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Preamble

The field of industrial automation technology is currently developing and changing at a
breathtaking pace. It is becoming increasingly important for users and developers to un-
derstand automated systems as a whole and to be able to analyse them on the basis of fun-
damental knowledge.

Take your students into the new world of automation, teaching technologies of the present
and the future, building on a solid understanding of basic enabling technologies of sensors,
actuators and networking.

This studybook is intended to help bridge the gap between fundamental technical contexts
to Industry 4.0 systems. Internet of Things, edge computing, cloud-based and networked
systems, and the use of artificial intelligence are just a few buzzwords that will take us di-
rectly into the future in this context.

The TRAINME and TRAINME 2 projects deliberately focuses on content and technologies
that are easily accessible and can be implemented in schools without major financial outlay.
For both teachers and students, the introduction to the Arduino development environment
opens up a global maker scene with no shortage of projects and project ideas to replicate
and improve.

This very versatile microcontroller board is available in many versions and has now also
found its way into the world of small industrial controllers with the development and mar-
keting of the Controllino. In addition to the fact that the boards, the sensors, the actuators
and all other materials are relatively inexpensive to purchase, it is particularly positive
that the development environment (IDE) and numerous software libraries, programming
examples and tutorials are freely available on the Internet and can be downloaded free of
charge.

Another advantage is that there is a myriad of Internet sites where other users offer advice
and valuable tips on how to implement complex projects of their own. It is therefore relati-
vely easy to gain in-depth knowledge and skills in the use of different sensors and the con-
trol of actuators based on them. In independent small projects it is possible to understand
and reproduce more and more complex applications of control and regulation systems.
From a sufficient depth of knowledge, you will even be able to use wireless connection
technologies such as Wifi and Bluetooth for component communication.

The fact that a simplified variant of the C++ programming language is used for programming
can be seen as a particularly valuable side effect. This generally applicable and easy-to-le-
arn programming environment forms a solid basis for other programming languages such
as Python, which is also very widely used for programming complex data structures and in
the use of artificial intelligence.

Get involved in a particularly practical and motivating way of teaching important and fu-
ture-oriented learning content.
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Module 2b: Fields for Project Based Learning (PBL) in automation technology

Unit 1: Project based lessons

Chapter 1

Project
based lessons

In order to better understand the approach to technical projects in the classroom, this Study
Book starts with basics on the theory of project-based learning.

1.7 NEW REQUIREMENTS IN THE PROFESSIONAL WORLD

1.1.7 How does the modern world of work change the way we learn?

The “01d-School-Model” of learning facts and recalling them out of context is no longer sufficient to

prepare students to survive in the 21st century.
Solving highly complex problems requires that learners have both

Fundamental Skills
- reading,

« writing and

- mathematics

and

21st Century Skills
teamwork,
problem solving,
information capture,
time management,
information synthesising,

utilising high-tech tools.

With this combination of skills, students become managers of their own learning process, guided
and mentored by a skilled teacher.
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Other skills that are also included:

- personal and social responsibility

- planning, critical thinking, reasoning, and creativity

- strong communication skills (needed for interpersonal discussion and presentation)
- cross-cultural understanding

- visualising and decision making

« know how and when to use which technology

« choosing the most appropriate tool for the task

1.1.2 Need for change - What does this mean for vocational schools?

The development in the industry and working environment favours the dismantling of frontal tea-
ching. In the professional world, more and more group work is being introduced.

The world of work is moving towards group work in the form of:
« quality circles
- project and working groups,
- production teams and
- semi-autonomous working groups.
Students at vocational schools must therefore be made fit for work, in view of developments in in-

dustry.

1.1.3 How does the learning process work?

In order to understand the importance of a necessary change towards activity orientation, it is es-
sential to see learning from a global perspective.

Learning from a holistic point of view ...
- isacognitive process in which knowledge structures are built up.
- leads to knowledge and competences for future activities.

- Learning can basically be understood as intentional behaviour, i.e. it pursues a specific goal.

This intentional behaviour is characterised by a goal or purpose that is based on one or more mo-
tives. Accordingly, a person is considered motivated in his or her behaviour if he or she wants to
achieve a certain goal through his or her activity or is generally pursuing a certain purpose with it.
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1.1.4 Possible solution: Activity-based learning?

As early as the turn of the millennium, the Conference of Ministers of Education and Cultural Affairs
in Germany recognised the need for change in vocational education and training:

“The objective of vocational education and training requires that teaching be based on a
pedagogy tailored to the tasks of the vocational school, which emphasises action orien-
tation and enables young people to independently plan, carry out and assess work tasks
within the framework of their occupational activity (...)”

Source: KMK (1996/2000). Sekretariat der Standigen Konferenz der Kultusminister
der Lander in der Bundesrepublik Deutschland (Hrsg.), Handreichungen
fur die Erarbeitung von Rahmenlehrplanen der Kultusministerkonferenz

(KMK) far den berufsbezogenen Unterricht in der Berufsschule und ihre Abstimmung mit Ausbil-
dungsordnungen des Bundes flr anerkannte Ausbildungsberufe (Version of September 15, 2000)

Based on learning theory and didactic findings, “orientation points“ are named, such as:
- professional situations,

- actions should be carried out by oneself,

- plan to assess, if necessary supplement with correcting and evaluating,

- holistic grasp of professional reality,

- integration into the learners experiences and

- establish references to social processes.

1.1.5 The South African view

The leaders of education in South Africa have also been thinking about the need for a change in the

way learning takes place for quite some time:

“Synthesising descriptions in the White Paper on Education and Training (1995) and the
White Paper for Post-school Education and Training (2014), the key principles underpin-
ning open learning are:

i.  students are provided with opportunities and capacity for lifelong learning;

ii. learning processes centre on the students and contexts of learning, build on
their experience and encourage active engagement leading to independent and
critical thinking;

iii. learning provision is flexible, allowing learners to increasingly determine where,
when, what and how they learn, as well as the pace at which they will learn;
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iv. students have access to learning opportunities and unnecessary barriers
to access have been removed;

v. prior learning and experience is recognised wherever possible;

vi. arrangements for credit transfer and articulation between qualifications
facilitate further learning;

vii. providers create the conditions for a fair chance of learner success through

learner support, contextually appropriate resources and sound pedagogical
practices; and

viii. provision of open learning is working within legacy systems. This means that
open learning will be embedded in, as well as enhance and expand, the current
education and training system, and not be an add-on to the current system.”

Reference: Department of Higher Education and Training’s Position on Online Programme and
Course Offerings, 22 March 2017, Page 18f

Most of these demands can easily be met by at least partially introducing activity-based or problem-

based teaching.

1.2 CLASSIFICATION AND ASPECTS OF
ACTIVITY-BASED TEACHING

1.2.1 Concept of constructivist didactics

The concept of activity-oriented teaching essentially belongs to constructivist didactics (see also
Study Book Module 1 — pedagogy and didactics).

This is based on the fact ...
1. that people can only perceive external reality with the help of their sense organs, and
2. that every person constructs his or her idea of reality from the perceptions

in the course of his or her life.

This leads to the conclusion that the respective reality must be individual.

Particularly relevant for activity-oriented didactics is the conclusion that it cannot be a meaningful
goal to anchor a certain idea of “reality” in another person, as meanwhile outdated forms of instruc-

tion attempt to do.

Instead, the learner needs to be supported in the construction of their imagination by providing

opportunities to test their own ideas against reality.
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1.2.2 What is activity-based teaching?

Activity-based teaching is holistically demanding, student-active teaching in which the activity
products agreed between the teacher and the students determine the organisation of the teaching

process. Action products are the results of action-oriented teaching.

Activity-based teaching follows the principle of the inductive approach and
1. usually takes a concrete situation as a starting point for the exercise,
2. in order to derive a general regularity from it or to explain a general principle.

The counter concept is the “0Old-School-Model” of instructional learning
based on the deductive approach.
1. It first explains the principle, the regularity or the connection,

2. to then deal with individual cases in the form of exercises or examples.
1.2.3 The core of a constructivist teaching model

Constructivism is a theory of learning that states that learners construct their knowledge based on
their experiences and prior knowledge. Constructivism emphasises the importance of active lear-

ning and the role of the teacher as a guide in the learning process.

The accumulation of experiences requires self-activity.

Constructivism is a theory of learning that states that learners construct their knowledge based on
their experiences and prior knowledge. Constructivism emphasises the importance of active lear-

ning and the role of the teacher as a guide in the learning process.

The didactic goal that the construction model of learning is meant to realise,
is how to create a learning environment in which students
take learning initiative,

- gain experience,

- learn to articulate themselves and

- can reflect the entire learning process on their own work and on themselves.

10
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1.2.4 New role of the student

In activity-based teaching, the role of the student is to
- ask questions,
- build knowledge and

find a real solution to the problem/question posed.

Students need to collaborate, extend their active listening and demand intelligent, focused com-
munication so that they can think rationally about solving problems. Activity-based teaching forces
students to take responsibility for their success.

1.2.5 New role of the lecturer

The role of the lecturer in activity-based learning and teaching is that of a facilitater. You do not
surrender control over the lesson or the students learning but develop an atmosphere of shared re-
sponsibility.

The lecturer must structure the proposed question/topic in such a way that student learning is direc-
ted towards content-based material. Lecturers control student success with temporary, transitional
goals to ensure that student projects remain focused, and students have a deep understanding of the
concepts being studied. Students are held accountable to these goals through continuous feedback

and assessments.

Ongoing assessment and feedback are essential to ensure that the student stays within the scope of
the questions and standards that the project is trying to extract.

Task of the lecturer - provides structural commitment,
. offers content-related support and

. creates mental freedom

Requirements for the lecturer - transition from lecturer to educational consultant
- balance between structural commitment and
openness in terms of content
- organisation of cooperative and participatory learning
- lecturer role becomes more “scientific”

- transparent performance consideration

Lecturer activities in the project - learning facilitator
- educational consultant
- learning observer
- learning organiser

+ learning leveller

11
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1.2.6 “Learning triangle” of activity-based teaching

Students Lecturer

Educational
equipment

Knowledge

Learning environment

The lecturer has to initiate the “learning triangle” and control the impact.

1.2.7 Professional expertise

When exploring the subject depth of the lessons, it is essential to pay attention
to the following framework conditions:

- Work with the real horizon of your students!

- Projects expose gaps more relentlessly than regular lessons!

- Students are not good at fitting into projects!

- Projects require initiative!

- Projects show the difference between knowledge and competence!

1.2.8 General approaches

- Use the changed role of the lecturer!

- Use checklists!

« Monitor performance transparently!

- Reviewer rounds: Students take over the reflection of the contents!
- Use methods for gaining knowledge more extensively!

- Put new ideas in the foreground and push back standard solutions!

12
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- As alecturer, act more as a cue-giver!
- Emphasise the students’ responsibility for their own work!

- Ask the “research question® correctly!

1.2.9 Research question / aim instead of topic

Questions structure the project work!
(“From complex questions to solvable individual tasks®)
- When approaching the task, always prefer the top-down design!
(From “Big" to “Small“)
- The entire project work serves only to answer the research question comprehensively!
The quality of the project work is measured by how comprehensively
the research question is clarified!

“Teaching can only succeed if it leads the student to see a problem as his or her own!*

John Dewey; American philosopher and educator; 1859-1952

1.2.10 Importance of evaluation

Even in project-based lessons, it is important for the students to give them feedback on their per-
formance in the project work. The biggest problem is that in team-building lessons, individual

assessments contradict the basic idea of cooperation.

How can we succeed in assessing the performance of the students in a transparent,
comprehensible, and thus as fair as possible way?

Evaluation briefly:

- “Individual assessments® contradict the idea of projects in teams.
Evaluation requires comparisons
Transparency: Criteria are fixed in advance

- Evaluation is all the better the broader and more diverse the senders of feedback are.
Evaluation should be more “formative“ instead of “summative®

Problem: From group to individual assessment

13
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Who should evaluate?
The evaluation should be based on at least three pillars.

Project/
Student Evaluation
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In the next chapter, the specifics of Project-Based Learning will be discussed in more detail.
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1.3 INTRODUCTION PROJECT-BASED LEARNING (PBL)
1.3.17 What is “Project-Based Learning”?

Project-based learning is a very practice-oriented learning method in which the students learn inde-
pendently and action-oriented in realistic situations. The focus is on planned action and a structured

project process. Project-based learning is mainly used in classical face-to-face teaching.

Project-based learning (PBL) is a teaching method in which students acquire knowledge and skills by
investigating and responding to authentic, exciting, and complex questions, problems, or challenges

over an extended period of time.
Dr Thom Markham describes Project Based Learning (PBL) like this:

“PBL integrates knowledge and action. Students learn knowledge and elements of the core
curriculum, but also apply their knowledge to solve authentic problems and achieve out-
comes that matter. PBL refocuses education on the student rather than the curriculum - a
shift mandated by the global world that rewards intangible assets such as drive, passion,
creativity, empathy and resilience cannot be taught from a textbook but must be activated
through experience.

https://www.pblglobal.com/seven-steps-to-high-quality-pbl/ (last accessed on 31.08.2023)

1.3.2 What effects does PBL have on students?

The elements promoted in PBL include basic knowledge and understanding of content and skills.

Students are expected to engage in
- an extended process of asking questions,
. searching for information and

- applying the information

to find their chosen solution.
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Fundamental to PBL is that students make choices, both about the solutions to the problem and
about how they work and what they create. Reflection on learning and revision of process and me-
thodology are essential. Students are expected to question their own effectiveness and that of others,

the quality of their work, how they overcame obstacles and what could be improved next time.

1.3.3 What effects does PBL have on students?

PBL aims to develop critical and creative students who can take ownership of their learning. The two
processes, both of which promote metacognitive thinking (the ability to reflect on our thinking) and
sophisticated, multidimensional problem solving, aim to develop young people who are responsible,
aware, and engaged in their world.

View of an unknown teacher:

“One of the most important aspects of project-based learning are real-world problems and
their solutions. Many of our students are not confronted with real life problems, they only
deal with them when they leave college.

By exposing them to project-based learning, they are empowered to deal with these pro-
blems. It also makes them realise that their college education is not an academic exercise,
but a preparation for the real world.“

1.3.4 What questions do lecturers need to ask themselves?

- What are the benefits of project-based work?
- Which topics do projects make sense for?
- How can projects be anchored in or at the classroom in such a way
that the quality of school education can benefit from them?
- How can professional quality be guaranteed?
- How can structural commitment be combined with
content-related support in a way that makes the work successful?
- What are the ways in which students can gain knowledge on their own?

- How can reservations and fears about project-oriented teaching be overcome?

And very important:

- How can projects be evaluated?

16
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1.4 THE RIGHT WAY TO SUCCESSFUL PROJECT LESSONS
1.4.1 Steps to successful project teaching

If you want to carry out a project work in school, you should have a clear stage plan in mind and

communicate it to the students. The following seven steps will help you to structure the project work

and give you a sense of direction:

Project initiative
Every project begins with an initial impulse. This can be an idea, a wish,
a problem or a task. It can be brought in by the students as well as the lecturers.

Project draft
From the various proposals, one is selected and subsequently refined. At the end
of this step, there should be a first project draft developed by the students.

Project schedule
The draft becomes a work plan. The project goal and a time frame are set
and the tasks are distributed.

Execution
The students implement the plan. They take care of their tasks independently
and on their own responsibility.

Check
The team sits down again and again and checks whether and how

the agreed goals have been achieved.

Conclusion and presentation
The project is brought to an end and the results are presented
by the project participants.

Reflection
The students review the project, agree on what went well, what went wrong

and work through the conflicts that happened during the project.

17
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1.4.2 Special aspect of technical projects

In the case of technical projects, it is more useful for the lecturer to prescribe the steps, as the stu-
dents are usually not in a position to judge the level of difficulty of the task. However, the idea for the
project may well come from the students.

The different “levels of knowledge” should be considered as an orientation for approaching a scien-
tific or technical project.

Shell 1: Orientation and overview knowledge

e.g. rough overview, structuring, functional unit level,
consideration of the overall system

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Shell 2: Context knowledge

e.g. interaction of subsystems, part-systems, and their functions

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Shell 3: Detail and functional knowledge

e.g. tasks of the individual components of the various functional units

Shell 4: Subject-specific and in-depth knowledge

e.g. detailed considerations, complex interrelationships, component level,

physics, mode of action of components, calculations

The content and relevance of the individual levels depend very much on the chosen topic and can
therefore vary.

