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Balkan, HEI

This report outlines the work of UAMD, UPT, UP, UBT, and
UoM, partner higher education institutions (HEls) from
Albania, Kosovo, and Montenegro, in organizing
Invited/Guest lectures in their HEIs to promote the newly
developed six innovative courses as tasks of the lot-ECO
project: "Introduction to Internet of Things" (UAMD),
"Internet of Things and Cloud loT" (UPT), "Advanced
Mechatronics Systems" (UoM), "Internet of Things loT"
(UNIMED), "Green Wireless Communications" (UP), and an
extra course called "Internet of Things" (UBT). The report
contains a summary of all the events, a detailed description
of the events in each partner’s HEI including location, date
and time slot of the event, name, affiliation and short CV of
the presenters, title and abstract of the presentation,
number and characteristics of the students attending the
lecture and feedback. The report is completed with some
conclusions and an annex with lectures slides.

Assoc. Prof. Dr. Galia Marinova
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Table of acronyms or abbreviations

Acronym lllustration

Al Artificial Intelligence

ASON Automatically Switched Optical Network
CERN European Organization for Nuclear Research
CMOS Complementary metal-oxide—semiconductor
COTS Commercial-off-the-shelf

CPS Cyber-Physical Systems

DC Direct Current

DWDM Dense Wavelength Division Multiplexing
EPFL Ecole Polytechnique Fédérale de Lausanne
EU European Union

FECE Faculty of Electrical and Computer Engineering
GPIO General-Purpose Input/Output

HEI Higher Education Institution

ICLAB Integrated Circuits Laboratory

ICT Information and Communication Technologies
loT Internet of Things

IT Information technologies

ML Machine Learning

MW Microwave

PWM Pulse Width Modulation

ROADM Reconfigurable Optical Add-drop Multiplexer
STEM Science, Technology, Engineering, Math

THz Terahertz
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1. Introduction

The partner HEIs UAMD, UPT (Albania), UP, UBT (Kosovo) and UoM, UNIMED (Montenegro) organized to
their students presentations delivered by Invited/guest lecturers from business or associated partners.
These lectures are connected with the probation of the 6 new courses developed in the framework of the
lot-ECO project, follows:

e Introduction to Internet of Things, developed by UAMD;

e Internet of things and cloud loT, developed by UPT;

e Advanced Mechatronics Systems, developed by UoM,;

e Internet of Things loT, developed by UNIMED;

e Green Wireless Communications, developed by UP;

e Internet of Things developed by UBT.
The Partner HEIS selected the invited/guest lecturers from the associate partners of the loT-ECO project or
from companies operating in the area of 10T and Green technologies. The lectures were scheduled in the
first weeks of the new courses probation in order to promote the new courses and to confirm the interest
of associate and business partners to the topics connected to loT for Green transformation.

2. Coordination of the events with invited/guest lecturers from business and associate partners in the
10T-ECO consortium

The coordination of the events with the invited/guest lecturers from business and associate partners was
realized at 2 virtual meetings, as follows:

1) Virtual Meeting on New or updated 10T-ECO based courses/ Invited guest lecturers planning
Here is the link to the Virtual Meeting on New or updated 10T-ECO based courses/ Invited guest lecturers
planning:

Friday, 28 February - 2:00 —4:00 pm Time Zone: Europe/Sofia/Patras
Friday, 28 February 1:00-3:00 pm Time Zone: CET

Information for joining in Google Meet

Link: https://meet.google.com/dmu-qzeg-ded

or dial: (US) +1 218-301-2679 PIN: 949 210 026#

It was decided the presentations of the invited/guest lecturers connected with WP5 D5.3. Invited/guest
lecturer from business or associated partners, to be documented as follows:

Guest lecturers — Lecturers (name, affiliation, position, short CV, photo), Topics, Abstracts, Slides, Date,
Time slot, Location, Audience (number, gender, course, program of students attendees), Photos with the
lecturer and the students, Feedback from the attendees.

The information for the invited/guest lecturers must be provided in a dedicated block in Trello.

2) 10T-ECO Virtual Meeting WP5, D5.2. / 5.3 Friday, 28.03 2025, 11:00 am — 12:00 pm

Here is the link to the Virtual Meeting:loT-ECO Meeting WP5, D5.2. New Courses and 5.3 Invited lecturers:
Friday, 28.03.2025 - 11:00 am — 12:00 pm Time zone: Europe/Sofia / Patras

10:00 am —11:00 am Time zone: Austria, Albania, Kosovo, Montenegro
Info to join in Google Meet
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The partners from HElIs UAMD, UPT (Albania), UP, UBT (Kosovo) and UoM, UNIMED (Montenegro) reported
on the realized invited/guest lecturers presentations in their institutions. They submitted written reports
to the coordinator. Based on these reports the current report for the deliverable D11 was prepared.

3. Summary of the events with the invited lecturers in the partners’ HEls

The events with the invited lecturers were organized as summarized in Table I.

Table I. Summary of the events with the invited lecturers in the partners’ HEIs

No | Partner’'sHElI | Number  of | Associate or business | Date of the | Number of students
lecturers partner event attendees / Gender

1. UAMD 1 Associate partner 11.03.2025 | 19 (7F,12M)

2. UPT 3 3 Business partners 25.03.2025 | 27 (13F, 14M)

3. upP 1 Business partner 18.03.2025 | 20 (11F, 9M)

4. UBT 1 Business partner 21.01.2025 | 32 (11F, 21M)

5. UoM 2 Business partners 12.12.2024 | 14 (5F, 9M)

10.03.2025 | 15 (5F, 10M)

2 2 Academic 19.12.2024 | 18 (7F, 11M)

6. UNIMED 1 Academic/Researcher | 06.03.2025 | 11 (3F, 8M)

4. Invited/guest lecturers’ presentations in the Partner’s HEIs

In the next sections the reports on the realized invited/guest lecturers presentations in the Partner’s
institutions are presented.

4.1. Invited/guest lecturer from business or associated partners in UAMD

The scope of Invited Lecture — Knowledge Dissemination and Academic Outreach

Information about the event:

Date of Lecture: 11/03/2025

Location: Aleksander Moisiu University, Auditorium 210

Time slot: 10:00-11:20 AM

Here is the poster for the event:
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Autoriteti Portual Durrés '/ ll‘ r - f,;‘;:m;’: e
DUNNES PORT AUTHORITY == — ECO —

OPEN LECTURE

Durres Port
toward
Smart Port

Tuesday, 11 March
10:00 | Auditorium 210

v

INVITED SPEAKER
Eng. Vegim Hoti

Head of the Innovation Unit,
Durres Port Authority -

amn .
0 fti.uamd & www.uamd edu.al

Lecture Overview: The lecture titled "Durres Port toward Smart Port" was delivered by Eng. Vegim Hoti,
Head of the Innovation Unit in Durres Port Authority, as part of the project's academic dissemination and
engagement strategy. Durres Port Authority is an associated partner in loT-ECO project. The lecture aimed
to enhance knowledge transfer, promote research outputs, and support capacity building among students,
academic staff, and industry stakeholders.

Short bio of the invited lecture Eng. Vegim Hoti

Eng. Vegim Hoti is a dedicated professional in the Albanian transport community. He holds a master’s
degree in Electronic Engineering and boasts a 30-year career in the railway and port industry, specializing
in ICT systems. Currently, he serves as Head of the Innovation Unit at Durres Port Authority, mainly focused
on implementing new Information and Communication Technologies in Durres Port, focusing on
sustainable transport solutions and logistics management.

Vegim has played a crucial role in establishing the IT Department at Durres Port throughout his career. He
has led significant IT infrastructure projects, implemented innovative transport policies, and advocated for
green transportation. Currently, ongoing IT projects include the Durres Port Community System and the
security and ICT systems for the new Porto Romano port.

Vegim is a part-time lecturer at the Department of Engineering and Marine Sciences, Faculty of Professional
Studies, "Aleksander Moisiu" University imparting knowledge on Maritime Information Systems and port
IT to the next generation of professionals.

Vegim's expertise and commitment to advancing port technology make him a distinguished speaker about
strengthening sustainable and digital trade routes between the Eastern Partnership and the EU.
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The objectives of the invited lecture are:
e To present the latest developments in port environment technologies.
e To foster collaboration between academia and industry in emerging technology domains.
e To provide to the students a presentation of some real smart systems that actually operate in the
port and the possibility for the implementation of other smart systems and green transition
technologies.

Target Audience: The lecture was attended by:

e Undergraduate students in Information Technology, Computer Science Programs
19 students from bachelor’s program in information technology p second and third year. 7 girls (37 %), 12
boys (63 %)

e Academic staff. 2 academic staff /women.

Abstract of the lecture: Durres Port, Albania’s largest maritime hub, is undergoing a transformative journey
toward becoming a smart port in line with global digitalization trends in the maritime industry. The
presentation explores the current status and operational landscape of Durres Port, highlighting its strategic
importance along the Pan-European Corridor VIII and its role in handling over 90% of the country’s
seaborne trade. The concept of a smart port is examined through technological lenses such as the Internet
of Things (loT), Artificial Intelligence (Al), Blockchain, 5G connectivity, and Digital Twin technology.
Emphasis is placed on the port's existing smart systems, including automated check-ins, surveillance with
video analytics, GIS systems, and environmental monitoring. The presentation also outlines the 2030
Masterplan for the new Porto Romano facility, emphasizing infrastructure modernization, sustainability,
and enhanced connectivity. By comparing international smart port case studies, the presentation provides
a strategic roadmap for transforming Durres into a digitally integrated, efficient, and sustainable maritime
gateway for the Western Balkans.

Methodology: The lecture utilized a blend of:
e PowerPoint presentations with visuals and real-world use cases.
¢ Interactive Q&A.
e Feedback collection via online tools, google form.

Key Outcomes:
e Enhanced awareness of the project's research contributions in IoT and Smart Technologies.
e Strengthened networking with local academia and industry.
e Participant interest in follow-up workshops and project deliverables.
e Positive feedback on the pedagogical approach and technical content.

Supporting Materials are available:
Screenshots/photos of the session.
List of attendance.

Poster of the invited lecture.
Recording of the lecture.

Here is a screenshot from the event:
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Feedback summary

The links of the google form questionnaire and the answers are provided below :
https://docs.google.com/forms/d/1wpe5gaMYpvxgVd 7c3Brmahl1VDeQBecCQQ6H3AXt 8o/editHrespon
ses

https://docs.google.com/spreadsheets/u/0/d/1afErgqAFs6DJIpKOCkBOXxmVwPZ UaBgOSPP8SMGRmqgaw/
htmlview#gid=810468020

The questions and the pie charts of 18 answers divided in percentage (%) for each question are listed as
below:

1. How clear was the presentation of information during the lecture?

@ a) Very clear

® b) Quite clear

@ c) Moderately clear
@ d) Not very clear
@ <) Not clear at all



https://docs.google.com/forms/d/1wpe5gqMYpvxgVd_7c3Brmah1VDeQBecCQQ6H3AXt_8o/edit#responses
https://docs.google.com/forms/d/1wpe5gqMYpvxgVd_7c3Brmah1VDeQBecCQQ6H3AXt_8o/edit#responses
https://docs.google.com/spreadsheets/u/0/d/1afErqqAFs6DJlpKOCkBOxmVwPZ_UaBqOSPP8MGRmqaw/htmlview#gid=810468020
https://docs.google.com/spreadsheets/u/0/d/1afErqqAFs6DJlpKOCkBOxmVwPZ_UaBqOSPP8MGRmqaw/htmlview#gid=810468020
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2.How do you rate the structure of the presentation?

@ a) Very well-organized and logical

@ b) Well-structured, but with some gaps
@ c) Average, with some inconsistencies
@ d) Disorganized

@ =) | did not understand it at all

3.Was the use of visual aids (graphs, videos, presentations) helpful in understanding the topic?

@ a) Yes, very helpful

@ b) Yes, somewhat helpful

@ c) Moderately helpful

@ d) Mot very helpful

@ &) There were no visual aids used

4. Were there enough practical examples to explain the presented concepts?

@ a) Yes, many clear examples were
provided

@ b) Yes, but some concepts could have
been illustrated better

@ c) Moderately, some examples were
unclear

@ d) Mo, there were few or no examples
@ <) No examples were given at all

10
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5. How do you rate the speaker’s preparation for this topic?

