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'Europe's future depends on its Youth'. Yet, opportunities are limited while youth unemployment, marginalization
and social exclusion are threatening Europe's greater asset for the future: young people's human and social
capital. There is still great need for Member States “to continue to work together to improve their employability,
their integration in the labour market, their social inclusion and participation" (Junker Speech, EC 2015).
Equipping young Europeans with the right skills has been reafﬁrmed by the 2016 Council Resolution on 'A New
Skills Agenda for an Inclusive and Competitive' Europe which stated that skills are a pathway to employability
and prosperity. However, skills gaps and mismatches are striking, 40% of employers cannot ﬁnd people with the
skills they need, whereas students leave E&T without being sufﬁciently prepared to enter the labour market. VET
is valued for fostering job-speciﬁc and transversal skills, facilitating the transition into employment and
maintaining and updating the skills of the workforce according to sectoral, regional and local needs. Although
over 13 million learners are engaged in VET each year, forecasts in M.S. indicate that there will be a shortage of
people with VET qualiﬁcations in the future. Yet for many young people and their parents VET remains a second
choice! VET needs to increase its attractiveness through quality provision and ﬂexible organisation, allowing
progression to higher vocational or academic learning, and closer links with the world of work (2016 COM).

Everybody should learn how to program
because it teaches you how to think.
(Steve Jobs)
Programming and computational thinking skills are essential for our society and working life, therefore many EU
countries are refocusing their ICT curricula on developing students' coding skills. So far schools have been using
ICT to focus purely on computer literacy (how to word-process or how to surf the Internet). There is nowadays an
ever growing need to teach students computer science: teach them how to code, and how to create their own
programs. Schools are key players in introducing programming to students in an engaging way, and helping to
break down the negative stereotypes around it.
BUT WHY IS THIS EMERGING TREND?
It is estimated that in 2020 up to 750,000 new ICT professionals will be needed in EU. Moreover, computer
science skills are increasingly required in many different ﬁelds, not only in ICT jobs. According to the 2015 'New
priorities for ET 2020, 'knowing how to code is empowering. Basic coding skills are essential for accessing the
jobs of tomorrow and today' and for achieving a better skills-match between education and the world of work.
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WHAT IS THE BEST WAY TO DO IT?
ROBOTICS is an effective, fascinating and motivating way to introduce students to coding which integrates all
STEM ﬁelds: mechanical, electrical, engineering, computer science, technology, maths and science, while
promoting other employability skills needed such as problem solving, group work, leadership, creativity and
initiative.
Based on the above the ROBOT4ALL project aims to promote both the upgrade of VET curricula, but also to
ensure social inclusion, access and participation of disadvantaged learners while ﬁghting disparities in learning
outcomes, through the design, development and evaluation of a COMPLETE TOOL KIT and EDUCATIONAL PACK
for developing, implementing and monitoring various strategies aiming to promote coding/robotics skills in VET
schools, based on the creation of PARTNERSHIPS/SYNERGIES between the schools, stakeholders and the
labour market by:
Ÿ Utilizing the non-working school time (i.e. after school, summertime) available in a constructive way to set up

ROBOT4ALL LABORATORIES/CLUBS for students in order to ensure inclusion and access
Ÿ Introducing the OPEN BADGES as a method to VALIDATE and AWARD the coding skills acquired by both the