18
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1.4.3 Project Based Learning in Electrical and Automation Engineering

The use of projects is particularly interesting for learning content from electrical engineering, auto-
mation technology, information technology and construction technology. A project-based learning
approach encourages students to think about how technical elements work and leads to the develop-

ment of problem-solving skills and critical thinking.

Especially in the areas of electrical engineering, electronics and programming, students de-
velop a more comprehensive understanding of electronic circuits, their function, and the
associated programming more quickly with suitable learning material for the classroom. The
focus is on gaining a deeper understanding of the interaction of signals and components in a

learning environment with industry-related material.

This approach leads to a higher readiness among the students, who are also better prepared for
today‘s Industry 4.0 needs.

1.4.4 Microelectronics

Microelectronics plays an increasingly impor-
tant role in the increasingly modern world.
Microelectronics are contained in (almost) all

electronic devices:

For example in smartphones, monitors, calcu-
lators, WLAN radios, Bluetooth speakers, cars,
electronic kitchens, body scales or displays sho-

wing train or bus delays.

Grafvision - stock.adobe.com

There are microprocessors in computers, machines and smartphones that can perform all kinds of
calculations. For concrete applications, there are also flexible microcontrollers and special applica-

tion-specific integrated circuits.
All the building blocks of processors and controllers are combined on microchips. The Arduino

microcontroller will serve here as a globally widespread, inexpensive and therefore ideally suited

example for learning content in the field of automation and microelectronics.

19
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1.5 EXAMPLE OF A PROJECT-BASED LEARNING SEQUENCE
1.5.1 Programming with the Arduino

The Arduino is a microcontroller and open-source project by Massimo Banzai and David Cuartielles
from 2005. Hardware and software are freely available on the internet under a Creative Commons
licence. A CC (Common Creative) licence allows creators to make their creative works available to the

public while reserving certain rights of use.

A microcontroller consists of a processor and various peripheral elements. In many household ap-
pliances or machines, microcontrollers are used for numerous tasks. They can be found in washing
machines, televisions, remote controls, printers, but also in vehicles to control window regulators,

airbags or air conditioning systems and other sensory components.

COMPLEX DAQ RELAYS ROBOTS
SYSTEMS

SMART HOME TRANSISTORS
DRONES & VAV

AUTONOMOUS (UNMANNED
VEHICLES MOTORS AERIAL VEHICLE)

The following teaching sequence is based on a passenger car, whose functions are enhanced by sen-
sors and programmes, for example automatic low beam, a parking sensor and automatic distance

control.

1.5.2 Competences taught

Technical competence
The students ...
- ... get to know basic electrotechnical connections.
. ... get to know the functions of simple electronic circuits.
- ... get to know basic programming techniques.

... get to know how a microcontroller works.

20
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Media competence
The students ...
- ... use digital tools and electronic components to solve everyday tasks.
- .. recognise the structure of algorithms and modify them to solve tasks.

« ...independently search for solutions and required information on the Internet.

Social competence
The students ...
« ..work in a team to solve tasks.
« ..learn in a self-organised way with prepared material.

. ...support each other across teams in solving tasks, if necessary.

1.5.3 Didactic-methodical classification

Previous knowledge
Students do not need any previous knowledge of programming. However, they should have basic
computer skills.

Didactic analysis

Both the topic of programming and the topic of electronics are generally relevant for all students
because digitalisation is bringing more and more automation and Artificial Intelligence (AI) into
people’s everyday lives. In view of their future, today’s students should know basic contexts of pro-

gramming in order to grasp the possibilities but also the limitations of software.
Nowadays, programming is rarely done on a blank piece of paper. Code is downloaded from the In-

ternet, analysed, reused and modified. Globally organised communities and forums on the Internet

SErve as sources.

It is important to have a complete understanding of reused programme code in order to use

it in your own projects.
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It is also essential that lecturers encourage their students to do the following:

A detailed commentary on the programme code can help to ensure
that learners have the necessary understanding.

Methodical analysis
In principle, it is possible to work on the learning units via the learning platform Tinkercad
(www.tinkercad.com).

Gallery  Projects

30 Design Circwits Codeblocks
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In this virtual environment, it is possible to assemble virtual components into circuits and run the
programme code on these “digital twins“. A “digital twin” is a digital replica of a physical object or

system that collects and simulates data in real time to enable insight, analysis and optimisation.

§ T OB % S e LS e A gl £ LI g L P S Rl S S5 R s et e L e v oy &0

-
ARDUTND

R

The programme code can be written as normal code (similar to C++) or edited in block form.
€7 Code P Start Simulation Send To

Text - 4+ a8 ﬁﬁ. - 1 {Arduino Uno R3) -

Fi Gt Code
int burtensStarte = 0f
int LED = 13;

volid setupi)
{
pinMaode (2, INPUT);
pinMode (LED, OUTPUT) ;
}

woid loopil)
{
£/ read the state of the pushbutton
buttonState = digitalRead(2);
L/ chedk i pushi
IS Nk T A Lon state is HIGH
if (burtonState == HIGH) |
digitalWrite (LED, HIGH);
} mlse |
digitalWricte (LED, LOW);

tha

delay(50}; // Delay a litcls bit to improvs
f4 simdlation performance
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B:-@
P Start Simulation Send Ta
Blocks - + 1{Arduino Uno R3] »
Crutput & Conirol
[rput @ nath
Motatiosn @ Varables

s&f puilt-m LED o HHSH =

TR e A=t Tt 8 This program Blinks pin 13

play speaker on pin 0w wilh o

setpin 13+ o HIGH =

wailo 8BS W

setpin 13 = to

wai‘ln sBCS v

sel posion on LCDE 1 = o column

D) Senal Manitor -

| Send | Clear H—P

Furthermore, it is possible to work on the tasks with real components and microcontrollers becau-
se both programming code and hardware are mapped identically in the simulation. Corresponding
hardware sets as well as additional hardware are available at low cost.

For good students with previous knowledge, each lesson can include a “professional task®.
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1.5.4 Possible lesson plan

Introduction to the topic of microcont- : lecturer presentation, individual work/ P
' ' (0]
roller programming; first small project partner work on the computer with h
ours
“flashing light” Tinkercad or on the model
) ) ) ) * lecturer presentation, individual work/
Project with buttons to switch the light : . © 4t08
. . partner work on the computer with
on and off (Pull-down resistor) ) hours
Tinkercad or on the model
Photo resistor as sensor: lecturer presentation, individual work/ i
‘ o
Automatic switching between high partner work on the computer with h
ours
and low beam in a car Tinkercad or on the model
) i i ) lecturer presentation, individual work/
Project for programming a parking aid . 4108
) o . partner work on the computer with
with ultrasonic distance measurement | __ hours
. Tinkercad or on the model
Project: lecturer presentation, individual work/ At 8
‘ o
LCD display to show the partner work on the computer with h
ours
measured distance Tinkercad or on the model
Project: lecturer presentation, individual work/ P
‘ o
Adaptive Cruise Control (ACC) partner work on the computer with hours
u
(Programming a “for-loop”) Tinkercad or on the model
Project: :
J o o lecturer presentation, individual work/
Automatic instrument backlighting . . 4to8
) ) ) partner work on the computer with
depending on ambient brightness . hours
" . Tinkercad or on the model
(“switch case”)

In the following section, the principle of the teaching unit will be briefly explained with the help of
examples. Unit 1, Unit 2 and Unit 4 will be examined in detail as examples. The central element for
controlling the lesson is a work sheet for the students.
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The following worksheets
(written in blue colour)

Teaching Unit 1. Introduction (First steps) are available for

download here:

After an introduction to the theoretical basics of
programming a microcontroller, the first appli-
cations will already be implemented.

The first task is the realisation of a flashing light
with the help of an Arduino and a light-emitting

diode.
https://drive.google.com/drive/folders/11CH-

JEmothzEdg8xiDfOAUL5eF7Dp6aW3

The worksheet is also available as a Word document called “01_ Worksheet.docx” and can be

adapted to suit your needs.

Example Worksheet 1:
“Flashing of an LED with digital output®

Task: Blink an LED with digital output

Learning Objectives:
Get to know the simulation tool Tinkercad.
- Use of a microcontroller output.
- Basics about the function of an LED and the necessity of contacting via a series resistor.
- Writing a simple code with blocks.
- What the corresponding code looks like
. Understanding the delay() command.
- Repeat on the physical Arduino board.

Required equipment:

Tinkercad account
Arduino board / breadboard / cables / LEDs / resistor 220 kQ
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Short introduction:

Get to know the functionality of the simulation tool Tinkercad with the help of the tutorial “Blink

an LED with digital output®.

Use the explanations to learn the basics of correctly connecting LEDs and take your first steps in mi-
crocontroller programming. Compare the different approaches to “block programming“ and “code

programming®“. Learn the first simple commands for programming microcontrollers.

What is to be done:
Log in to Tinkercad and search for the tutorial “Blink an LED with digital output®

Click on the “Resources” tab and open the “Learning Center” section.

EH!:.‘ AUTODESK
@nn Tinkercad

Tinker~  Gallery  Projects cllﬂrﬂwﬂi

@ <

i

Tinkercad Blog Tips & Tricks Learning Center
A weralth of wisdom in one LEgem DO RO Maaimige your Gt started fast woih these
place workflow easy tutonals
Help Center “#k Privacy Palicy
Bromese artiches by bopr vour students are sale.

="l
i

Lesson Plans
g lor pse

classroom

Scroll down to the category “Learn Circuits“ and open it with the button “View all“.

Learn Circuits

These starter projects are the perfect launchpad 1o all things Thnker

{1 -
& -“l"l- LRl
- m S
| i =
Start Simulating Editing Components Wiring Components

Adding Components
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Search for the tutorial “Blink an LED with digital output®, open it and “Start® it.

| Blink an LED With Digital Output

-

Let's learn how to blink an LED (light emitting diode) using Arduino's digital output.
If you're new to Arduino, this is a great place to start. We'll connect an LED to the
Arduino Uno and compose a simple program to turn the LED on and off.

1 Tutorial Add to class activity )

1. Blink an LED With Digital Output

Follow the instructions and try to understand how the simulation and the microcontroller work.

= g d:-®
] - EE e —-- e b . i1
ink an LED With vain -
Digital Qutput
i L I I
kgl e S = :
o i n QO & =
P Start Simulstion -; — K B @ I
& = OO (UNo | i o
. e ARDUIND - 3
. H
T W I
N
P & 0
& )
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Tasks
Task 1: Follow the steps and explanations described in the tutorial.
Try to understand how the simulator works.

Task 2: Compare programming with “Blocks” with programming with “Code”.
Which type is easier for you?
What problems might arise when using the blocks?

Task 3: Change the programme so that the LED is on for 0.5 seconds and off for 2 seconds.

Task 4: Transfer the simulated circuit and programme to a real physical circuit
with an Arduino Uno.

Tasks for experts
Task 5: Assign the pin assignment to the variables right at the beginning of the
variable declaration (creating the name).

Task 6: Add 2 more LEDs to your circuit and control them alternately.
(Running light)

Example for a connection diagram Task 1 to Task 5:

o w oW "ow oW ow W oW L ® wwwoww o ow oW wwow e oW "o oW oW ow W e owow W
& s 8w s ow L - . - - e ow - s . LR " s - s &

W R W E R R E R
R OR R RS R W R R R R R R R R R e A

- W E W
-
W W R R R R E R YRR e
-
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s oA e EoEE
L
oo owowow

W W E RN W RE R E W e
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Example for a connection diagram Task 6:

T e
EEE e w

LA R L L L B R B R
I O I A O A A

LR L LR L L R B L L -
-

R W R R e R e
-
-

E R O T T I I O
LU R B I O I B
-
-

R R I R I T oW oW o owow

L

L
=
“awEw
% oaow
“w

B WA E R R R R R R R R e e CRC R B CRC R R ]
R REE R R E R e R R AR R R R R E e R e
R E R R R W R OE R ET R OE R R R R OE R OW W R R W R R W R E W R ®EEEE R E T AW
e e A RS R e R R e E e e R OE R R R s e R R E R R e R E e e E
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fritzing

Very detailed explanations
on “Getting Started with
Arduino” can also be found

A comprehensive introduction to the basics of automation
technology and the basics of programming can be found in
the Textbook Module 3e “Content knowledge for Electrical

Engineers - “Automation with Arduino®

on the Internet:

https://www.arduino.cc/en/Guide
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All worksheets
(written in blue colour)
Example Worksheet 2: are available for

download here:
“ Using a pushbutton for switching“

Task: Activate an LED at the touch of a https://drive.google.com/drive/folders/1ICH-

pushbutton (digital input) JEmothzEdg8xiDfOAUL5eF7Dp6aW3

Learning Objectives:
Use of a pull-up or pull-down resistor to provide a clearly defined signal (LOW or HIGH) at
an input pin on a microcontroller board.
Configuring a digital input and a digital output of the Arduino board.
Understanding of the electrotechnical context when using pushbuttons as switches on
digital inputs
Recognition of the problem “bouncing® of a mechanical switch

Simulation of a current impulse circuit.

Required equipment:

Tinkercad account

Arduino-Board / breadboard / cables / pushbuttons / LEDs / resistors 10 kQ,
(optionally resistors 470 Q)

Short introduction:

For a basic understanding of the technical context, it is helpful to first work through the tutorial
“Pushbutton (Digital Input)“ in the simulation tool Tinkercad. Many technical explanations are also
given here. Follow the instructions.

Log in to Tinkercad and search for the tutorial “Pushbutton (Digital Input)“.

Click on the “Resources” tab and open the “Learning Center” section.

However, it is also possible to build the tasks immediately on the hardware and

write the programme via IDE-Editor.

31



Module 2b: Fields for Project Based Learning (PBL) in automation technology

Unit 1: Project based lessons

Description how a pull-down or a pull-up resistor works
What questions need to be clarified?
- Input of a microcontroller. - Description how a pull-down resistor works.

Technical necessity of using resistors. -+ Description how a pull-up resistor works.

Short explanation of pull-up and pull-down circuits

1. Basics pushbutton
In everyday use pushbuttons can be found on many devices. By pressing a button,
light sources can be switched on or other activities such as opening a gate or running a
motor can be started.

Pushbutton as normally open contact
A push button can assume two states. If it is pressed, the circuit is closed. When the but-
ton is released, the circuit is open again and no current flows. In technical language, these

switches are called “Normally Open“ (NO). They are open in the normal state and close the

-

—

circuit when actuated.

Pushbutton as opener
However, there are also pushbuttons with reversed wiring. These are called “break con-
tacts“ or “opener” They are closed in the inactive state (“Normally Closed“ or “NC“ for
short) and interrupt the circuit when actuated. “Openers” have a great advantage in safety
areas, as a wire breakage is reliably detected.

ol

For safety-critical applications, there are also NC/NO switches. Since both switch states

Special shapes

are always available, there is redundancy via the switching state. This helps to conti-
nuously check the proper function of the switch.

3 4

1 /] 2
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2. Pushbutton on a microcontroller
There are two ways to connect a pushbutton (normally open contact) to a microcontroller
so that a unique voltage level is applied to the input pin:
1. If a high voltage signal (HIGH) is to be present at the input pin when the button is
pressed, this is called a “pull-down circuit”.

2. If, on the other hand, a low voltage signal (LOW) is to be read in when the button is
pressed, a “pull-up circuit” is used.

A pull-up or pull-down resistor is used to provide a clearly defined signal (LOW or HIGH) at the input
pin. Without a pull-up or pull-down resistor, disturbances on an open input pin can lead to falsifica-

tions so that false signals are detected by the microcontroller.

Logic level for a digital Input

An input signal at a pin can only be reliably recognised as HIGH or LOW from a certain value. If the
level is between the defined values, one speaks of an undefined state. Therefore, no decision can be
made during a certain period of time.

This undefined area on a pin can also be caused by external influences such as induction on the leads
from electromagnetic fields. This can also lead to misinterpretation of the input signal.
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3. Application with a pull-down resistor
If you simply connect the pushbutton to the microcontroller, the given operating voltage
(normally 5V) is applied to the input pin as soon as the pushbutton is pressed. Electrons

flow from the source to the pin.