@ a) Excellent
@ b) Good

0 c) Average
& d) Poor

@ =) Very poor
@ Option 6

6. Was there an opportunity to ask questions and engage in discussions during or after the
presentation?

@ a) Yes, plenty of opportunities for
questions and discussions

® b) Yes, but not enough
® c) Few, but insufficient

@ d) No opportunity for questions or
discussions

7. Do you think the presentation helped increase your knowledge about smart ports and their
technologies?

@ a) Yes, significantly
@ b) Yes, somewhat
@ c) Moderately

® d) Alittle

@ ) Not at all

11
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8. What would you suggest to improve future presentations?

@ a) More practical examples and case

studies

Mm% A @ b) More use of visual aids and

//‘;1 1% technology
P )
-~

c) More opportunities for interactivity
and discussion

@ d) More technical details on the topics
covered

@ =) Nothing, the presentation was
excellent

9. Would you recommend a similar lecture to other students?

@ a) Yes, definitely

@ b) Yes, with some improvements
c) Maybe

@ d) Notreally

@ =) Not at all

Feedback Conclusions

The lecture had a positive reception overall, according to the UAMD student comments, which highlights
the presentation's high level of clarity (more than 94% of students thought it was clear or pretty clear) and
its well-structured format. Most respondents found visual aids useful, and 83.3% of respondents said that
the use of real-world examples was a major quality. Although some respondents pointed out areas for
improvement, the speaker's preparation received good marks overall. Although the majority of students
thought there were enough chances for participation, some recommended making things more interactive.
Most of the participants felt that the presentation improved their knowledge of smart ports and related
technology, and more than 83% of them said they would suggest a similar lecture to others. More real-
world examples, visual aids, interactivity, and technical depth were among the suggestions for
enhancement.

The invited lecture successfully contributed to the dissemination and impact objectives of the project. It
also facilitated knowledge exchange, smart port innovation dialogue, and laid the foundation for future
cooperation in teaching and research initiatives aligned with Smart Port developments.

12
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Dissemination objective:
The activity was posted in social media and website of the IoT-ECO project and in website and social
media of Aleksander Moisiu University.

4.2. Invited/guest lecturer from business or associated partners in UPT

For the implementation of WP5 (Deliverable 5.3) of the IoT-ECO project, on March 25th 2025, a
promotional event was held at the Polytechnic University, Faculty of Information Technology, featuring
three industry speakers on the topic “loT Applications in the Albanian Industry.”

Information about the event:

Date of the 3 Lectures: 25/03/2025

Location: Polytechnic University, Faculty of Information Technology
Time slot: 17:00-19:00 PM

The event was attended by Master students in Computer Engineering and Electronic Engineering, who
expressed great interest and appreciation for the initiative!

Total number of participants: 27 (13 Female and 14 Male).

The invited lectures have presented in the same date on 25 of March from 17:00-19:00 PM approximately
20 minutes allocated for each of them followed by questions and answers.

The students that attended the presentations of the three invited lecturers were 27 students (13 girls and
14 boys). An attendance list is available.

Flyers were also printed and distributed to the participants in the classroom, and a presentation of the loT-
ECO project and current results were shown.

Below, information is given on the 3 invited speakers, topics and attendance.
1) Alba Merdani

Company: CCBill - online payment services provider, Albania.

Topic: loT Systems Integration with Cloud Technology for Data Processes

Short bio

Alba Merdani is a Computer Engineer with a deep passion for research, technology, and science. Since
2017, graduated at UPT as Computer Engineer, she has gained extensive experience in the tech industry in
different areas, working in various roles such as Software Engineer, DevOps Engineer, Python & Data
Engineer, Systems Engineer, and Platform Engineer, across both large corporations and dynamic startups.
Alongside industry work, Alba Merdani is contributing to academia as part time Assistant Lecturer at the
Faculty of Information and Technology, mentoring students and supporting the next generation of
innovators. Currently, she is pursuing PhD studies at the Faculty of Information and Technology,
Polytechnic University of Tirana, focusing on Digital Twin systems, loT smart technologies, and the
integration of Cloud and Artificial Intelligence/ Machine Learning (Al/ML) in the context of Industry 4.0.

Abstract: The lecture presents 2 loT use cases: An intelligent air/weather quality monitoring system for
temperature, humidity, pressure, dust pm2.5, pm 10 integrated with ThingSpeak cloud; An intelligent
13
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urban air quality system for type of gases in the air: Carbon Monoxide (CO), Methane(CH,), Smoke
integrated with Azure loT and Azure SQL Data base.

2) Gledis Basha
Company: Montal Sh.p.k, provider of solutions for hospitals, clinics and health care centers, Albania
Topic: loT in Healthcare in Albania

Short Bio

Gledis Basha has been graduated at Polytechnic University of Tirana as an Electronic Engineer in 2012.
Afterwards, in 2014 he got a Master of Science degree in Clinical Engineering from Polytechnic University
of Tirana. He has gained experience in industry for 11 years focused on electronic medical devices installing,
and maintenance. He is currently enrolled on the PhD program at UPT. His main research field is 10T in
healthcare.

Abstract: Gledis Basha made an oral presentation on medical healthcare information system, loT for
healthcare, Security and data privacy issues, loT vendors in Albania, reliability of loT business in Albania.

3) Ronild Hako, Transmission and Backhauling Senior Engineer, Vodafone Albania
Company: Vodafone, telecommunications company based in Tirana, Albania
Topic: Exploring loT Services by Vodafone, Albania

Short Bio:

Ronild Hako holds a Master of Science in Telecommunication Engineering from the Polytechnic University
of Tirana. With extensive expertise in transmission network engineering, Ronild Hako is a seasoned
Transmission and Backhauling Senior Engineer with a strong background in Dense Wavelength Division
Multiplexing - DWDM (Reconfigurable Optical Add-drop Multiplexer - ROADM, Automatically Switched
Optical Network - ASON), Microwave (IP MW), and Network Routers (Access and Backhaul) technologies.
Currently at Vodafone Albania, Ronild Hako specializes in the operation, maintenance, and troubleshooting
of complex transmission systems, ensuring optimal network performance and reliability.

Abstract: The lecture presents the loT concept and the implementation of loT by the Vodafone company:
The Smart Fleet, Smart Agriculture, Smart Coolers and Smart Price projects are presented. The loT in the
Global Data Service Platform (GDSP) is also described.

Photos from the lectures are available.

Here is the Event evaluation form used to assess the invited lecturers’ presentations:

EVENT EVALUATION FORM (Copy)

Dear participant,

Thank you for attending the "loT Applications in Albanian Industry" event, held at UPT on March 25th 2025. In our effort to improve the impact of
project events, we kindly ask from you to fill this questionnaire.

We thank you in advance for your valuable contribution!

L] Required

14
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1. How satisfied you were with (1 = not satisfied, 5 = very satisfied): *

event
programme

presentations

disscusions

event
administration

the venue and
facilites

information
shared during
the event was
new, useful and
clear

the event met
rrTy . N
expectations in
terms of offered
topics

interaction with
other
participants was
fruitful

distributed
material was
clear and
useful

Option 1

P
p—

Option 2

Yy

Option 3

p

Option 4

. A. Please, mark your agreement (1 = strongly disagree, 5 = strongly agree) with the
following statements: *

Option 5

If"‘\l
p—

el

—ECO —
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time
management
was fully
satisfied

working
methods were
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organisation
was
professional
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A. OTHER COMMENTS/SUGGESTIONS (please share your feedback):

This content is neither created nor endorsed by Microsoft. The data you submit will be sent to the form

owner.

I:.Microsoft Forms

Responses Overview

Responses

20

Active

Average Time

02:01

Duration

0 Days

1. How satisfied you were with (1 = not satisfied, 5 = very satisfied):

el e 3 4

event programme

presentations

disscusions

event administration

the venue and facilites

85

100% 0%

16



Teaching materials in online format on the I T
Co-funded by the .
Erasmus+ ngrar{’lme - IOT-ECO Slte .

of the European Union

—ECO —

2. A. Please, mark your agreement (1 = strongly disagree, 5 = strongly agree) with the following statements:

@ Option 1 Option 2 Option 3 Option4 @ Option 5

information shared during the event was new, useful and clear
the event met my expectations in terms of offered topics

interaction with other participants was fruitful

distributed material was clear and
useful

disscusions were relevant for the participants

time management was fully satisfied

working methods were appropriate

the overall organisation was professional

100% 0% 100%
3.A. OTHER COMMENTS/SUGGESTIONS (please share your feedback):

Latest Responses
7 "Everything explained in detail"
Responses "Very useful organization to connect academic researches and industry applic..."

2 respondents (29%) answered industry for this question.

learning and teaching . .
Albanian market academic researches thin
better understand « 9

. industry applications .
potential Interesting event Industl‘y y app detail

tudents and orof loT industry

. . students and professors

role in learning P . useful organization
No suggestions

successful

Feedback conclusions

The survey was completed by 20 students and relating to the question “How satisfied you were with the
event, presentations, event administration, venue and discussions” they rated with the maximal point 5
(very satisfied).

Relating to the details like information shared during the event, the clearance of the material distributed,
time management, relevance of discussions, interaction with other participants were all evaluated very
good.

There were also very positive comments on the presentations like “Everything explained in details:, “Very
useful organization to connect academic researchers and industry”.

17
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4.3. Invited/guest lecturer from business or associated partners in UP

Within WP5 of loT-ECO project, an invited lecture was held by MSc. Doruntine Berisha at the Faculty of
Electrical and Computer Engineering (FECE) on March 18, 2025. The topic of the lecture was “Hands-on
demonstration on loT device configuration and programming with Raspberry Pi”.

The event was attended by undergraduate students in their second year of studies at the ICT Bachelor
programme at FECE-UP. The goal was to introduce students with hands-on experience with configuring
and programming loT devices with Raspberry Pi hardware. The goal of the activity is to bridges academia
and industry, offering students a closer look at the real-world impact of loT technologies.

Information about the event

Topic: Hands-on demonstration on loT device configuration and programming with Raspberry Pi
Date: 18/03/2023

Place: Faculty of Electrical and Computer Engineering, University Pristina

Lecturer: MSc. Doruntine Berisha, 3CIS J.S.C, provider of specialized telecom services, Kosovo

Short bio:

Ms. Berisha holds a Master of Science in Telecommunications and is an industry expert with over 10 years
of experience at 3CIS J.S.C. She is currently also a PhD candidate at the University of Pristina. Doruntine
Berisha, holds a Master of Science in Telecommunications and is an industry expert with over 10 years of
experience at 3CIS J.S.C. She is currently also a PhD candidate at the University of Pristina.

The company 3CIS J.S.C is a leading provider of specialized telecom services across the globe. They provide
various services to major telecom carriers via their network of partners and also directly. They also regularly
host UP-FECE students for mandatory internships within the Information and Communication Technologies
(ICT) programme.

Participants: 20 participants (11 F and 9 M), undergraduate students in their second year of studies at the
ICT Bachelor programme at FECE-UP.

Feedback:

The students showed great enthusiasm for the chance to obtain hands-on practice on IoT systems. All 20
attendees filled in the feedback forms. They were satisfied with the demonstration and the explanations
provided by the lecturer. They generally expressed interest to attend more events like this and the
introduction of similar concepts in existing courses. Students were informed for internship opportunities
by 3CIS representative and we will further coordinate on details to conduct the internship at 3CIS for some
of the participating students.

Some students asked for possibility to also visit industry partners. We are currently considering organizing

an industry visit.

The list of participants and photos from the event are available. The slides from the lecture are attached in
Annex 1.

The material for the practical work can be seen below.

18
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4.4. Invited/guest lecturer from business or associated partners in UBT
Information about the event:

Date: 21/01/2025
Place: UBT Dukagjini Campus, Main Lecture Hall
Topic: Introduction to Raspberry Pi

Abstract of the Lecture: This guest lecture served as an introductory session to the Raspberry Pi platform
and its applications in Internet of Things (loT) projects. Students were introduced to the capabilities of
Raspberry Pi, its hardware components, General-Purpose Input/Output (GPIO) pins, and real-world use
cases. The lecture combined theoretical concepts with a live demonstration, helping students understand
how Raspberry Pi can serve as a bridge between software and hardware in loT systems.