VET trainers and Students thus achieving transferability, credibility and transparency of the non-formal
learning and permeability in formal education through the DIGITAL PROFILES of participants to be available
on-line.
Ÿ Creating transnational cooperation between partners for the organisation of ROBOTIC COMPETITIONS

which will boost students interest and creativity, for other events such as KA1 Learning Mobility for students
and VET trainers thus ensuring sustainability and exploitation products and results.
Based on the above the DIRECT TARGET GROUP is VET STUDENTS with fewer opportunities, whereas the
INDIRECT TARGET GROUP is VET TRAINERS, whose proﬁles will be upgraded and strengthened. The above
target groups as well as the partner countries will beneﬁt from the implementation of the project at a
transnational level, as developing such an innovative and comprehensive programme to introduce coding to
VET cannot be achieved without the exchange of information, identiﬁcation of good practices and
complementarity of expertise.
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In the Intellectual Output 2 Report the reader can expect to ﬁnd the following:
Ÿ The aims of the second Intellectual Output and the activities that partners were involved to achieve the

objectives.
Ÿ The Market Research: A brief analysis will be provided of the available open and online resources used for

teaching coding and robotics to VET students and trainers in formal and no-formal settings. Accompanied by
an explanation of how the speciﬁc robots and programming languages were chosen.
Ÿ The Methodology for designing the Coding and Robotics Competence Framework, as well as the

methodology of how STEM and Soft skills will be tied in with the material. The section will be accompanied
with a Glossary.
Ÿ The Coding and Robotics Competence Framework and the Syllabus to be used.
Ÿ The teaching plans.
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As mentioned above the second Intellectual Output to be produced as part of the ROBOT4ALL project is the
design of the Education Pack and Competence Framework for teaching coding, robotics, STEM and soft skills to
VET students.
THE OVERALL OBJECTIVES OF THE SECOND INTELLECTUAL OUTPUT ARE:
Ÿ To deﬁne benchmarks and indicators for the ROBOT4ALL Competence Reference Framework (syllabus)

against which VET students' coding/robotics skills, as well as other related skills such as teamwork, STEM
etc. will be monitored, assessed and validated through the Open Badges system to be developed in Io3.
Ÿ To design and develop a Dual Educational Pack which will be used will contain: (1) VET Teachers training

course for the acquisition of coding and robotics skills to support the introduction of the project (later to be
used as a KA1 Learning Mobility, (2) Teaching Guides for coding and robotics, (3) Cross-curricular scenarios
for robotics related to speciﬁc subjects of the NC, (4) teaching material to support coding and robotics (online learning modules, videos, resources etc.), (5) Campaign for the promotion of the CODING Clubs with
YouTube videos, social media spots and posts etc.
THE SPECIFIC AIMS OF THE FIRST INTELLECTUAL OUTPUT ARE:
Ÿ To investigate at the EU and National Level relevant frameworks – syllabi that are used for introducing robot-

ics in formal and non-formal learning settings to ensure continuity and consistency.
Ÿ To collect stakeholders' views (VET, public authorities, policy makers, NGOs, enterprises etc.) their views on

the type of coding skills needed in the labour market
Ÿ To design the Robotics Competence Framework with inbuilt indicators for teaching coding to VET students

which will be based on benchmarks and indicators so that levels and stages are identiﬁed based on the needs
identiﬁed in IO1 related to the VET
Ÿ To investigate the availability of open on-line resources which can be used for teaching coding to young stu-

dents and analyse its compliance with the Robotics Framework to be designed
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Ÿ To analyse the framework/curriculum and produce the content outline (syllabus), the up-skilling teaching

material, modules and resources necessary for the implementation of the AdEd professional development
programme - training (Io6).
Ÿ To design and develop the guidelines and templates which will be used by partners to design the learning

modules (on-paper and on-line).
Ÿ To collect, useful tools etc. for the Dual Educational Pool Bank
Ÿ To translate and localise products in the languages and context of partner countries (as needed).