When the button is released, no more electrons can flow in, but the electrons that are on
the pin remain there for a very long time because they can only flow out slowly via small
leakage currents. This effect results from the fact that the input of a microcontroller is
normally very high impedance. For the microcontroller, the button is therefore still seen
as pressed for some time after it is released. Only when the potential has dropped due to a
sufficiently large number of electrons flowing out, a LOW level is detected.

This problem can be solved by connecting the pin to GND via a sufficiently large resistor
(usually 10kQ on the Arduino boards). This allows the electrons to flow off the input pin
faster and the microcontroller recognises very quickly that the button has been released.
Since the resistor always “pulls down® the voltage on the input pin to 0V, it is called a pull-

down resistor.

If a too small resistor is used for the pull-down resistor, a short circuit may occur
on the microcontroller board when the button is pressed!

5V
1,4
T1
2,3
P3 K
4700

L GND

The 470Q resistor in the circuit is intended to protect the input from excessive currents when the
button is pressed. It is not absolutely necessary and can also be omitted.
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4.

5.

Application with a pull-up resistor

When using a pull-up circuit, it is exactly the opposite. The pull-up resistor pulls the level
up. If a pushbutton (normally open contact) is connected to the microcontroller via a pull-
up, a “HIGH signal® is present at the digital pin when the pushbutton is not pressed. When
the button is pressed, it pulls down the voltage via the resistor and ground is applied to
the input pin. The microcontroller then receives a LOW. At the same time, the resistor

prevents a short circuit.

The logic of a pull-up circuit is therefore reversed. A pressed switch results in the level
LOW at the input. This must be taken into account when evaluating the input.

For pull-up circuits, resistors in the range of a few kQ are used.

For most microcontrollers, 10k is a safe default value.

Vad

Rl 10kQ

P4

Tl

Debouncing of a switch
The signal of a normal button does not immediately change to the desired state (LOW to
HIGH or HIGH to LOW) when pressed or released. This behaviour is called “bouncing®.

Bouncing describes the rapid oscillation between the states “High and “Low" or between
“1“ and “0“ The reason for this is the mechanical oscillation of the switch contacts.

Since the microcontroller can read the state of a digital input very quickly, depending
on the programme, it is possible that it interprets the pressing of the button as several
button presses. The input signal will oscillate between two states for some time after the
button is pressed, making it difficult to tell the real state.
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To obtain a safe signal at the digital input of the microcontroller, it is necessary to “de-

bounce” the input signal. This can be done on the hardware side, but also by software.

The simplest method is to insert a delay() command after reading in the state. This delays
the immediate re-reading of the switch state in the critical switching phase. Usually 10
milliseconds is sufficient (delay(10)).

Switch OFF Fluctuations Switch ON

0 Volts

' \ Time—>»

Necessary delay time

Also have a look at:
The 470Q resistor in the circuit is intended to

protect the input from excessive currents when

the button is pressed. It is not absolutely neces- https://roboticsba-
ckend.com/ardui-
no-push-button-tu-
torial/

sary and can also be omitted.

https://www.ardui-
no.cc/en/Tutorial/
BuiltinExamples/
Debounce
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Tasks

Task 1: An LED should light up for 5 seconds when a pushbutton has been pressed.

Task 2: An LED should light up for 5 seconds when pushbutton_ 1 is pressed.
The LED is to flash 5 times when the pushbutton_ 2 is pressed.

Task 3: Explain the difference between the circuit with a pull-down resistor

and a pull-up resistor.

Task 4: Change your programme in a way that the LED lights up by default

and goes dark when the button is pressed.

Tasks for experts
Task 5: Reconstruction of a changeover switch based on a current impulse circuit:

An LED is to be switched on or off with a pushbutton_ 1 as well as with a pushbutton_ 2.

Example for a connection diagram Task 1 and 2:
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T R I I " e
e R E YR "W
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RV RS ET YRR EYEEY YWY
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Connection diagrams Task 3

Explain the difference between the circuit with a pull-down resistor and a pull-up resistor!
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Example for a connection diagram Task 5:

- a W o e @ W L] L - W - - W L] - W oW W W - L
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pymm Arduino
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For all other teaching units, you can also rely on suggestions from Tinkercad and the Internet.
However, it is important to supplement these very rudimentary tasks with your own tasks and ideas.
Use worksheets 1 and 2 as a guide.

List of usable Tinkercad contents

Lets learn how to blink an LED using

Arduino’s digital output.

Project:

(Connecting an LED to a microcontrol-

Introduction to the topic

of microcontroller ler and writing a first programme.)

(first programming: “flashing light”)

Have a look at the explanations
in Worksheet 1!

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

In the next step, the light is to be swit-
ched on and off by a push button.

Project:
Pushbutton (Digital Input)

Have a look at the explanations
in Worksheet 2!

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

In modern cars, the high beam is au-
tomatically dimmed for oncoming cars

Photo resistor as sensor: so that drivers are not dazzled. The

Automatic switching between high next task is to realise such a function i

and low beam in a car with the help of a photoresistor.

(In this context, the basics of the elec-
trical voltage divider must be taught.)

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Almost all parking assistants on the
market are based on the same techno-
logy for distance detection by ultraso-
Project for programming a parking aid nic sensors. Our project is now also to

with ultrasonic distance measurement = be supplemented by a simple parking

aid, so that a warning message is dis-
played by LED and/or buzzer when the
distance falls below a certain level.

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

The parking sensor circuit from the

- “Parking Sensor” project is now to be
Project: * supplemented with a display of the
LCD display to show the measured distance and the sketch ad-

measured distance apted accordingly. A two-line display

with 16 characters per line and an 12C
bus connection is used for this.
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Adaptive cruise control (ACC) is used

) to automatically regulate the vehicle
Project:

| Adaptive Cruise Control (ACC)
(Programming a “for-loop”)

speed. As soon as an obstacle is detec- -
ted in front of the vehicle, the speed !
of the vehicle is automatically adjusted

and a safe distance is maintained.

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

- The brightness of the cockpit lighting

) " inacaris to be controlled in four
Project: . . . "
stages depending on the ambient light

Automatic instrument backlightin
STt intensity. When it is absolutely dark,

depending on ambient brightness

four LEDs should light up, when it is
bright, none.

Especially in projects 4 and 6, the students have to deal with physical basics and mathematical cor-
relations.

Information on project 4:
In order to implement and program a suitable ultrasonic sensor for distance measurement, it is ne-

cessary to know some basic physics about the propagation of sound waves.

1. Sonic speed and echo
Sound waves, tones and noises propagate at the so-called speed of sound. The speed of
sound depends on the medium and the temperature in which the sound propagates. For
example, the speed of sound at 20 °C is approx. 343 m/s in air and 1.484 m/s in water.

The following applies:

v=s-t (v - speed; s — distance; t — time)

According to this, sound in air travels a distance of 343 m within one second, because:

s=v-t=343m/s-1s=343m
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If the sound wave emitted by a source hits another object, such as a wall, as it propagates in air, part
of the sound wave is absorbed and part is reflected - i.e. thrown back. If the reflected part of the sound

wave reaches the source again, this can be perceived as a so-called echo.

—
RESEIRER Reflected signal

o

B
kY

.

- .

e,

TRANSMITTER Original signal
I

|
Distance

2. How an ultrasonic sensor works
The ultrasonic sensor, consisting of a transmitter and a receiver unit, can measure the

travel time of the sound wave and thus calculate the distance between the sensor and the

object:
1) The sensor emits a short pulse.

(
(2) The time measurement is started.
(3) The sound wave is reflected.
(4) The echo is detected by the sensor.
(5)
(6)

5) The time measurement is stopped.
6) The distance can be calculated from the measured value (cf. calculation formula).

HC-SR04 ULTRASONIC MODULE

Trigger

Acoustic
Axd40K Hz

40KHz
Reflected

Signal

Output of
ECHO Pin

Propagation Delay
Dependent on Distance
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Also have a look at:

3. Possible tasks

- Construction of the hardware
(or simulation in Tinkercad)

- Integration of the ultrasonic module
into the programme code

Control and evaluation
of the ultrasonic module

https://howtomechatronics.com/tutorials/
arduino/ultrasonic-sensor-hc-sr04/

Information on project 6:
Understanding and implementing adaptive cruise control (ACC)

1. What is a relative speed?
Two speeds must be recorded for the task:

The speed of the own vehicle and the relative speed to the vehicle in front.

The speed (v) of the own vehicle can be calculated via the distance travelled (s) per time (t).
A relative speed is related to a specific location.

The speed of the own vehicle is 100 km/h, a vehicle in front is travelling at 90 km/h.
The speed of the vehicle in front is -10 km/h relative to the own vehicle.
When the speed of the vehicle in front is -10 km/h relative to one‘s own, i.e. the vehicle in

front is approaching one’s own at 10 km/h.

o 0.* o2

Graphic: R. P. Droge, www.lehrer-online.de
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2. Detecting the relative speed
Unfortunately, cars do not yet communicate with each other, so the speed of a vehicle in
front must be determined by measurements. This can be done most easily with time-
delayed distance measurements.

By taking two distance measurements it is possible to determine a distance.
Example: First measurement 50 m, second measurement 40 m.
From this it follows that...

..the vehicle in front has moved 10 m towards your own. The speed can be determined if

the time between the measurements is known.

Measurement 1:

Graphic: R. P. Droge, www.lehrer-online.de

Measurement 2 after1s:

Graphic: R. P. Droge, www.lehrer-online.de

In this example, the rear car is approaching the front car with a relative speed of -3 m/s.
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3. Possible tasks
Create the programme section with which the relative speed can be calculated. This is to
be output in m/s.
Distance measurements with a “For Loop”
As soon as an obstacle appears in the front distance meter, two measurements are to be
taken in order to determine the relative distance travelled. This can be realised with a “For
Loop“, as then the code for the measurement only has to be stored once in the programme.
If a difference is detected, the own speed is either increased (distance has increased) or
decreased (distance has decreased).

You can use these tips very well in an interdisciplinary lesson.

Next steps

Further examples are given in the following chapters.

Special attention will be paid to the very important topics of
- IoT (Internet of Things)

Robotics / Automation

Sensor technology
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Chapter 2

Basic knowledge
of how loT works

2.7 THEINTERNET OF THINGS (I10T) -
DEFINITION, TECHNOLOGY AND APPLICATIONS

The Internet of Things (IoT) is a system of machines, plants and devices connected via and with the
Internet. The associated “things“ must be clearly identifiable. There is currently no generally accep-
ted definition of the term. The term “Internet of Things / IoT*“ is often also used as a “collective term"“

for various technologies.

The Internet of Things refers specifically to the increasing networking of physical objects that are
connected to each other and to the Internet and can exchange data. These “things“ range from simple
household appliances to highly complex industrial machines. Connected devices use built-in sensors
to collect and exchange data with other devices and systems over the Internet, triggering responses
to specific values.

The Internet of Things (IoT) is the prerequisite for Industry 4.0!

2.1.7 Origin of the designation

The term “Internet of Things” is attributed to the British technology pioneer Kevin Ashton, who
described the IoT in 1999 as a system of sensors connected to the Internet,

“... that behave like the internet by creating open, spontaneous connections,
sharing data freely and supporting unforeseen applications.

The idea of the Internet of Things dates to the early 1980s. The first connected device was a beverage
dispenser at Carnegie Mellon University. This early IoT device was networked to check its inventory

and determine how many drinks were available.
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2.1.2 Significance for industry

In the industrial sector, 10T technologies are applied especially in the control of sensors and devices
that are equipped with cloud technologies. In other words, intelligent networking of machines and
processes takes place. The term IIoT - Industrial Internet of Things - is mainly used here.

The IIoT refers to digitally networked, intelligent machines or systems in an industrial context, es-
pecially in manufacturing. The goal of the Fourth Industrial Revolution is efficient, self-organised
production in which machines, plants, products, and people communicate and cooperate with each
other. This networking is intended to optimise the entire value chain in the company, from the idea
of a product, through development, production, marketing and sales, to use, maintenance, and re-

cycling.
] Transportation & Logistics ngi:ﬂ:cF: I.lll
22 Ve o9 "
b ' Security & Survelllance
- . s i &
| I
- B -
of £
. .-_-_-_-_-_-____———--II..L—:I‘-, .
o
= Industry & o
Medical & Energy —— /.,

= )

With the advent of cloud technology in the early 2000s and the development of the OPC/UA protocol,
it became possible to store data and transfer it securely between different devices. Thus the IIoT was
born.

2.1.3 How important are sensors for the Internet of Things?

Sensors are both the starting point and at the same time the biggest data providers of the Internet of
Things. More precisely, devices that are equipped with many sensors. They enable ,things“ to collect
data and perform actions. With access to the Internet, sensors turn functional objects into smart
devices. Large amounts of data, i.e. Big Data, become a source of valuable information.

47



Module 2b:
Unit 2:

Fields for Project Based Learning (PBL) in automation technology

loT - Internet of Things

2.1.4

What is hidden behind the terms edge computing

and cloud computing?

How and where data streams are processed affects the distinction between cloud and edge com-

puting. To save storage capacity and reduce latency, it may be advisable to pre-store the huge data

streams generated by the IoT at the edge of the network and sort them by relevance before storing

them, for example in the cloud. Working with only relevant data then benefits from efficient use of

the available bandwidth and computing power.

Edge computing is when data processing is moved to the edge of the network, system or machine.

Here, the information is pre-sorted into useful and useless before it is sent to the cloud or server. In

this way, edge computing helps to reduce the load on conventional computing systems.

2.1.5

48

Benefits for the industry

Predictive Maintenance

Thanks to analytics and machine learning, failures can be detected in time and the machi-
ne can be serviced before a failure even occurs. In addition, it is possible to increase the
system performance of the processes through clever identification and targeted elimina-
tion of bottlenecks.

Flexible production

The more complex a product, the more companies or departments can be involved, contri-
buting to the product step by step. With intelligent networking, the steps can be better set
up and machine utilisation can be better planned.

Optimised logistics and smart supply chains

With access to all necessary data, algorithms can calculate ideal delivery routes and quan-
tities of required materials. Intelligently networked logistics save time and resources.
Machines can also independently report the need for materials. A smart flow of goods can

avoid supply gaps.

Efficiency increases through data analysis
Data on the process of incoming materials, etc., production and the condition of a product
are collected and evaluated. This provides information on how to optimise production,

increase process efficiency and improve product quality.
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2.2 10T PLATFORMS SUITABLE FOR EDUCATION

With the help of the Arduino IoT Cloud, many Arduino boards can
be connected to the Internet very quickly and securely. Controlling

projects and reading out data remotely is easily mastered in this way,

even for beginners. The Arduino IoT Cloud project was launched at

the beginning of 2019.

Of course, there are other cloud computing offerings with Arduino

components, but the Arduino IoT Cloud seems the most suitable be-
cause of its high penetration rate and proximity to schools.

Different account levels (Plans) are available for use:

»For individuals®| for example, is good for the students: https://docs.arduino.cc/

arduino-cloud/

@ For individuals | Eoescking) B For busine

BILLED YEARLY |SAVE 154 EILLED MONTHLY

Free Entry ¢ Maker BEST WALUE Maker plus

4 Things,

Uinlimited dazhboards
100 Mb Lo store shelches
1 vy dara retentian
Fhiday compilations

Machine Learning Toals

10 Things

Urilimited dashboards
Urilimiled stiorage lor shelihes
15 days data retenticn
Uriimited compilations
kachine Leaming Tooks

APls

Cres (e Al Upidales

$1.99

2% Thing=

Unlimited dashbosrds
Unillinilted storage Tor skalohes
W1 dawys clata Fetenginn
Unlimited compilations
Machine Learning Tooks

AP

Oreer Lhve A Updates
Lashbadsd sharing

Choud Tregpers

55.99

PURCHASE

100 Things
Uinlimited cathhoards
Wnlirmiled slocdge for sketclwes
¥ yeaAr SALE rerencinn
Unlimited comgilations
sachine Learning Toals

AP

Cheer the Alr Updates
Dsnbasrd sharing

Choud Triggeis
5 19.9%

(Status: 27.07.2023)
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Or ,For school“ with special features for education:

¥=h For school
@ For individuals E For business
Free School plan

< 2 Things < & Things per membes 5 1o 50 members £ 20/ memi
# Wnlimited dashboards ¢ Uindimited sheich storage
< 100 Mb [0 slove sketches 6 months data retention
# 1 day data retention < Linlimited compilations

; 51 to 100 membars

257day toenpslations < Ihnlimite variabbes % 18 member/veas
< Share skelches via link ¢ Share skelcnes & dashboards :
< Machine Learnlng Tools < Centralized adminisiration
¢ Googhe Classrcom integration
107+ members

Machine Learning Tools _ $15m;

A Clowd Triggers

< Couwrse Horary

GET STARTED PURCHASE

(Status: 01.08.2023)

Before you decide on a form, first use the ,Free Plans“ to get to know the platform.
You can update later as needed.

