig. 4.)
• Transport of loads by the agent who pushes 
the trolley towards its destination.
• Manually unloading the bins and containers 
in the laundry area for sorting and control.

2.2.. Continuous. improvement. and. risk.
assessment
Referring to the PDCA method (Deming meth-
od) [11] (compare Fig. 3.), an analysis at the 
Carthagène clinic shows the significance of 
improving the process of transporting surgi-
cal equipment from the operating room to the 
sterilization and hygiene services. The cur-
rent process requires manual transport and 
includes interactions with hygienic agents, 
which increases the probability of direct con-
tamination by contact.
The design of an automated solution, to ad-
dress these concerns and to improve the 
safety of health workers, has been developed 
based on ISO 11737-2:2009 (Tests of sterility 
performed in the definition, validation, and 
maintenance of a sterilization process) [3,4], 
and on the standard of ergonomics and han-
dling of medical equipment and materials [8, 
9 and 10].
Within this concept, ergonomics aims to 
adapt working conditions of employees, to 
ensure health and comfort of the staff and to 
allow for high efficiency and effectiveness of 
work. The ergonomics aims are   , therefore: 
a balance between constraints and resources.

3. Identification. of. needs. and. con-
straints
At first, by using qualitative methods, we dis-
covered the importance of the product for the 
customer. Further, we then integrated this 
gained knowledge to establish the list of re-
quirements which will be used to develop the 
basis of the trolley transport system by two 
rails.
The two qualitative methods used are:
• The interview with the head of served ster-
ilization of the Cartagena Hospital Center Tu-
nisia to describe his needs related to the ma-
chine. 
• The different problems of manual routing in 
the different clinics in Tunisia.

Fig. 1.  Sterilization Process

Fig. 2. Trolley with load capacity 25 kg
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All needs were scored from 1 to 5 and identi-
fied according to their importance. A score of 
1 corresponds to a need that is of little relative 
importance to the client. In addition, the need 
classes are: Base (B)1 , Performance (P)2  and 
Attractive (A)3 , according to the KANO meth-
od (compare Fig. 4.). This method is intended 
to help understand how the consumer assess-
es and perceives quality. 

Once the customer’s needs are clearly iden-
tified (compare Table 1.), it is necessary to 
determine the essential functions of the ma-
chine to tally these needs. The functions of 
the machine were found using the NETWORK 
method, the conversion of needs, and the 
Jobs-To-Be-Done method. In this stage, the 
formulation of simple functions is momen-
tous in order to keep user functions to a desir-
able level of complexity of concepts.
The functional approach, therefore, requires 
asking warranted questions about the objec-
tive or subjective expectations of future users 
as well as all the constraints of the environ-
ment or regulations to be respected.
To find the other functions of the product, the 
RESEAU method was used. RESEAU is a meth-
od for identifying, exhaustively and in a min-
imum time, the functions to be fulfilled by 
the machine. It consists of six phases, each of 
which makes it possible to detect part of the 
functions. All the functions result from the 
sum of the six methods:
• Intuitive search.
• Environmental review.
• Sequential Analysis of Functional Elements 
(SAFE).
• Examination of movements and efforts.
• Analysis of a reference product

Fig. 3. PDCA, Deming Method [11]

Fig. 4. Kano Method for satisfying customer 

1 The so-called basic mandatory requirements: 
as their name clearly implies, these are the 
re-quirements that cannot be dispensed with. 
Of course, customers may not notice them; 
however, they are essential to the operation of 
the product and must be present to ensure cus-
tomer satisfaction.

2 The stated requirements of performance: 
here, the needs and expectations of custom-
ers are clearly expressed, and their satisfac-
tion depends on the level of performance or 
quality of the product

3 The latent requirements called attractive: 
the needs are necessary here but may not be 
ex-pressed. It is creativity that must above 
all take precedence since it will be a ques-
tion of creat-ing a differentiating element 
that can surprise the customer. This is called 
the “happy sur-prise”. That said, his absence 
should not be a source of dissatisfaction or 
frustration for the customer
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• For this project, four methods were used: In-
tuitive Search, Environmental Review, SAFE 
and Motion and Effort Review. 

4. Solution.and.Design
4.1.. Process
In this part we will indicate, in an implicit 
and simple way, how the robot works and how 
it performs the different operations. In order 
to clarify necessary developments for the pro-
gram, we provided the ensuing program: 

• Call.for.the.robot’s.presence
After each surgery carried out in the operat-
ing room the agent must put the equipment 
and tools used in a dip tank and pick up the 
containers. He then opens the door of the sep-
aration window to put them on a special tray 
that will pass on a linear guidance. The pres-
ence sensor located under the tray will issue 
an instruction for the presence of a tray in the 
window with the precise coordinates that will 
initiate the operation of the system and the 
opening of the door of the window automati-
cally. 

• Triggering.the.robot’s.movement
The robot then receives the instruction of 
presence and location of the equipment and 
tools to be transported. It then moves to the 
destination received under a precise speed 
and stability. The robot will then travel the 
computed distance with the help of a distance 
measurement sensor that will indicate to stop 
the engine when the destination is reached.

• Loading.tools.on.the.anti-contamination.ro-
bot
A presence sensor detects the arrival of the 
robot, the system then automatically starts 
the motor of the rack and pinion system to 
move the electromagnet under the tray. As 
soon as the tray is detected in the loading po-
sition, the electromagnet snaps in to pull the 
tray onto handling balls which will help guide 
the tray onto the trolley.

• Unloading.tools.on.the.wash.station
 After placing the tray on the robot, the pin-
ion system motor stops and the displacement 

system starts to move the load to the wash 
station following the predefined path. When 
the destination is reached, the Rotary Tray 
Motor starts to rotate to 90°.When the Rotary 
Tray Motor stops the unload will activate as 
the load steps with the electromagnet enable 
reverse  . As soon as the unloading is success-
fully completed, the trolley returns to its rest 
location pending another control of the wick-
ets.

4.2.. Mechanical.Design
The mechanical system is divided into 5 inde-
pendent subsystems mounted together: 
• Load.storage.system:.
consists essentially of four parts, namely sep-
aration windows with adjustable pressure 
(existing), linear tray guidance of containers, 
containers and two counter doors (manual 
operating room door and automatic hallway 
door).

• Loading. and. unloading. system: composed 
of essentially of two parts, namely the rotat-
ing tray with handling balls (Compare Fig. 5, 
6 and 7) and an electromagnet loading and 
unloading System (Compare Fig. 8 and 9).

Fig. 5. Rotating table with handling balls

Fig. 6. Rotating tray
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• Displacement.system:
comprises fundamentally three parts, name-
ly the main wheel of the trolley (Compare Fig. 
10 and 11), the suspension roller and the guide 
rail (Compare Fig. 12, 13 and 14).

Fig. 7. The rotating system

Fig. 8. Electromagnet

Fig. 9. Rack and pinion system assembled with 
motor

Fig. 11. The upper part of the robot

Fig. 10. Lower part of the robot chassis

Fig. 12. Drive roller

Fig. 13. Roller
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• Intelligent.communication.system: 
This system is important from the user point 
of view, hence it is characterized by the easy-
to-use touch control with a color LCD screen 
(compare Fig. 15). This system simplifies the 
work of the operator when using the machine 
and it allows for the graphic visualization of 
information. Through its self-diagnostic sys-
tem, the control system constantly displays 
the parameters of the cycles in progress and 
the alarms to optimize the routing process 
and to customize the programs integrated 
into the device.

Fig. 15. Intelligent communication Systems

Fig. 14. Scraper

• Protection. system. (Personnel. and. Machine.
Components): 
consists of an obstacle detection system, an au-
tomatic shutdown, an emergency stop, electric 
and mechanical buttresses, and an emergency 
alert system that detects overload, rocking and 
malfunctions. 

5. Conclusion.and.perspectives
The development of the anti-contamination ro-
bot (compare Fig. 16) was to reduce the risk of 
contamination, of non-compliance with ergo-
nomic standards and to free the staff from te-
dious tasks. In order to achieve that, we went 
through several stages:
First, it was essential to start with a study of the 
state of the sterilization department of the Cart-
agena Polyclinic and the search for opportuni-
ties for the machine. 

Fig. 16. The anticontamination Robot
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Secondly, we had to track the current state and 
determine the causes of problems to help fix er-
rors and to satisfy the customer.
Thirdly, to discover the importance of the prod-
uct for the customer and to know all the fea-
tures of the machine, a functional analysis was 
performed and ordered in the form of a func-
tional tree.
In the last step, after having chosen the final de-
sign of the machine, a sizing study was carried 
out to select all the components of the machine. 
Furthermore, a description of the system was 
carried out to understand the operation of this 
machine and a 3D design on Catia V5 R20 was 
realized.
Overall, however, the concept of the contam-
ination robot was successfully developed and 
installed in the Cartagena clinic in Tunis. The 
solution validation phase was in close collabo-
ration with the relevant departments. The first 
phase of improvement was launched with the 
medical staff to test, detect all the points of pos-
sible improvement. 
However, the development of this robot requires 
further improvements that will be discussed 
later for automation, control and supervision. A 
clear idea requires technical development and 
realization using TIA Siemens in collaboration 
with specialists in mechatronics and automa-
tion. however, the improvement analysis is car-
ried out by the PDCA approach, the tasks will be 
defined in terms of specifications and divided 
into projects to assign them to the students. The 
Project Leader proposed that we work in the 
next steps with agile scrum to manage projects 
simultaneously, to better manage delays and 
ensure the quality of the deliverables.
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Abstract..
In this paper, authors propose a laboratory reha-
bilitation, aiming at both recovery of used and 
abandoned materials, along with the application 
of a new didactic approach based on the student 
contribution. The proposed project is applied to 
the Programmable Logic Controller (PLC) ad-
vanced programming laboratory mainly equipped 
by a VIPA-CPUs 214 DP mounted on a Profibus 
network. Authors expose software and materi-
als configurations steps, programming tools and 
tricks and an in-house touch panel configuration. 
The used didactic approach throughout the reha-
bilitation laboratory activities invites students to 
contribute in the didactic platforms’ installation 
and the development of student teaching booklets 
using a project-based learning method. Rehabili-
tation exercises are supervised and time-tabled 
using a scrum method by programming sever-
al sprints to achieve predefined pedagogical and 
workshop goals. The developed deliverables and 
experiences are then shared over the ISET net-
work with those who mainly   use the same di-
dactic platforms based on the old VIPA-CPU. The 
given method shows its effectiveness on student 
motivation and PLC programming laboratory 
workshops with low-cost expenses.
Keywords: Automation, Profibus, VIPA, Siemens, 
Didactics, Laboratory, Rehabilitation, Scrum.

1. Introduction
During the last decade, the Tunisian universi-
ties have revised their study plans in order to 

fit the soft and hard skills of their students to 
the required competences of social and eco-
nomic partners. This strategy has been kept 
up to boost the employability of Tunisian stu-
dents by ensuring a smooth transition into 
the regional, national and international em-
ployment market [1].