Lecturer Information
e Name: Milot Morina
o Affiliation: Engineer at Raiffeisen Bank

Short Bio:

Milot Morinais an loT engineer with over 4 years of experience in embedded systems and cloud-integrated
hardware. He has led multiple loT deployments in smart cities, agriculture, and environmental monitoring.
Milot is passionate about Science, Technology, Engineering, Math (STEM) education and frequently gives
lectures and workshops at universities.

Description of the Event

The event was organized as part of the ongoing loT curriculum at UBT. The guest lecture took place in the
main lecture hall, where students from the Computer Science and Mechatronics departments attended.
The speaker walked the audience through the basics of Raspberry Pi, explained the boot process, and
demonstrated how to light up an Light-Emitting Diode (LED) using Python and the GPIO pins.
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Student Participation
e Type of Students: Undergraduate students in Computer Science
e Number of Students: 32 total
o Female Students: 11

o Male Students: 21

Photos from the lecture are available.

Below is the material used for the practical demonstrations.

Feedback from Students

All 33 attendees filled in the feedback forms for the event. Students provided highly positive feedback,
expressing interest in incorporating Raspberry Pi into their semester projects. They appreciated the clear
delivery of concepts and the real-time demo. Several students mentioned that this session helped them
better visualize loT in practical terms. They also recommended having more hands-on workshops following
this introduction.

4.5. Invited/guest lecturer from business or associated partners in UoM

UoM organized 3 events on 3 different dates with 4 invited/guest lecturers. The information about the
events is presented in detail further.

Guest Lecture 1. Information about the event:

Date: 12/12/2024
Place: Faculty of Mechanical Engineering, UoM
Topic: Maintenance of Technical Systems
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On December 12, 2024, Neda Draskovi¢ Parovi¢, an esteemed alumna of the Faculty of Mechanical
Engineering, delivered an online guest lecture on the topic “Maintenance of Technical Systems”. The
lecture was organized as part of the course Maintenance, led by prof. Jelena Sakovi¢ Jovanovié.

During the session, students gained valuable insights into predictive maintenance and modern
maintenance approaches.

Here is the poster for the invited lecture of prof. Neda Draskovi¢ Parovic.

L) S

D

CLas MASIKACA

Inspirativne pri¢e alumnista

@ UmreZavanje sa priznatim struénjacima
iz oblasti

@ Razmjena znanja i primjeri iz prakse

@ Profesionalno usmjeravanje

@ Povezivanje i umreZavanje alumnista

For more information about the event, please visit the Faculty of Mechanical Engineering website at the
following link: https://www.ucg.ac.me/objava/blog/1291/objava/190360-odrzano-online-predavanje-na-
temu-odrzavanje-tehnickih-sistema

During the session, students gained valuable insights into predictive maintenance and modern
maintenance approaches.

For more information about the event, please visit the Faculty of Mechanical Engineering website at the
following link: https://www.ucg.ac.me/objava/blog/1291/objava/190360-odrzano-online-predavanje-na-
temu-odrzavanje-tehnickih-sistema

Attendees: The number of students attending the lectures was 14 (5 girls and 9 boys). A list of attendance
and photos are provided.

Guest Lectures 2. on loT Systems in Biomedicine Applications

Information about the event:

Date: 19/12/2024

Place: The laboratory of the Faculty of Mechanical Engineering, UoM

Topic: Introduction to Cyber-physical systems and loT Systems with an Emphasis on Their Application in
Biomedicine

Abstract: The lecturers of the CPS&IoT Academy aims to establish a sustainable informal education
platform in Montenegro with a focus on cyber-physical systems (CPS) and the Internet of Things (loT).

Lecturers Short Bio:
Prof. Dr. Radovan Stojanovié, professor at the Faculty of Electrical Engineering, University of Montenegro,
and engineer Jovan Durkovié is from the same faculty.
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Attendees: The lecture was delivered to students of the Faculty of Mechanical Engineering. involved in the
loT-ECO project, PhD students of the Faculty of Mechanical Engineering, and students enrolled in the
“Maintenance” course, taught by Prof. Dr. Jelena Sakovi¢ Jovanovié.

Number of attendees: 18 (7 girls and 11 boys).
During the live presentation, it was demonstrated how these devices function and how they are designed.

The lecture was organized in the laboratory at the Faculty of Electrical Engineering, University of
Montenegro. The lecture was attended by students from the Faculty of Mechanical Engineering. The course
“Maintenance” has been innovated through the IoT-ECO project to include loT applications in predictive
maintenance.

A list of attendance and photos are provided.
Guest Lecture 3. Information about the event:

Date: 10/03/2025
Place: The laboratory of the Faculty of Mechanical Engineering, UoM; Online presentation.
Topic: The Integration of Drones in lot Systems

Lecturer’s short Bio:

Mr. Boris Markovic, electrical engineer and owner of company M-Code D.0.0, an esteemed alumna of the
Faculty of Electrical Engineering, University of Montenegro. Boris Markovi¢ earned his bachelor’s degree
in Electrical Engineering, focusing on Electronics, from the University of Montenegro in 1993. He furthered
his education with a master’s degree in Computer Science from the University of Belgrade in 1996. Since
2008, he has been pursuing doctoral studies at the University of Montenegro, concentrating on
Superconductivity, Nanotechnology, and Terahertz (THz) radiation.

Professionally, Mr. Markovié¢ has held various positions, including roles as an Adviser for Information
Systems and Development in the public and telecommunications sectors. He has been the owner of M-
Code since 2005.

M-Code D.0.0O is a company registered in 2005 in Montenegro, owned by Boris Markovi¢. The company
specializes in computer programming and provides a wide range of services in the field of information
technology. Additionally, M-Code is involved in the design and production of drones.

Abstract: The lecture explores the integration of drones within the Internet of Things (loT) ecosystem. It
covers the ways in which drones can enhance loT systems by collecting and transmitting data in real-time,
enabling more efficient monitoring, automation, and decision-making. The lecture also discusses the
challenges and opportunities presented by combining drone technology with loT, including data
management, connectivity, and security concerns. Practical applications of drone enabled IoT systems in
industries such as agriculture, logistics, and environmental monitoring are also examined.

The guest lecturer delivered the lecture online. The lecture was organized as part of the course “Industrial
Engineering: led by prof. Aleksandar Vujovi¢ and offered students a unique opportunity to learn from a
practitioner actively involved in the field. Mr. Markovi¢ also highlighted the importance of cross-
disciplinary knowledge, emphasizing how electrical engineering, data science, and advanced
communication technologies converge to drive the future of loT-enabled systems.
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Attendees: The number of students attending the lectures was 14 (5 girls and 9 boys). The attendees were
students of the Faculty of Mechanical Engineering. involved in the loT-ECO project, PhD students of the
Faculty of Mechanical Engineering A list of attendance and photos are provided.

Feedback:

Half of the students attending the 3 lectures (7 out of 14 for lecture 1, 9 out of 18 for lecture 2 and 7 out
of 14 for lecture 3) submitted feedback on paper forms, collected and provided by professor Jelena

Jovanovic.

The feedback from the 3 events with invited lecture is shown in the table (Scale: 5-Strongly agree, 4-Mostly
agree, 3-Neutral, 2-Mostly Disagree, 1-Strongly Disagree):

Question of the survey Answers rating | Answers rating | Answers rating
Lecture 1 Lecture 2 Lecture 3

Lectures

The lectures were clear and understandable 4.57 4.83 5

The pace of the lectures matched my learning 4.71 4.67 4.71

speed

The lectures contributed to the development 4.42 4.67 4.5

of my knowledge in this field

The lectures and exercises were well- 5 4.5 5

coordinated

Assignments and Practical Skills

| fully understood the expectations and 4.85 4.67 45

requirements for completing assignments

The assignments were appropriately 4.42 4.67 4.67

challenging for my level of knowledge

The assignments helped me develop practical 5 4.5 5

skills related to the topic of the course

Materials and Equipment:

The teaching materials cover the course 4.71 4.83 4.67

content and are appropriate for mastering the

subject matter

The available equipment and materials were 4.57 4.83 4.67

effective for the delivery of instruction

General Evaluation:

The overall quality of the course 4.71 4.5 4.85
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Feedback conclusions:

The students made positive comments “Great course”, “Excellent lecture”, “The practical tasks were very
interesting”. A student required a continuation of the course and another one suggested to work on small
projects in teams. With these suggestions the lectures can even be improved in future. The overall
evaluation of the invited lectures is positive and the students present interest to the topic of loT
technologies and their implementation for the green transformation.

Photos from all 3 events are provided.

4.6. Invited/guest lecturer from business or associated partners in UNIMED

Information about the event:

Date: March 6, 2025, online

Location: University Mediterranean, Podgorica, Montenegro; Online presentation.

Topic: Introduction to Arduino Development Environment; Pulse Width Modulation (PWM), Direct
Current (DC) Motor, Stepper Motor, and Servo Motor Control

Within the new course on loT, UNIMED invited a guest lecturer, Dr. Amar Kapié, who is currently Associate
Researcher at European Organization for Nuclear Research (CERN), former research and teaching assistant
at Ecole Polytechnique Fédérale de Lausanne (EPFL). Through our cooperation, dr Kapi¢ will be actively
engaged in the course of Internet of things, providing valuable support in students’ practical work.

Short bio of the lecturer
Dr Amar Kapi¢ is assistant professor, holding B.Sc. and M.Sc. degree in power systems and automatic
control and control engineering, from the University of Montenegro, and Ph.D. in Microsystems and
Microelectronics from Integrated Circuits Laboratory (ICLAB) at the Swiss Federal Institute of Technology
Lausanne (EPFL). He is an expert in designing hardware and software interfaces for sensor characterization,
sensor readout front-end circuits, and the development of embedded software. His current research
interests include investigating radiation effects on commercial-off-the-shelf (COTS) electronics,
electrochemical biosensors, and Complementary metal-oxide—semiconductor (CMOS) integrated circuits
for biomedical systems. Dr Kapi¢ is currently working as an associate researcher in CERN and a guest
lecturer at the Faculty of information technology, University “Mediterranean” Podgorica.
So far, professor Kapi¢ had guest lectures on the following topics:

e Introduction to Arduino Development Environment

e Pulse Width Modulation (PWM), Direct Current (DC) Motor, Stepper Motor, and Servo Motor

Control

Abstracts of the lectures:

The guest lecture provided students with a comprehensive introduction to the Arduino development
environment which will be used in the practical course activities.

The first lecture, Introduction to Arduino, provided a brief overview of Arduino development environments
and microcontrollers, focusing on their applications in loT. Students were introduced to the structure of
Arduino programming, fundamental components such as digital and analog inputs, and hands-on
examples, including basic LED control and sensor data acquisition. The session aimed to familiarize students
with Arduino as a key tool for prototyping loT applications.

The second lecture, Motors and PWM, explored the concept of Pulse Width Modulation (PWM) and its
application in controlling various types of motors. The lecture covered DC motors, stepper motors, and
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servo motors, demonstrating their differences and control methods. Practical examples were provided
using the Wokwi simulator, where students implemented LED dimming and motor control techniques.
Additionally, the use of Arduino libraries for motor control was discussed, giving students insights into
efficient hardware interaction.

Both lectures engaged third year students enrolled in the Internet of Things course, introducing them to
key loT and embedded systems concepts. The sessions were organized online, via Zoom, but still
interactive, allowing students to gain hands-on experience and deepen their understanding of Arduino-
based development. Feedback from students indicated a high level of interest and appreciation for the
practical applications demonstrated during the lectures.

Attendees — Student’s Participation

o Number of students: 11 (of 12 enrolled);
. Gender distribution: 3 female, 8 male;
o Student profile: Undergraduate students from IT, third year students enrolled in the Internet of

Things course.

Some screenshot from the meetings follow below:

(£)

LU

Predavanje |
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@ Serijska komunikacija ;

« Informacije se razmjenjuju izmedu ra¢unara i Arduina putem USB kabla. Podaci
se prenose kao nule (.0°) 1 jedinice (,17)

« wSerijski prenos” jer se podaci razlaZu na bitove, koji se 3alju jedan za drugim
preko jedne 2ice. Jedna 2ica je potrebna za slanje podataka, druga 2ica je
. potrebna za prijem podataka

« Kompajliranje pretvara vad program u binarne podatke.