Interesting alternative to the Arduino Cloud
An interesting alternative to the Arduino Cloud is the Blynk platform. Blynk is very close to industri-
al solutions but uses a slightly different structure.

https://blynk.io/
https://blynk.io/blog/step-by-step-video-guide-to-making-your-first-project-on-the-
new-blynk

https://www.instructables.com/Get-Started-With-Blynk/

https://how2electronics.com/home-automation-using-esp32-blynk-2-0-with-feed-
back/

https://blynk.hackster.io/projects?difficulty=beginner&part_id=10887 &sort=trending
&type=protip
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2.3 STRUCTURE AND SECURITY OF THE ARDUINO CLOUD
2.3.7 What's behind the “Arduino Cloud IDE"?

The Arduino Cloud IDE (formerly known as Arduino Create) is a cloud-based development environ-
ment for Arduino that can be used with any modern internet browser. You can easily log into a fully
functional Arduino IDE from anywhere in the world, which stores and compiles your code in the

cloud. It all comes together in your own personal ,Arduino IoeT Cloud®.

The Arduino IoT Cloud is Arduino’s physical computing platform. It enables businesses as well as
universities, colleges, school classes and other educational institutions to implement IoT projects
easily and securely.

The Arduino Cloud provides the best conditions for experimenting in the IoT environment. A highly
simplified data model that is very easy to use and the ability to create attractive browser dashboards
with little effort make it relatively easy to get started.

2.3.2 Arduino loT Cloud briefly explained

The Arduino IoT Cloud is designed to connect sensors, actuators and IoT devices in the cloud and
to view and edit their data and states remotely. The Arduino IoT Cloud consists of easy-to-use,
open-source hardware and software. This means that not only the more than 100 Arduino hardware
products such as shields, kits, boards and other accessories can be connected to this cloud, but also
third-party products. For beginners, it offers a complete end-to-end platform for the Internet of

Things (I0T) - including easy access to microcontrollers and programming.

With these features, the Arduino IoT Cloud is a great way to introduce students to connected pro-
jects and the Internet of Things. First projects for beginners can be implemented quickly and safely.
But it can also be used for more complex tasks.

In addition, there is always the possibility to use the power of the community. This can be done on

the Arduino Project Hub by browsing the projects for suggestions and making them your own, or by

accessing FAQs and troubleshooting articles from the Help Centre.
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2.3.3 Benefits for education

The Arduino IoT Cloud makes it possible to connect a wide variety of sensors and control units to
collect data and control actuators anywhere. The 10T Cloud is the platform where this collected data
can be stored, pre-processed, analysed and visualised in one place. It is also possible to control devi-
ces from anywhere via the cloud.

Especially for students, the plug-and-play solution with Arduino hardware makes it easy to get star-
ted, allowing them to connect their devices to the Arduino IoT Cloud quickly and easily without
complicated configuration. Clear dashboards, automatic code generation and a wealth of examples
and templates provide a sense of achievement and show students the tangible benefits of their IoT
project.

2.3.4 How safeis it to use the Arduino Cloud?

The Arduino Cloud is a simple and secure way to connect Internet-based devices to each other or
integrating them into a network for data exchange. The cloud servers are used for programming,

integrating the devices into the relevant Wi-Fi and exchanging data.

As the programming takes place online on a server and the compilation (translation into machine
language) takes place in a secure environment, it is relatively difficult to break into the system once
the programme has been loaded into the device. All security-relevant information is stored and pro-
cessed on the cloud server. So the only vulnerability is access to the cloud.
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2.3.5

Make sure that access to the cloud doesn‘t fall into the wrong hands!

Security Considerations for Arduino Boards

Device onboarding and communication with the Arduino Cloud is ensured to protect the confiden-

tiality of the data exchanged between Arduino devices and the Cloud. The following figure shows the

device setup phase and the device operation phase.

@ Davice setup configuration

Device

PC
Creste [T Claud Arduino laT Cloud
Device Agent websipp)
cerlificate

@ Davice operation configuration

Device

Arduino loT Cloud

Device

Device setup phase:

1.

N U~ W

The setup phase is initiated by the web browser with a secure connection to the Arduino
IoT Cloud over HTTPS requesting to create a new device.

. The IoT Cloud provides a special sketch that is run on the device to generate:

- aprivate and public key
- a Certificate Signing Request (CSR)

. The private and public key are stored in the secure element on the device.

. The CSR is sent from the device to the browser via the create agent.

. The browser sends the CSR to the IoT Cloud for signing.

. The Certification Authority of the IoT Cloud signs the certificate and returns the public

certificate to the browser.

. The browser uploads the public certificate to the device via the Arduino Create Agent.
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The device establishes a mutual-TLS authenticated connection with the IoT Cloud MQTT server. The
mutual-TLS connection is established so that:

1. The MQTT server can establish the identity of the device connecting to it.

2. The device can establish the identity of the MQTT server it is attempting to connect to; to
establish such secure connections, devices must be able to connect to *.arduino.cc on port
8884 and 8883.

2.3.6 How does the Arduino loT Cloud work?

Physical endpoints have the name ,,Thing“ in the Arduino IoT Cloud. When you first log in, the user-
friendly service prompts you to create your first Thing. As part of the setup process, you will need
the ,Arduino Create Agent“, a tool that enables communication between laptop, cloud, and connec-

ted hardware.

= =1

|J

The central building blocks of communication between the end device and the cloud service are the
memory fields known as “variables”.

Depending on the configuration, variables record changes either on the client, on the server, or on
both sides. The Arduino Cloud then automatically synchronises the data.

The ,real intelligence® of the cloud service lies in the generated project in the file ,thingProperties.h",

which provides an initialisation function and the local variables according to the following scheme:
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ff Code genecated by Ardulng ToT Cloud, DO HOT EDIT.

woid onPumpSeitchChange();
vold onledSwitchChange();

i

z

3 #include cardulnoloTCloud.h>
4 #include chrduino ComnectionMandler.h>

5

& const char DEVICE_LOGIM MAME[] = "Rcdlf¥#da-ed45-4187-561h-9F7e563802887;

T

B const char SSI0[] = SECRET_SSID; £ Hetwork SSI0 (name)

@ comit char PASS[] = SECRET_OPTIOMAL_PASS: S hetwork pasiword {use for WPA, or use 31 key for WER)
18 const char DEVICE_KEY[] = SECRET DEVICE_KEY; {f Secret device password
11
iz
13
14
15

ClovdSwitch pump switch;

16 ClovdTemperatureSensor tomp;
17 ClowdRelativeHumldity humd;
18 bool led_switch;

2@+ vold initProperties(}{

22 ArduineCloud.setBoardld{DEVICE_LOGIN_MAME);

23 Arduinofloud.setSecretDevicekey(DEVICE KEV):

3 ArdulnoCloud . addProperty (pump_switch, READWAITE, OM_CHAMGE, onPumpSwitchfhange);
i arduinelloud ., addProperty{temp, READ, OM_CHAMGE, HULL);

26 ArduiroCloud.addPrepecty(huml, READ, OM_CHAMGE, HULL):

a7 ArduinoCloud. addfroperty{led_switch, AEADWRITE, OM_CHAMGE. onLedSwltchChange);
a8 }

31 WiFiConnectionHandler ArdulnoloTPreferredConnection({SSI0, PASS);

At the end of the file ,thingProperties.h“ you see four variables,

/‘ humi, READ, ON_CHANGE, NULL
2 analog
\‘ temp, READ, ON_ CHANGE, NULL
2 led_switch, READWRITE, ON_ CHANGE, onLedSwitchChange
2 digital
N pump__switch, READWRITE, ON_ CHANGE, onPumpSwitchChange
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Wifi Wifi
Device ID Secret Key Mame Password
Code Variable Network
w
Sketch thingProperties.h
\ --------------------------------------- Compiling

Machine Code

1 --------------------------------------------------------- b‘p.l'und'l'ng

The illustration clearly shows that a logical connection of the variables to the Sketch and the network
is only established via the “h file”. During compilation, security-relevant and programme-specific
information flow together, allowing data to be exchanged via the cloud.

It is therefore impossible for the programmer to create a device that is able to send data to different
end devices (computer, mobile phone, tablet, ...) without access to the cloud and without the compu-
ting power of the Arduino Cloud Server.

2.3.8 Setting up your own web server

Of course, it is possible to program the ESP boards directly from the IDE editor, but without a web
server set up specifically for this purpose, no data can then be exchanged. The device then behaves
like a normal Arduino board with an optional data interface (Wi-Fi, Bluetooth, UART, I2C, ...).

((

$ Wi-Fi Client
‘ " (STATION)
Router ; ) G"I'
(ACCESS POINT)
\
Wi-Fi Client
(SIATIOh) (STATION)
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More information on this topic can be found under these tutorials:

https://www.youtube.com/ https://www.youtube.com/ https://www.youtube.com/
watch?v=xPIN_Tk3VLQ watch?v=z-1-r3PX2IU watch?v=_GohoygyCNE

Don't forget, however, that this approach is far less secure against external attacks than
using the Arduino Cloud. There is a theoretical risk that the network and the devices it

contains can be taken over and used for criminal purposes.
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2.3.9 Handling variables

The values of the variables are stored in different places when using IoT devices and must be re-

gularly synchronised. The normal case is that the microcontroller sends its current values to the

cloud and these values are then promptly passed on to other devices or the output units such as the
dashboard.

You do not have to explicitly programme the reaction to changes to local variables in the Sketch.

Each run of loop() performs a check of the states and automatically reports changes to the server:

55+ yoid loop() {
56 ArduinoCloud.update();

57 /! Your code here

c8 humi = dht_sensor.readHumidity();

59 temp = dht_sensor.readTemperature();
68

In addition, there are ,onChange“ commands that inform the Sketch about changes to the system

state coming from the cloud:

58

91‘. i.l'

a2 Since PumpSwitch is READ WRITE variable, onPumpSwitchChange() is
a3 executed every time a new value is received from IoT Cloud.
o4 %/

95~ void onPumpSwitchChange() {

=] {f Add your code here to act upon PumpSuitch change

97~ if{pump_switch){

o8 digitalWrite{PUMP_PIM, HIGH);

g9~ lelsef

1ee digitalWrite(PUMP_PIN, LOW);

181 }

1e2 t

Follow the instructions carefully and try to understand them and their meaning. This is

the only way to access this new technology in the shortest possible time!
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2.4 STRUCTURE AND SECURITY OF THE ARDUINO CLOUD

Learn how to send data between an ESP32 / ESP8266 development board and the Arduino Cloud IoT.

Introduction
In this tutorial, we will go through the necessary steps to set up an ESP32 / ESP8266 development
board with the Arduino Cloud IoT. To test it out, we will send random values from the board to the

cloud and set up a switch that can enable an LED on the board.

Goals
The goals of this project are:
- Send data to the cloud from the board. (random values)
« Turn ON/OFF an LED on the board through the cloud.

Hardware & Software needed
« Arduino Cloud IoT

We will also need the following components for the circuit:
- ESP32 / ESP8266 development board

- LED

« 220- or 100-Ohm resistor

- Breadboard

+ Jumper Wires

Circuit
Follow the circuit below to connect the LED to the ESP32 / ESP8266 board.

H adsssmednf|od e s@ e maa R ameEnnE
ipsianensdashaatdars
AEEE R R R E R AN R R R R R R

ESP32 | ESPB266 g 1 O .
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Make sure you are addressing the correct PIN. Pin  Code

Arduino alias Pin Code Arduino alias

Al Al AD

Do - 16

R -

o 4 C G 9
ESP boards have a different PIN designa- D3 GPIOD o SD3  GPIO I 10
tion than the Arduino boards. : - 2 e Ao .

| 14 1

Create an account or use our Arduino account -
Get started with Arduino-Cloud

Sign in or create an account to get started.

Set up
INn mMinutes

The simplest, fastest, low

projects,

GET STARTED (EPFLORE PLANS
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Welcome to Arduino

Learn and create, with the ever-growing platform

& SIGN IN

Don't have an account yet? Create one,

©.O)

Sign in to Arduino

Userrname o Fradi *

Fassword *

Torpel peur parEwerd

Dhart have om acc=umt yef? Cresty sne

OF Gign in ek

G Google ) GiaHul € Facetoak @ Apple

Setting up the Arduino Cloud IoT
To get started, we need to go to the Arduino Cloud IoT. This is also accessible through the menu at
the top right.

Navigate to the cloud.

- Web Editor

- D —
m Manager for Linux
a [ @] -
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Steps to the first project

Step 1: Creating a Thing
The first step is to create a Thing.

This is done by navigating to the “Things“ tab. Then, we need to create a new Thing, by clicking on
the “Create Thing“ button. We can then rename our Thing something appropriate to what we are
doing, in this case we simply chose “Game Box“.

Now, we need to link our device with our Thing. This is done by clicking on the button in the “Device*

section.
oo ror cLoun | Things  Dashboards  Devices  Imegrations  Ternplates o- My Coud -
Game Box Serap Skotch Metadata
Cloud Variables Associated Device

Silect the dewioe you want fo use of
VArbeE ane Wt yial Can MONRGE oF Contncl Lo mike your Thing Fancnon, For xample & CONTIZUIE & FeEw N
IEMmETATUng Of & STArT Lamg. Once created, yon Can U Ther in your Skeich,

Sy Dk

Network

[[rtey your Petwork credentialy bo
e ol divide,

Coefgute

This will open a window. Choose: “Set up a 3rd Party device”.

Setup Device b4

©,0, N

ARDUINO

Sat up an Arduino device Setup a 3rd Party device

Compatble devices i

Compatible deates i
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We are currently using the ESP8266 in the model
version NodeMCU 0.9 (ESP-12 Module).

Finally, it is possible to assign a catchy name. We
decided on the name , First"

Please note that the secret key cannot be
recovered, so make sure you note it down.
You can also “download a PDF“ with the
information. When you have saved it, tick the
box at the bottom, and click on “Continue®

If you have done everything correctly, the
linked device appears in the ,Associated
Device“ area. Initially, however, it will have the
status ,Offline®

Sotup Device

Select device type

Pleass pelect the deics type and model you want 0
wenfiguie

w ESPR266 o ESP32 o LoRai?WaN

ReadebCU 0.5 [ESP-12 Mosdle) -

Setup Divice

ESP

Glve your device a namie

it your dhence 50 you vall be able b3 recogres it

Make your device loT-ready

To wse this board you will need a Device ID and a Secret
Ky, please copy and save them of download cthe FOF,

Az, keep in mend that this devioe authentication has &
loweer security level companed 1o other Arduing devices.

DD DD DD e e
B e e s e ]

A

Secret key cannot be recovered
Please keep i sale, il you lose it you will have 1o
delete and setup your device again.

| saved my device ID and
O Secet ey D
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Cloud Variables Associated Device
“Wariables are what yDu can monioe of control to make your Thng function. For examyie a B First

fEmperature of 4 Smart Lamp Dnce Created, you G Use them in you Sketch,
= kit - 2irp-ate a1 [

e Poodabdll) S0 TR -1 ] Mool

ADD VARIABLE stater: i} Dffine

e ca

Chasge Dty

\
L ]
LY
L _;1 ‘ 7/ Metwork
4‘ A
wo
COMNECT o Seice.

Enter your network credentials b

Confepure

Further way to set up a device

You can use this way especially if you want to assign another or a new device to a Thing.

m I0OT CLOUD Things  Dashboard @ ntegrations  Templates

1. Once in the cloud, click on the ,Devices“ tab. Then, click on the “Add device” button.
2. Then, click on “Set up a 3rd party device®

3. Now we need to select what board we are using. Select either ESP32 or ESP8266, and then choose

the board from the drop-down menu.
We are currently using the “ESP8266 — model NodeMCU 0.9 (ESP-12 Module)“.

4. Now the board needs a name. We choose “First”, but you can have a lot more imagination than
that!

5. You will now receive your “Device ID“ and “Secret key“. Please note that the secret key cannot be

recovered, so make sure you note it down. You can also “download a PDF* with the information.