Furthermore, a huge investment in Tunisia, 
powered by the world bank, is being paid to 
university institutions to strengthen its in-
frastructures and capabilities. This aims to 
improve the attractiveness of universities to-
wards entrepreneurs and teaching abilities 
according to the national and international 
norms to fit the economical partners recom-
mendations.

On the one hand, a scale of efforts has been 
deployed to ameliorate student’s capabilities 
to reach the level of job creators or recruited 
qualified agents. On the other hand, employ-
ment statistics in Tunisia failed to reach the 
estimated goals. This divergence between 
big efforts and real goals is highly probable 
caused by the ignorance of the ignorance of 
the undeniable importance of the teaching 
approach.    In fact, Tunisian students still 
have classical practical classes which have led 
to a decrease in motivation to attend classes. 
After getting classical and repetitive instruc-
tions from their teachers, students have lost 
their confidence of creation and innovation 
([2] and [3]).

Moreover, a high-cost didactics materials in 
Tunisian university laboratories have been 
abandoned and not maintained due to a bevy 
of reasons. This loss is mainly due to the de-
motivation of teachers and students when us-
ing the same platform and the same instruc-
tions repetitively/year by year. If compared 
to real used installations, materials technolo-
gies render obsolete. This observation can be 
traced back to the ignorance of existent teach-
ing models and the surging demand of new 
high-cost didactic tools.

Motivated by these facts and in order to en-
hance the creative and innovative student 
dynamics, authors propose to present the 
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rehabilitation project of the PLC advanced 
programming laboratory at the ISET of Kas-
serine. The mentioned laboratory is mainly 
based on a 200 series of old VIPA PLC which 
has been created since 1996 and a touch pan-
el developed since 2005 by VIPA company [4]. 
Such PLCs are interlinked by a Profibus net-
work in order to animate a production man-
agement system prototype already installed 
at a host of ISETs in Tunisia. In this paper, 
authors present hardware and software tech-
niques to restore such obsolete technologies 
with low-cost expenses. The authors’ contri-
bution consists of managing technical tools 
with the support of students taught in such 
laboratories.

The outline of this paper is organized as fol-
lows. Section 2 gives the principals manipu-
lations to restore the hardware configuration 
of the VIPA PLC and programming plan of the 
didactic platform. Section 3 presents the ad-
opted didactic approach. The fourth section 
summarizes the advantages of the presented 
method and then section 5 concludes the pa-
per.

2. Rehabilitation.Plan
2.1. The.Hardware.Configuration.of.the.
VIPA-CPU.214.DP
The VIPA-CPU 214 hardware description: 
The old VIPA CPU 214 DP (compare Fig. 1) has 
been produced by the VIPA company since 
1996.It has a modular architecture capable of 
building a decentralized and/or centralized 
automated system. This CPU is mainly used in 
the PLC advanced programming laboratory of 
the ISET network. Five 200 series VIPA CPUs 
are interlinked by a Profibus network with 
its 485-communication interfaces to control 
4 modules of a production management auto-
mated system with a supervision device.

• The VIPA CPU 214 DP features [4]:
- Work Memory [KB] : 96
- Interface [RS485] : MPI
- Interface [RS485] : PROFIBUS-DP slave
- MMC card slot
- Voltage range DC 20.4...28.8 V
- Max modules per rack : 32

However, this CPU (VIPA CPU 214) is no lon-
ger produced and nor maintained. Hence, the   
company only provides a material descrip-
tion in a downloadable GSD file on the official 
VIPA site [4]. On the base of the mentioned 
VIPA CPU features, authors propose assimi-
lating the existent PLC description and com-
munication procedure to the S7 315 2DP from 
siemens company. 
• The S7 315 2DP features [5]:
- Work Memory [KB] : 256
- Interface [RS485] : MPI
- Interface [RS485] : PROFIBUS-DP
- MMC card slot
- Voltage range DC 19.2...28.8 V
- Max modules per rack : 8
- Max rack : 4
Henceforth, teachers and students can work 
with Siemens’ technologies norms and utilize 
the same software environment called Simat-
ic manager or Totally Integrated Automation 
(TIA).

Fig. 1. VIPA CPU 214 DP
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The software environment:
The VIPA CPU 214 DP is originally configu-
rated using winPL7 software or SPEED7 stu-
dio provided by VIPA company. Both are ei-
ther paid application or non-compatible tools 
to actual hardware environments (New PLC 
technologies).
In fact, users have access to the mentioned 
VIPA configuration via Simatic manager from 
Siemens or TIA software.

In this paper, authors propose two methods to 
set up the considered PLC
- Method 1: Using GSD Files.
- Method 2: Virtual configuration using S7 315 
2DP station. 

Method 1: Initiation using GSD file:
The GSD file is, in fact, a downloadable Gen-
eral Station Description file from the con-
struction site. It allows users to configure the 
PLC hardware using a software environment. 
Noting that the VIPA CPU is no longer detect-
able on the Simatic manager or TIA Portal en-
vironment, users still have the access to the 
hardware configuration by downloading the 
VIPA CPU 214 DP GSD file called “V133” and 
installing it using the GSD manager as shown 
in Fig. 2.

Users, then, can get the VIPA CPU descrip-
tion at the hardware catalog at PROFIBUS DP 
> Additional field devices > IO > VIPA_Sys-
tem_200V.
Once the VIPA CPU is added, authors propose 
to connect the VIPA PLC on a virtual Profib-
us network at address 1 with S7 315 2DP mas-
ter-device as shown in Fig. 3. [6].

Fig. 2. GSD manager of TIA Portal

Fig. 4. Sensors and actuators interface

Fig. 3. Virtual Profibus network

The insertion of a program block to the VIPA 
CPU is primarily done via a MPI (Multi Point 
Interconnection) cable by a DB9 version on 
the cable extremities or by the MPI program-
ming cable with USB adaptor.

Method 2: Description using the CPU 315 2DP: 
Authors propose to directly use the S7 315 2DP 
station without inserting the VIPA GSD files 
as a virtual station which can be recognized 
as a VIPA hardware description.

2.2. Input-Output.Interfaces
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Before programming, teachers enable their 
students, according to the project-based 
learning method, to check the state of the 
sensors, actuators and actuators’ controllers 
(compare Fig. 4) by isolating the input-output 
interface from the PLC, feeding all compo-
nents with the suitable voltage range and by 
measuring all outputs.
These operations can be realized as separate 
instrumentation workshops.
The list of the main PLC advanced program-
ming laboratory model is given as follows:
- Sensors:
o Presence sensors: optical, capacitive and in-
ductive technologies,
o Color sensors,
o Ultrasound sensors for measurement oper-
ations.
- Actuator’s controllers:
o Electrical and pneumatic distributors,
o Magnetic contactors.
- Actuators:
o DC motors,
o Pneumatic cylinders,

2.3. Programming.Environment
Hereby, and after checking all hardware set-
ting and configuration, students can use IEC 
1131-3 norm to manipulate:
• Logical bit operations for sequential and 
conditional instructions,
• Timers for transition and synchronization 
operations,
• Counters for counting production opera-
tions,
• Comparison for sorting by color operations,
• Supervision.

3. Didactic.Approach
3.1. Labor.Division
Considering that the VIPA CPU-based didac-
tic model is set up by 4 automated modules 
for production management system, students 
have been divided into four teams.
• Team 1: Configuration and rehabilitation of 
supply module and supervision task.
• Team 2: Configuration and rehabilitation of 
transition module and regulation task.
• Team 3: Configuration and rehabilitation of 
special operations module and supervision task. 

• Team 4: Configuration and automation of 
sorting module and supervision task.

Every team is inspired    to develop a part of 
the main manuscript with details of his own 
team project.

3.2. Scrum.Method.Application
Students of ISET Kasserine have had the op-
portunities to learn about the scrum meth-
od and to practice it with Trello tools during 
the hackathon organized by the ALEJE pro-
gram in 2021 [7]. The laboratory teachers, 
then, have leveraged this experience to struc-
ture the management timeline of the PLC ad-
vanced programming laboratory. Rehabili-
tation tasks have been programmed within 
several sprints and according to the consid-
ered division task approach. Programmed 
sprints have been updated and checked every 
week during teaching period (12 weeks) under 
the supervision of the teacher.

4. Method.Evaluation
4.1. Project.Cost
The ISET Kasserine has contacted a special-
ized company on repairing and buying aca-
demic installations which estimate the task 
cost according to Table.

Table 2 now shows the cost of repairing and 
rehabilitating of the PLC programming lab-
oratory with the involvement of all student’s 
promotions and all department teachers as 
suggested by authors
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Comparing Table 1. with Table 2., we can eas-
ily conclude the effectiveness of the proposed 
project.

4.2. Deliverables
Students have been involved in the redaction 
of the teaching booklets which contain prac-
tical exercises linked to a project-based learn-
ing method. After the exposed project imple-
mentation, the PLC programming laboratory 
is equipped with:
- An advanced PLC programming workshops 
booklet,
- an Instrumentation workshops booklet,
- a Manual of programming according to the 
IEC 1131-3 norm,
- a VIPA-CPU 214 DP datasheet,
- a S7 315 2DP datasheet.

5. Conclusion
In this paper, authors have presented the ad-
vanced PLC programming laboratory rehabil-
itation based on abandoned VIPA-CPU. The 
exposed method shows its effectiveness by 
the involvement of student in the rehabilita-
tion exercises and the deliverables’ develop-
ment. The advantage of the presented strategy 
is rooted in the low-cost activities using exis-
tent materials in the mentioned laboratory 
of ISET Kasserine and the shared deliverable 
and experiences with the ISET network. The 
proposed method shows a great contribution 
in students’ motivation and their implication 
on the laboratory workshops. The given ap-
proach can be extended to shared workshops 
using the floating multiuser license of the To-
tally Integrated Automation software.
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Abstract..
This present paper presents an experimental study 
of solar photovoltaic installation and demon-
strates how photovoltaic circuits can be exploited 
in different utilization cases [1]. Indeed, this ma-
nipulation begets the study of an electrical energy 
production system from solar energy (photovol-
taic energy) [2]. Students were required to manu-
ally construct and connect a photovoltaic cell. To 
achieve a more realistic case study, two types of 
dissipations (24 V and 230 V) are put in place.
Keywords: photovoltaic circuit, solar energy, pho-
tovoltaic energy.

1. Introduction
Ever since the industrial revolution, energy 
consumption has steadily increased. Conse-
quently, global final energy consumption has 
increased by 115% in 46 years (1973 to 2018) 
according to the International Energy Agency 
and the share of renewable energies has in-
creased by 0.5 points, from 15.5% in 1990 to 
16.0% in 2018 (compare Figure 1).

Fig. 1. Energy consumption.