« Otpremanje (uploading) 3alje te bitove putem USB kabla do Arduina

« Dwije LED diode pored USB konektora trepere kada se podaci prenose:
« RX trepen kada Arduino prima podatke e Ardui

TX treperi kada Arduino Salje podatke.

@ Ulazni vs izlazni signali I

Drgitaing cbrads

Somperatea

Faitae vestine Konbroka Srdein
(ovuk, svietost Mixrab.ontrober A veatina (rek
< Juator -
priveeh . (Arduino) - Tvjetonr. prtveak
. . Mrrgeraaa, )

Event Feedback

All 11 attendees filled in the feedback forms. The lecture received highly positive feedback from students,
who appreciated the practical approach and real-world examples provided by Prof. Kapi¢. According to the
feedback form, the results for the given lectures are the following bellow (Scale: 5-Strongly agree, 4-Mostly
agree, 3-Neutral, 2-Mostly Disagree, 1-Strongly Disagree):
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Question of the survey Answers rating
Lectures
The lectures were clear and understandable 4,78
The pace of the lectures matched my learning 5
speed

The lectures contributed to the development of 4.89
my knowledge in this field

The lectures and exercises were well-coordinated | 5

Assignments and Practical Skills

| fully understood the expectations and 5
requirements for completing assignments

The assignments were appropriately challenging 5
for my level of knowledge

The assignments helped me develop practical 5
skills related to the topic of the course

Materials and Equipment:

The teaching materials cover the course content 5
and are appropriate for mastering the subject
matter

The available equipment and materials were 5
effective for the delivery of instruction

General Evaluation:

The overall quality of the course 5

Note: The feedback for the overall course will be provided by the end of the course.

5.Conclusion
- On the diversity of stakeholders/lecturers intervening

Atotal of 11 presentations from invited/guest lecturers from associate and business partners were realized
in the 6 Partner’s HEIs. They were organized in the period starting from 12.12.2024 to 25.03.2025. One
guest lecturer came from an associate partner of the lot-ECO project — The Authority Port of Durres. Seven
lecturers are business partners of the Partner HEIs and 3 lecturers came from Academia/Research area.
The diversity of lecturers and stakeholders demonstrate a strong commitment to linking academia and
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industry. The invited specialists come from a variety of industries, including cloud computing, embedded
systems, healthcare, telecommunications, port logistics, and even top research institutes like CERN. Their
diverse and consolidated professional backgrounds, which include positions as engineers, academics,
entrepreneurs, and policy influencers, provide students with direct knowledge of how loT technologies are
used in the real world. With a balanced representation of gender and academic-industry partnership, the
speakers also represent institutional and geographic diversity, hailing from Albania, Kosovo, Montenegro,
and worldwide research centers. By introducing students to current issues and solutions in smart systems,
sustainability, and digital transformation, this diverse mix of viewpoints and experiences not only promotes
interdisciplinary learning but also student motivation, creativity, and engagement. The gender balance
from the invited lecturers was 3 ladies and 8 men expressed in % with 27% female and 73% male. The
invited/guest lecturers supported the Partner’s HEIs with the starting probation of the new courses
developed within the 1oT-ECO project. The positive feedback obtained from the attendees shows that this
good practice should be maintained in future.

- On the feedback of the students

The total number of students who attended the invited/guest lectures in all 6 Partner’s HEls is 156, 62 of
them are female, 94 of them are male. In total 125 out of the 156 students-attendees filled in the feedback
forms provided by the organizers of the invited/guest lectures This provides feedback from 80% of the
attendees, which can be considered as representative.

According to student feedback collected from all 6 partner institutions, the invited lectures were well
received, with particular emphasis placed on the content relevance and clarity, the speaker's excellent
preparation, and the useful real-world examples. Students at UAMD recommended additional interaction
and visual aids for upcoming lectures, praising the lecture's framework and practical relevance. Students
at UPT gave the event's organizing a high rating, valued the industry-academic relationship, and gave the
entire session a high rating. Students at UP and UBT expressed a great interest in similar future events and
hands-on learning, and the Raspberry Pi hands-on workshops expressed strong interest.

Attendees gave UoM's lectures high ratings as well, praising the insights into CPS, predictive maintenance,
and drone integration in loT systems while urging additional industry visits. Students at UNIMED evaluated
their Arduino-based lecture with high marks in every assessed category, praising the clarity, organization,
and practical focus. All things considered, the guest lectures successfully increased student interest and
engagement with loT technology, bridging the gap between academic knowledge and business practices
and advancing the objectives of the I0T-ECO project. There is confirmed the interest to the topic of the loT
technology and its implementation for the green transformation of the Western Balkans.
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Lecture in UAMD

Vagim Hoti, Durres Port toward Smart Port
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"Durres Port toward Smart Port" was delivered by Eng. Vegim Hoti, Head of the Innovation Unit in Durres

Port Authority, Associate partner in the IoT-ECO project, Invited lecture in UAMD.

Lecture slides

S PORT TOWARD SMART

1@T  autoritet portvat ouris Jf' @ B
o e

« What is a Smart Port

TABLE OF
CONTENT

Introduction port into a Smart Port.
Current status of port - Benefits of a Smart Port

Figures of port - Smart Port Cases

Port Operations + References

« Port Smart Port Systems.

Key steps to transform Durres

Port Terminals

T Codured
1@T  autoriter Portuat ourrés # B ...
—ECO— o < 4
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. Durres Port, Albania's largest
seaport, plays a crucial role in
the country's trade and Ioglstlcs~§§
network.

As global maritime trends
evolve, the port must embrace
digital transformation to
enhance efficiency, security,
and sustainability.

—’ Cotunded
1@T  Avtoriteti Portual urres /A -.:.z".l'wlu..m.
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Environment Assets

Operations
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Technologies to leverage

Artificial | Blockchain 56
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W * Efficiency: Faster cargo handling and reduced turnaround times.

» Reduced Turnaround Times: Streamlined operations for quicker ship
loading/unloading.

» Cost Savings: Optimized resource usage and reduced operational costs.

* Environmental Impact: Improved energy efficiency , lower emissions grfd
better waste management.

* Improved Safety: Reduced accidents through automated and monitored
processes.

‘1 uuuuuuuu
I.T Autoriteti Portual Durrés / the European Union
—ECO— avesis saar asTmanity e
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The world is becoming data-driven, and ports are no longer an exception.

This is more than just large amounts of inputs. It allows companies to

use enormous amounts of data from non-traditional sources. A non-traditional
source is time-sensitive inputs, not just past recorded, used to optimize the industry
and ports.

Large sets of data exist, and now the questions is: what can be done with it?
Big Data contributes to
that will change the maritime shipping industry. For example, sensors are now,
attached to vessels that give real-time information.
Big Data systems use this information to track vessels and cargo, including texts,
audios, videos, and real-time information.
Precise inputs leads ports to peak efficiency, performance, and growth.

” ‘Cotunded by
1@T  Autoriteti Portual Durres '/ | i
ZMOO==" g aniipvesi adineniiv A

Internet of Things (Internet Of Goods l0G) can help smart ports operate more
efficiently, safely, and sustainably, providing benefits to both the port operators and
the wider community.

Internet of Things (loT) is a system of “things” embedded with different types

of technologies, like sensors. 10T can, for example, identify in detail what each ship is
carrying.

loT allows authorities to track arriving vessels in real-time and keep track of

loT enables decision—making based on precise input exchange.

_llg:[ Autoriteti Portual Durres ’/ @ | [
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COMPONETS OF INTERNET OF

SENSORS
ACTUATORS
CONNECTIVITY

DATA PROCESSING
CONTROL INTEREACE
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ands for “fifth generation” and is the latest generation of cellular network technology,
3G, and 4G. It promises faster speeds, lower latency (the time it takes for devices to
and the ability to connect many more devices simultaneously

T . Co-tunded by
l Autoriteti Portual Durrés uropean Unian
IO sareuronsowi Jf i

500 km/hour Multi-Gbps
High-Mobility High Peak Data

Enhanced Mobile R.ate
Broadband

10+ yrs Battery
Life Ultra-Low
Energy

99.999%
Ultra-High
Reliability

Massive Ultra-Reliable
Machine Type Low-Latency
Communication Communication

1 million Devices
per square/km

Tleen Lok Nanais.

1 ms (target)
Ultra-Low

1 admmans

’ 1 Cotundod
I1@T  Autoriteti Portual Durres /4 -.£EL'WK Union
ECO TURREY Tant anteanit
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RRES PORT’S EXISTING “SMART

SYSTEMS” IN PORT

SURVELLIANCE SYSTEM WITH LED LIGHTING SYSTEM TO
VIDEO ANALYTICS BOSCH IMPROVE ENERGY EFFICIENCY

EV CHARGERS

PORT COMMUNITY SYSTEM

GIS SYSTEM u AIR POLLUTION MONITORING

ftem 2
) 20%
AUTOMATED CHECK-IN N\ » INVENTORY SYSTEM

SYSTEM
« / ACCESS CONTROL SYSTEM

18T nonrononc (@) M

Port
mmunity

Dispatc

ECO
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SHORT TERM DURRES PORT ICT STRATEGY .

> Improving the cybersecurity framework and upgrading the skills of employees..
> Enhancing the Durres port's PCS system by adding new modules.

Enhancing traffic management and discipline at the port.

Enhance cargo tracking.

Customer service.

Enhance the efficiency of labor and equipment resources to boost business
activities for Port Community stakeholders.

Applying Innovative procedures to increase Port and security efficiency.

> TOS Fully automate billing operations at the general cargo terminal.

Cotundod vy
® Autoriteti Portual Durres, | -
@1 swoncuronsoiouns I i

STEPS TO TRANSFORM DURRES
PORT IN A SMART PORT

Infrastructure Modernization: Upgrade port facilities, expand capacity, and
implement smart grids
Digitalization of Operations: Introduce smart cargo handling, Al-driven logistics,

and cloud-based systems

Connectivity & loT Integration: Deploy real-time tracking, automated gates, and
smart sensors

Sustainability Initiatives: Reduce carbon footprint, implement waste
management solutions, and encourage green shipping

Collaboration & Policy Support: Work with stakeholders, attract investments,
and align with EU maritime policies

lel
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Increased Efficiency: Reduced
turnaround times and improved logistics

Enhanced Security: Advanced
o 2 surveillance and cybersecurity measures

B E N E F I T S o F A Economic Growth: Attracting

investments and boosting trade

SMART PORT competiivensss

Environmental Sustainability:
Reduced emissions and improved
resource management

Competitive Port

" SMART PORT CASES

PORT OF SINGAPORE

IMPLEMENTED
TECHNOLOGIES

Ai driven traffic
management,
ARIVR,
Automated check-
in system

Counded
I@T  suvtoriteti Portual purrés '/ | [
—ECO—  svenrsruntaatmaniny a0
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— ECO — ettt / the Europsan Union

IMPLEMENTED

TECHNOLOGIES

Digital Twin

loT sensors measuring
water movement,
turbidity, and pressure.

T 2 Co-tunded
l.l Autoriteti Portual Durrés '/ o.:u;.:.fu..m
—ECO— " Luiniseseraemienin SR

49



Teaching materials in online format on the I T
Co-funded by the o
Erasmus+ ngrals"nme - IOT-ECO Slte .

of the European Union JR— ECO [R—

A

PORT OF HAMBURG

IMPLEMENTED
TECHNOLOGIES

Intelligent solutions for
safety, real time navigation,
and green electricity from
land are implemented into
operations
Weather sensors have been
installed around the port

QM . Gotunded by
O suorenroruaiurss I/ oty

IMPLEMENTED
TECHNOLOGIES

Automated Container
Terminal
5G Network

T 2 Co-tunded
18T  vored poruatours Jf/ [ p L.
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« Top 10 Smart Ports Around the World https://sinay.ai/en/top-10-smart-ports-around-the-world
« Smart Ports:Top 5 ports that are leading https://www.engidi.com/smart-ports-top-5-ports-that-are-leading/

T Co-tunded by
I@®T  autoriteti Portual Durres ’/ B - e European Union
o rosrsrscuisin, 2

'HAN
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Eng.Vegim Hoti
MARCH 2025
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Invited lectures in UPT

PRESENTATION OF GLEDIS BASHA: Oral presentation on medical healthcare information system, loT for
healthcare, Security and data privacy issues, loT vendors in Albania, reliability of IoT business in Albania.