When you have saved it, tick the box at the bottom, and click on “Continue®.

You have now configured your ESP8266 board with the Arduino Cloud IoT. Your device will now ap-

pear in the list of devices.

64



Module 2b:

Unit 2: loT - Internet of Things

Fields for Project Based Learning (PBL) in automation technology

Step 2: Add variables to the Thing

Once the device is linked, we need to create two variables: random_ value and led__switch.

Daatscara Famplaten

oo 1or cious |

Dwwcon  resgrabom

Choud Variabbes

ek o W P L DT O ORI T Mk ot By arcben for el &
st e b Dror crssbrk yow e e P o et

{ eraan riaw n Wby Clons

Thh Metaday
Assoclated Devies

T T B s W A
gt w

(-

Herwork

Ardms o retmmah 1 vt
Chr ] B

[

Click on the “Add variable“ button. This will open a window where you need to fill in variable infor-

mation. Let's create the “random_ value“ first.

The data type is int, permission is read only and
update policy is on change.

Once done, click on the “Add variable“ button.

random_yalue

oy

v Syncwith other Things

Integer Number eg 1

Declaration
int rondom_value

Variable Parmission

() Read & Write (@) Read Only

Variable Update Policy |
@ onchange () Periodically

Threshaold
o
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Mame
ted_switch
%' SYnc with other Things
Boolean eg. bue -
Now, let's also add the “led_switch® variable. S
The data type for this variable is boolean, the bool led_switch; '
permission is read & write, and update policy is
on change.
Once done, click on the “Add variable® button.
Wariable Permission

(@ Read&Write () Read Only

Variable Update Policy

@ On change (J_} Periadically

With each change in this area, the number next to the ,,Sketch“ tab changes. In the current screens-
hot, the number ,3“ means that three changes have been made to the sketch since the start. In
concrete terms, this means that the system generates or changes a sketch during the changes.

Game Box Setup sketch () Metadata
Cloud Variables m Associated Device
Name + Last Value Last Update - First
led_switch "
I:I bool led_switch; i o 1bda-ebe&dl'aﬂ-de'99-ab3r-c...ﬂ

Type: ModeMCU 09 (E5P-12 Module)

random_value
O B saws: @ Offine

int randon_value;

Change Detach
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Step 2: Add variables to the Thing

Now, we need to enter the credentials for our network, plus the secret ,';
key generated during the device configuration. This is necessary to 3
connect our device to a Wifi-Network.

‘{\‘ﬁ;

Associated Device

I First

10; 1bdaebee-dfad-2e99-ab3fc... B
Type: KodeMCOU 0.9 (E5P-12 Madule)
status: ) Offline

o ca
Change Detach First, click on the button in the “Network Section”.
Open the credentials tab.
Network

Enter your network credentials to
connect your device,

Configure

Configure network

Then, enter the credentials

- network name vour will find these network parameters in the secret tab
in your sketch, and your device will be able to connect to
- network password and the netwark ance the sketch will be uploaded.

- secret key.

for the used device.

Click ,Save“ when finished. Fassword

SEEABEBBEEN @

Here itis also possible to set the access to another
Secret Key *

Wi-Fi network at any time. BEENBAR IR ERRRARERS '@
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Step 4: Programming the board
The next step is to program the board. To do so, we need to go to the ,Sketch® tab.

Game Box Setup @ Metadata

w—  First- NodeMCU 0.9 (ESP-12 Module) =
o e =" PortCOMS (1> open fulledor Q = A

1 #include “thingProperties.h”
‘)

3 int LED.1 = 13;

s= void setup() {

&  pinMode(LED_1, QUTPUT);

7 /f Initialize serial and wait for port to open:
8 Serial.begin(9608);
3 I/ This delay gives the chance to wait for a Serial Monitor without blocking if none is found

18 delay(150@);

After opening, you will see that the server has already created a programme. However, this is only
a skeleton programme that only ensures the connectivity of the device with the cloud. The actual

programme still has to be created.

When using the Arduino Cloud, it is not possible to program the board directly via the IDE
software.

The Sketch is written in an online editor, translated into machine code by the server and
loaded into the board connected to the USB port via the computer.

Also make sure that the necessary USB driver is installed. If there are any problems, you
can find more information at the following link:
https://support.arduino.cc/hc/en-us/articles/4412955149586-1f-your-board-does-not-ap-

pear-on-a-port-in-Arduino-IDE

USE Cati
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In order for the transmission to the IoT device to work, it is essential to install and start the

Create Agent app on the computer.

If you see this notice, you must make sure that the Arduino Create agent is installed and started.

37+ void onledSwitchChange( ) E|
18 / Do something
3o if{led switch}{

a3 digitalWrite(LED 1, LOW);
..}
a5 [

Check your taskbar to see if the Arduino Create agent is working properly.

Agent version 1.2.7-fT1b%a0
Go to Arduino Create
Open Debug Console

Remowe crash reports

Pauze Agent

Cuit Agent

1225

DEU ]

02.05.2023

Installing and using the Arduino Create Agent

The Arduino Create Agent bridges the gap between your browser and your boards, allowing users
to deploy their sketches to their board using the Arduino Web Editor. The Arduino Create Agent
runs a web server bound to localhost that receives requests from the Arduino Web Editor to

operate on the boards.

The security of such communication is ensured by cryptographically signing the commands that
are sent to the Arduino Create Agent. Whenever the Arduino Web Editor wants to send a command
to the Arduino Create Agent, it cryptographically signs the command and appends the signature
to the request sent to the agent. The agent verifies the signature and, if it is correct, accepts and

executes the command.
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To install and use the , Create Agent App“, see the following instructions:

https://create.arduino.cc/getting-started/plugin/welcome

WELCOME TO THE ARDUINO CREATE AGENT INSTALLATION!

You're about to begin the process of downloading and installing the
Arduing Create Agent. The agent will provide you with several features

= Recognize Arduing boards and other supported devices connected to
your computer via USE;

* Uploag sketches from your web browser to your boards via USE or
thiough a netwark

* Read data from serial monitor, as well as wnte to it

DOWNLOAD THE CREATE AGENT FOR WINDOWS

SETUP STEPS

1. DOWNLOAD AGENT

You need 1o download and mstall the Create Apent to be able to upload sketches fram Arduino
Clewd to your poard Fleaze note that you have 1o be Adminstrater of yaur Lystem to install the
ﬁs&ﬁ: Admanistrative pronle ges arent reguired for MacDS E1 Capitan of an 2arler version

Hiuiie COOR 157 1N Chedle AReS (3 beddalie o0 Gl

DOWNLOAD FOR WIN32 DOWNLOAD FOR WINGA

Now it is necessary to adapt the sketch to your needs.
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You have to complete the code prepared by the system. To do this, type in the sketch ,Game_ Box*
correctly. You can leave out the comments if you want.

You can also open the sktech in the IDE editor and copy and paste it to the cloud. Make sure that all
lines have been transferred correctly.

Here is the sketch you can use. With it, you can turn on an LED and read the random numbers from
1to 6 (like a dice) generated by the IoT device.

#ginclude "thingProperties.h”|

int LED_ 1 13;

pinMode(LED_1, OUTPUT);

JF Initialire serial and wait for port to open:

Serial. hr'ﬂirlfﬁiﬂ]ii);

£/ This delay pives the chance te wait for a Serlal Monitor without blocking if none is found
18 delay{1568);
1

i
z
3
4
g wold 1.|'1|:p{} -[
B
z
E
g

12 /) Defined in thingProperties.h

13 initProperties();

14

15 ff/ Connect to Arduino IeT Cloud

15 ArduineCloud . begin{ArduinolaTPreferredConnection) ;

1r

15= |

15 The following function allows you to obtain more information
20 related to the state of network and IoT Cloud connection and errors
n the higher number the more granular information you'll get.
2 The default is B (enly errors).

23 Maximum is 4

24 =y

15 setDebugMessagelevel(2);
6 ArduineCloud. printDebugInfo();

26 void loop() {

0 ArduinoCloud . update();

1] 'l Your code here

2 random_value = random{l, 6);
33 delay{1588);

34}

35

36

37+ void enLedSwitchChangel) {

38 // Do something

sg* if (led_switch) {

48 digitalWwrite(LED_1, HIGH);

[ 4] I

43+ else {

43 digitalWrite(LED 1, LOW);

@}

45 }

a5 /"

a7 Since Asd is READ WRITE variable, |'.hr|.-'n.5|11'h.||1ﬂ|_1{'| is
48 executed avery time a new value is received Ffrom IoT Cloud.
a8 *f

soe void onAsdChange() {

51 !/ add your code here to act upon Asd change

52}

€2 01_loT_Firstino
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When you are done, the next step is to compile and upload the sketch.

Things  Dashboards  Devices  Integrations  Templates o My Cloud
Game Box Setup Sketch Metadata
irst - NodeMCU 0.9 (ESP-12 Module =
. " ! <y opentiledior @ = Qo
Pare COME =
Verily and uplosd
2 generated by the Arduine ToT Cloud Thing "Untitled"
3 https:/fereate.arduine.cefclovd/things /581b621d-5455-4d3d - b43@-T13064598 c Ha
&
5 Arduino ToT Clowd Variables description
Keep in mind that the free version only allows a limited
number of compilations to be created per day.
Free Entry Maker ST VALUE
Z Things. 10 Things 5 Things

Unlimited dashboands
16 Mb to store sketches
1 day data retenton
23day comgifations
Machine Learning Tooks

Unlimited dashboards

Unlimited storage for sketches

15 days data retentan
Unlimited compilations
APl

Ower the Air Uipdates

Maching Lesrning Tools

$1.990

Linlimited dashbosrds
Unimited storage for sketches
50 days dati retention
Unlimited compélations

APl

Chver the Alr Updates
Dashiboard shating

Machine Learming Toolts

5599 f

Status: 01.08.2023

Also make sure that the Arduino Create Agent is started, and the correct board is connected to the

computer via USB cable. Here you can see if this is the case.

Things  Dashboards  Devices

Game Box

Integrations

Templates

Setup

First - ModeMCU 0.9 (ESP-12 Module)
¥ Pore cOME

L

2 Skoetch gemarated by the Arduino JToT

3 https:/fereate. arduino.cefcloud/things/581hE21d - 545
4

5 fGrduing ToT Clouwd Variables description
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Sketch Metadata
€[> Open full editor a = n
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32 random_value = random(1l, 6);

33 delay(1588);

Success: Done Uploading Game_Box_apr2la

closing bootloader
flush start
getting serial port timeouts to 1 ms

setting serial port timeouts to 1208 ms

If everything has been done correctly and the upload is complete, the board should go online.

Note that it may take some time for the browser display to switch from ,,0ffline“ to ,,Online®

Things  Dashboards  Devices  Integrations  Templates ( upGRAC
2 Devices Q
Name + Status Linked Thing
First

_ el e @ Online Game Box

Step 5: Creating a dashboard

Now that the sketch is running on the ESP32 / ESP8266 board, we can move on to the final step,
which is creating a dashboard.

First, navigate to the ,Dashboards” tab.

Thing Dashboards Devices Integrations Templates

Game Box Setup Sketch Metadata

Cloud Variables m Associated Device

Name 4 Last Value Last Update FlrSt
led_switch
T false 02 May 2023 134854 =

1o 1bdasbee-dfat-ses9-abaf-c [
T:ﬂlt' ModebCU 0.9 (ESP12 Module)
status: ) Onling

—, random_value

- 02 Mlay 2023 13:56:18
— it readom valie:

] (]

Change Detach
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Then click on the ,Create” button.

We choose the name ,,Dashboard 1“ for our first dashboard.

Now we add a widget to turn on the LED. In addition, the status of the LED is to be displayed.

Click on the ,ADD“ button.

To switch on the LED, we select the ,,Switch®
widget.

Change the name to “LED_ Switch” and link
the widget to the variable “led_switch”.

'3
Things Variables
Game B el pwibcks

Fir: - KoL) 5L [ESP 12 Mociui) Bk

Widget Settings

Name
LED_Switch

Hide widget frame o ]

Linked Variable i

This widget is displaying example data. Select a
source variable to display its value,

Link Variable

Link Wariable to LED Switch

led_switch
¥ Thing [T
Tree Besbeas

Lt finr

Fermapss o Wirte

Updain policy e e
Lastupdate 10 bay 2020 1B

| c—rr— |

Finish adding the switch by pressing the ,Done“ button.
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To be able to see the status of the LED on the dashboard, we add another widget.
Open ,ADD“ again and search for the widget ,LED"

@ - -

WIDGETS THINGS

8 o

Change the name to ,LED 1°
Connect the widget to the variable “led_switch” and select the colour “red” as the ,,LED Options®

Close the editing window by clicking on the eye symbol.

® ¢ BE o Dashbard 1

ﬂ LED Savwich LED 1

@ o

Now you can switch the LED on and off by pressing the “virtual switch”.

ON and OFF

L 2 -] 0 Dashbo 1 & % 8 . Shdderd 1
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Let‘s now also connect the second variable to the dashboard. To be able to do this, you have to switch

to the “editing mode”.

o P + © Dashbord 1

ﬂ LD Switch (f1=1}

Add the Value widget to your dashboard.

@ e m L Dashbord 1

WIDSETS THINGS
0. Sater [TT.1]
-~
u: Valise

Change the name to ,Random_ Value“ and connect the widget to the variable ,random_ value®

Then click on “Done”.

@ ¢ m & B Dashbord 1

ﬂ D, Switch (15 4] Rardcen Vo

By clicking on the “Move Icon”, you can change the design of the dashboard to suit your preferences.

m 3] Dashbord 1

LED, Swinch TN -
N
Rasndom, value )
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Then click on “Done”.

The “value field” shows the new value of the variable ,random_ value“ every few seconds. The values

can range from 1to 6, as set in the sketch, like a cube.

You can also optimise the screen for viewing on a mobile phone.

@ @ m + B Dashbord 1

I}

You can get back by clicking on the “Screen” button.

=v (B + © Cuashboed 1

Dashboard on the mobile phone
It is also possible to display and operate the dashboard via the mobile phone.
The “Arduino IoT Cloud Remote” App (https://docs.arduino.cc/arduino-cloud/

getting-started/iot-remote-app) is the perfect companion for the Arduino
IoT Cloud. Develop your IoT solution online via a desktop computer and then
monitor and control your dashboards on your mobile phone with the Arduino
IoT Cloud Remote App.

Both the i0S and Android versions are available and can be downloaded for free
from the App Store and Google Play, respectively.

Also look at this information:

Control your Internet of Things projects from anywhere with the new
Arduino IoT Cloud Remote app.
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You can find more information here:
https://docs.arduino.cc/arduino-cloud/getting-started/esp-32-cloud
https://docs.arduino.cc/arduino-cloud/
https://dronebotworkshop.com/arduino-iot-cloud/
https://www.youtube.com/watch?v=xPIN_ Tk3VLQ
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2.5 EXAMPLE FOR A STUDENT PROJECT:
|OT USED TO CONTROL A GREENHOUSE
(JOINT PROJECT WITH AGRICULTURE)

The following small IoT projects are designed to prepare greenhouse control (automation technolo-
gy) as a transfer project to agriculture and to demonstrate it as an activity-based lesson. There are

many examples of similar projects in schools around the world.

This topic has been chosen because the construction or replication of this project can be easily re-
produced by teachers and students without much effort. In addition, there are colleges in South
Africa that specialise in electrical and automation engineering and agriculture.

Through this project, inter-professional and inter-college cooperation can be initiated and, where
already existing, deepened. The students should learn to assess the needs, possibilities and limitati-

ons of the other professional group.

Of course, other cross-disciplinary topics are also possible, such as:
- Electrical installation in buildings - Building automation with IoT devices (Smart Home)
- Electrical installation in buildings - (Partially) self-sufficient energy supply through PV systems
- Automation technology - water supply in buildings and in agriculture

- etc.
Implementation concept for a greenhouse control system

Aim
Automated controls in greenhouses or autonomous irrigation systems are becoming increasingly

important in food production. There are now many schools around the world that study these sy-
stems and implement them in student projects.

In this context, the idea of developing and implementing practical student projects in the fields
of automation technology and agriculture/water management was born within the framework of

TRAINME. The main focus will be on a greenhouse control system to be built step by step.