Fig. 2. Didactic model.

The most discussed subject in the world is 
the protection of the environment against the 
greenhouse effect which is understood as the 
warming of the Earth’s climate by the accu-
mulation of polluting atmospheric emissions, 
in particular CO2.
The model delineated in this paper allows 
for the use of photovoltaic energy sources, 
the demonstration of the different operating 
modes as well as occurring dissipations under 
230 V voltage and 24 V voltage. The didactic 
photovoltaic model ensures the implementa-
tion of the following educational objectives:
Students should:
  • understand the operation of industrial pho-
tovoltaic solar installations.
• start the photovoltaic system, adjust it and 
ensure electricity production.
• size the installation, the power produced 
and the efficiency of the various components.

2. Didactic.model
The model (compare Fig. 2) highlights the 
characteristics of the photovoltaic installa-
tion, reveals the cabling constraints of the 
various components, and explains the differ-
ent 230 V and 24 V dissipation situations and 
the battery discharge constraints [3].
The industrial installation is more power-
ful than that of the presented model, howev-
er, the wiring and installation constraints of 
the industrial installation match those of the 
model. As a result, the operating simulation 
aims to highlight the operating constraints of 
the real installation.
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Hence, we receive the following technical 
sheet of the model: 
Electrical Specifications
- Voltage 230 V AC
- Amperage 16 A
- Frequency 50 Hz

Main bench
- Length 1760 mm
- Width 820 mm.
- Height   1810 mm.
- Weight   150 Kg

Bench of photovoltaic panels 
- Length 1280 mm
- Width   510 mm.
- Height   1540 mm.
- Weight   50 Kg

The wiring of the photovoltaic installation is 
explained by the following figure (Figure 3). 

Fig. 3. Wiring of the photovoltaic installation.

Fig. 4.  Panels and batteries.

Fig. 5.  Main bench.

The installation is made up of a photovoltaic 
solar panel allowing the production of elec-
tricity (Table 1), a charge regulator which en-
ables the correct operation of the installation 
and a voltage converter (OND1) which renders 
it possible to supply two lamps and a fan with 
230 Volts instead of 24 Volts. Moreover, two 
batteries that allow the storage of electricity 
either produced by the panels or coming from 
the STEG network are connected (compare 
Figure 4).

Furthermore, the model utilizes a dissipation 
element that allows the installation to operate 
realistically. Measurement elements are pre-
sented to know the power consumed or the 
sunshine in W / m² (compare Table 2, Figure 
5).
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Fig. 6.  Electrical part (Circuit breakers).

3. Mock-up.of.the.Practical.model
While reviewing the results of the model we 
realized that there are two possible configu-
rations for the photovoltaic solar system:  
- The production of electricity by the panels is 
greater than the need for the lamps and fans 
on and in this case the battery is charged.
- The electricity production of the panels is 
not sufficient and in this case the battery will 
supply the shortage and will therefore dis-
charge.

Furthermore, we identified that in order to 
prepare the installation of our model you 
need to take the following steps: 
1. Place the bench of photovoltaic solar 
panels (3) in the sun (tilt it more or less de-
pending on the sun and the work required, be 
careful that there is no object hiding part of 
the panel).
2. Block Connect the Harting socket of 
the photovoltaic solar panel bench to the gen-
eral bench.
3. Connect the socket to the STEG net-
work.
4. Put all the circuit breakers (QG, Q1, Q2, 
Q3) back to the “ON” position.
5. Turn the general disconnect switch 
(SG) to “ON”.
6. The H0 power indicator should light up.
7. Switch on the voltage converter and the 
battery charger if necessary.
8. The inverter power-on indicator (H1) 
(voltage converter) should light up.
9. To connect the photovoltaic solar pan-
els to the batteries, we must rotate the switch-
es C1 and C2 to the “ON” position.

When looking at the results of our experiment 
(compare Tables 4 to 7) and using our inten-
sity measurements, we can see the following 
conclusions:
Charging the batteries:  100% of the energy 
produced is sent to the battery (com-pare Ta-
ble 4).

Also, the circuit breakers allow the mock-up 
to operate and the indicator light provides vi-
sual control of the start-up (compare Table 3, 
Figure 6):
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230 V dissipation: 100% of the energy pro-
duced is sent into the use, but since the pro-
duction is not sufficient, a small part of the 
energy is produced by the battery. The bat-
tery drains slowly (compare Table 5).

24 V dissipation: The energy produced is di-
vided between use and charge of the battery 
(compare Table 6).

230 V and 24 V dissipations: 100% of the en-
ergy produced is sent to the use, but since 
the production is not sufficient, a large part 
of the energy is produced by the battery. The 
battery drains quickly (compare Table 7).

4. Conclusion.
This study is a small application for the use 
of photovoltaic solar panels on an industrial 
scale and can be integrated into automation 
and industrial instrumentation (UEF340). In 
addition, the photovoltaic installation can be 
repeated annually given the simplicity of the 
model’s operation. Moreover, this approach 
allows the downsizing of a photovoltaic en-
ergy system. Hereby, it enables students to 
make the connection between theoretical and 
practical installation of such a system and si-
multaneously demonstrates the work of two 
types of dissipations (24 V and 230 V) to get 
closer to the real case.
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Abstract.
Pumping system remains one of the classics in 
the industry. Such a system has its own standards 
and its own challenges. To correctly control this 
system a student must not only handle the dynam-
ics of the process variables such as pressure and 
flow but also observe the pump variables (torque 
and speed). This paper aims to design and realize 
a test bench that touches on the above-mentioned 
areas in addition of adequate teaching methods.
Keywords: Cascade loop, DP networking, Teach-
ing Method.

1.. State.of.The.Art
The management of water storage systems is 
vital in many fields, such as agriculture, in-
dustrial, and food manufacturing plants [1]. 
An important aspect to consider is the water 
level in the storage tank used in the irrigation 
or manufacturing system. The most crucial 
aspect will be controlling the water level to 
meet the consumer’s needs [2]. To this end, 
many automatic control studies have been 
conducted; the most accepted water level con-
troller is the classic PID controller, which is 
widely used in laboratories and industry [3]. 
Indeed, the model design and realization, will 
constitute a polyvalent platform that can be 
exploited in two ways: one, within a teaching 
framework that implements several practical 
works in a laboratory; or secondly, within a 
scientific research framework that allows ex-
perimental tests for the validation of the theo-
retical results of a simulation.
First of all, we will describe the designed con-
trol model.  Then we will mention the instal-
lation procedure, as well as the procedure 
for commissioning the pumping station. The 
teaching method will be presented lastly.

2.. Test.Bench.Design
The idea was initially to design a system to 
expand the automation laboratory. Another 
concern is building a system where a student 
would see the combination of several subjects 
(PID control, Monitoring, PLC programming 
and Instrumentation). By visiting the scrapy-
ard of the institute, we were able to retrieve 
a pump, a flowmeter, a multilayer pipe, and 
plexiglass necessary for the manufacture of 
water storage tanks. Using the available mate-
rials, we decided to build a water control test 
bench between two tanks. Then I convinced 
the administration to buy the remaining 
equipment (transmitters, PLC, HMI, and VSD) 
by saying this 5000 Euro investment would be 
recovered by providing training sessions for 
industrial teams on the same bench. In fact, 
the test bench is fully operational and the 
amount was recovered after two training ses-
sions for oil and gas company. 
The designed scheme consists of two tanks, 4 
level detectors, a pressure transmitter PT, a 
radar level transmitter LIT, a flow transmit-
ter FIT, three-phase pump, two manual valves 
HV1 and HV2, and a solenoid drain valve.  
The designed process shown in Fig.1 allows 
the control of water level in the upper tank to 
reach a desired set-point.

Fig.1. P&ID scheme of designed test bench
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The water in the upper tank is transported by 
a centrifugal pump, three-phased with speed 
variation using a variable speed Drive VSD. 
The level is also measured with an analog ra-
dar placed on top of the tank.  The water flow 
is measured by a flow meter.
Many scenarios are made by opening/closing 
the valves HV1 and HV2 to create a greater 
pedagogical experience:
• Flow Control loop by closing HV1 and 

opening HV2
• Level Control loop by closing HV2 and 

opening HV1
• Cascade Control loop by closing HV2 and 

opening HV1

2.1. Sensing.Devices
The following sensors are used to get proper 
control for the described bench:
Ultrasonic. Radar. LIT: The NUS-4 is a com-
pact ultrasonic level transmitter with ultra-
sonic sensor and embedded electronics. It has 
been designed for a non-contact level or vol-
ume measurement in tanks, containers, open 
or closed tanks, or flow measurement in open 
channels.
The sensor emits an ultrasonic pulse train 
and receives the echo in return. The micro-
processor electronics processes the received 
echo signal after reflection on the liquid sur-
face and calculates the transit time between 
the sensor and the liquid surface. A standard 
analog output signal is available for data 
transfer, and a possible alarm relay output.
This sensor has been mounted on top of the 
upper tank and been calibrated as follow:
• Upper Range Value: 100 cm (20 mA)
• Lower Range Value:  0 cm (0 mA)
• Height of the tank: 150 cm.
Flow. Transmitter. FIT: The flowmeter is an 
instrument designed to measure the volumet-
ric flow of fluids, either gases or liquids or 
to measure the mass flow. In this design, we 
used the IFC0-80 KROHNE electromagnetic 
flow sensor [0 - 2 l/s] chosen after empirical 
testing on the pump operating at full power 
(max flow =1.3 l/s).

2.2. Pump.Control
Speed variation by frequency variation, re-
ducing or increasing the frequency of the 
supply voltage of a motor implies a change in 
the speed of the rotating field and therefore 
in the speed. When the static component of 
the manometric height is raised, the flow rate 
does not vary proportionally with speed. A 
small change in speed can produce a signifi-
cant change in flow. The exploited pump has 
a power of 1.2 kw.  An ABB ACS355 VSD con-
trols this pump.

2.3. Safety.Devises
A pressure transmitter PT has been placed 
in series with the pump to anticipate closing 
the two valves during the entire working sys-
tem to ensure the system’s safety. A capacitive 
proximity sensor LS has been placed at the 
bottom of the lower tank to protect the pump 
from cavitation.

2.4. System.Control
The used automation system is the SIMATIC 
S7-300, a modular controller consisting of a 
power supply, a CPU, and an input or output 
module. The CPU 314C-2 PN/DP is the com-
pact CPU for systems with a decentralized 
structure. This compact CPU with its extend-
ed 192 kB RAM is ideal for medium-sized ap-
plications, with 4 pulse outputs (2.5 kHz), 4 
counting and measuring channels with 24 V 
(60 kHz) incremental encoders, 24 logic in-
puts, and 16 logic outputs, as well as 5 analog 
inputs and 2 analog outputs. The PROFIBUS 
DP master/slave interfaces and the PROFINET 
I/O controller enable the connection of decen-
tralized peripheral units via PROFIBUS and 
PROFINET.