RESENTATION OF RONILD HAKO, Exploring loT Services by Vodafone Albania

Exploring loT Services by Vodafone Albania

Ronild Hako
Transmission and Backhauling Senior Engineer, Vodafone Albania

(6)

https:/ /iot-eco.eu/

Permbajtja

* KonceptiloT
* Perdorimii loT
* Sherbimet Vodafone loT

— Smart Fleet
— Srart Agriculture
— Smart Sens
— Smart Price

* Vodafone loT - GDSP
* Aplikime loT ne Vodafone Group

Qcansa 2 26 M k2024 o
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Perdorimi i loT

Qellimi:
* Perdoret per te rritur efikasitetin, per te

permiresuar vendimmarrjen dhe per te
krijuar mundesi te reja biznesi.

* Lejon monitorimin dhe kontrollin ne kohe
reale te pajisjeve, duke cuar ne menaxhim
dhe automatizim me te mire te burimeve.

Smart Fleet

* Gjurmim ne kohe reale te vendodhjes se
gjithe flotes se automjeteve.

* Pamje te detajuara per udhetimet.

* Menaxhim dhe raporte mbi konsumin e
karburantit.

* Statistika mbi
automjeteve.

menyren e drejtimit te
* Njoftime te menjehersheme dhe raporte

administrative.

* Opsione shtese me ane te sensoreve.

Smart Fleet

E3

o

A 361m

el
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Benefitet:

* Efikasiteti: loT ndihmon ne optimizimin e
operacioneve duke ofruar te dhena ne kohe
reale, te cilat ndikojne ne permiresim te
produktivitetit dhe ulje te kostove.

* Pervoja e klientit: loT mundeson sherbime
dhe mirembajtje te personalizuara, duke
rritur kenagesine e klientit.

* Mundesite e biznesit: loT hap mundesi te
reja te te ardhurave permes produkteve
dhe sherbimeve inovative, te tilla si smart
homes ose connected vehicles. o

6 March 2023

\,\'u"““"

L mart zall-Hel!
amel
AnsPX
FAugan
' MB‘”\ d MM‘PM
> L W : /] \
i Tir C
yzpens!
26 Mah 2023 o

1)

€

26 Mercn 2023
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Smart Agriculture

* Monitorim i mbjelljes, vadities dhe
aplikimit te pesticideve.

* Parametrat klimatike, shiu dhe
temperatura.

» Karakteristikat e tokes: lageshtia,
temperatura e tokes dhe percueshmeria

elektrike.
* Presionin e ujit gjate vaditjes.
* Matje e rrezatimin diellor.

* Mundesi per parashikim te semundjeve
dhe monitorimi i tyre online ne kohe reale.

* Integrim me sonda nentokesore (psh:
sdil2).

o

@ e boweny e @ Passnsres ot @ oot et ot )

Smart Sens: Smart Coolers

* Monitorim remote i aseteve.

ijimi i i fone Smart Coolers
*Krijimi i  kushteve optimale dhe Vodafone

temperatures per produktet e ofruara.

* Kontrolli ne kohe reale i kualitetit te
produkteve.

* Monitorimi ne kohe reale i shitjeve dhe
iventarit.

*Krijimi i raporteve per specifika
operacionale.

€2 General s 26 March 2023 O
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Smart Sens: Smart Coolers

GRID
Asset Aowst Device

Actions Mame Type/ Trve Sensory Mtes

(o} fridge2 v « .‘

® fridge) v P « b
i m ) =
B= = = s . L B

= E=

= [ = & B
= = = s3] . .

10 25 Mercn 2023 o

Smart Sens: Smart Coffee

* Monitorim remote i aparateve dhe
gjendjes se tyre teknike.

* Kontrolli ne kohe reale i kualitetit te kafes.

* Monitorimi ne kohe reale i sasise se kafes,
ujit te koensumuar dhe energjise elektrike.

* Dashboard financiar i kostove dhe fitimit.

* Krijimi i raporteve specifike te operimit.

s 18

e B agh 25 .

2 Ganaral 11 25 Mamch 2025 0

Smart Sens: Smart Coffee

@ @ @ e R

€2 Genera 12 26 Marcn 2025 0
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Smart Sens: Smart Coffee

B saes » A QUALITY & HEALTH CHECK

i i § . N o

295 .

SCHEDULED MAINTENANCE VIEW TASKS) SR IR S, .

0.00

€2 Guneral 13 26 Marchn 2023 o

Smart Price

» Kontroll i centralizuar i cmimeve te
produkteve.

* Kostumizim i etiketes ne varesi te produktit,
cmimit dhe promocioneve.

* Reduktim i kostove dhe kohes se stafit.
* Ulje e gabimit njerezor.
* Menaxhim i iventarit.

* Integrimi me aplikacione ndihmese per
lokalizimin e produkeve nga klientet.

€2 Genurat 12 26 Mercn 2023 o

Vodafone loT - GDSP

*GDSP (Global Data Service Platform): Platforme o

universale per menaxhimin e paisjeve loT te lidhura
ne mjetin Vodafone.

= GDSP mund te modifikohet sipas aplikimeve specifike loT Asset Control
dhe kerkesave te klientit.

10T (M2 ) Private APN GDSP
Tem
public 2F N Viodsfone: W firlering and VPN contracts witn giobs

wel with capatilities cammectivity S for
C2Gunanl -] 265 Mamh 2023 0

56



Co-funded by the
Erasmus+ Programme
of the European Union

Teaching materials in online format on the
IoT-ECO site I.T

—ECO —

Aplikime loT ne Vodafone Group

* Monitorim ne distance i shendetit te pacienteve .
* Menaxhim i rrjetit te furnizimit me uje te pijshem.
* Monitorim dhe menaxhim i garazheve.

* Menaxhim i operacioneve ne hoteleri.

* Menaxhim i mbetjeve.

* Detektimi i droneve.

Vodafone MachineLink

% o
Q2 General " 1% 26 March 2025

Invited lecture in UPT

PRESENTATION OF ALBA MERDANI, loT-ECO: loT system integration with Cloud technology for data

ol
—ECO —

IoT Green Transformation for Academic Society
and Business Oriented Ecosystem in Western Balkans

https:/ /iot-eco.eu/
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IoT Green Transformation for Academic Society and Business Oriented
Co-funded by the

Erasmus+ Programme Ecosystem in Western Balkans
Project number: 101083018 - IoT-ECO - ERASMUS-EDU-2022-CBHE-STRAND-2
(=l =0=0=]

of the Eurcpaan Union

“loT-Eco: loT systems integration with Cloud technology
for data processes”

MSc. Alba Merdani, Supervisor: Prof As. Enida Sheme
Department of Computer Engineering
Faculty of Information Technology
Polytechnic University of Tirana

Tirana, March 2025

The European Commission suppart far the production of this presentation does not canstitute an endorsement of the cantents which reflects the views anly of the
authars and project consartium, and the Commission cannat be held responsible for any use which may be made of the infarmation cantained therein

el
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Use cases:

» An intelligent air/weather quality monitoring
system for temperature, humidity, pressure, dust
pm2.5, pm10 integrated with ThingSpeak cloud.

» An intelligent urban air quality system for type of
gases in the air: Carbon Monoxide (CO), Methane
(CH4), Smoke integrated with Azure loT Hub and
Azure SQL database.
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Use Case 1: IoT system for weather data

» The proposed project includes several stages and
module: circuit building with Raspberry Pi and
sensors; Python programming of the system; MODEL SCHEMA

storage of data in a Cloud platform; data analysis
in the Cloud; monitoring the system by the user. # L re—
Temperature Sensor “

i
. Air pressure sensor i - )

Dust (PM2.5, PM10

Sensor
Alamm
buzzer

System architecture

This project consists of four modules:

» The first module is the loT circuit for the project consisting of RPi, sensors and wired board tha!
them.

» The next module includes a Cloud communication channel and program in Python to take the m
from the sensors and save them in CSV file and Cloud platform in real time.

» The third module is the data analysis module using models with Machine Learning algorithms. Da
important to make predictions and to understand how accurate the loT system is.

» User interaction module, monitors in real time through Cloud platform the environmental parameters
generation when their values are outside the allowed conditinne <at hv iear
User | Modut IT

These modules include actions on data:

Geathering
and storing
data in real
time

RaspberryPi
and board | pata tdansmition

* Measurement of data.

Power Command transmition
etk

» Data transmission.

» Data collection and storage. ML aigorithms
Data analyze and
Prediction for | Predictions

alarm generatign

Data comparisgn Modul 111
and analysatiof

+ Data analysis and prediction.

* Real-time data monitoring
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Experimental Environment of Prototype

Hardware

» The RPi module uses Raspbian OS, 16 GB SD
card and RPi model 3B with RAM, 1 HDMI port, an
Ethernet port, a power port, an Audio / Video port
and 4 USB ports. Raspberry Pi 3 B with
dimensions 85.60 mm x 56.5 mm x 17mm, 1.34
Amps, 6.7W.

» DHT11 temperature and humidity sensor;
Atmospheric pressure sensor BMP 180; PM Nova
SDS011; sensor for PM 2.5, PM10 pollutants in air;
5 V electronic coolant, 200 mA; Buzzer for alarm.

» Resistance 1 kOhm, NPN type transistors, models
2N2222 or S8050; Board, Female-female wire,
male-female, male-male; Monitor, keyboard,
mouse;

» HDMI cable, Ethernet cable, Wireless; Smartphone

G Code
P master - +Q
Q Gotofie t

Start
——

Import library |

\

s
Variables and objects
Inicialization

5

No “Access on config
TF—k files and sensor
libraries? P
~u YEs
{_'E'e?— sensor
configuration
=
“Read dafa ‘

from sensors
[4]

[ F”ﬁm measured data
L4 Lonumlina 71

[2:4)), Syteceder =
data4:6)), Syteccaer =

[ storedataon  Cloud.

| and CSV file
kS - tems « senser
|~ —while trysnta = sen
Yo T~
4 s nnis e00_r pHT.oHT
L ———=={_ End

‘et )10
*litele") 18

Software

>

v

lel
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Raspbian Operating System for R

Python 3 as a high-level programmi
sensor algorithm.

ThingSpeak as a Cloud Platform.

Libraries / modules used in Python: Pip,
RPi.GPIO, time, datetime, sys, serial, u
matplotlib, numpy, graphviz, pandas, xird,
tensorflow, Adafruit_DHT, Adafruit_BMP.
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# Load environment varisbles from .env file
env_vars = dotenv_values(®.env®)

# Write APT KEY

myAPT = env_vars[“API_KEY"]

# URL of thingspeak cloud platform
baseURL = env_vars[~BASE_URL"] % myaPT

# Send sensor values in Cloud Platform

~ def sendData_Cloud(pmi_5, pml®, temp, pressure, alarm):

# Define the parameters

parameters = {
"fieldl': pm2_5,
"field2': pmi@,
*field3": temp,
"fieldd": pressure,
"fields": alarm

# Make the POST request

response = requests.postibaseURL, data-parameters)

# Check if the request was successful
if response.status_code == 20@:

print("Date successfully sent to cloud platform.”)

else:

print("Error:*, response.text)

ThingSpeak

smart_environment

Charnel - BEA343
Author: alisr
Acoews: Public

Privateiew  PublicView

Write API Key
O ——

Read APl Keys
o ——

v def store_value_file(data_time, pm2_5, pnl®, temp, trysni, alarm_status):

peth_file = os.path.join("/", "parametra_sjri.csv”)

with open{path_file, *a") as log:
log.writel

“{@}. {11,142}, {3} {4}, {51\n" format (data_time,str(pm2_5),str(pmle),stritemp),stritrysni),strialarm_status)))

Automation and Real-time monitoring ThingSpeak in cloud

Apps | TimeControl | New

Name New TimeControl
TimeZone  U7C (edi)

Frequency One Time ® Recurring

Recurrence  * Week Day Hour Minute

Day(s) ) Sun¥® Mon ¥ Tue® Wed ¥ Thu® Fril) Sat

Time 10 . (] . pen .
FuzyTime 430 mioutes v
Action MATLAB Anslysis .
Code to execute
Cakculate and display average data .