In order to achieve the above the partners were involved in three main activities as described in the proposal:
Ÿ Activity 1: Conceptual mapping of the benchmarks and indicators the Robotics/Coding Competence Frame-

work- syllabus with reference to other related skills to be acquired i.e. STEM, teamwork, problem-solving:
Analysis and comparison with relevant EU and National policy documents, reports, current practices/ policies/ curricula/ syllabi of partner countries etc. (P3-P2-P1). In general it is proposed to divide the Framework
in sections such as Introduction to Coding, Introduction to Robotics and Acquisition of STEM and Soft skills
through the teaching process.
Ÿ Activity 2: Selection of Robots to be used and programming language: Investigation and analysis of available

open and on-line resources used for teaching robotics to teenagers in formal and non-formal settings. Comparison and compliance of the OER and programming languages (Edison, LEGO Mindstorms, Arduino,
Python, C++, etc.) with the Robotics Competence Reference designed here. Various other issues will be
investigated such as testing, availability and property rights, licenses, requirements etc. P3/P2/P1.
Ÿ Activity 3: Design of the ROBOT4ALL Educational Pack for VET trainers and students
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Robotics and other combinations will make the
world pretty fantastic compared with today.
(Bill Gates)

Programming is steadily becoming a key competence which will have to be acquired by all students and
increasingly by workers in a range of professions and industries. Programming is a process consisted of three
important phases: Identiﬁcation of a problem and conceptualization of its solution, Implementing the solution
and Maintaining the solution, making sure that it continues to work throughout its lifecycle. However, everyday
life is ﬁlled with problems awaiting lasting solutions. Through programming a person can receive valuable on
developing students' programming skills, and introducing the topic in national, regional or school curricula, as
well in non-formal learning context. How can this be achieved in a more creative way in order to attract student's
interest and ensure participation? The consortium has decided to combine two main aspects: basic knowledge
of programming and introduction to robotics. Also, in order to further expand and improve the student's
experience, through the teaching approach, they will be able to receive knowledge regarding STEM and soft
skills. Robotics is nowadays a discipline relevant in a variety of jobs, as robots can perform a lot of different tasks
efﬁciently and effectively. The robots are divided into different types based on their application. There are
industrial robots, domestic/household, medical, services, military, entertainment, space and hobby/competition
robots. Each of these types serves a different purpose. Every robot comes with different capabilities and control
concerns. In addition, there are many programming languages for robots such as Scratch, Python, Javascript,
C++ and other software products which have been developed by the robot's manufacturers and software
developers.
WHY USE C++?
As mentioned before the consortium decided to design a framework/syllabus with benchmarks and indicators in
order to introduce students to the basic principles of programming and prepare the ground for then proceeding
with coding and robotics. C++ was the programming language chosen to be used for the creation of the
Framework. C++, as it is very versatile with its syntax being close to pseudocode. Also, the language is widely
used and heavily supported my myriad of users and thus will be an excellent provision for the students.
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WHY USE ARDUINO?
Concerning the robot, the consortium decided to not use a speciﬁc robot but
instead a robot kit utilizing the Arduino chipset. Arduino chips provide a simple
and easily accessible user experience. Arduino are being used in thousands of
different projects and applications. The Arduino software is easy-to-use for
beginners, build low cost scientiﬁc instruments, to prove chemistry and
physics principles, or to get started with programming and robotics quite
cheaply. Arduino use a free interface for its software development and utilises C++ as for its syntax. Through
the use of Arduino boards, students will be granted the opportunity to develop their robots and increase their
STEM and soft skills, as the will have to cooperate and use knowledge ranging from electronics to physics in
order to accomplish their objectives.
The ROBOT4ALL Competence Framework and Syllabus includes both C++ programming and robotics
programming in order to achieve a smooth transition from the basics of coding on the screen to the basics of
programming a robot. Both the framework, as well as, the syllabus, accompanied with the teaching material, is
essential for the further creation of the teaching plans and completion of the projects objectives.
The Coding and Robotics Competence Framework/Syllabus refers to the skills, knowledge and competences
that teenagers are expected to acquire by the end of the Summer Coding School with in built benchmarks which
present the main objectives are set by the ICT experts and the indicators which are the speciﬁc levels of
achievement for the teenagers. The Framework is closely linked to Intellectual Output 3 where the eco-system of
the Open Badges will be designed based on which the evaluation and assessment of the coding skills acquired
will be taking place. As a result the aspects of recognition and validation are being introduced in an attempt to
raise quality standards in youth work, ensure transparency, transferability and visibility of non-formal learning.
In the following section the Framework - Syllabus is provided.
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In the section below the Coding and Robotics Competence Framework/Syllabus is presented. The Framework is
broken down into three levels for each module, each level representing a higher level difﬁculty. This is in order for
the material to be prepared for the following IO where Open Badges will be introduced and integrated. Following
the Framework you can ﬁnd a Glossary, explaining the terminology used throughout the Framework/Syllabus.
MODULE 1: PROGRAMMING IN C++
M1.1