2.5. Monitoring
For system monitoring, the Siemens touch 
screen KTP700 was chosen, which provides 
several functions that are part of the basic 
configuration:
• It provides a fully graphical visualization 

of processes and process states.
• Control the test bench through a custom-

izable user interface with its menus as PID 
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parameters menu or changing the control 
approaches menu shown in Fig.2.

• It provides signals of events as pressure 
alarms or LS alarms.

• Its storages measured values and messag-
es in a process database represented in a 
curve to evaluate the control performance.

• It manages users and their access rights.

3. Controller.Architecture
In this installation, the control algorithm has 
to bring a physical quantity PV to the desired 
value SP under the action of a command OP, 
also called regulation setpoint SP with a mea-
surement process value PV. 
The control algorithm is the PID of Siemens 
PLC called Cont_C found in SFB41.

3.1. Open.Loop.Tests
Indeed, we have two open loops to identify: 
the first is the level loop, and the second is the 
flow loop. We remind that the input parame-
ter in each open loop is the pump velocity ex-
pressed in %.
The level open loop is an unstable delayed 
system having an integral component. This 
result is deduced after fixing the pump veloc-
ity at 50% and observing the evolution of lev-
el variation. The level during this test follows 
a ramp, and after linearization, the transfer 
function HL(p) is written as follows:

(1)

On the other hand, the open flow loop is a 
first-order system presenting a slight delay. 
This result is deduced after fixing the pump 
velocity at 50% and observing the evolution of 
flow variation. After linearization, the trans-
fer function HF(p) is written as follows:

(2)

3.2. Simple.Loop.Flaw
The CONT_C command is used to control 
technical processes with continuous input 
and output variables in SIMATIC S7 automa-
tion systems. By setting the parameters of 
this block, the user can activate or deacti-
vate partial functions of the PID controller to 
adapt it to the set system. In addition to the 
setpoint and measurement branch functions, 
the instruction implements an operational 
PID controller with a continuous output for 
the manipulated variable and the possibility 
of manually changing the setpoint. The Sam-
pling time is fixed at 100ms when putting the 
controllers into OB35 Cyclic Interrupt Organi-
zation Block.
Unfortunately, the level PID controller lacks 
precision. Indeed, we need an anticipating 
algorithm that calculates the proper flow in 
pipe to reach the desired level SP. 

3.3. Cascade.Loop
The cascade loop design shown is Fig. 2 has to 
respect some standard:
• An inner loop with high dynamic
• An external loop with lower dynamic 

The flow loop has faster dynamic regarding 
the level loop. 
Firstly, as shown in Fig. 3, we close the HV1 
valve and open HV2; then, we activate only 
the Flow PID from the HMI menu. After tun-
ing the correct parameters, we pass to the ex-
ternal level loop. 

Fig.3. Level and flow realized test bench
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4. VSD-PLC.Networking
The concept also extends to the networking of 
the ABB VSD with the Siemens PLC to exploit 
the drive’s internal variables (speed, torque, 
current, energy...). In order to get a consistent 
control algorithm [4], considering all the data 
around the system.

4.1. Topology
Profibus (Process Field BUS) is a field bus in-
vented by SIMENS and has gradually become 
a communication standard in the industrial 
world. The PROFIBUS-DP is used for the con-
trol of sensors, actuators, or PLCs by a central 
control. The topology used in our system is 
Bus. It has some advantages:
• Easy to add or remove a node.
• Failure of a node: no impact on the net-

work.
• Simple and reliable system.
For a FieldBUS, a termination resistor equiv-
alent to the cable impedance is required to 
polarize the line in the absence of a signal. 
In general, these are built into the connector 
and can be activated by a switch.
Then we opt for Master-Slave means of access.
• The PLC Master is the entity that allows 

access to the medium.
• The VSD Slave is the entity that accesses 

the medium after requesting the master. 

The ABB drive can communicate via a net-
work coupler module or the integrated pro-
tocol with an external control system. It can 
communicate on the following Field Bus sys-
tems:
- PROFIBS-DP (network coupler module FPBA-01).

- CANopen (network coupler module FCAN-01).
- DeviceNet (network coupler module FDNA-01).

In our case, we used the FPBA-01 network 
coupler module, and the network coupler 
module is connected to terminal X3, as shown 
in Fig. 4:

Fig.3. Level and flow realized test bench

Fig.4. Connecting the network adapter

4.2. Data.Exchange
We connect the drive to the plc, but, the drive 
is still unknown regarding the Siemens stan-
dard. The ABB standard is quite different 
from the Siemens one. A GSD file must be 
installed, and some configuration must be 
made as giving addresses, fixing the ProfiD-
rive profile or PPO…
The PPO type selection depends on the num-
ber of variables read from or written to the 
VSD. Each PPO type has a w pkw area and a 
PZD area.
The terms PZD (German initials for “Process 
Data”) and PKW (German initials for “Param-
eter Values”) are used in the description of 
the ProfiDrive profile.
- PZD is an area of the Profibus telegram used 
to exchange data between the drive and the 
controller cyclically: control word, status 
word, speed setpoint, torque, etc... 
- PKW is a separate area designed to read and 
write of single parameters on the drive; it is 
operated cyclically. 
The PPO-05 contains 10 PZD: 2 PZD are fixed 
for CW/SW and REF/ACT and 8 PZD can be 
used to read or write the selected variables.
In the “Networking” view, as shown in Fig. 5, 
we have:
- The network architecture with their Field 
BUS type and addressing
- Display of PPO type.
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- PZD1: displays the status word.
- PZD2: displays the actual speed.
- PZD3: displays the current.
- PZD4: displays the frequency.
- PZD5: displays the power.
- PZD6: display: displays the motor torque.

The HMI views are designed in order of in-
creasing complexity as follows:
• Instrument view: the student sees the vari-

ation of pressure, level and flow as well as 
the scaling operation.

• Open loop view: the student can manually 
control the pump velocity in order to iden-
tify the internal system model and see the 
impact of the velocity on the flow and level.

• Simple regulation view: the student can 
set the PID parameters to control the level 
or the flow while visualizing the curves.

• Cascade control view: it is about setting 
the parameters of the two controllers in 
cascade.

• Profibus network view:  allows you to visu-
alize the exchanged data between the PLC 
and the drive as shown in Fig. 3.

5. Project.Based.Approach
Project-based learning is a teaching meth-
od in which students acquire knowledge and 
skills by working over an extended period to 
investigate and respond to an authentic, en-
gaging, and complex question, problem, or 
challenge [5].
In our study case, the controller design re-
mains the main project. Students are invited 
to implement the controller on Siemens PLC 
and design some monitor menus. These tasks 

Fig.5. HMI Networking view

are made during 15h of mini-project practical 
sessions. 
In an institutional program, the central goal 
of project-based teaching method, can be ex-
pressed in a set of objectives: 
• Knowledge, i.e., the appropriation of sci-

entific knowledge up to a predetermined 
level. As for us, the identification of open-
loop functions or the scale/unscale of ana-
log process values.

• Skills, i.e., a certain number of general and 
transversal know-how: arguing, express-
ing oneself orally and in writing, search-
ing, managing and synthesizing informa-
tion, estimating and checking, working in 
a team, etc. 

• Attitudes and judgment, a concern for de-
veloping critical thinking for choices and 
decisions in the face of problems. As HMI 
design or control adjustments…

The student started the first session with a 
lack of motivation due to the overload of in-
formation and preliminary tasks as the trans-
mitter’s calibration phase.
Motivation is increased in the manual con-
trol and model identification phases where 
the student gets a close look at the cause/ef-
fect concept and consequently returns to the 
Control theory basics. All students manage to 
do the level control but half of them is able to 
do the cascade control with variable perfor-
mances.

6. Conclusion
In this paper, a didactic bench has been made. 
The controller structure was developed after 
the identification of the dynamics of the open-
loop. The behavioral study of the system was 
developed by the GEMMA tool, and networking 
has enhanced the control mentioned above.  



78Alfons-Goppel-Platz 1, 95028 Hof, ISBN: 978-3-935565-06-6

The existing system in the laboratory of au-
tomatism illustrates the practical sessions by 
a project approach based on the students’ ter-
minal level.
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Abstract.
Programming of an automation is presented by 
way of the modular production system compris-
ing four didactics stations and the project-based 
Pedagogy. The idea of applying the project-based 
learning method in  automation allowed me to 
introduce the notion of teamwork with students. 
The project-based Pedagogy helped to direct them 
towards concrete goals, to encourage learning 
specific knowledge in the field of automation 
(using and handling technical equipment docu-
ments, setting up GRAFCET, mastering PLC pro-
gramming languages: LADDER language, SFC, 
etc., identification of inputs / outputs of pre-wired 
sys-tems ….) and project management knowledge 
(deciding, planning, coordinating…).
Keywords: Programming of an automation, Proj-
ect-Based Pedagogy, Teamwork, LADDER DIA-
GRAM, SFC and GRAFCET.

1. Introduction
The FESTO didactic learning system for au-
tomation and technology is designed to meet 
several different training and vocational re-
quirements. The system and stations of the 
modular production system (MPS) facilitate 
industry oriented vocational and further 
training, in which the hardware consists of 
didactically suitable industrial components.

The modular production system presented in 
Fig.1 is a didactic system available in the au-
tomation laboratory located in the mechani-

cal engineering department of ISET in KELI-
BIA and has four stations: 
• Distribution station, 
• Control station,
• Handling station, 
• Sorting station. 

Fig. 1.  The modular production system (MPS)

The modular production system provides  an 
appropriate system for practice- oriented tui-
tion of the following key qualifications:
• Social competence,
• Technical competence, 
• Methodological competence
In addition, training utilizing project-based 
pedagogy can be provided to foster teamwork, 
team-spirit, willingness to cooperate and to 
improve organizational skills.

2. Technical.Description.of.the.Distri-
bution.Station
2.1. Design
The mission of the distribution station pre-
sented in Fig.2 is to separate  workpieces from 
a magazine and transfer workpieces through 
a rotary drive a suction cup. 
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The distribution station consists of the fol-
lowing: 
1: Stack magazine module, 
2: Transfer module,
3: Profile plate, 
4: Trolley, 
5: Control panel, 
6: PLC board equipped with a SIEMENS S7-300 
/ CPU 313C-2DP PLC.