Sharing

lel
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Resting sonser bor s quabty with rspbery i
W rensoe, duis, o, Qualiy, temperature, pressure, darm

Batabmpert | Export

Help

ey AP g e i
pemeratedt when you creane a new chanel.

AP Keys Seltings

W AP R st 8 by et 44 18 chanaa. o el ot ey has o
crmpeamise. ik Ganseate e Wits AP Key

3 pry T st ind ch

the chaneel

for examele, e nstes o

ot
ST O USSTS WITY ACTR55 T0 Y0 Charnes
APl Requests

Wre s Feed

T bt 1 o th s o gt Ty SOOIV T TROAY

Pead a Crusnéd Feed

T e

FapdShEngrress sl sl [BSI fands  fuon raselted

Fiead a Chusne Field

BT PETRn (ag . hirgrpent, can dmamEle RS0 Hale 1, froaprenaltees
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lot_ai_eavironment_project / source / alr_mi_dtpy
| code | Blame 6 1ines (72 100) - 2.02 0

40 ot classifier to the Training set

a from sklesrn.tree import De
classifier « De
classifier. fitdt

donTreeClossitier, export_grophviz

m er(criterions=entropy”)
o,y.train)
* Pacashikiad § Vierave te gropit Test

y_ored = classifier.preaict(X_test)

# Matrics e fonfuzionit

from sclearn.setrics import confusion_sstrix
cm « confusion satrix(y_test, y_prea)

¥ konvertisi ne

from sklesrn impor
with open("decision_tree.txt", "w") 85 1
€ = export_graphviz(clessitier, out_filess)

o8¢ visualize tree(tree, feature_names):

"="Creste tree pog using graphviz.

args
tree -~ scikit-lesrn DecsisionTree,

#eature_nemes -~ list of feature names from X array

with open("at.dst", "W’} as 41
expart_graphviz " ree, out_filesd,
feature_nasessfeature_nanes)

commend = ["dot”™, "-Tpng", “decizion_tree.dot™, "-o%, "decision_tree.png"]

Visualize tree(classifien,["pa2 57, pal0", "temp™, “trysnia®, “lageshtira®))

7 print('Confusion matrix: )

5 =)

% print(*Accuracy of decision tree classifier on test set: (3.24)'.formst(classifier.score(X _test, y_test)))
78 2snfaq inforsacion: =i psh precizioni per parashikimin e sakte 6/1 etc

om skleann.seteics iaport classification_report
89 print(classification repart(y_test, y pred))

Documentation » Shae feedback

Description of data and ML model with
Random Forest

b The data of this study provide us with information on environmental parameters such as temperature,
dust, air pressure.

Data are measured from 3 different sensors and stored in CSV file and Cloud platform.
Collected data from sensors are one record per minute. We have 1407 records, approximately records for
All variables are numeric values.

We have 5 independent variables that are: pm2_5, pm10, temperature, humidity and pressure.

Yy ¥y v v v

We used Python programming language and several libraries such as Pandas, NumPy, Matplotlib, Sklea.rn lib
the model, following the steps below:

¢ Read data from csv file using the pd.read csv method from Pandas library.
¢ Transform the time series dataset into a supervised learning dataset.

« Split a univariate dataset info train/test sets.

¢ Fit a random forest model splitting the train set in two parts and make a one-step prediction for each
& Do walk-forward validation for univariate data and calculate predicted values and Mean Absolute
independent variable.

* Show results and graphs

b Model is trained and tested with the data recorded before.
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using machine learning

>

. Graph of expected and predicted values for independent parameters a) pm 2.5,

Experimental results for predictions

Case 1: The model was tested using a train set of 900 measurements and 20 number of
predictions. Predictions and MAE calculation is done for each independent variable

lel

—ECO —

separately.

Parameter MAE Time Prediction =
PM25 0.408 0:21.420 =
PM 10 0442 0:31.723

Temperature 0.076 0:18.600

Humidity 0.081 0:23.412

Pressure 4.496 0:32.757

ol

e) ner Fan ®m

b) pm 10, ¢) temperature, d) humidity, e) air pressure

using machine learning

» Case 2: The model was tested using a train set of 1000 measurements and 10 number of
predictions. Predictions and MAE calculation is done for each independent variable

separately.
Parameter MAE Time Prediction
PM25 0.721 0:11.763 seconds
PM 10 0.680 0:17.305 seconds
Temperature 0.040 0:10.603 seconds
Humidity 0.079 0:12.852 seconds
Pressure 4.877 0:18.503 seconds

a) serdawsm

b) mes l+q-‘l

[SEESE R

¢) e 4aN N

o= b)lacwme

d) mes +awm

d) s sann

Graph of expected and predicted values for independent parameters a) pm 2.5, b) pm 10,

)

d) idity, e) air p
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Experimental results for predictions
using machine learning

» Case 3: The model was tested using a train set of 1000 measurements and 50 number of
predictions. Predictions and MAE calculation is done for each independent variable

separately.
Parameter MAE Time Prediction
PM25 0.577 1:00.203 minutes o - =
PM10 0.564 1:26.248 minutes ¥ \
|
Temperature 0.079 0:51.581 minutes |
Humidity 0.073 1:03.757 minutes B A f\
Pressure 5.401 1:30.554 minutes ————t— ; :
C) mrs pan s d) me s dan n
= Lt
e — 7 A AT
e |
| ~ i
= | - g '
| wl 3
» w | Q) lmes saw w
A = N
) 2 = b e D = Graph of expected and predicted values for independent ters a) pm 2.5,
a) leisyi tiawim ) mieis) Hialni @ b) pm 10, ¢) temperature, d) humidity, e) air pressure

Use Case 2: [0T system for urban air quality

» The proposed project includes modules: circuit
building with Raspberry Pi and sensors; Python
script of the system; storage of data in Azure
platform through IoT Hub, Azure Stream Analytics
and Azure SQL DB

MODEL
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Hardware Software

The RPi module uses Raspbian OS, 16 GB SD
card and RPi model 3B with RAM, 1 HDMI port, an
Ethernet port, a power port, an Audio / Video port
and 4 USB ports. Raspberry Pi 3 B with
dimensions 85.60 mm x 56.5 mm x 17mm, 1.34
Amps, 6.7W.

MQ2 sensor;

Potenciometer; Board, Female-female wire, male-
female, male-male; Monitor, keyboard, mouse;

HDMI cable, Ethernet cable, Wireless;

Raspbian Operating System for R

Python 3 as a high-level programmi for

sensor algorithm.
Azure as a Cloud Platform.

Libraries / modules used in Python: Pip,
time, json, math, spidev, gpiozero,
azure.iot.device.aio.
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= Microsoft Azure £ Search resources, senvices, and docs (G+/) I T Copliot

A loT-eco # #
e

v () Refresh Foodback
& overview * A Essentials
B activitylog + ame  loT-eco.azure-devices.net
e ior : Free
Ao, ccess control AM)
tio Swit : 8000
@ Tags
on Switzarand North N ers
X Diagnose and solve problems
tion (meve)  : Azure
g (eciit
¢ visuslizer
v manageme
Usage  Get started
Show data for last: 1 Hour & Hours
p IoT Hub Usage Number of messages used & Device to cloud messages &
B Queries 4
™ Hub sattings « Messages used today: 5
Buitt-in encpaints
essane routing » Daily messages quota: 2000
Message 1outing
D File =
e up 10T Devices: 1
> Eailgver
© Pricing and scale
1l Praperties R e e waris e se uteeanes
8 Locks Totad mumber of ' T . . .
B Tosl rumber of messages used 4 B Telemetry messages sent (Sum), iot-sce B

Security settings
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Azure loT Hub Devices
- e Eerewesm

Home > loT-eco

m loT-eco | Devices #

loT Hub

Search | & & View, create, delete. and update devices in your IoT Hub. ez more
& Cverview ~+ Add Device Ecitcolumns () Refresh <3 Acsion tage
@ sctuity log

W enter device ID Typesi Al + Add filter
fo mecess control (1AM
@ Tags
Device ID Type Status Last status update Authentication type €20 messages queved  Tags

# Diagnose and solve problems
P— sin_ma2_sensar! o7 Device Enabled - Shared Access Signature [}

<3+ Resource visualizer
v Deviee management
® Devices
G 10T Edge

g Configurstions +
™ Deployments

@ Updates
B ueries
Hubs settings

v

Security settings

i

Defender for loT

wr

Monitoring
3 Automation

> Help
—

Azure loT Hub Device Details

2 Sesrch resources, services, and docs (G+/) I T Copilot

icrosoft Az

Home 3 loT-eco | Devices »

air_mg2_sensorl #

Y

y Manage keys 1 Message to Device 5 Directmethod = Add Medule identity Device twin () Refresh

Device D O [ air_mqz_sensort B
Frimary key @ e —— =)
Secondary key © [ =] [
Frimary connection string (0 [ ~eco.azu g 2 ir_mgz_sensor ThanzHCnTkviLbhnyT: | b
Secondary connection string (0 | @ | D
Tags (adit) Notags
Enable connection 1o 1oT Hub @ ® enable O oisable
Parent device (0 KO parent device

@

Module Identities  Configurations

Module ID ‘Connection State ‘Connection State Last Updated ... Last Activity Time [UTC)

There are ne module identities for this device.
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Azure loT Hub Metrics

£ Saarch resources, services, and docs (G+)

Home > loT-eeo
o loT-eco | Metrics  # x
1l ol Hub
[ seaen o + niew chat () Reresh 1 Share ( \ocal Time: Last 30 days (Aatomatic)
Do management -
8 Devices Sum Telemetry messages sent for loT-eco &
@ 1o Eage + Addmetric Nty A L& mechan v % g @ B sare @
Corbgurations +
2
Dapioyments.
- ¢ 10000, Telemetry messages sent, o @
W cnes .
~ Hub seitings
=
- Built-in endponts.
-
W Message routing
=
B File upload
=
2 Faover
=
© Pricing and scalé
< >
1 Properties
a 1
T Security settings ",
> Defender for lof -
~ Meniteeing =
B wens. a
i Metrics
ey ] [ [ - o
B cuagnostic settings.
£ 1o B Telemetry messages sent (Sum). laT-te | L9
Ml workbocks
3 Automation
> Help = B Give Feecback
—

Azure Stream Analytics

Input = loT Hub Output = database Job Stream = Query run|

Microsoft Azure 2 search resources, senvices, and docs (G+/)

Home 3 iot-eco-stream
- - iot-eco-stream | Query

Stream Analytics job

B search T &

[» sanjob Cf openinvscode [ Diagnosticsemings () mefresh [} Querylanguage docs ~ () Share feedback [ Tutorial

I Ovendew ~ & inguts (1) + | B> testoueny B savequery X Discard ¢
- -
Act -
B patitylog O i leT-eco 3 Here are links te help you get started with Streas Analytics Query Language:
P Access control (1AM) Common query patterns - https://go.microsoft.com/fwlink/?LinkI0=619153

~ T Outputs (1)
€ g

X Diagnose and solve problems

o @ inteco

. . ~ [B8] Functions @)
< Resource visualizer

v Job topology

= Inputs

M Functions

<= Query

O Cutpts

%8 Mo-code editor (preview)
Settings

Developer tocks

Monitoring

o v v

Automation

» Help

https://docs.microsoft . con/stream-analytics-query/query-language-elesents-azure-strean-analytics

=
SELECT

1

2

3

4 Query language -
s

6

7 deviceld,
]

gas_detected,
9 gas_level,
18 gas_type,
1n gas_ppm| SQL DB
12 timestamp
13 INTO
1 [ioteco] b
15 FROM
16 ToT-eco]
el loT-Hub
Input preview  Test results SO takle schema (preview) Job simulation (preview)

While sampling data, no data was recerved from ‘2’ partitions.