Programming Introduction

Main Objective and Benchmark:
To learn the basics of programming and set up the C++ environment
THEORY

PRACTICE

1. Understand what is programming and its

1. Be able to deﬁne what programming is and

importance.

why it is so important.

2. Understand the basic programming constructs,

2. Be able to design ﬂowcharts.
4. Be able to freely use programming constructs

3. Understand principles of ﬂowcharts/

for simple programs.

algorithms.
4. Understand principles of pseudocode.

5. Be able set up the computer environment to
support C++.

5. Understand how to set up the environment for

6. Be able to utilize the Eclipse Editor.

C++.
6. Understand the Eclipse Text Editor.

STEAM & SOFT SKILLS
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1.

The meaning of STEM and Soft Skills.

2.

The connection of STEM and Soft Skills with Robotics and programming

3.

To be able to analyse data.

4.

Teamwork.

5.

Development of logical strategies to face a problem.

6.

Organization of concepts and structures.

7.

Using of algorithms in “real life” (for instance cooking recipes).

8.

Planning and distribution of times and tasks.

9.

To understand the basics of programming science / uses of programming in different aspects of life.

BADGE “CODE TRAINEE”

3. Be able to design algorithms.

using real-life examples.

MODULE 1: PROGRAMMING IN C++
M1.2

C++ Basic

Main Objective and Benchmark:
Learn the basic features of C++.
THEORY

PRACTICE

1. Understand how to create a project using
Eclipse.

1. Be able to create/start a project through the
Eclipse Editor.

2. Understand the general Program Structure in

structure that a program should follow.

3. Understand the different types and uses
of Data Types and Variables.

3. Be able to recognize and correctly use the
appropriate data types and variables for a

4. Understand the different types and uses of
Operators.

problem.
4. Be able to recognize and correctly use the

5. Understand the use and mechanics of
functions.

appropriate operators for a problem.
5. Be able to declare and use functions.

6. Understand the various types of Numbers in
C++.

6. Be able to correctly use and manipulate

BADGE “CODE PADAWAN”

C++.

2. Be able to recognize/implement the basic

numbers and strings.

7. Understanding how Strings behave in C++.
STEAM & SOFT SKILLS

1.

Deﬁnition and structuring of a problem.

2.

Designing of processes.

3.

Developing critical thinking, team working, positive thinking etc. skills.

4.

Development of creative solutions to solve a problem.

5.

Understanding the top-down approach to problem solving.

6.

To be used to follow a sequence of instructions.

7.

Deﬁnition of speciﬁcations for a teamwork.

8.

Be able to do a WBS (Work Break-down Structure) for a complex project into simple tasks.

9.

Coordinated work with other mates.
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MODULE 1: PROGRAMMING IN C++
M1.2

C++ Advanced

Main Objective and Benchmark:
To further expand on the current C++ knowledge and skills.
THEORY

PRACTICE

1. Understand how the basic Input/Output
mechanics work in C++.

1. Be able to Input and Output basic types of data
from a program.

2. Understand how the basic File Input/Output

from a program to a ﬁle.

3. Understand how control statements work.

3. Be able to correctly use control statements.

4. Understand the basic types of Loops and how

4. Be able to recognize and correctly use the

they vary from one another.

appropriate Loop types for a problem.