In a second step, it would be possible to use IoT technology to collect extensive sensory data and, by
analysing the data, to conduct experiments in the agricultural sector with regard to growth beha-
viour. Students in the agricultural sector would learn to assess the importance of different growth
factors in order to respond appropriately. In principle, it would also be possible to collect relevant

growth data on dispersed arable land using suitable technology.
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Human Resources

In order to ensure the safe and speedy implementation of the project and to guarantee its full
sustainability, it is essential to generate and use extensive local know-how. Especially the technical
side requires a high degree of knowledge, initiative and creativity.

It is suggested that a lead person be appointed to coordinate the project across departments.
In addition, at least two teachers from the field of automation are needed for the technical
implementation. These teachers should be able to prepare the required learning content in a project-
oriented and practical manner and, if necessary, incorporate it into their own teaching. In the course
of the project, the coordinator should contact the teachers of the agricultural department at an

appropriate time.

Technical equipment

For the first step, small Arduino kits for the teachers and the students are mainly needed. In
the further development stage, specific material such as soil moisture sensors, temperature and
humidity sensors and other special sensors are needed. On the actuator side, motors, relays, pumps

and valves will be used. Water distribution will require a reservoir, hoses and end fittings.

As the project progresses, more robust components are required to automate the greenhouse
(industrial PLC, weatherproof electrical enclosures, suitable sensors and actuators, etc.). For the IoT
technology, a local wifi network with stable internet access and suitable components must also be
set up.

Recommended division of the subject

Due to the scope and complexity of the technical requirements, it is recommended to divide the
project into 2 parts:

1. greenhouse control with conventional control system

2. an introduction to the IoT-based connectivity of automation systems with a focus on the

integration into the greenhouse control system.

Below you can see a possible breakdown of topics and steps.
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Greenhouse control

Step-by-step approach
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ivity

IoT - Connect

Step-by-step approach

Step Theme

Step1 Introduction to building simple
cloud-based systems

Step 2 Extension of knowledge to
the application of sensors and
actuators

Step 3 Transfer of greenhouse control to

the cloud-based system

Step 4 Creating a simple irrigation
system

Learning Objective

- The principle of connecting an IoT
device to an internet-based cloud.

- Getting to know basic security
mechanisms

- Integration and evaluation of
sensor data

- Display of measured values on a
dashboard

- Use of relays and control of
actuators

- Use and calibration of different
sensors to determine the growth
factors

- Display of these values on on-site
displays

- Integration of the sensors into
the cloud

- Discussion with the agricultural
department

- Creation of a suitable dashboard

- Recording the soil moisture
and evaluating the irrigation
requirement

- Control of the appropriate
actuators (pumps, valves)

Who?

Electrical
Students

Electrical
Students

Electrical
and
griculture
Students

Electrical
and
griculture
Students

Examples

- Integration of 10T devices into an internet-
based cloud

- Programming in the Cloud

- Switching on an LED over computer and
cellphone

- Integration of a simple temperature sensor
and output to the dashboard (display on the
computer and mobile phone)

« Activation of a pump via mobile phone

- Sensors for temperature and humidity

- Sensors for soil moisture

- Sensors for brightness and UV radiation
- Sensors for gases (C02, 02, ...)

- Sensors for soil moisture

- Design of an irrigation system

- Control of pumps and/or valves

- Linking with remote control systems
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2.6 SECOND PROJECT -
CLIMATE CONTROL IN A GREENHOUSE

The knowledge gained from the first project is now to be implemented in an application-related
second project. Now that you know how to connect an ESP32 or ESP8266 to the Arduino Cloud IoT,
you are ready to create your first practical applications. Learn how to send data between an ESP32 /
ESP8266 development board and the Arduino Cloud IoT to control a greenhouse.

In this second project, students will learn the basic structure of a greenhouse control system. For a
goal-oriented implementation, it is necessary to be able to familiarise oneself with agricultural and
biological knowledge in addition to sensory (measurement of temperature, humidity, soil moisture,
brightness, etc.), actuator and control technology skills. This is an interdisciplinary task. The person
setting up and programming the automation must also acquire knowledge of the system to be auto-
mated. Otherwise the automation will not be successful.

Introduction

In this tutorial we will go through the steps necessary to use an ESP32 / ESP8266 development board
to control a greenhouse.

The aim is to record various measured values such as temperature, humidity, soil moisture and
brightness and to activate actions such as irrigation, ventilation and shading based on the measured
values. Using a computer or mobile phone, it should be possible to view the measurement data and

control the components from any location with an internet connection.
Goals
The goals of this project are:

- Send data (measured values — e.g. temperature, humidity, soil moisture and brightness) to the
cloud from the IoT-board.

- Display of these measured values on different terminals.

- Triggering necessary actions (e.g. opening and closing ventilation, controlling irrigation, influ-
encing shading) via the cloud.

- Integration of small logical functions for partial automation, e.g. of irrigation or shading.
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Step-by-step procedure based on tasks

Task 1 Connect to Cloud

8

Task 2 Switching the light on/off (using an LED)

Task3 | Record temperature/humidity (and show on display)
Task 4 Create different dashboards for different applications.

Task 5 Realise control for a water pump and an irrigation system (manual operation)

Task 6 Automate control for a water pump
Task 7 Realise control for a shading and ventilation system

Task 8

Step 1 and Step 2 have already been practised in the first IoT project. It should therefore no longer
be a problem to connect an IoT device (ESP32 or ESP8266) to the Arduino Cloud and set up a ,Thing®
For repetition and to keep the error rate as low as possible, the steps for setting up are briefly shown
again and the procedure is explained in concise form.

Hardware & Software needed
« Arduino Cloud IoT
We will also need the following components for the circuit:
- ESP32 / ESP8266 development board
- 2 LED’s (e.g. yellow and blue)
- 2 resistors (220 or 100 Ohm)
- DHT22 or DHT11 (Digital-output relative humidity & temperature sensor-module)
- Breadboard
« Jumper Wires
- (Optional: Display OLED - 1.3 128x64, VGSS, 12C)

You need an OLED display if measured values are to be displayed directly near the IoT board. This
may make sense for demonstration purposes, but it increases the programming effort.
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Circuit

Build the circuit as shown.

W

L L -
- " - - -

"
fre_o
C D0 ODOC iililll‘t'll‘iil"'-i"i
R R R R R R
R R R R S R R R SR R SRR R R R R e E SR e e e e
L B R I I B B D R B e B L

L
- -

L

< - @ PROORRESEEEERRREE R

%EEEEEEEEEE G

LN B B I D B -
L I B B L

tIiii L B L LR LR B N L L LR - T e . -I .
oo ow A R — B B
fritzin

Make sure you contact the correct PIN on the ESP board!

Pin Code Arduino alias Pin Code
Yellow LED (e.g. shading): A0l AD BB GE ]
D1 GPIOS - PIN Adr. 5 DO GPIOIG 16 D7 GPIDI3
Dl GPRIOS 5 D8 GPIOIS
D2 GPIO4 4 sD2 GRIO S
_ D3 GPIOO 0 D3 GPIO 10
D4 GPO2 2 RX GPIO 3
DE GPIO14 14 TX GPIO

Arduino alias

12

13

15

9

10
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Let us now move on to the necessary steps for the task:

Step 1: Creating a Thing
Create a Thing called “Climate station”.
Add a new device called “Second” and associate the device with the Thing.

Don't forget to save all the necessary safety data.

Step 2: Add variables to the Thing
Add two variables for temperature and humidity:
- Called “temp” / Type: Select Energy then “Temperature Sensor (°C)” / “Read Only” / “On Change”

- Called “humi” / Type: Select All then “Relative Humidity eg. 1%” / “Read Only” / “On Change”

[femperature Sensor (°C) eg.1°C - Relative Humidity =g 1 % -

Alexa compatible Basic types

m Light and calor

Size and motion Time
Temperature eg. 1 *C{or *For Kj Power eg. 1w
Temperature Sensor (°C) eg.1°C Pressure eg. | Pa I
Temperature Sensor (°F) eg. 1 *F Relative Humidity eg. 1%

In order to be able to carry out necessary switching operations, we add two more variables.

- Called “led_switch” / Type: Select All then "boolean” or “Switch eg. true” / “Read & Write” / “On
Change”

- Called “pump__switch” / Type: Select All then ”boolean” or “Switch eg. true” / “Read & Write” / “On
Change”
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led_switch

3} Syne with other Things (|

Boolean eg.true -

Declaration
bool led_switeh ;

Name
pump_switch

wa Sync with other Things

Swch &g trus

Declaration
ClowdSwiteh pump_switch ;

Variable Permission varlable Permission
® Read&write () Read Only ® Reada write () Read Only
Variable Update Policy & Variable Update Pelicy '«
@ On change D Periodically @ On change D Periodically
Overview of all variables.
Cloud Variables m
MName Last Value Last Update
humi .
] 50.8 24 Jul 2022 17:3351 :
CloudRelativeHumigity humi}
led_switch .
] false 24 jul 2023 16:55:20 3
bool led_switch;
ump_switch
] BHEP false 24 |yl 2023 17:00012 :
CloudSmitch pump_switch;
em
& i 2 24)ul 2023173236 §

CloudTemperatureSensor temp;
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Step 3: Adding credentials

Now, we need to enter the credentials for our network, plus the secret key generated during the de-
vice configuration. This is necessary to connect our device to a Wifi-Network.

Associated Device

N Second

ID: 2ed 8f9a-e045-2167-0630-.. [[D
Type:  NodeMCU 0.9 (ESP-12 Module) Open the credentials tab.
status:  f  Offline

First, click on the button in the “Network Section”.

Chanige Detach

. Conti whwork
Then, enter the credentials areemn

- network name
Yiour will find e nefwori parsmeters n e secref b

in yoar sketch, and your desice will be able to connect to
- network password and e etk e e shetch wall b stoaded

- secret key. s

o
Sy

for the used device.

Click ,,Save“ when finished. i °©

Here it is also possible to set the access to another Sacra oy *
T (o]

WiFi network at any time

Step 4: Programming the board - Go to “Sketch”
The next step is to program the board. To do so, we need to go to the ,Sketch“ tab.

You can adapt or enter the sketch here or open a second window for programming via the button
,Open full editor®. (For experts only!)
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Here is the sketch you can use

el =R Bl e~ = = R A A e

Fo I E R R B R PR LSS IR PR B AR E S SRR ERE R EENUYE

1#d

Fras

- i

Ardulng JoT Cloud Verlsbles descriptice
Tre following varlables are sutcsatically generated and vpdated whan changes ard sade {a the Thisg

Clovdiwiteh pusp_switch)
CloudTAsparsturaSenior Taap]
Closafalot lvestiumidity buml)
bool led switchj

Warlables which are marked an CEAOWRTTL Q0 the Clewd Thing will alsao hive Fusctlons
which are called whes thelr values are changss from The Daabbasrd.
Thess functlons are pemgrated with the Thing and added ot the end of thiz zketch.,

b

sinciude “thingProperties.n”

minlode <DHT.h> #f DeT sensor 1ihrdey o Versios: Latest
Bhneludde <DMT_U.he

adefise LED_PIN §

Bdefine PSP_PIN &

Sref Lng DHT_SEMSOR_PIN 2

wrief Ine DHT_SEMSOR_TYPE DHT22

CHT Sht_sentor(DHT_SENSOR_BIN, DHT_SENS0S TYPE);

B vald wntupl) |

piomode (LED_PIN, OUFRUTY;

pinfode (PUP_PIN, OUTRUT);

plafooa [DHT_SENSOR_PIN, THPUT):

dt_sensor Boglnfj;

O Dnitialize serlal amd walt for port to opan:

Serial.begin{11%208);

A This delay glves the change to walt for @ Serias]l Monfter withowt blacking IF nons [ found
de Ly {15007

i Dedined in thingProperties. b
initProperties(];

£ Cannect ta Ardudes DT Cloed
Ardulnotlowd . begl n{drdalnoloTPreferredionnection);

L

The follsulng fusction sllsws you to obisln sore information
related to the atate of network and ToT Clowd connectiom and errors
the higher mmier tha sore granulas Informition you'll get.
The default 1s & [aaly esvads).
Manlme 15 &

“f

sethebupeiiagelevel (2];
; Arduinol losd printhesagInfol )z

o winld Joop{) {
Argulnol kosd update();
£ Your code here
hemi - dht sensor.resdusldity(};
temp = dht_sensor.resdlesperatare(}]

EF{lananihanl) || Tisengomsp)]]
Sorlal . println("Falled to read from OHT Sangrl™);
I
else]
serial.print (" Teaperature: ~);
Sorial.print{tess);
wrial.pring{™"c"};
Serlal peine{™ | *)3

Sorial print{"Hmidlny: e 7]
Serlal,printChuml);
Serial.print{~% )

I
delay (300005 (/11104 min (1]

.
N

Since LedSwltch Ly WERD WRITE warisble, oniedSultchChangs{) is
axecuted every time & new valee I3 recelved from ol Cloud.
=
= yold enledbultohChangs) |
A Bda youe (ude herw DU SET pan Ledlelioh change
= LF(led_switeh)|
digitalurite(LED_PIN, HIGH);

helse]
digitalrite{LED_PIN, LOW);
}
I
il
Sin(e PuspSeitch is NEAD MMITE varluble, onPuspSeitchChange() ls
exdCUERd every Time m oew vales {1 recelved Trom a7 Clowd.
L7}
= vold gnPuspiultchChangs() |
Ji kdd yeur cods here To BCt wpon Pusgdeiteh chasgs
*  Uipusp_switch){
digitalurite (PUME_PTM, HIGH);
= Jelse]
digitaluelte(PUAF_FIN, LOW);
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When you are done, the next step is to compile and upload the sketch.

Climate Station

M associated device found

M Create Agent connection

2 To uijeaad & Shrroh via o LA port
&
: i 3 &
11 1
14
15
1w ®inclode “thingProperties,h”
17 ®minclude <OHT.R>
1 #ir e CDMT_U.h>
v o ¢ LED_PIN §
= » PURP_PIR 4
1 edef DHT_SENSOR_PIN 2
2 #deflne DHT_SENSOR_TYPE DHT2Z
I3 DHT dht_semsor(DHT_SENSOR_PIN,

¥ ( PUMP_PIH, QUTPUT);

DHT_SENSOR_TVRE);

Liviode (BHT_SENSOR_PIN, INEUT);

L ALY L

If the message , No associated device found“ is displayed next to the “Compile and Upload Button”,

Setp Sketch

f_lf} et B w i

Metadata

»

then there is no connection from the computer to the device via USB cable and/or the Arduino Create

Agent is not installed or started.

And when the upload is done correctly, the status display for the “Associated Device” switches to

,Online“

Climate Station

Cloud Variables

Name +

i

Cloudeslativeshmidiy huml;

= led_switch

= bool led_switch;

pamp_swiitch

CloudSaiton pump switohi

O

temp

90

Clow emperaturetensor tem;

Last Value

faise

Setup

Last Update

07 Aug 2023 17:00:37
-'!T.ﬁ._:s 2023153800
07 Aug 2023153011

OF fugp 2023 16:47:35

LX)

e

sas

ans

Sketch Metadata

Associated Device

B second

it TeaB%ae9a5 41679630 (B
ModeMCL 0.5 (E5P-12 Module)

ststus: ) Oniee

Change Detach
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Step 5: Creating a dashboard

Now that the sketch is running on the ESP32 / ESP8266
board, we can move on to the final step, which is crea-
ting a dashboard.

Navigate to the ,Dashboards” tab. Click on the ,Create®
button.

Give the new dashboard the name “Climate Control”.

Click on the “Add” - Button and select a widget called
“Gauge”.

Set the “Widget Settings”:

Widget Settings

MName
Temiperature

e gt e o _
TEmpeT BE
Linked Wariable |

Termp
ot Dl i SLathan

2 2 5 = Z
o Crenge DeLscn

-20 S

Srupw Treng nawe o widger (& |

Value range
Bini Bax
=4 0,000 50,000

€D + =

WIDGETS THINGS
O Search widgets

[z  wvalue Selector

== value Dropdawn

) | status

| A Gauge |

A} Percentage

Name: “Temperature”
Linked Variable: “temp”

Value range: “Min -20 / Max
50”

or any you like.