2.2. Function
The distributing station separates workpieces 
from the stack magazine module. The maga-
zine barrel of the stacking magazine holds up 
to eight workpieces. The filling level of the 
stacking magazine is monitored by using a 
through-beam sensor. A simple acting cylin-
der pushes out the workpieces individually.
The transfer module grips the separated  
workpieces using a suction cup. A vacuum 
switch checks whether a workpiece will be 
picked up.
The arm of the transfer unit, which is driven 
by rotary drive, conveys the workpiece to the 
transfer point of the next station,

2.3. Sequence.Description
• Start Prerequisites: Magazine filled with 
workpieces.
• Initial Position: ejecting cylinder extended, 
rotary drive is in position “magazine” and 
vacuum is off.
• Sequence:
 
- The rotary drive swivels to the position “next 
station”, if workpieces are identified in the 
magazine and the START button is pressed.
- The ejection cylinder retracts and pushes a 
workpiece out the magazine.
- The rotary drive swivels to the position 
“magazine”.
- The vacuum is switched on. When the 
workpiece is securely held, a vacuum switch 
switches.
- The ejection cylinder advances and releases 
the workpiece.
 The rotary drive swivels to the position “next 
station”.
- The vacuum is switched off.
- The rotary drive swivels to the position 
“magazine.”
 
3. Organization. of. LEARNING:. Apply-
ing.a.Project-Based.Pedagogy
We adopted the project-based learning meth-
od for training in Industrial Automation.
• Target audience: students in the second lev-
el Mechanical Engineering Specializing in In-
dustrial Maintenance. The students in Fig.3 
are part of the Industrial Maintenance MI21-
2021 class. 

Fig. 2.  Distribution station

Fig. 3.  Classroom Industrial Maintenance MI21-2021

1 2

3

4

5

6
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• Students are divided into four teams.
• Each team consists of a maximum of four to 
five students.

The automation project for the four MPS sta-
tions spread over ten weeks.
• Each team  chooses the station that will be 
the object of its automation project by draw-
ing lots.
• During the workshop session each team will 
be invited to:
- Expose the progress of his project.
- Discuss the difficulties encountered and the 
solutions adopted to overcome them.
 
3.1. The.Steps.of.the.Automation.Project
Each team will carry out its automation proj-
ect by following the  steps below:
• STEP1: Identify and locate the different com-
ponents of each station ==> the equipment of 
the operating part, the control part and the 
relation part.
• STEP2: Consult the manufacturer’s docu-
ment relating to the PLC mounted in the PLC 
table of the station in question and master its 
implementation.
• STEP3: Identify the addresses (symbolic and 
absolute) of the inputs / outputs of the station 
in question and draw up the symbol table.
The four first sessions of the workshops are 
reserved for  executing the three previous 
stages by carrying out guided practical work. 
During these sessions, I play the role of train-
er  to supervise and guide the teams to ac-
quire targeted knowledge in automation.
• STEP4: Familiarize yourself with the 
programming environment of the SIEMENS 
PLC S7-300: STEP7 or TIA PORTAL.
• STEP5: Choose the programming lan-
guage to use in the project: LADDER DIA-
GRAM or S7-GRAPH.
• STEP6: Describe the operation of the 
model using the GRAFCET according to the 
functional description of the station.
• STEP7: Make the hardware configura-
tion via the programming environment. 
Program, compile, load the program into the 
API and test.
The four stages that follow are divided into 
five workshop sessions where each team car-

ries out their project on their own. During 
these workshops’ sessions, I play the role of a 
motivator and facilitator only.
The last workshop is reserved to evaluate the 
automated operation of the four stations of 
the MPS module carried out by the teams.

3.2. The. Advantages. of. the. method:.
Project-Based.Learning
This method is new because it makes it possi-
ble to place experience at the center of learn-
ing and makes it possible to develop a sense 
of autonomy in the student and his ability to 
conduct research, learn and master new con-
cepts adapted to the student. Technological 
evolution nowadays in the field of automa-
tion. This approach allows students to develop  
technical capacities, the ability to perform as 
a  team and to manage their project.
The project-based learning method allows to: 
• Develop learner motivation,
• Develop learner autonomy,
• Become the actors and the authors of their 
projects,
• Acquire a responsibility allowing students 
to eventually complete the activities in which 
they participated.

3.3. Roles. of. the. Teacher. during. the.
Project
The teacher can perform the activities shown 
in Fig.4 while preparing the project. 

Fig. 4. The teacher’s preparations for the project
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During the project, the teacher plays different 
roles shown in Fig.5:

Fig. 5.  The different roles of the teacher

• Coach,
• Animator,
• Motivator,
• Evaluator
                                           
4. Conclusion
The project-based learning method is a crit-
ical tool that not only helps the students to 
deepen their understanding of automation 
but also enables the learner to:
• Define and distribute roles to team 
members,
• Make decisions,
• Create a group dynamic,
• Work in collaborative mode,
• Share technical information,
• Overcome the encountered problems 
and programming difficulties,
• Evaluate and celebrate the work  ac-
complished.
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Abstract.
Campfires, the abandonment of different types of 
waste, mainly glass, are the main causes of forest 
fires in Tunisia. Indeed, the glass condenses the 
light in a single point which causes heat that can 
reach several hundred degrees Celsius. Our proj-
ect is an aircraft that will fly over areas of the 
forest to detect these heat sources and warn for-
est rangers. As a first step in this mega project, we 
started by designing a prototype airplane which 
is eco-friendly as it is powered by solar energy 
and it works with the Internet of Things system. 
It will be equipped mainly with two infrared and 
ultraviolet cameras to detect areas with a concen-
tration of glass that is likely to capture the spark. 
The intercepted images will be sent by GPRS com-
munication to the control station for possible in-
terventions.

Keywords: Forest fire prevention, Cartography, 
Airplane, Internet of Things, GPRS, 5G, thermal 
camera, ultraviolet ray camera

1. Introduction
1.1. A.general.context
Forest fires are a natural disaster and a prob-
lem that has become a burden on the planet, 
adding to the pollution caused by the second 
generation of the industry. This environmen-
tal disaster has negative causes on the ecosys-
tem regardless of the intensity of its fire.
According to several studies made by the Gen-
eral Directorate of Forests (DGF) under the 
Tunisian Ministry of Agriculture, the main 
causes of fires in Tunisia are due to drought, 
campfires, neglect but also to waste, especial-
ly glass, which condenses light into a single 

point, causing heat up to several hundred de-
grees Celsius. So, if we can detect these caus-
es in advance, we could prevent devastating 
fires. This is the role of our aircraft: PREVEN-
TION. It will fly over an area predefined by 
the rangers to detect if there are places with 
high heat, compared to a threshold, which is 
likely to be a fire start.

1.2. A.presentation.of.the.project
Our project is to design and build a light air-
craft, designed with the dynamics of a bird, 
which is based on the “Internet of Things” 
system.
This plane is a geophysical device that flies 
on solar energy. It has solar panels along its 
wings which allow it to obtain enough energy 
to fly for long hours and operate the devices 
on board it.
Its primary purpose being to detect ele-
ments likely to cause fires, it will carry two 
high-sensitivity cameras: a thermal camera to 
detect dry areas and an ultraviolet ray camera 
to detect the most reflective objects. These 
two cameras are activated together to draw 
a map through which it is possible to detect 
places contaminated by materials with high 
light intensity and which cause 45% of burns. 
A third SingleSensor will identify hidden ma-
terials by analyzing sent and received radio 
waves. By analyzing these three data, danger-
ous places can be identified using artificial 
intelligence algorithms.
As for the duration of flight, the greater the 
heat and the luminosity of the sun, the longer 
the flight and therefore the area of explora-
tion is wide, because the energy consumed is 
the concentration of light photons above the 
wing.
The GPRS 5G protocol controls this aircraft.

2. Preliminary.study
Considering the multitude of aircraft types 
and the use of drones in this type of investiga-
tion, we did some research to determine what 
type of aircraft we will use.
Let us start with drones. The payload and 
range of drones are limited because the pro-
pellers must constantly rotate to counter the 
force of gravity and stay in flight. This gener-



84Alfons-Goppel-Platz 1, 95028 Hof, ISBN: 978-3-935565-06-6

ates an expenditure of energy which influenc-
es the autonomy of the device.
On the other hand, planes use their wings to 
generate lift and promote flight, so they are 
not energy consumers compared to drones.
A medium-sized drone will stay in the air for 
around 10 to 15 minutes. In contrast, an aver-
age electric airplane flies about 20 to 60 min-
utes in “normal” use.
Airplanes are preferred for cartography and 
long-range flights.
Faced with the diversity of aircraft types, we 
opted for a glider. The different reasons for 
our choice are:
To stay in the air as long as possible, the glid-
er is the best choice.
For the flight to last long, the wing has to be 
large, which is where gliders are great.
They should be as light as possible.
With the propeller mounted at the front, the 
cameras are mounted on the underside of the 
fuselage.

3. Conception.
3.1. Aerodynamics:.aircraft.design..
To design our aircraft, we need aerodynamics. 
As the airfoil moves through the air mass, it 
generates two aerodynamic forces: lift and 
drag as shown on figure 1.
The lift, perpendicular to the displacement, 
compensates part of the the glider’s weight, 
preventing it from falling vertically.
The drag, parallel and opposite to the dis-
placement.
Lift + Drag = Aerodynamic Resultant. This 
result is perfectly opposite to the weight and 
have the same value. Therefore, the glider is 
in equilibrium (constant trajectory, constant 
speed) and can hover.
 

Equation of the lift force is: 
      (1)
where :

V : the velocity of aircraft expressed in m/s.
ρ :  air density, affected by altitude.
S :  the wing area of an aircraft measured in 
square metres.
Cz : the coefficient of lift, depending on the 
angle of attack.

3.2. Solidwork.design..
We started by designing the glider wing first 
(Fig.2). The hallmark of the glider is that it 
has a long wing.
Based on the aerodynamic equations, partic-
ularly on the lift, we calculated the wing area, 
which is 38400mm2.
We have considered: temperature of 25 de-
grees, the density of the air is 1.292 g.l-1 , rela-
tive wind speed = 30km/ h and Cz = 0.5
 This surface makes it possible to:
-create a good lifting force.
-contain the solar panels necessary to power 
the various electronic components.  (Fig2)

Fig. 1. Resultant Force

Fig. 2. Wing SolidWorks design

Body Design 
-The weight applied along the z axis = 982N
-The applied drag along the x axis = 400N
-the propeller force follows x = 1045 N
-Portance along the z axis = 4000N  (Fig.3): 
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4. Power.supply
To power the various equipment, onboard our 
glider, we have chosen photovoltaics as the 
energy source.

The solar panels will power 2 3S Lipo batter-
ies, which need 120 Watt. So, we will install 40 
5-Watt solar cells on the wings of our glider.

Since solar energy is not stable and to ensure 
continuity of current, we used the charge con-
troller that will be wired according to the dia-
grams in Fig.4 shown below.

 

The charge controller, according to this ar-
rangement, is placed parallel to the battery. 
The goal is that it can charge the battery, and 
at the same time, power the engine in case 
the torque increases, especially when taking 
off because it needs a lot more power.

5. IoT.Solution
Once our plane is designed, we will equip it to 
become connected and controlled. Our main 
goal is to send us a map of the surface over-
flown to detect and prevent fire from starting 
using a standard IoT architecture, as shown 
in Fig.5 below.  