5. Understand the different types and uses of

5. Be able to declare and use arrays.

Arrays.

STEAM & SOFT SKILLS

1.

Designing of processes.

2.

Understanding the top-down approach to problem solving.

3.

To improve the communication skill.

4.

Deﬁnition of speciﬁcations for a teamwork.

5.

Deﬁnition and structuring of a problem.

6.

Decision-making capacity.

7.

Connect the concept of software classes and objects with real life objects and classes.

8.

Development of creative solutions to solve a problem.

9.

Relate the concept of software inheritance with real life inheritance.

10. To improve the skill to edit written reports.

"Code Master” BADGE for the completion of Module 1
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BADGE “CODE KNIGHT”

mechanics work in C++.

2. Be able to Input and Output basic types of data

MODULE 2: ROBOTICS WITH ARDUINO
M2.1

Introduction to Robotics and Arduino

Main Objective and Benchmark:
To learn the basics of using Arduino chips.
THEORY

PRACTICE

1. Understand why robotics is an important

1. Be able to deﬁne what robotics is and why it is

discipline today.

so important today.

2. Understand what Arduino is and how it is

2. Be able to deﬁne what Arduino is and how it is
related to robotics.

3. Understand how to assemble the robot car.

3. Be able to correctly assemble the robot car.

4. Understand the structure of the Arduino Board.

4. Be able to recognize the different parts of the

5. Understand how to set up your environment for
the Arduino IDE.

Arduino Board.
5. Be able to set up the environment for the

6. Understand how to create a program in the
Arduino IDE.

Arduino IDE.
6. Be able to create a program using the Arduino

7. Understand how the program structure works in
the Arduino IDE.

IDE.

BADGE “ROBOT TRAINEE”

related to robotics.

7. Be able to create a correctly structured program
in the Arduino IDE.
STEAM & SOFT SKILLS

1.

Development of team spirit.

2.

Ideas and structures organization.

3.

To acquire and clarify speciﬁcations of a problem.

4.

Improve the measure sense.

5.

Development of logical strategies to face a problem.

6.

To be accurate in making measures.

7.

Time planning.

8.

Tasks priorization.

9.

Coordinated work with other mates.
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MODULE 2: ROBOTICS WITH ARDUINO
M2.2

Arduino Basic

Main Objective and Benchmark:
To learn the basics of programming in the Arduino IDE.
THEORY

PRACTICE

1. Understand the different data types and

1. Be able to use correctly the different types of

variables in the Arduino IDE.

data and variables.
2. Be able to correctly use the different types of

functionality.

operators.

3. Understand how Control statements work.

3. Be able to correctly use control statements.

4. Understand how Loops work.

4. Be able to correctly use loops.

5. Understand how Functions work.

5. Be able to correctly declare and use functions.

6. Understand how Strings and String Objects

6. Be able to correctly use the string objects.
7. Be able to correctly use the Time functions.

work.
7. Understand how the Time functions work.

8. Be able to correctly declare and use array

8. Understand how arrays work.

objects.

STEAM & SOFT SKILLS

1.

Development of processes under the essay and mistake technique.

2.

Cooperation between partners.

3.

Planning and distribution of times and tasks.

4.

Ideas and structures organization.

5.

To acquire and clarify speciﬁcations of a problem.

6.

Improve the measure sense.

7.

Development of logical strategies to face a problem.

8.

Time planning.

9.

Tasks priorization.

10. To become acquainted to develop and follow an algorithm.
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BADGE “ROBOT PADAWAN”

2. Understand the different operators and their

MODULE 2: ROBOTICS WITH ARDUINO
M2.3

Arduino Advanced

Main Objective and Benchmark:
To learn about the mechanics and functionality of the Robot Car.
THEORY

PRACTICE

1. Understand how signals are converted from

1. Be able to deﬁne what is analog-to-digital

analog-to-digital and vice versa.

conversion.