Table F] Raw | (O Refrsh  (® Selecttimerange T Upload sampleimput L D
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Azure Stream Analytics

Home > iot-eco-stream
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P Search resources, services, and does (G+)

I o Copilot

- . iot-eco-stream | Query *

Strmam Anahytics job
[Psewcn ]
3 Overdew

B Activity log

iy, Access control (4M)

& Tags

X Diagnese and sohe problems

Resource visualizer

<

sob topology

£ inputs

I Furctions

<> Query

T Outpats

%2 to-code aditor (previen)
3 Settings

» Developer tools

3 Monitering

> Avtomation

[ Startjob © OpeninvsCode B9 Disgnostic settings () Refresh [ Querylanguage docs (D Sharefeedback £ Tuterial

o B inpats (1) 4 | b mestquery savequery X Discard changes
1.
2 Here are links to help you get started with Stream Analytics Query Language:
v T ouputs () 3 Common query patterns - https://go.microsoft.com/ful ink/ILinkID-619153
- + 4 Query language - https://docs.nicrosoft.con/stream-analytics-query/query-language-elements-¢
e 5
< ioteco 6 seect
. 7 devicels,
B runcts ) ! & gas_detectad,
1] gas_lavel,
10 Bas_type,
1 gas_ppa,
12 timestanp
13 INTo
14 [ioteco]
15 FROM
16 [10T-2c0]

Input preview  Testresults  SCL table schems (preview)  Job simulation (praview)

While samphng dats, no data was received from '2* partitiors.

wxw () Refresh (D Solecttimerange T Upload sampleinput

Azure SQL Database

Home » ioteco fiot-eco-dbfiotecs)

7 S0l dutsbase

ioteco (iot-eco-db/ioteco) | Query editor (preview)

P Search ¢ @ F logn < NewQuey T Openquery & Feedback [ Getteg stamed

B Overview
& activity log
¢ Ty
& Diagnese and solve prablems.
S query editor (praview)
¥ Minor database in Fabric (previes)
e Ressurce visusiizer
v Settings
© Compute + storage
& Connaction strings
B Maintenance
Il Properties
& Locks
o Data mansgement
® Replicas
@) Syne to other datsbases
7 Integrations
3 Powar Platform
> Security
> Intelligent performance
3 Mesitating
3 Automation

> kg

< oueyr x
Boteco (enidasheme@upi-iot.al —_—

&) P oRun [ camelquery & Savequesy & Expotcatass ~ B Show anly Editor

1 SELECT * FROM [dbo].[sensor_mg2)

Shawing limibed ckject explarer here. For
il capakility plessa click here 1o cpan
Azure Deta Stucio,

T Tables
b sensod_moz
£%5d K, int, not nully
B deviceid iowarchar, null)
B gas_detected o, nusl)
as_level [maarchar, null)
Etimestamp (davetime, rul)
[l dbo Sensers.
~views.
> Esyscatabase _firenal nbes

Results  Messages

" Search to filter iterms.

lel
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Start job

ict-pco-strean

(D) You have nst configured the Siagnastic settings far this job et
gkl chagnasti setings in the $Snoste selings Rane.

Streaming units ()

1

Erviranment ()
Standard

Job cutput start time &
®) now

O custom

O wnen last stoppes

[ stored Frocedures

(T System stared Prosedures id deviceld gas_detected gas bevel tmestamp
1 &g sensor! True high 2025-0315T21:06:53.0000000
2 a2 sensor! False ow 2025-03-15T21:05:59.0000000
3 a_mgz _sensor False. ow 2025-03-15T2107:04.0000000
4 it a2 sonsort True kigh 2025-03-15T21:07:09.0000000
H e g2 sensorl True high 2025-03-15T2 107140000000
[ g2 sensert False Tow 2025-03-15T2 10710000000
7 g2 sensort True Righ 2025-03+15T21407:24.0000000
1 &g sensor! True high 2025-03-15T21:07:30.0000000
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Home >
[£5) DT-iot-eco # *
Azure Digital Twins
o« Ao
s 4 RESOUFCe QROUP [MOVE) | QUeCo-groug Provisioning state : Active
Location + West Europa Host name © DT-igt-eco.apiweu. digitattwing azure net
(o) Agure ot-eeo
o L 77 -4
Tags (edil) + Add tags
Metrics  Get Started

B activity log

B Access control (AM)

@ Tags

X Diagnose and sobva problams

2« Resource visualizer
Show data for last (1 psour

~ Settings 30Days )
% Identity
4 Networking API Operations usage P & Query Units usage s
Il properties
8 Lods

]

~ Connect owtputs
& Endpoints

i Event routes

=z
zEen2aEed ;
i

sussBaBEed
EEsB B xS

51 Data history

“ Manitoring

B alens ST weii | GAM tEew UTCend S Ml BAM e UIC.0i08 6P Mwis 6aM 2w UTC.ot
il Metrics

W Edling AP Operations (Sum), dt-ict-sca |0 I Billing Messages Processed (Sum). dt-ict-eco |0 M Billing Cuery Units [Sum), ct-ict-eco @
& Diagnostic settings
& Logs

@ Advisor
recommendations

~ Automaticn
= cuses
| Poo S —

1I( 1)

ECO —

THANK YOU!
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Invited lecture in UP

Lecture of MSc. Doruntiné Berisha, Hands-on demonstration on loT device configuration and
programming with Raspberry Pi

1ol

IoT Green Transformation for Academic Society
and Business Oriented Ecosystem in Western Balkans
https:/ /iot-eco.eu/

IoT Green Transformation for Academic Society and Business Oriented
s i Ecosystem in Western Balkans

of the Eurcpean Linen
Project number: 101083018 - IoT-ECO - ERASMUS-EDU-2022-CBHE-5TRAND-2

Hands-on demonstration on loT device
configuration and programming with
Raspberry Pi

MSc. Dorunting Berisha

Prishting, 18/03/2025

Ewrigatan Commission SUppart fof thee production of B pre=Entation does nat constitube an endorsement of the contints which reflacts the views caty of the authars
responslbie for any sk which may be made of the Infermation contalned therein
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il®

—ECO— |Introduction to Raspberry Pi
Starter KIT

» The Raspberry Pi Foundation is a small charitable organization in the UK that was
founded to promote technology rather than selling technology.

» Raspberry Pi is a mini computer for computer amateurs, teachers, elementary
school students and small businesses.

» It is pre-installed with Linux system. It is only a credit card size, equipped with an
ARM architecture processor, and its computing performance is similar to that of a
smart phone.

» On the interface side, the Raspberry Pi provides a USB interface for the mouse and
keyboard, in addition to the Fast Ethernet interface, SD card expansion interface
and an HDMI high-definition video output interface, which can be connected to the
display or TV.

» It is often used for collecting and processing data from loT systems and sensor, and
presents an affordable alternative for building efficient loT ecosystems.

i®

—ECO— Introduction to Raspberry Pi
Starter KIT

» The Raspberry Pi evolves through many versions including the latest (so far)
Raspberry Pi 4 Model B ,3 Model B+ , 3 Model B, 2 model B, 1 Model B+, Zero,
and 1 Model A+. Today we will use Raspberry Pi 3 Model B+ as a development
board.

Funtion
[ pun 1 -

12C1 SOA
1261 50

:
.
.
5210 Mos [EZEFTINQ
sp10 Miso [EEREEN G
SP10 SCLK .

\\ feroze1-

KR AR R R R AR AN

BIEE
I
=
4 £

(SN P11 €50
[T ° 11 MOS!
[T 5711 SCLK

s

211050 RO
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el

—ECOo— Blinking an LED (GPIO Basics)

» Objective:
» Learn to control GPIO pins by making an LED blink.

»  Summary:

» Introduce basic GPIO output control using Raspberry Pi. By connecting an LED to
GPIO pin 17 and programming it to turn on and off, you'll understand how to send
digital signals frem the Raspberry Pi to external compenents. This foundational
skill is essential for more complex electronics projects.

leoT

—ECO— Blinking an LED (GPIO Basics)

» Materials Needed:
» Raspberry Pi 3 with Raspbian 0§
» Breadboard
» 1LED (any color)
» 1 Resistor (2200)
» Jumper wires

»  Wiring Diagram:

»

1. Connect the LED's longer leg (anode) to GPIO 17 (Pin 11 on the GPIO
header).

» 2. Connect the LED's shorter leg (cathode) to a 2200 resistor.
» 3. Connect the other end of the resistor to GND (Pin 6).
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el

—ECOo— Blinking an LED (GPIO Basics)

» Step-by-Step Instructions:
> 1. Power on the Raspberry Pi and open the Terminal.
> 2. Ensure the GPIO library is installed by typing:
» sudo apt update && sudo apt install pythom3-rpi.gpic
Open a text editor and create a new file named led_blink.py.
Enter the following Python code:

Save the file and run the program using:

¥ ¥y ry¥yvy
[E B SR Y

sudo python3 led_blink.py

» Expected Outcome:
» The LED should blink on and off every second.

leT

—ECO— Blinking an LED (GPIO Basics)

inport APL.GPIO0 as GPI0
inport time

# FI0 setun
GPID. setrodeSPID.BON)
EPI0. setup(17. EFTD.OUT)

try:
while True:
GPI0.outputi17, GPI0.HIGH) # LED ON
time slesp(1)
GPIO.OUtput(17. GPI0.LOW) # LED OFF
time.sleep(1)
excent KeyboardInterrupt:
GPID.cleanupl) # Reset GPIO settings

lel

—ECO —
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—ECO— Button Press Detection

» Objective:
» Learn to read input from a butten using GPIO pins.

»  Summary:

» Reading input from a push button using GPIO pin 18. With a pull-up resistor
configuration, the Raspberry Pi can detect when the button is pressed, triggering a
message on the screen.

10

I®

—EC(I Blinking an LED (GPIO Basics)

» Materials Needed:
» Raspberry Pi 3 with Raspbian 05
» Breadboard
» Push buttan
» 1 Resistor (10kQ)
» Jumper wires
»  Wiring Diagram:
1. Connect one leg of the button to GPIO 18 (Pin 12).
» 2. Connect the other leg to GND (PFin 6).
» 3. Use a 10k{) resistor between GPIO 18 and 3.3V (Pin 1) as a pull-up resistor.

11

lel
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1L 1)

—ECO— Blinking an LED (GPIO Basics)

import APL.GRIO a5 GPID
impart s

¥ GPIO satup
GPI0. satroda{ GPIO-BCH)
GPIC. Sotup(18, GPIO.IN, pull_ug down=GRTO.PLD LP)

ey
whila True:
1F GPIO. Lrgut(28} == GPTO.LOW:
print{"Button Prossad!®)
tim.sloap(R.5) ® Dubounce delay
axcapt Kayboardlntarrust :
GPEC. claamepd)
Sieed the File and eun the progeas wing:
5. sude pythend button press .y

13

lel
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Invited lecture in UBT

el

—ECO —

Milot Morina , Raspberry Pi platform and its applications in Internet of Things (loT) projects

/

Internet of Things - lo1

Lesson 4

Intro to
Raspberry Pi

Raspberry Zero

Raspberry Pi Models

Operating
Systems and
Tools for
Raspherry Pi

What is Raspberry Pi?

.Single-board computer (SBC)
~
.Size: Credit-card-sized computer.
. Affordable ($5-$75 depending on model).

. Designed for programming, prototyping and
much more

:

Why Raspberry Pi

Operating Systems (0S)

Raspberry Pi Ubuntu
oS . Server/Ubunt
( Raspbian) u Core

Kali Linux

, Retropie Windows IoT

Debian Linux Core
based btw

Development Environments

Python C/C++ Scratch
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Pre-installed IDEs and Tools —
Thonny Geany Arduino IDE \ nasnhe”‘ﬁl “I

Actionl =~

Package Remote Access Al and ML
Management Tools

(APT and PIP) (VNC and SSH) (TF and OpenCV)

Raspberry Pi Al and ML
3 - Facial Recognition System

+ Object Detection
Deploy TensorFlow Lite to identify objects i real
time video
* Voice Assistant
ustom voice assistant using Google
o Amazon Alexa SDKs.

* Ret
Use RetroPie or Lakka to emulate classic consoles
(NES, Sega, ~PlayStation)

+ Personal Jukebox
Build a music player otify integration using
Mopidy

+ Media Center

form your Raspberry Pi into a streaming hub

m— Thank you!
Projects b 2 o Any Questions?