 

Fig. 3. Plane SolidWorks design

Fig. 5. IoT architecture

Fig. 4. Charge controller wiring

Moreover, we are going to embed the follow-
ing material on it.

5.1. Cameras..
Two infrared and ultraviolet cameras will be 
installed in our glider on a mobile bearing 
which will be designed later and placed under 
the glider fuselage. These two cameras will 
photograph the forest. The data is sent to the 
control center to analyze and delimit the dan-
ger zones.

5.2. Accelerometer...
The ADXL355 3-Axis Accelerometer (Fig.6) 
will be placed at the aircraft’s center of gravi-
ty (Fig.7) to maintain its balance and infer the 
condition of the aircraft in the air. 



86Alfons-Goppel-Platz 1, 95028 Hof, ISBN: 978-3-935565-06-6

Fig. 6. ADXL355 3-Axis Accelerometer

Fig. 7. Wing’s location of the accelerometer

Fig. 8.8Sim8001 GPRS GSM module

5.3. GPRS.GSM.module..
The sim800l GPRS GSM module shown in Fig.8 
connects to the Internet over long distances. 
It allows mobile positioning, and it obtains 
the position through the mobile network.

6. Conclusion

In this article, we present our project, which 
is still in the research and development phase. 
We have presented the different parts studied 
so far. The glider is in progress. The motoriza-
tion and its supply by photovoltaic energy via 
the charge controller are in the test phase.
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Abstract..
During the fault appearance phase, the static com-
pensators restore the levels of the affected voltag-
es to a stable state using a controlled exchange of 
a quantity of active and/or reactive power which 
depends on the margins of variation of the state 
variables considered, between these converters 
and the busses to which they are connected. Such 
an exchange of power (UPFC-network) can only be 
ensured based on control algorithms, voltage, and 
current loops. So, in order to have an optimized 
power compensation likely to restore the network 
to a stable state, we proposed the control strategy 
of the compensator implemented in a network. In 
this paper, we present a strategy based on to op-
timizing active and reactive power by the UPFC 
controlled by two fuzzy regulators. The strategy 
was implemented on an IEEE-14 bus test network, 
and the results were promising.

1. Introduction
The FACTS devices presented above make it 
possible to act only on one of the three pa-
rameters determining the power transmit-
ted in a line (voltage, impedance, and angle). 
Combining the two types of devices (shunt 
and series), makes it possible to obtain hy-
brid devices capable of simultaneously con-
trolling the variables mentioned above. The 

best known compensator in this category is 
the UPFC (Unified Power Flow Controller). 
Indeed, the UPFC allows both active power 
control and line voltage control. In addition, it 
can perform the functions of other FACTS de-
vices [1,2], namely voltage adjustment, reac-
tive power compensation, stability improve-
ment, and attenuation of power oscillations. 
 In this context, our paper is articulated, 
which consists of the development of new con-
trol laws of the UPFC to compensate for the 
reactive power in the electrical networks. Our 
choice fell on the UPFC compensation system 
given its skills and performance compared 
to other compensation means. The UPFC is 
inserted between two busses, one to receive 
and the other to send voltage (fig.1); it is made 
up of two voltage converters linked togeth-
er through a DC bus placed in high voltage 
transmission lines in well-defined locations. 
The UPFC is one of the static compensators 
ensuring the reestablishment of the equilib-
rium level of the voltage at each bus in the 
presence of one fault and particularly during 
the voltage drop and this by means of a better 
compensation in reactive and active energies 
specifically requested in disturbed mode. To 
achieve this, it is necessary to integrate the 
UPFC between two busses connecting the 
most vulnerable line in order to compensate 
for the need for active and reactive power.

 

Fig. 1. Block Diagram of UPFC [3].
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In order to find suitable control laws, it is nec-
essary to have suitable study models. With 
adequate control in disturbed conditions and 
taking into account the instantaneous specif-
ics of the state variables of the network stud-
ied, these power systems provide optimized 
power compensation capable of returning the 
network to a stable state. Thus, better iden-
tification of the margins of variation of the 
state quantities of the studied system (net-
work-FACTS) in an instable regime, will estab-
lish a well-founded control strategy capable of 
effectively contributing to the establishment 
of a stable state of the studied network.  
To this end, we have consulted certain works. 
Shahraki [4] presented a mathematical model 
of a UPFC connected to an electrical network 
whose innovation was the separation of the 
parallel part of the UPFC into two subparts: a 
part considered as a controllable susceptance 
to control the reactive and active powers indi-
rectly and another part considered as a cur-
rent generator responsible for controlling the 
active power entering and leaving the UPFC. 
Although the methods of identification used 
of the parameters allowed the minimization 
of calculation and the restitution of the point 
of equilibrium, in other words, they ensured 
the stability of the power system; they did not 
take into account the level of the voltage at 
the terminals of the UPFC, which has exceed-
ed its nominal value for a short time. S. Tara 
Kalyani and G. Tulasiram Das [5] developed a 
UPFC model that adopted the automatic volt-
age control mode. This is done by monitoring 
the level of the DC bus voltage and the volt-
age level where the UPFC is interconnected. 
These control loops were made through simu-
lations in the PSCAD environment. 
The mentioned strategies have shortcom-
ings in the event of the appearance of a 
fault qualified as severe. This inspires us 
to develop a new robust strategy that con-
siders the guarantee of stability and conti-
nuity of service even in the event of a fault. 

2. Mathematical.Model
During the appearance of a fault, the static 
compensators intervene to restore the voltage 
levels to a stable state using a controlled ex-
change of a quantity of reactive and/or active 
power expressed as a function of the varia-
tion’s margins of the state variables between 
the converters and the buses to which they 
are connected (figure 2).

 

Fig.2. Block diagram of a studied compensator

The voltage drops between any two busses j 
and k interconnected via a transmission line 
characterized by resistance      and    reac-
tance  can be expressed according to the fol-
lowing equation:
        
(1)   αα∆ sin.I.Xcos.I.RVVV jkljklkjjk +=−=

        
Based on the equation of the voltage drop be-
tween two busses i and j expressed by the fol-
lowing relation:
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This reveals that any fault-causing variations 
in the voltages result in a call for the desired 
active and reactive power. Under these condi-
tions, the UPFC (Unified Power Flow Control) 
compensator contributes to the compensation 
of these powers to restore the voltage levels.

lR lX
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In disturbed mode [6], the powers injected by 
the UPFC are affected by oscillations at a dou-
ble frequency than the network under study.  
This is because the active and reactive powers 
have fluctuating components. In the context of 
identifying the fluctuating components affect-
ing these powers injected into the network and 
based on Fortescue’s theory [7], we can express 
the apparent power injected into a bus j as fol-
lows:
  

(4) 

By developing the previous equation, we draw 
those of the active and reactive powers injected 
into a bus j:
                            

(5) 
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+=
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These expressions are the basis of our control 
strategy for the UPFC compensator to fictitious-
ly isolate the UPFC from the impact of simulated 
faults. The UPFC compensator consists of two 
converters CRi and CRj interconnected through 
a DC voltage level bus buscV . It is assumed that 
this compensator is inserted to keep the voltage 

level nV  at a constant value at a network bus n 
following the occurrence of a fault. In fact, in 
the presence of a fault qualified as serious and 
in the absence of any defense strategy, the volt-
age reaches a critical level nnnc VVV ∆−=  unaccept-
able by the standards and consequently the net-
work can be in a situation of collapse.
This amount of reactive power injected by the 
compensator is the image of a need expressed 
by the voltage drop at a perfectly localized 
point. This formulation of the problem can be 
extended to cases where the level of the voltage 
at the bus considered undergoes a mode of evo-
lution characterized by oscillations resulting 
from the appearance of a certain disturbance of 
a random nature. It follows then that the term 

nV∆ , during the phase of appearance of a fault, 
is expressed as follows:
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The presence of the components of the neg-

ative sequence of the voltage, 
+
−ndnV  and 

+
−nqnV , 

attributes to the voltage nV  a character fluc-
tuating with a double pulsation of that of the 
studied network ( f.2 ). Consequently, the reac-
tive power Qn that the compensator must re-
store at the connection point summarily re-
produces the same pattern:
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This power can be expressed as the sum of a 
constant term Qn0 on which is superimposed 
a term oscillating at twice the frequency Q2nf. 
Either then:
       

(8) f2nnon QQQ +=

The term Qn expressed should constitute a 
dynamic reference for the control laws of the 
UPFC. To establish control algorithms consid-
ering the fluctuating quantities at double the 
network frequency, we have proposed new 
control techniques taking into account possi-
ble fluctuations in the levels of active and re-
active power in all the busses of the network 
in question.
Our preventive strategy is based on optimiz-
ing the quantity of active and reactive power 
requested by the network in the event of pos-
sible disturbances.
The evaluation of the active and reactive pow-

er ( UPFCP  , UPFCQ ) that the UPFC must inject, 
was established with a perfect knowledge of 
the new modes of evolution of the reactive 
powers { }noeudsk N1,...,k ; Q =  injected into any bus 
of the network, during the disturbed phase, 
Fig.3.
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The term kQ∆  represents the instantaneous 
variation of the reactive power injected into 
any bus k with respect to a reference value 
counted before the appearance of the fault. 
We then write:
                     

(10) 
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The strategy is based on estimating an 
amount of reactive power 

*
UPFCQ  by comparing 

the amounts of reactive power injected before 
and during a fault through a fuzzy controller. 
These quantities will be given as references 
for the UPFC to synthesize them and inject 
them into the busses concerned.
Indeed, we evaluate the sum of the reactive 

powers injected at the various busses 
∑

=

=

Nnoeudsk

1k
jQ
 

which we compare with the sum of the reac-

tive powers injected at the same busses 
∑

=

=

Nnoeudsk

1k

*
jQ
 

counted before appearance of the fault. There-
fore, we had the idea to implement a fuzzy 
regulator in the benchmark reactive power 

∑∑
=

=

=

=

Nk

2k

*
k

Nk

2k

*
k ,Q,P

 evaluation algorithms. This is due 
to the dynamic adaptation of this type of regula-
tor to follow the amplitudes of the variables to be 
controlled.  This compensator has been integrat-
ed into the IEEE 14 Bus Test network. The method 
adopted to determine the control vectors is the re-

sponsible center of gravity method searching for 
the desired optimum on the swept area [8].
              

(11) 

3. Proposed.Strategy
In order to have an optimized power compen-
sation likely to restore the network to a stable 
state, we present the control strategy of the 
compensator implemented in a network, as 
shown in figure 4:
 

Fig.3: Compensation procedure following the fault 
appearance

Fig. 4. UPFC control strategy.