2. Understand how the robot car motors work.

2. Be able to correctly program and control the

4. Understand how the infrared sensors work.

robot car motors.
3. Be able to correctly control the car via the

5. Understand how the line tracking modules
work.

Bluetooth module.
4. Be able to correctly control the car through the

6. Understand how the Ultrasonic sensor works.

infrared receiver.
5. Be able to correctly use the line tracking
module.
6. Be able to correctly use the Ultrasonic sensor

BADGE “ROBOT KNIGHT”

3. Understand how the Bluetooth receiver works.

inputs.
STEAM & SOFT SKILLS

1.

Development of processes under the essay and mistake technique.

2.

Cooperation between partners.

3.

Planning and distribution of times and tasks.

4.

Ideas and structures organization.

5.

To acquire and clarify speciﬁcations of a problem.

6.

Improve the measure sense.

7.

Development of logical strategies to face a problem.

8.

Time planning.

9.

Tasks priorization.

10. To become acquainted to develop and follow an algorithm.

Badge:

Special Badges:

Final Badge:

"Robot Master”

“Robot Investigator”

“Robot4All Grand Master”

for the completion

reward for creativity

reward for the completion of

of Module 2

all modules and activities
“Robot Sentinel”
reward for teamwork
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A
ALGORITHM:

a sequence of steps that can be carried out t o perform a task

ARRAYS:

an arrangement of items at equally spaced addr esses in computer memory. Array
data type, used in a programming language to specify a variable that can be index ed.

B
BLACK-BOX TESTING:

comparing expected results with actual results when a program is run

BOOLEAN:

is a data type, having two values (usually denoted true and false), intended t o
represent the truth values of logic and Boolean algebra.

C
CONSTANTS:

a value that cannot be altered by the program during normal execution

D
DATA T YPES:

a data type or simply type is a classiﬁcation of data which tells the compiler or
interpreter how the programmer intends to use the data. Most programming
languages support various types of data, for example: r eal, integer or Boolean.

E
ERRORS:
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any issue that arises unexpectedly and causes a computer not t o function properly.

F
FLOWCHART:

shapes linked together to represent the sequential steps of an algorithm

I
IDENTIFIER:

is the user-deﬁned name of a program element. Identiﬁers are symbols used to
uniquely identify a program element in the code.

ITERATION:

is the act of repeating a process, either to generate an unbounded sequence of
outcomes, or with the aim of approaching a desired goal, target or result

L
LOOP:

a control ﬂow statement for specifying iteration, which allows code t o be executed
repeatedly.

N
NESTED IF STATEMENT:

a control ﬂow statement for specifying iteration, which allows code t o be executed
repeatedly.

NESTED LOOP:

loop containing another loop.

O
OPERATOR:

an object that is capable of manipulating a value or operat or. For example, in “1 +
2”, the “1” and “2” are the operands and the plus symbol is the operat or.
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S
SEQUENCE:

an action, or event, leads to the next ordered action in a predetermined order.

SELECTION:

a question is asked, and depending on the answer, the program takes one of two
courses of action, after which the pr ogram moves on to the next event.

SENSOR:

a device that detects and responds to some type of input from the physical
environment.

V
VARIABLES:

a storage location for a data value that has an identiﬁer.

W
WHITE-BOX TESTING:
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testing every path through the program code.