+ Al-Powered Drone:

Specialized

Integrate Raspberry Pi with motors and Al for a

nect muliple Raspberry Pis to create a mini
supercomputer for parallel computing
+ 3D Printer Controller

Uze Octobrint 1o manage and manitor your 30
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Invited lectures in UNIMED

Dr Amar Kapié¢, Introduction to Arduino Development Environment

@ Pojam mikrokontrolera ;

« Mikrokontroler je u osnovi mali radunar koji posjeduje:
« procesor,
« memoriju,
+ programabine ul opste namj

=« Tipiéno je ,ugraden" unutar nekih uredaja i kontrolise
njihov rad

= Ulazi mogu biti upravijani od strane fizitkog okruZenja
dok izlazi mogu upravijati fizickim okruZenjem.

6J0lq snjovse1 oniubiA @ @ Vrste Arduino ploZa i

piequrauie ] =

6Nqit0101q sA2enomisle si219lounodonlim 92wo2-n9qo 9 oniublA
\udsroqu ss monvsizonbsi monlidiesht sn snsvoness srmolislq
usvitoz i avbisr

wslounodonlim 8SEspsmiA sn of snelised sdolq oniub1A

8 -~

TALESHE L 21V
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@ Arduino Uno hardver

= Arduino Uno razvojna plo¢a sadrzi:

14 digitalnih ulazalizlaza

6 analognih ulaza
USB port
Napajanje

Reset dugme
LED za serijsku komunikaciju
« SCL/SDA pinovi

Teaching materials in online format on the

IoT-ECO site

s
®
3
USB port 3
Reset
o dugme
} SCL/SDA
20)
Napajanje
sv/3v/GND Digitalni 1/0

Serijska

&

USB port i port za napajanje
ploce

= USB port:

« USB port se koristi za uitavanje programa iz
Arduino IDE-a na Arduino ploéu.

« Plota se takode moZe napajati putem ovog
porta.

« Port za napajanje:

« Arduino ploéa moZe se napajati putem AC-DC
adaptera ili baterije.

« Arduino UNO plo¢a radi na naponu od 5 V, ali
moze izdrzati maksimalni napon od 20 V. Ako se
plota napaja viSim naponom, postoji regulator
napona (koji se nalazi izmedu porta za napajanje

@ Analogni ulazi

« 6 analognih ulaznih pinova, oznagenih
kao AQ...., AS.

. Citaju signal sa analognog senzora,
poput senzora temperature, i konvertuju
ga uz pomo¢ ADC u digitalnu vrijednost
kako bi ga sistem razumio.

Analogni pinovi mjere samo napon, a ne
struju, jer imaju veoma visok unutradnji
otpor. Zbog toga kroz ove pinove prolazi
samo mala koli¢ina struje.

= lako su ovi pinovi oznageni kao analogni
i po default-u sluZe za analogni ulaz,
mogu se Koristiti i za digitalni ulaz ili
izlaz.

@ Reset dugme

= Kada se pritisne reset dugme, 3alje
se logi¢ki impuls na reset pin

mikrokontrolera, nakon cega
program  ponovo  pokre¢e  od
pocetka.

Veoma korisno ako se va$ kod ne
ponavlja, ali Zelite da ga testirate
vise puta.

@ Programiranje Arduina

= Potrebno je da preuzmete Arduino IDE (Integrated Development

Environment).

= Arduino IDE je dostupan za Mac, Windows i Linux.

Arduino IDE 2.3.4

1 0K  taste and even

Mgy buids with the test bugfiaes e avadable Cvough
the sachon beiom

2015 open source and it sausce code s

Analogni
ulazi

Analogni
ulazi

omunikacija

Prdavanie ! @

Predavanje |l ~

i USB konektora) koji 8titi plou od pregorevanja.

O\linlstigia

L8 €0 2 E1ws)

Prednariel @

el

—ECO —

Isslsi\isslv inls}igia @

00 os) inedsnso we ivoniq inlstipid
€

ili insslu osd ofehod 92 sb upoM
ivoniq insslsi

uisésnoq .isslsi os)l inesavoq e sbeX
S  sB{nB{sgsn  hovsi  oBd 92
dijn sn 9nBs9voq u2 9joA sinanogmod

uisvstido ,isslu os) inssovoq ue sbs)
vz ojod insnogmod s2 Isnpie
dijn s 9nss9VOq

@ Kvareni kristalni oscilator

= 16 miliona ciklusa u sekundi.

= Pri svakom ciklusu, mikrokontroler
izvrSava jednu operaciju  (npr.
sabiranje, oduzimanje,...)

Programiranje Arduina

= Prije nego $to po¢nete sa
programiranjem, proverite
da li je ispravna plo¢a
odabrana u meniju Tools
- Board (prema
mikrokontroleru na vasoj
plogi).

Sada moZete poceti da
radite sa Arduinom!

Kvarcni
kristalni
oscilator
(16 MHz)

Precuanie

)

Predavarie |
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u
3 ¥
i
@ Programiranje Arduina i @ Ulaznl vs izlazni signali i
) [ ] sketch_may01a | Arduing 1.0.3 -a Aktustori
= Svi perlfern\ uredaji povezani Fir_Ede Shech [Toch] Hep {npr. moteri,
sa radunarom koriste serijski Fra ajalice,..)
v iu Encading & Ralcad
port. - =
« MoZete proveriti port za sest . c
Arduino  Uno u Device e L D[]
Manager-u. del ' ﬁ
—L T~
«
: [ =
H Senzori
. . (npr. Prekidats,
paluge, kizadi, )

@ Ulazni vs izlazni signali

@ Analogni Elgltalnlslgnall -

e Y

@ Analogni vs Digitalni signali

predman1 5
Predavarie |

Digitana obrada

« Digitalni signali imaju binarne vrijednosti — 1 ili 0.
- Primjeri digitalnih senzora: dugme, prekidac,...

Fizicke velicine — Aiwrn?m Kr,r!l_m\aﬂzwtkkm
{zvuk, svjetiost, retvarai digitalni velitina (zvuk, L R . . . .
prisak, enzon) |7 I Aktuator Sitios. priisak, = Analogni signali mogu imati bilo koju vrijednost.
) 1 e tra, ..}
temperatura,. i H EMperaNra, .
i i - Primjeri analognih senzora: senzor temperature, senzor pritiska, senzor za
! : vlaznost vazduha, mikrofon, fotootpornik, potenciometar, ...
: H
e Analogninapon = =========- ' SV - — — sV /l~\ N
| l - P ~
ov ! L_J 7‘ ov =~ NS ~
Digitalni signal Analogni signal

I 3 1
Arduino i 3
i Primjer 1: trepteéa LED i
= Operacije nad analognim 1O u Arduino [DE: = Koriste¢i Wokwi simulator, napraviti program u kojem LED trepce
« analogRead(pin) - &ita analognu vrijednost sa pina i
= analogWrite(pin, value) - 3alje PWM signal na pin - . :
H + LED ima polaritet; Negativni je indikovan zasiecenim |
| Anoda ‘obodom tjela diode | kracom nozicom. 3
= Operacije nad digitalnim I/0 u Arduino IDE: ' '
= pinMode(pin, mode) — postavlja pin na INPUT (ulazni) ili OUTPUT (izlazni) [ ——
= digitalRead(pin) — €ita HIGH (visok) ili LOW (nizak) nivo sa pina _ 1. Povezite pin 13 mikrokonrolera na jedan kraj otpornika
. digitalWrite(pin, value) — Upisuje HIGH (visok) ili LOW (nizak) nivo na pin § 2. Drugu noZicu ofporika spojite na duzu nozicu LED.

~ Veeta otpornost znadi slabije svijetio.
- Manja otpornost nati Jate svijetlo.
— Bez otpormosti znadi pregorijevanje LED il preopterecenie porta.
3. Kratu noZicu LED spajite na negativni prikljusak napajanja (masu). W
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Primjer 2: trepteéa LED |
@ se#l':likaknmlmfkaclla

Predavanie |

» Koriste¢i Wokwi simulator, napraviti program za uklju¢ivanje LED
preko unosa na tastaturi. Koristiti metodu Serial.parselnt( za
Gitanje numeriékog unosa sa tastature kao cijelog broja. Unos
broja 9 treba proizvesti puni intenzitet, a unos broja O treba
iskljugiti LED.

Dr Amar Kapi¢, PWM, DC Motor, Stepper Motor, and Servo Motor Control

2
@ Analognl izlazi i
3
&
= MoZe li digitalni uredaj proizvesti analogni izlaz?
PWM. DC motor. Koracni
motor. Servo motor.
g = Analogni izlazi mogu biti simulirani primjenom
& impulsno Sirinske  modulacije  (pulse width
modulation - PWM)
Impulsno Sirinska : )
— modulacija (PWM) § Faktor Ispunjenosti (Duty .
1Y cycle) i
« Digitalni pin se ne moZe
upotrijebiti da diretno « l|zlazni napon se definide kao:/_\_,, D — faktor ispunjenasti
obezbijedi recimo 1.9 V bl [ton)
Vour = T' 5V

Medutim, ako se wvrsi jako
brza izmjena visokog i niskog
naponskog nivoa na izlazu,

moZe se proizvesti sli¢an 0% - . .
g EfEk[ 5V sV 5V
3 N v
= On-off pulsiranje deSava se H csee B, 0% RS- -- 3 g
tako brzo, da povezani ¥ ov = ov = ov -

izlazni uredaj to “vidi" kao E
redukciju izlaznog napona.

Predavanien =

@ PWM na Arduinu @ Primjer 1: Dim LED dioda

Predavarjed

« Koriste¢i Wokwi simulator, implementirati program koji kontrolise
osvijetlienost LED diode pomocéu PWM (Pulse Width Modulation)
signala. LED dioda treba postepeno da se pali i gasi (fade inffade
out efekat).

Komanda: analogWrite(pin,value)

value je duty cycle i moZe da ima
vrijednosti izmedu 0 i 255

Primjer:
« analogWrite(9, 128) za 50% duty cycle
- analogWrite(11, 64) za 25% duty cycle
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= DC motor
= Kontinualno pomjeranje

- Brzina se kontrolise naponom (strujom)

= Koraé&ni motor
- Ne treba povratna sprega

g - Potrebno poznavanje poletne pozicije motora

g - Potrebna snaga za dranje pozicije

DC motor

poveéanje obrtnog momenta

motoru

= Arduino Servo biblioteka moZe

DC motor vs Koraéni motor

Komponente servo motora

Zupcanik sa malim plastiénim zupcima
za redukciju brzine obrtanja (RPM) i

Kontrolna elektronika za tumacenje
impulsnog signala i isporu¢ivanje snage

Potenciometar kao senzor pozicije

Arduino Servo biblioteka

se preuzeli sa

Pogoesko watio

Potencometar

Kontroka elektornika

Predaanje i

linka:

https://www.arduino.cc/reference/en/libraries/servo/

= Kreiranje servo objekta
- Servo myServo;
= Povezivanje objekta sa pinom
=« myServo.attach(servoPin);
i « Slanje kontrolnog signala
» myServo.write(position);

el

—ECO —

Servo motor

- pomjeranjem kontinualnom brzinom.

Potrebna povratna sprega

Nije poirebno poznavanje pogetne pozicije
Potrebna snaga samo tokom pomjeranja
Alternativa koratnom motoru

Kontrolni signal servo
motora
20 ms
« Frekvencija impulsa je fiksirana.
Tipi€no: 20 ms
= Sirina impulsa  odreduje  poziciju.

Tipiéno: 1 ms do 2 ms

Servo motor je aktuator sa ugradenim mehanizmom povratne
sprege koji odgovara na kontrolni signal:

- pomjeranjem na odgovarajuéu poziciju i drzanjem pozicije ili

konstantna perioda impulsa

:”:uns Sirina impulsa ”
:ﬂ. 1ms
.|‘t 15ms

Predaanjel ®

Pravanic®
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Primjer 2: Upravijanje
=y servom motorom

= Koriste¢i Wokwi simulator, implementirati program koji upravija
servo motorom pomocu PWM signala. Servo motor treba da se

postepeno pomjera od 0° do 180°, a zatim da se vraca nazad od
180° do 0°.

Pradavanic

1L 1)

—ECO —
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