Indeed, we evaluated for each fuzzy regulator 
the sum of the active or reactive powers in-

jected to the different busses ( 
∑∑
=

=

=

=

Nk

2k
k

Nk

2k
k Q,P

 ) and 
we compared it instantly with respect to their 
reference values counted before the appear-
ance of the fault. 
The use of the fuzzy regulator in the algo-
rithms for evaluating the active and reactive 
powers of reference ( 

*
UPFCP  ) and ( 

*
UPFCQ  ). This 

is due to the dynamic adaptation of this type 
of regulator to follow the amplitudes of the 
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variables to be controlled.
The analysis of the dynamic behavior of the 
electrical network is based on adequate mod-
eling considering any electrodynamic states 
affecting the network.
We have defined the functions in active pow-
er ),V(F llPl α  and in reactive power ),V(F llQl α  at 
any bus of the network as follows:
                     

(12) 
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where, jspecP −  , ispecP −  and jspecQ −  , ispecQ −  are the 
specific powers evaluated as follows:
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With:
PCi, Pgi and Pi denote respectively the powers 
consumed, generated and injected at the bus i. 

PCj, Pgj and Pj denote respectively the powers 
consumed, generated and injected at the bus j. 

4. Simulation.and.Results
This UPFC control strategy has been applied 
to the 14-bus IEEE test network with 5 syn-
chronous machines [9]. For the control of this 
type of compensator, we have assigned differ-
ent loads, connected to the network studied, 
values imposing a nominal operating regime 

on the five machines such as (
∑∑
=

=

=

=

=
14l

1l
Cl

5i

1i
gi PP

). 
Based on Figure 5, the simulation of a fault 
materialized by the opening of line 4-5 from 
the instant 62 sec until the instant 63 sec, the 
UPFC being disconnected, showed the nota-
ble degradation of the voltage levels.

In the presence of the UPFC and for the same 
fault, we noticed that the voltage levels estab-
lished a new state of equilibrium, proving the 
contribution of the UPFC to the stability of 
the electricity network.
Referring to figure 6, we noticed that the 
quantity of active power produced by ma-
chine 4, in the absence of the UPFC, is great-
er than in its presence, which shows that the 
UPFC contributes to the production of energy 
active in the event of a fault.

 

Fig 5. Voltage at the different busses

Fig 6. The quantities of active power supplied by 
machine 4 (25MVA) - without and with UPFC

On the other hand, based on figure 7, we not-
ed a decrease in the amount of reactive power 
produced by machine 4 when integrating the 
UPFC, at the time of fault occurrence. Indeed, 
the amount of reactive power contributed by 
the machine to node 4 without UPFC is of the 
order of 0.07 pu while in the presence of the 
UPFC the amount has a value of 0.04 pu which 
justifies the entry into service of the UPFC in 
order to supply the rate of reagent necessary 
for the restoration of the levels of the voltages. 



92Alfons-Goppel-Platz 1, 95028 Hof, ISBN: 978-3-935565-06-6

5. Conclusion.
Our strategy is based on implementing a UPFC 
type compensator to ensure perfect optimiza-
tion of the quantity of the reagent to be inject-
ed to stabilize the voltage of the network stud-
ied and subsequently guarantee synchronous 
control of the two converters of the ‘UPFC in 
unbalanced mode.  A single fuzzy regulator 
estimated the quantity of the reagent in or-
der to ensure better profitability of the strat-
egy.  The simulation results obtained justify a 
marked improvement in the network voltage 
profile when it is affected by severe faults.
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Abstract.
A programming course implementation, which 
only involves virtual  aspects of programming, 
can be an issue for beginners. The missing cor-
relation of virtual objects in code and real objects 
in the physical world makes the learning process 
more difficult. The Fischertechnik model provides 
a better carrier for educational innovation and ex-
perimental innovation as an innovative teaching 
system. Based on the Fischertechnik model, we 
designed the storage robot topick up the ball and 
to put it properly in the pre-selected place. The 
practice has proved that the teaching robot we de-
signed has good promotion and application pros-
pects in teaching.

Keywords: Fischertechnik combination model, 
storage robot, PLC control system.

1. .Introduction
In recent years, robotics education has been 
developed significantly; it allows an individ-
ual to learn faster and keep up with the fast 
growth rate of innovation. Here also moti-
vation is the key for exploring and creating 
new ideas so that through robotics learn-
ing, the user has an authentic experience 
and can see the result immediately, instead 
of just a virtual learning experience. It has 
been proven that this way of learning makes 
technology and programming more fun. As 
a result, it generates interest among students 
and attracts a major section of young minds, 
who are willing to go further and learn more 
things by themselves [1].
For that, we designed and developed a teach-
ing robot system- a storage robot based on 

Fischer’s creative combination of model plat-
form and the application of the PLC. This sce-
nario-based approach creates a link between 
the Lego robots and software engineering 
concepts. It combines the learning of mecha-
tronic and computer science concepts by 
providing a “two hands-on learning activity” 
through the use of a robot. The robot is made 
up of multiple sensors and motor and is using 
PLC control from the hardware and software 
of control respectively [2].

2. The.Fischertechnik.Model
Fischertechnik’s creative combination model 
is a teaching aid characterized by its simplic-
ity, stability, systemization, and flexibility. It 
is a family of structural parts and an innova-
tion system composed of mechanical compo-
nents, electrical components, sensors, pneu-
matic components, computer controller, and 
software [3]. The model design uses a mod-
ular project that can be unlimited expanded 
and repeatedly disas-sembled.  Its products 
are systematic and varied, and it can realis-
tically perform the mechanical components 
and scientific principles; It can also program 
control to un-derstand the electromechanical 
integration process comprehensively. It can 
demon-strate a production process to provide 
a preliminary analog and demonstration for 
the study and design of industrial automation 
machines. Moreover, the application of this 
model can be malleable. Firstly, in structure, 
the user can assemble any mech-anism by 
choosing the construction bricks, which can 
reflect the various types of projects. Second-
ly, in software, the application of this model 
is extensive, and it can be controlled with a 
computer, and even in a computer, the user 
can control it by using different software [4]. 

3. Overall.design
Working Principle. Our storage robot is used 
in storage racks where the goods are stored 
and retrieved automatically. The user can as-
semble the storage robot model and wire the 
electrical elements described in the assembly 
instructions. The storage system also includes 
a receiving station where the goods are deliv-
ered or retrieved.
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The robot motion form and workspace. An 
overview of the various axes on our model 
are given in the Table 1. shown below:Table 1. 
The robot motion.

DC motor has been widely applied in the ro-
bot-driven. 
We also used motor controller modules L298N; 
each card can control two motors so we can 
control the speed and the direction of the mo-
tors.
Control system program. The robot produced 
by Fischertechnik components can use a ded-
icated intelligent interface board to control 
and be compatible with other controllers. 
In Industrial areas, the use of the PLC logic 
control is extensive; the Fischer robot is the 
origin of simulated industrial automation 
machines, so using PLC as the control core 
is very reasonable [6]. The control system in-
cludes the searching path: when the ball is on 
the receiving station. After finding the ball, it 
begins to move to put the ball in the pre-se-
lected place on the racks, then returns to the 
original way according to the record of the 
travel counter. When back to the origin point, 
the counter will be reset to 0 waiting for the 
next time to store the ball. The flow chart is 
shown in Figure 2.
During the practical work sessions, students 
are led to identify the inputs and outputs of 
the system and to understand the function-
ing of the model. As a task, they can modify 
the system by adding a floor and do  the nec-
essary modifications to the program or they 
can use the system in reverse road;  instead 
of having a storage system they can create a 
destocking system.

The.Motor.direction.of.rotation
you need to regulate the motor speed by 
PWM, you have to set IN1 and IN2,  to confirm 
the direction of rotation motor, then generate 
PWM pulses for the activated terminals. The 
motor is in the free stop state when the signal 
from the activated ter-minal is 0.When the ac-
tivated signal is 1, if IN1 and IN2 are 00 or 11, 
the motor is in the brake state and the engine 
stops running. If IN1 is 0 and IN2 is 1, motor 
A rotates clockwise of a watch. If  IN1 is 1 and 
IN2 is 0, the motor  rotates counterclockwis 
[5]. 
Robot transmission program. Pressing the 
“AUTO / MANU” pushbutton to choose the 
mode of operation, then pressing the “START” 
push button starts the M2 motor. The fork 
moves forward until the limit switch I4 is 
pressed to enter the barrel; then the stacker 
lifts the fork at a well-defined distance, then 
the fork moves back to the limit switch I2, 
then the stacker moves to the right with the 
distance calculated on the X-axis.
Note: this distance is calculated with the en-
coder  integrated into the motor-encoder by a 
program used in the calculator block.
The stacker raises the fork to the specified 
distance on the Z-axis, then the fork moves 
forward until sensor I4 is detected, then the 
stacker descends  to place the barrel in its 
position, the fork moves back and the stack-
er goes down to the sensor I3 as well as the 
carriage returns to the initial state up to the 
position sensor I1.
Fischertechnik components assembled into a 
robot is shown in Fig.1

 

Fig.1 The whole structure of the robot
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The overall structure. The hall storge robot 
with the power and the control card is shown 
in Fig.3
 

and return. The controller also contains six 
buttons numbered from one to six used to 
choose where the ball will be placed. In addi-
tion, the controller can also display the speed 
of each motor. The controller board is shown 
in fig.4

 Fig.2 The grafcet 
Fig.4 The controller board

Fig.5 The gripping robot

Fig.3 The storage robot

4. Testing. and. evaluation. of. the. stor-
age.robot.
The robotics kit composed of Fischertechnik 
construction bricks, an assembly of all-pur-
pose electronics components and the board 
controller was tested during the project grad-
uation. We made two robots; the storage ro-
bots and the gripping robot shown in fig 5. 
 

The controller boards. There are three push-
buttons used for interaction with the user. A 
“START” button to start the robot. A “pause” 
button to change the output state to the STOP 
state when the outputs are unlocked. If the 
outputs are locked, the user cannot change 
the state, and the “reset” button causes the 
immediate initialization of the entire system 
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In the second part of this project, a robotics 
workshop will be divided into our automation 
lab using the storage robot and the gripping 
robot. Students working in groups designed, 
performed, documented, and finally, under-
stood the production process because the 
usage of these two robots allowed students’ 
hands on the actual, physical objects to link 
them to the virtual objects.

5. Conclusion
A teaching robot based on Fischer’s creative 
combination model platform was designed. 
The teaching robot can help students visually 
analyze the robot’s overall mechanical struc-
ture and control system structure It can also 
help students understand the laws of robot ki-
nematics comprehensively to master the ma-
nipulation of the robot proficiently. The robot 
has high promotion and application prospects 
in the teaching field. 
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Abstract..
In the plastics industry, plastic products are 
usually made by extrusion. With a material in 
granular form, a process is followed using a pro-
grammable logic controller S7-1200 (PLC). Plastic 
extrusion is a thermo-mechanical industrial pro-
cess. It allows, in fact, to transform the raw ma-
terial to pipes, alimentary bags, alimentary film, 
etc. This transformation is carried out under pres-
sure with a conditioning in temperature and flow 
of the material proportional with the speed of 
rotation of the screw. The main objective of this 
didactic bench is that the student should be able 
to master the programming techniques using the 
programmable logic controller (PLC) and to use 
the new technologies to facilitate their integration 
in the industrial application.
Keywords: Didactic bench, Plastic Extruder, Pro-
grammable Logic Controller (PLC) S7-1200, Peda-
gogical Project Method.