Finish adding the widget by
pressing the ,Done“ button.
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e CE ¢ o
WIDGETS THINGS
Q Search widgess
To display the humidity, select the widget (113 value Selectar '
“Percentage’. =  Value Cropdown
=) | status
A | Gauge
3.:} Percentage
Name: “Humidity” s «
Linked Variable: “humi” T
Threshold: A
If you want the colour of the display to change above
-ty = s
a certain threshold, switch on this function, select a
colour and enter a value. -
[+ ]

Finish adding the widget by pressing the ,Done“

button. :> (AT P

Add two more switches to the dashboard, as you have learned in the previous chapter.

® ¥ m $ 0 Climate Cantrol

Name the two switches “Light Switch” and “Pump @
Switch”. o %

Since it is not possible to select the colours yellow T e
and blue for LEDs in the dashboard, we use the co-
lours red and green here.
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This dashboard is optimised for use on the screen. If you want to use the functions on the mobile

phone, you can also generate a mobile layout.

Use this button to switch between the two views.

Look at the first results

You can view the temperature and humidity both
on your computer in the browser view and in the
IoT app on your mobile phone.

The humidity is displayed in green because the
value is still below 60%. Remember: we have set a
threshold value of 60% in the ,Humidity“ widget.

The two actors ,Light Switch“ (yellow LED) and
»Pump Switch“ (blue LED) are switched off. It
would be possible to switch the respective output

in each representation.

m -]@ Chrnate Coniral
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Now the temperature has risen slightly to 23.5 °C,
and the pump (blue LED) has been switched on via

the app or on the computer.

Since we have inserted a threshold value at 60% for
the variable ,Humidity“ in the dashboard, the colour
of the display changes from green to red when this

value is exceeded.

Other ways of displaying values in the dashboard

Climate Control

Loght Swaen

Pump Swach PUMP

Another interesting way of presenting values is in the form of a chart. Charts can be used to present
data on any topic. This is possible in the Arduino Cloud with the help of the ,Chart“ widget. The

charts used here show the values over time.
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@ @
Create a new Dashboard called “H&T Chart”.
Click on the “Add” - Button and select a widget called
“Chart”.

@ @

Name: “Temperature”
Linked Variable: “temp”
from “Climate Station”
Data points interpolation:
“Spline” or “Line”

-whatever you prefer.

Finish adding the widget by pressing the ,Done“ button.

Do the same with a chart for humidity and look at the results.

€D + ¢

WIDGETS

THINGS

Q, Search wicpes

o

A
-

Status

Gauge

Percentage

LED

Map

2le = @

Chaert

WIDGETS THINGS

Q, Search wicpes

o

A
-

Status

Gauge

Percentage

LED

Map

Ple ® @

Chaert
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Results

This diagram shows the course of the values over 1 hour. It is also possible to extend the observation
period to a day or longer. You only have to switch to the daily display via the tab , 1D

However, a prerequisite for a correct display is that the data is available over this period, i.e. the de-
vice in question is already in operation over this period and is supplying data.

HA&T Chart

Temperature Humidity

150 70 o [EEEl v« 150 70 10 LIVE

Next step — Control the soil moisture

In order to have a positive influence on plant growth and at the same time use the resource water
as sparingly as possible, it is necessary to know the moisture content of the soil. Normally, it is the
task of the gardener or the farmer to assess this and to ensure suitable conditions. However, with
the spread of automation technology into many areas, it is possible to hand over tasks to technology

in agriculture as well.

The basic aim in developing a soil moisture monitoring system is to ensure that the plants are wate-
red at the right time and in the right amount. If the soil moisture is too low, there is a risk that the
plants will be damaged, and if the soil moisture is too high, there is also a risk that the plants will be

damaged.

Most plants grow well in soils with a moisture content between 20 and 60 %. A moisture content

above 60 % can harm the plant. However, the 60 % threshold can vary.

Some experts believe that most flowers, trees and shrubs need a moisture content of 20 % to 40 %,

while for vegetables you should maintain a soil moisture content of 40 % to 80 %.
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Simple measurement of soil moisture
To control and manipulate soil moisture, it is necessary to measure it.

There are several inexpensive sensors available for measuring moisture levels. Most Arduino kits

include a simple moisture sensor with 2 tips.

Technical data
- Power supply: 3.3V /5VDC
- Output signal: 0V to 1.7V / OV to 3V

- Current consumption less than 20 mA

Connections
- Power supply (+)

. Ground (-)

- Analog sensor output (S)

This simple sensor is based on the principle of conductivity and is suitable for measuring both soil
moisture and water level in a container. The two large exposed pads act as electrodes for the sensor
and are used to measure resistance. The more water there is in the soil, the better the conductivity

between the pads, resulting in lower resistance and higher voltage at the output.

How a resistive sensor works

A voltage is applied to the two contacts of the sensor. The higher the humidity between the two
contacts, the better the current can flow from one contact to the other. This value is electronically
processed in the sensor and transmitted to the microcontroller in the form of an analogue signal. In
this way, numerical values from 0 to approx. 800 can be recorded and classified accordingly (800, as
the full value - max. 1023 - cannot be reached due to the voltage divider via the supply voltage). The
calibration depends essentially on the electrical conductivity of the liquid to be measured. This is

known as a resistive sensor.

This sensor is very suitable for school projects and first experiments.
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Capacitive sensor vs. resistive sensor

For the greenhouse project, a sensor will be used. This sensor uses a different measuring method.

Moisture sensors can be either resistive or capacitive.

A capacitive sensor module uses capacitance instead of resistance to determine the water content of
the soil. This type of sensor usually requires less power than a resistive sensor and is less susceptible
to corrosion. A capacitive moisture sensor measures changes in capacitance caused by changes in the
dielectric. Capacitive measurement essentially measures the dielectric that the soil forms, and water
is the most important factor affecting the dielectric in this case.

The main disadvantage of the resistive forked sensor is that the probes inserted into the ground
must be made of conductive bare metal and the electric current flowing between them will, over

time, lead to corrosion of the probes by electrolysis.

The capacitive sensor improves this situation because the sensor metal embedded in the soil can be
covered with solder resist to minimise corrosion. In addition, there is no electrical current flowing
through the soil to cause electrolysis. The biggest weaknesses in the life of the sensor are the uncoa-
ted cut faces of the PCB, which can absorb moisture over time, and the exposed electronics on the
top of the sensor when splashed with water.

To protect the electronics, it may be possible to encapsulate them with a suitable material. Clear nail
polish or a similar material could be applied to the edges as an additional protective coating without
seriously affecting the performance of the probe.

The analogue ,Capacitive Soil Moisture Sensor V2.0“ is to be used for the greenhouse project.
Connections

« GND: Ground, must be common with the microcontroller

- VCC: 3.3V - 5.5VDC (May be powered from a digital output pin on a microcontroller)

+ AOUT: Analog output usually connected to an analog input on a microcontroller

There is a 3-pin PH2.0 type JST connector
on the sensor. One end of the supplied cab-
le plugs into the connector, the other end
is a standard Dupont 3-pin female connec-
tor. The cable is colour-coded with black for
ground, red for VCC and yellow for AOUT.
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To be noted during use

The probe is inserted into the soil to be monitored. The horizontal line
indicates the maximum depth to which the probe should be inserted.
The green area is the recommended depth to insert the probe. It is im-
portant that the electronics at the top of the probe do not come into
contact with water or splashes to avoid damage.

Sensor calibration

Moisture Sens

The measurement range between wet and dry soil is determined experimentally by measuring the

soil under different conditions and configuring the software to recognise when the soil is too dry,

too wet or just right.

It is not possible to directly determine the actual moi-
sture content of the soil from the measurements, but it
is relatively easy to define basic ranges that are conside-
red ,too dry* ,too wet“ and ,just right*

First, a simple program can be used to monitor the out-
put of the probe under various conditions and calibrate
the settings. Simply connect the sensor output to Ao and
apply power and ground. If necessary, you can connect
the sensor connector to the microcontroller with male/
male jumper wires. After downloading, open the Serial

Monitor window to see the output of the sensor.
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Simple programme for displaying the current sensor values

void astup() {
Serial .begin(9600); f/ open sarial port, set the baud rats as S600 bps

volid loopi() {
int wval;
val = analegRead(0); //connect senssr to Analeg O
Serial . println(val); //print the value to sarial port
delay (2000) ;

01_Moisture_Calibrate.ino

Start the Serial Monitor or Serial Plotter

@ come
| @ coma
16:03:56.732 -> 723 oo Sensor
16:03:58.742 -> 723 Sensor out of
16:08:00.752 -> 723
water
kbl e s uay.  ubd wasel
-0 =
16:04:04.761 -> 723 e
16:04:06,764 -> 317
16:04:08.770 -> 308
16:04:10.736 -> 309
450.0 7T

16:04:12.745 -> 309 Sensor
16:04:14.744 -> 308 In water Sensor
16:04:16.756 -> 308 in water
16:04:18.770 -> 310 200.0 - T '

1] 128 = 11 ]
16:04:20.731 -> 308 e

5500 baud - Serd
] Autoscrol [ Show timestamp
Serial Monitor Serial Monitor
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Sensor out of water Sensor in the water

Specifying the measurements

This procedure is used to determine the possible measurement limits. The measured values when
the probe is dry and free in the air (driest value) and the other extreme is immersed in a glass of

water up to the max line only represent the edge points.

By following this procedure, only the approximate maximum limits for the expected measurements
can be determined. At the wet end of the scale, the water glass may not be quite as wet as very wet
soil due to factors (e.g. texture of the water) other than the moisture present. Therefore, it is im-
portant to repeat the measurements at the field site for a functioning irrigation control.

Sensor under real conditions
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Capacitive sensor vs. resistive sensor

For the greenhouse project, a sensor will be used. This sensor uses a different measuring method.

Moisture sensors can be either resistive or capacitive.

A capacitive sensor module uses capacitance instead of resistance to determine the water content of
the soil. This type of sensor usually requires less power than a resistive sensor and is less susceptible
to corrosion. A capacitive moisture sensor measures changes in capacitance caused by changes in the
dielectric. Capacitive measurement essentially measures the dielectric that the soil forms, and water
is the most important factor affecting the dielectric in this case.

The main disadvantage of the resistive forked sensor is that the probes inserted into the ground
must be made of conductive bare metal and the electric current flowing between them will, over

time, lead to corrosion of the probes by electrolysis.

The capacitive sensor improves this situation because the sensor metal embedded in the soil can be
covered with solder resist to minimise corrosion. In addition, there is no electrical current flowing
through the soil to cause electrolysis. The biggest weaknesses in the life of the sensor are the uncoa-
ted cut faces of the PCB, which can absorb moisture over time, and the exposed electronics on the
top of the sensor when splashed with water.

To protect the electronics, it may be possible to encapsulate them with a suitable material. Clear nail
polish or a similar material could be applied to the edges as an additional protective coating without
seriously affecting the performance of the probe.

The analogue ,Capacitive Soil Moisture Sensor V2.0“ is to be used for the greenhouse project.
Connections

« GND: Ground, must be common with the microcontroller

- VCC: 3.3V - 5.5VDC (May be powered from a digital output pin on a microcontroller)

+ AOUT: Analog output usually connected to an analog input on a microcontroller

Using a potted plant, measure the soil under 3 basic conditions:
1. When dry enough so that the plant should be watered

2. When watered so it has the desired amount of moisture that would be considered ideal for the
plant

3. When just watered heavily so the soil is on the too wet side and not ideal for the plant.

Using these 5 measurements (in the air, in the water glass and on the plant), the ranges for each of
the 3 conditions can be determined initially and then refined once the plant is put into operation. It

also depends a little on how dry or humid a particular plant species wants to be overall.
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Examples for measured values

Dry in open air 710 - 730
Dry soil needing water > 360
Ideal soil moisture 290 - 360
Just watered soil 290

In cup of water 270

Measurement in a flower pot

O T e e D M"l

Time of watering

- . VR

In a next step, the following areas can be defined in an irrigation control programme on the basis of
this data:

1. < 280 is too wet

2. =290 — 360 is the target range

3. > 360 is dry enough that we should water the poor plant

By simply adding an LED indicator with 3 LEDs to the existing programme:
- “Green” meant that everything was ok

- “Red” indicates that the plant is too dry

- “Blue” indicates that the soil is too wet

it is possible to control and visualise the moisture of the soil.

For this case, extend the small programme for reading out the values by this function.
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To realise this function, you can use either the “if ... else” - or the “switch ... case” - control structure.

Try to find out which is better suited for the solution.
Further tasks

This simple programme reports the value or roughly shows the soil moisture via the 3 LEDs, but does

nothing else.

1. The trigger point (lighting up of the red LED when the soil becomes too dry) could be used to

switch on a small water pump to automatically water the plant.

2. In addition, the measured value could be shown via a suitable display. Consider how to convert

the value evaluated by the analogue input to a percentage or another unit.

Tip: If you assume a linear behaviour of the input signal, the “map()” - function is useful to trans-

fer the read-in values to practicable output values.
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Hardware needed

- pump (solar or aquarium pump)
- relay

- external power supply

- hose

- water tank

« OLED - or LCD display

Notes on energy saving for battery-powered devices

Due to the very low power consumption of the Capacitive Soil Moisture Sensor V2.0 (approx. 5 mA),
power could be supplied via a digital output pin. This makes it possible to switch the measurement
on and off via the output pin, as the sensor may only need to be read every few hours or at fixed times
of the day.

Note:

When the power is switched on, the sensor takes a while to stabilise to a reading, so it is a good
idea to wait at least 10 seconds after switching on with a delay () before taking a reading and ma-
king a decision.

____________

You can find more information here:

https://arduino-tutorials.net/tutorial/capacitive-soil-moisture-sensor-arduino

____________
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The structures shown should serve as a basis
and framework for your own developments. Try
to create and implement a content-adapted and

goal-oriented lesson plan according to your
circumstances through extensions and
additions. You will see what joy and interest the
pupils will develop for the contents.

Have fun developing more IoT - Applications!
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Chapter 3

Basic knowledge
of sensor technology

3.7 INTRODUCTION TO SENSORS

This chapter gives you a brief introduction to the topic of sensors. This technology and an under-

standing of its basics are essential for all types of automation.

Without appropriate sensor technology, automation cannot and will not succeed!

3.1.1 MAN - MACHINE
ARE THERE ANY RECOGNISABLE SIMILARITIES?

In order to be able to read this text, you depend on three organs of your body:
- the eye to recognise the characters -
- the hand to hold the documents

. the brain to understand the content

All human activities are connected to the
- sensory organs for perceiving the outside world,
- muscles to perform actions and to the

- central nervous system for processing information and controlling actions.

In the course of technological development, humans have
3 - machines to facilitate physical work,
- computers to support mental activity, and

- sensors to record environmental situations.

The interaction of these three tools makes it possible to have a

huge variety of routine human tasks in almost all fields carried

out by technical devices and equipment.
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3.1.2 PLACEMENT OF THE SENSOR TECHNOLOGY

Interaction of sensory organs and processing
And what about the technical realisation of sensory-physiological processes?

The sensory organs of living beings initially perceive nothing more than physical or chemical sti-
muli - light, sound, heat, moisture etc. Only after further processing of these influences in the
central nervous system do the sensory impressions and, in interaction with the thought processes,
the ,mental effects“ and the reactions of the organism arise.

In simplified terms, this is called the IPO principle:

e [

For this reason, it is not only sensible but even urgently necessary to also equip technical machi-

nes (robots) with the ability to perceive the senses, to equip them with ,sense organs®, so-called
sensors. The necessity of this development is thus rooted in the trend towards ever more compre-

hensive automation of industrial processes.

Importance of sensor technology for technical development

In the industrial revolution, it was important to build tools and machines that could relieve hu-
mans of heavy and monotonous work, or even make previously unfeasible work possible in the first
place, and last but not least - do this work faster and better than humans could with their ,bare
hands®.

Sensors have become important components of automation technology in recent years. The ma-
nufacturing structures of industry have changed in such a way that the direct operation and

monitoring of processes by humans is decreasing and being taken over by process controls.

108



Module 2b: Fields for Project Based Learning (PBL) in automation technology
Unit 3: Sensor technology

The increasing automation and control of manufacturing structures, which are becoming more
and more complex, requires components that make it possible to capture the data and information
belonging to the manufacturing process. The human senses must be emulated in automation by

sensors that are capable of sensing the environment.

Origin of sensory elements

When the early phase of industrialisation began, engineers could not limit their designs to produc-
tivity alone; they also had to consider its reliability, interference resistance and the protection of
the operator. Many useful devices were invented to prevent damage to the equipment and to the
operators, e.g. centrifugal governors on steam engines, coolant control on machine tools, two-hand

operation on presses or punches.