1. Introduction
Faced with the global challenges of environ-
mental protection, the idea of recycling has 
become more relevant in the political and eco-
nomic sphere. The recovery of recycled and 
reprocessed plastic waste began in the 1990s. 
Ever since, the demand for recycled materi-
als has steadily increased, driven by environ-
mental concerns to reuse plastic waste and to 
give manufacturers the opportunity to pro-
duce high-performance materials. 
Due to the high levels of production of plas-
tics, one of the major challenges consti-tutes 
the management of this waste. [1], [2], [3].
For this reason, as part of a final-year project, 
we proposed to design and build a plastic ex-
trusion didactic bench (compare Figure 1. (a)).
Extrusion is a technology in full development 
in the food industry. It is essentially a system 
for the continuous manufacture of a tremen-
dous quantity of food products. 

Furthermore, it plays a vital part in the manu-
facture and processing of plastics.  Extrusion, 
therefore, can be understood as the fragmen-
tation process that is applied to solid waste, 
especially plastic waste [4], [5], [6].

This article presents the extrusion process 
as well as the different parts of the plastic 
extruder where students learn the technique 
by engaging with them. By engaging in this 
complex and concrete project, the students 
develop and apply skills and gain knowledge. 
Moreover, a programmable logic control-
ler (compare Figure 1. (b)) is used to control, 
monitor, and regulate the different parame-
ters in the machine, namely the speed of rota-
tion of the screw, the temperature of the bar-
rel, the flow of the granulated plastic material 
and the speed of the fan.
In addition, the application of the pedagogical 
method of project prompts students to learn 
the industrially required skills related to the 
process of plastic extrusion.

2. Presentation.of.the.Plastic.Extruder

Fig.1. Plastic extrusion didactic bench (a), Pro-
grammable Logic Controller (b)

                           
(a)                                                                        (b)
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The extruder (compare Figure 2) comprises a 
cylindrical sleeve (5) which is embedded by a 
coupling (2) combined with the screw (3). It is 
heated by means of heating collars (6) inside 
which a screw (3) rotates and is fed through 
a dosing device by a pellet feed hopper (4). 
The screw (3) is characterized by its length (L) 
and its diameters (D and d). The screw (3) con-
tinuously mixes, compresses and transports 
the fluidized and homogeneous material to 
the Spinneret (8) which is embedded with the 
sleeve by the fixing screw (7). 
Finally, the film is cooled by a fan (9), at the 
exit of the Spinneret (8), and the ex-truder is 
followed by a programmable logic controller 
(PLC) which adjusts the material.

cal approach, strategy or method. The project 
can be individual or collective. This teaching 
approach refers to an active pedagogical prac-
tice that allows to foster learning through the 
realization of a concrete production. The proj-
ect allows learners to identify and formulate 
their own problems and to develop know-how. 
Project-based learning is a learner-centered 
model. Learners have the opportunity to work 
more independently and to build their knowl-
edge when they are placed in a problem-solv-
ing situation [9]. 
For this reason, we used the pedagogical 
method of the project to realize the di-dac-
tic bench of plastic extrusion where the stu-
dents learned the skills related to the process 
of plastic extrusion and were taught to master 
the new techniques of programming on the 
PLC.

4. Conclusion
From this project, the expected results for the 
students are:
- Understand the plastic extrusion process
- Design and build the different components 
of the system 
- Master advanced PLC programming tech-
niques using the S7-1200 PLC where they con-
trol the temperature of the barrel, the rota-
tion speed of the Archimedes screw and the 
flow of plastic material.

Therefore, project-based learning fits per-
fectly with the use of programming and au-
tomation technology in the school. Our tech-
nology project entitled Plastic Extrusion 
Trainer is interdisciplinary, collaborative, re-
search-based, self-directed, motivating, and 
meets all the needs and learning styles of the 
students. 
 
In effect, this didactic bench is a way to de-
velop the students’ learning experience while 
achieving specific pedagogical objectives to 
facilitate their integration into industrial life. 
In addition, they use a correct method for the 
project approach and its management.

Fig.2. Component of the Plastic Extrusion Didac-
tic Bench 

Legend:
- Gear motor (1)
- Coupling (2)
- Worm screw (3) 
- Hopper (4) 
- Sheath (5)
- Heating collars (6)
- Fixing screw (7)
- Spinneret (8)
- Fan (9)
- PLC S7-1200 (10)

3. Application. of. the. pedagogical. ap-
proach.......
Teachers use methods and approaches to cre-
ate an educational environment and to speci-
fy the nature of the activity in which the stu-
dent and teacher will participate during the 
course or practical work [7], [8].
Project-based learning refers to a pedagogi-

1

2
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Abstract.
This paper outlines the benefits, the applica-
tion, the mechanical design and the electronic 
control of a hydroponic plant nursery connected 
and controlled by a smartphone. The hydroponic 
plant nursery is a revolution for conventional ag-
riculture. It creates a self-regulated microclimate 
adapted to plant growth, optimizes growing con-
ditions and automates the growing process.
Keywords: hydroponic plant nursery, remote con-
trol, mechanical design, hydroponic, mobile ap-
plication.

1. Introduction
This paper is based on a project called “The 
smart Green House” which aims to automa-
tize hydroponic plant nurseries, it creates a 
self-regulated microclimate adapted to plant 
growth through the use of sensors, actuators 
and monitoring [1] and control systems by 
connecting it to a smartphone. The smart-
phone then will be used to control and moni-
tor the hydroponic plant nursery, these make 
it possible to optimize the growing conditions 
and to automate the growing process. What 
renders this project appealing is the fact that 
it is a recent and rapidly developing technolo-
gy. Smart agriculture has a host of undeniable 
advantages such as ensuring steady growth of 
plants, minimizing their time of growth and 
ensuring a good quality. Moreover, smart ag-
riculture increases the yield of production, 
simplifies the order process and most impor-
tantly the technology keeps all farmland run-
ning and safe. 

Furthermore, this hydroponic plant nursery 
provides the advantage of eliciting the right 
planting system for the consumer. Within this 
context, the smart nursery chooses between 
two previously configured planting methods, 
namely automatic watering using a pump and 
wiper tank or a self-watering using the hydro-
ponic method. 
Since we now delved into the advantages and 
remedies this project presents, the following 
paragraphs will outline the application, me-
chanical design and electronic control of the 
hydroponic plant nursery project.

2. Application. of. Hydroponics. Plant-
ing.using.the.Seeding.Tray
The hydroponic system we used is based on 
the water that is positioned in a drawer locat-
ed directly under the plant ś soil [2] as shown 
in Figure 1. In the next step, the seeding tray 
will be directly exposed to the water and the 
plants, consequently, will soak up as much 
water as it needs according to the osmosis 
law. The use of this method allows us to avoid 
the waste of water, limit the consumption of 
potting soil and by its depth promote the root-
ing of seedlings.

 Fig. 1. Design of the hydroponic system using the 
seeding tray

3. Mechanical.Design
Design is the creative phase of a project. 
Hence, the primary purpose of the design 
should enable the creation of a system or pro-
cess that meets a need within specific con-
straints.
This nursery, therefore, consists of three 
main parts as depicted in Figure 2 and Table 1. 
At first, we used Medium Density Fiberboard 
(MDF) cover to ensure the nursery ś stability 
and the embedding of electronic components. 
For the second part, plexiglass was used to al-
low visualization inside the nursery. At last, 
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Each agricultural nursery must be equipped 
with a system that will control the climat-
ic parameters. Therefore, this system must 
control the temperature and the humidity of 
the air as well as  the humidity of the soil. 
These parameters actually constitute the car-
dinal variables to control plant survival and 
growth.
However not only humidity and temperature 
of the soil play a vital part for our smart nurs-
ery. To provide sufficient electronic control 
we had to assure the following:
- The system must control the temperature 
and humidity of the greenhouse.
- The temperature and humidity of the green-
house  can be edited by the user.   
- The soil moisture can be edited by the user. 
- The system must control an electric heat-
er so that the temperature does fall below a 
maximum decided value.  
- The system must trigger a watering system 
to maintain a fixed moisture content. 
- The system must commence an engine for 
ventilation as soon as the maximum tempera-
ture is reached.
- Light is user-controlled 

- The user can choose to use the hydroponic 
system or the simple irrigation system.
The agriculture control system is controlled 
by an ESP32 card in conjunction with a 
DHT22 sensors, a soil moisture sensor and 
actuators [4] which are the LED lamps, fans, 
water pump, and relays (compare Figure 3). 
The nursery is then connected and controlled 
with a smartphone from a mobile application. 

Fig. 2.  Prototype for the design of the smart nurs-
ery

Fig. 3. Operating diagram

 Fig. 4. Settings for the desired temperature and 
humidity interval

there is a sliding recessed drawer that fits 
inside the bottom-half of the nursery and is 
used as a water tank to support the seeding 
tray. The drawer provides a slide connection 
to the base and the lid.

In the smartphone application we then en-
abled our users to choose adequate intervals 
for temperature and humidity of the nursery 
to allow a good plant growth as shown in Fig-
ure 4. The user can enter the desired tempera-
ture and humidity interval and save them.
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In order to create the perfect growing envi-
ronment for the distinct plants we had to em-
power the user to distinctively adjust the soil 
moisture for each sensor. Therefore, we im-
plemented a feature which allows the user to 
enter the desired moisture intervals and save 
them (compare Figure 5).
In addition, if the user uses the hydroponics 
method for planting, it is not necessary to use 
this interface and the soil moisture sensor 
since this part will be automatically adopted.

Fig. 5.  Settings for the humidity control of the 
plans for the distinct sensors

Fig. 6.  Light control within the mobile application

The need for light [3] is vital for most plants 
since at the origin of the photosynthetic pro-
cess, light energy allows plants to feed and 
develop [5]. Hence the mobile application em-
powers users to open and close the LEDs and 
do the necessary tests as shown in Figure 6.

5.Conclusion
In the future, more than one sensor can be 
used to control humidity and temperature 
in the nursery. A cloud server allows you to 
bring the information from the card to the 
smartphone. This will make it possible to 
monitor its greenhouses at a distance and a 
great assurance of the sealing using very pre-
cise methods. Optionally, this system can be 
equipped with an audible alarm that tells us 
if the temperature and humidity are not with-
in the operating range. And do not forget that 
this system offers two planting methods ac-
cording to the choice of the user.
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