From Wikimedia Commons, the
free media archive

Thus, the first elements were created that allowed a simple ,reaction” of the machine to unfo-
reseen or undesired influences as well as changes in the functional sequence. With the further
progress of technology, especially with the development of more complex machine tools and ro-

bots, these conventional aids were no longer sufficient.

If an industrial robot is to pick out only certain parts from different individual parts or guide a
welding torch along a joint that does not exactly match the pre-calculated course, it needs sensory

recognition systems.
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Without sensors no robots

Basically, sensors correspond to the sensory organs of humans, even if they look quite different
and are partly based on other functional principles. Without such devices, robots are of limited use;
automation in industry would very soon reach its limits.

Equipping industrial robots and automated processes with sensors as ,technical sense organs® is
thus an unavoidable condition for their use in those areas where humans cannot yet be replaced

by automation today, because the proper course of this work is decisively controlled by the human

sense organs and flexible reaction.

In the meantime, there are also sensors for environmental effects and technical variables for which

humans have no sensory organs.

These include values of
. field strengths (electrical and magnetic),
- electrical voltage and current,
- ionising radiation (e.g. radioactivity)

- and much more.

Term ,,sensor”

The term ,sensor” is a linguistic creation of our time. It only found its way into reference works in
the seventies.

Whereas in the past a wide variety of terms were used, such as sensor, initiator, proximity switch,
transmitter, probe, switch and transducer, today the term ,sensor® is increasingly gaining accep-
tance in international terminology. This refers to all components that serve to record measured
values in the broadest sense.

The linguistic origin lies in Latin (sensus: feeling, sensation). The terms sensitive, sensible, sen-
sitisation or sensitometry, which are also derived from this, have been in use for a long time and
describe - especially in medicine and psychology - characteristics, states or processes that have

something to do with feeling, sensation and sensitivity.

»Sensor® is - literally translated - a ,feeler a ,sensing device®, and this sense is increasingly un-
derstood in technical terms today.
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3.1.3 FUNCTION AND CLASSIFICATION OF SENSORS

Sensors transform ,environmental parameters“ into a processable electrical signal by means of

physical, chemical or biological effects. Only electrical signals/parameters can be used by electronic

controllers.
Sensors transform a non-electrical value into an electrical value.
Non-electrical values Electrical values
e Sensor e
* pressure * current
* filling level * resistance
*  humidity
B oisture Transformation
+ distance
* brightness
.

Sensors can be divided into passive and active sensors.

Passive sensors

Passive sensors contain passive components (e.g. resistors, coils and capacitors) whose electrical
properties are changed by the measured variable. They change their electrical property, e.g. resi-
stance or inductance, under the influence of the non-electrical or physical variable, e.g. pressure,
temperature or the magnetic field. In order for the electrical variable to be influenced by the com-

ponents, an external auxiliary energy in the form of a current or voltage source is required.

Active sensors

Active sensors generate an electrical signal due to the measuring principle, e.g. electrodynamic or
piezoelectric. These sensors are therefore voltage generators themselves and do not require any
electrical assistance energy. They convert mechanical, thermal, light or chemical energy directly
into electrical energy.

Active sensors are usually voltage generators such as thermocouples, photoelements or piezo-
electric elements. If necessary, the output signal must be amplified, linearised or calibrated by a

transmission element or a measuring amplifier.

Active sensors can also be used as actuators by reversing the physical measurement principle, e.g. a
dynamic microphone can also be used as a loudspeaker.
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Classification by the principle of action

Sensors can be classified according to the operating principle on which the sensor is based. There

are a variety of sensory approaches for each active principle.

Examples

Principles of action

mechanical

thermoelectrical
resistive
piezoelectrical
capacitive
inductive

optical

acoustical

magnetic

This list is not complete.

Example

pressure manometer, expansion lever, spring

balance, lever balance, thermometer, ...

thermocouple (temperature measurement)

strain gauges (DMS), semiconductor DMS, Pt100, ...
acceleration sensor, pressure sensor, force sensor, ...
pressure sensor, rain sensor, humidity sensor, ...
inclinometer, force sensor, position sensor, ...

CCD sensor, photocell, light barriers, proximity
switch, ...

level sensor, ultrasonic flow meter, ...

hall sensors, reed contact, ...

Source: https://de.wikipedia.org/wiki/Sensor
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Classification by signal output

Sensors can also be subdivided according to the type of output signal. This is especially important

for the type of further processing.

A distinction is made:

Output signal

analog binary digital

Analog sensor

Analog sensors generate a continuous analog output signal. This output signal is proportional to
the measured variable. With suitable output devices, it can be displayed as a function of time, with

the signal constantly assuming one of the many possible values.

analog signal

Analog sensors are often used in applications that require higher accuracy and/or lower noise in-
terference than digital sensors. For example, temperature measurements for precision instruments
may require an analogue sensor because they can detect small changes in the measured parameter.

Analog sensors are also very suitable for tracking constantly changing physical quantities.

Another advantage of analog sensors is their ability to measure physical phenomena over a wide
range of values. For example, thermometers can measure temperatures that vary from very low to

very high depending on the type used.
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Digital sensor

Digital sensors are sensors that measure a physical quantity and convert it into an immediately
usable digital signal. The conversion of the analogue measured value is done by means of an inte-
grated analogue-to-digital converter (ADC).

The output signal is given as a sequence of binary values (high signal level = 1 or a low signal level
= 0). If this sequence of numbers is coded and transferred to a bus system, the digital values can be
sent to the processing unit and processed directly. Various buses such as CAN bus, Profibus, Indu-
strial Ethernet, I12C or USB can be used to transmit the measured value to a digital interface.

digital signal

Binary sensor

Basically, a binary sensor is nothing more than a switch. It can only accept the values 0 and 1 at the
output. This type of output is very often used for proximity switches, light barriers, presence de-

tection, etc.
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3.2 APPROACH IN CLASS

The topic of ,sensor technology* is a perfect choice for technical lessons, because sensors have beco-
me an indispensable part of many everyday objects. In the practical handling of sensors, the students
are given a basic understanding of how technology works and how it is used, and are thus taught

everyday skills in the use and evaluation of technology.

3.2.1 APPROACH AND GENERAL CONDITIONS

If everyday competence is the aim, the central content of the lessons should be, in addition to the
(concrete) functioning of selected sensor elements, the conversion of a physical measured variable
into an electrical variable. This includes above all the calibration of the sensor element, i.e. the de-
termination of the functional relationship between physical input and electrical output variable, in

order to be able to use the sensor element sensibly.

In addition to the students’ own experimental measurements and approaches, it is useful for the
teacher to set tasks that build on each other. The tasks should lead the students® knowledge in the

right direction.

When developing a sequence of lessons or small projects, the following considerations should be

taken into account:
- To activate students, they should experiment on their own and independently.

- In order for the students to become aware of the function and importance of the sensor ele-

ments, they should explicitly explore them themselves.

- In order to address all students equally, in our experience it has proven successful to have sensor
elements explored right at the start of the topic.

- In a second step, the sensor elements studied are used to build a device themselves; here, an eve-

ryday reference can easily be made.

- A project should include as many different types of sensors as possible. (e.g. construction of a
weather station, control of a greenhouse, sorting device for different objects, ...).

Particularly useful for getting started are
- switching (binary) sensors

(push-buttons, reed contacts, light barriers, motion detectors, inductive and capacitive proximity

sensors, incremental encoders, ...),
- resistive sensors

(temperature dependent resistors, light dependent resistors - LDR, pressure / force dependent
resistors - DMS, ...) and

- analog sensors

(ultrasonic sensors, active temperature sensors, humidity sensors, ...).
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3.2.2 HOW SHOULD STUDENT PROJECTS ON THE TOPIC OF
SENSORS BE DESIGNED?

Understanding how sensors work is particularly important when using them.
Approach to the introduction:

1. Awaken interest, get to know different sensor elements:

What is the senor used for? Where is it used?

2. Theoretical basics, how the sensor elements work:

How does the sensor work? What physical principles are behind the principle?

3. Technical basics of the sensors used:

Types, data sheets, connections, ...

4. Experimental learning about the properties of the sensor:

First experiments through basic set-ups, analysing first output values of the sensor.

5. Set tasks that build on each other in a practical way:

Use of the sensors in practical applications (everyday devices) with increasing difficulty and com-

plexity.

6. Documentation and presentation of the results and learnings to an appropriate audience.

3.2.3 SELECTION OF SUITABLE SENSORS

It is unnecessary and perhaps even confusing to try to give an overview of all the different types of
sensor elements. The selection criteria should be availability, price and technical/physical comple-
xity.

Small selection of sensors (especially suitable for Arduino projects)

Magnetic reed module (Reed switch)

Infrared Sensor

(Proximity Switch)
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Distance sensor, obstacle detection sensor -
Infrared (IR)

Distance sensor

(Inductive proximity switch)

Laser light barrier
(M12JG-30N1 — NPN)

Ultrasonic sensor
(Distance sensor - HC-SR04)

Temperature sensor TMP36
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DHT22
Temperature and humidity sensor

Capacitive moisture sensor

Photo resistor LDR 10K ‘

You can find more information here:
https://arduinogetstarted.com/arduino-tutorials

https://lastminuteengineers.com/tmp36-temperature-sensor-arduino-tutorial/

119



Module 2b: Fields for Project Based Learning (PBL) in automation technology

Unit 3: Sensor technology

3.2.4 TEACHING UNIT 3: USING A TEMPERATURE SENSOR

After the theoretical introduction to the topic of sensors, an example will be used here to show how
the students can learn about the function and application of sensors. A simple and cheap active sen-
sor is used for temperature measurement. The TMP36 sensor outputs a voltage signal proportional
to the temperature at one socket.

The worksheet is also available as a Word do-

cument called ,,03_ Worksheet.docx“ and can be

adapted to suit your needs. The following worksheets (written in

blue colour) are available for download

here:

Task: Measuring a temperature with an active sensor

Learning Objectives:
- how to use a temperature sensor (TMP36)
- using the “map” - command
- output of the values (serial monitor, serial plotter)
- averaging of values

- application of “if — else” commands (interlaced and not interlaced)

Required equipment:

Arduino / breadboard / cables / temperature sensor TMP36 / external power supply, resistors, LEDs
(green, red, blue), piezo speaker, OLED display

Description of the sensor:

LG

SOTTOM VIEW
(Mot 1o Scale)

The sensor has three terminals: 5V, GND, and the
pin for the temperature signal. On this pin, the

sensor puts out a voltage between 0 and 2.0 volts. PIN 1, +Vs: PIN 2, Vour: PIN 3, GND
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;. THMP25
8 c. TMP3T [
The sensor is supposed to be quite precise (+2°C) 1 Ve= f/‘\;’f
/A
between -40°C and 150°C, according to the ma- T4 / /ih‘
E 1.2 i b ",
nufacturing. If an external power supply (if 8 /
10
possible 9V battery or 9V power supply) is used, E o5 A
the sensor accuracy is higher. 2 os f/ . // :
The voltage on this pin 2 must be read out by the o4 //’f /ﬁ /’f
microcontroller board and then has to be con- i L
0
verted into a temperature value. B naTuRe e

TPC 1. Quiput Voltage vs. Temperaturg

Connection diagram:

CAUTION:

If the sensor is connected incorrectly, it will be destroyed.
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Explanations:
The sensor is connected to the analog Pin Ao.

Example for a simple sketch:

I 01_Temperature_measurament _

int TMP3& = AO;

int temperature = 0;
int temp([5];
int wait = 500;

void setup ()

{

Serial.begin (9€600);
}

void loop()
{

temp[0] = map(analogRead(TMP3&), 0, 410, -50, 150);

delay(wait);

temp[l] = map(analogRead(TMP3&), 0, 410, -50, 150);

delay(wait);

temp[2] = map(analogRead(TMP3€), 0, 410, -50, 150);

delay(wait);

temp[3] = map(analogRead(TMP3€), 0, 410, -50, 150);

delay(wait);

temp[4] = map(analogRead(TMP36), 0, 410, -50, 150);

temperature= (temp [0]+temp[l] +temp [2] +temp [3] ttemp [4]) /5;

Serial.print (temperature) ;
Serial.println(" degree");

}

Under the variable “temperature” the temperature value will be saved.

To get good values we have to read out some values to get the mean value out of them. The square
brackets “[5]” create five different variables at one time: ,temp[0]“, ,temp[2]“, ..till... ,temp[4]“. So
with this spelling [5] we will save some memory space. The value after “wait” sets the distance bet-

ween each measurement.

In the setup we are going to start the serial communication, to see the temperature values on the

serial monitor. The microcontroller will send values to the computer.
Serial.begin(9600);
Using the Serial Monitor and the Serial Plotter

Command to send the temperature values to the computer and show them on the serial monitor or
the serial plotter:

Serial.print(temperature);
Serial.println(, degree®);

The serial monitor and the serial plotter can be started at “Tools” in the Arduino software.
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It is better when the temperature is read out serval times. To get good values we have to read out
some values to get the mean value out of them. In between the measures is always a little break.
The square brackets “[5]” create five different variables at one time: ,temp[0]*, ,temp[2] ... till ...
ytemp[4]“So with this spelling [5] we will save space in the memory.

& com3

LEE35r34.002 =» 23 degree
15:38: 34,588 =2 2] degree
1538255011 =2 21 Qegres
15:35: 58 4T =2 1§ degres
15538027827 > 21 degres
1538230768 = 20 degree
15235235, 719 = 20 degres
15E3EL40. 650 = 22 deqree
15:38541 624 ~» 20 degies
1838242588 =2 3] degres
15538593 883 => Z| degres
LEcabidd. 488 -+ 23 dagres
15238145451 =3 23 degree
LEE3524E. 407 =» 21 degree
15EIEI4T.26] =2 22 degree

B dstseral [ Show tmestann

~| %00 baud

ot |

| Cear dutput

Serial Monitor

£ com

=7.4 9

=4,

Zi.0 4
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Serial Plotter

int templ[5]; //save space for five integer variables with the name “temp”

temp[0] = map(analogRead(TMP36), 0, 410, -50, 150);

temp(4] = map(analogRead(TMP36), 0, 410, -50, 150);
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Explanations:
The sensor is connected to the analog Pin Ao.

Example for a simple sketch:

Arrays

Basically, arrays are not a separate type of variable, they are a grouping of several va-
riables of one type.

int value[5] = {10,12,32,46,50};

In the example, an array of type ,int“ is created first. The 5 in square brackets after the
variable name determines the number of memory locations that the array provides. The
number of memory locations is also called the length of the array.

In a program one can access the memory locations of the array by indexed queries.

The first digit in the array is the digit o:

value[0] contains the value 10

In use: analogWrite(ledPin, value[0]);

We will take a closer look on the used command: “map(a,b,c,d,e)”

This is a “Map command”. With this command it is possible to change a read out value (a) from one
region between (b) and (c) into a region between (d) and (e).

In our case this means:
a = value to be converted
b = minimum measuring range
¢ = maximum measuring range
d = minimum output value

e = maximum output value

10bit = 0 _. 1023 i

Sgital value
%
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The sensor value is read out right in the map command “analogRead(TMP36)”. The value should be
between 0 and 410 (= values between 0V and 2V at the analog port). The sensor outputs this voltage
values if it measures temperatures between -50°C and 150°C. With the “map command” these values

get converted into degree values between -50°C and 150°C.
temperature=(temp[0]+temp[1]+temp[2]+temp[3]+temp[4])/5;

In this line, all five values are summarized and divided by five. This average value is saved under

“temperature”.

Tasks

Task 1: Complete the incomplete program ,01x_Temperature_measurement so that it uses the
temperature sensor to measure the current temperature 5 times, form an average of these values
and output them via the serial monitor or the serial plotter on the screen.

Task 2: Use the “if-else” function to switch a green or a red LED on or off if the temperature is correct
(green LED) or too high (red LED).

Task 3: Continue to use the “if-else” function (interlaced) to control a third LED (blue). The blue LED
should light up when the temperature falls below a certain value, the red LED should be activated if
the temperature exceeds a higher value. The intermediate temperature range should be indicated by
the green LED lighting up.

blue LED green LED red LED
! ! > temperature

Task 4: A too low (blue LED) and a too high temperature (red LED) should be indicated by a short beep
(0.5 s) via a loudspeaker.

Task 5: Display of the measured value on an OLED display.
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