With the speciﬁcation of the Framework – Syllabus, the consortium will proceed with the creation of the
teaching material, the cornerstone of the project. Having the Framework as guidelines, the teaching material will
pass on to the students the knowledge required for programming and robotics as well as STEM and soft skills.
The project aims to increase the knowledge and awareness of students towards programming and robotics but
at the same time, improve as human beings. Through the acquisition of these technological skills, one can learn
that the same principles of problem solving and team work can be implanted in today's 21st Century community.
Based on the above, Intellectual Output 2 is a fundamental aspect of the work of the consortium. It provides all
partners with the Coding and Robotics Competence Framework – Syllabus, which also paves the way for the
development of the Open Badges achievement system. Open badges will be further exploited in Intellectual
Output 3.
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INTRODUCTION TO PROGRAMMING:
http://yearofcodes.tumblr.com/what-is-programming
WHY CELEBRITIES WANT YOU TO START PROGRAMMING:
https://www.youtube.com/watch?v=nKIu9yen5nc
FLOWCHARTS:
https://www.smartdraw.com/ﬂowchart/
SETTING UP THE ENVIRONMENT FOR C++
https://osdn.net/projects/mingw/releases/p15691
https://stackoverﬂow.com/questions/5733220/how-do-i-add-the-mingw-bin-directory-to-my-system-path
THE BASIC DATA TYPES USED IN C++:
https://www.tutorialspoint.com/cplusplus/cpp_data_types.htm
A MORE IN-DEPTH VIEW OF MODERN ROBOTICS:
https://www.techwalla.com/articles/the-importance-of-robots
IMPORTANCE OF ROBOTICS:
https://www.youtube.com/watch?v=uoC2ZGRI8a8
IMPORTANCE OF ROBOTICS IN EDUCATION:
https://www.youtube.com/watch?v=xJADUtzRuks
ARDUINO PLATFORM:
https://www.arduino.cc/en/Main/Education
https://www.arduino.cc/en/Main/FAQ
ELEGOO CAR ROBOT CONSTRUCTION:
https://www.youtube.com/watch?v=C0RBPQV0dto
https://www.youtube.com/watch?v=8FxT8TC-EVU
ARDUINO BOARD PARTS:
https://www.tutorialspoint.com/arduino/arduino_board_description.htm
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INSTALLATION OF ARDUINO SOFTWARE:
https://www.arduino.cc/en/Guide/Windows
https://www.tutorialspoint.com/arduino/arduino_installation.htm
ARDUINO PROGRAM STRUCTURE:
https://www.tutorialspoint.com/arduino/arduino_program_structure.htm
ARDUINO ARRAY PROGRAMMING:
https://www.tutorialspoint.com/arduino/arduino_arrays.htm
ARDUINO STRING PROGRAMMING:
https://www.tutorialspoint.com/arduino/arduino_strings.htm
ARDUINO TIME FUNCTION:
https://www.tutorialspoint.com/arduino/arduino_time.htm
UNDERSTANDING ANALOGUE TO DIGITAL CONVERSION:
https://learn.sparkfun.com/tutorials/analog-to-digital-conversion
ARDUINO VARIABLES:
https://www.arduino.cc/reference/en/language/variables/variable-scope--qualiﬁers/volatile/
ARDUINO SERIAL PORTS:
https://www.arduino.cc/en/Serial/Begin
ARDUINO PULSE WIDTH MODULATION:
https://en.wikipedia.org/wiki/Pulse-width_modulation
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Notes
_

24

Part Two
Teaching Material:
Programming

25

26

44
44
45
47
48
50
50
50
51
53
54
54
55
57
58
59
59
60
60
61
63
65

27

Programming nowadays is a very important discipline. With the advancement of technology, most of today's
jobs take a technological twist. Technology and basic computer literacy is not something that people can ignore.
Going even further, programming is integral in establishing a healthy mindset as well as being able to adapt to
everyday challenges be it at work or not (http://yearofcodes.tumblr.com/what-is-programming).
VIDEO
Watch the following video and see why celebrities want you to start programming:
https://www.youtube.com/watch?v=nKIu9yen5nc
WHAT IS A PROGRAMMING LANGUAGE?
A programming language is a speciﬁc type of language, used in order to communicate with computers. Writing
using a computer language, a computer can understand and decipher the lines of code into instructions. The
computer then follows those instructions, and as a result, a series of complex procedures can be performed.
EXAMPLES OF PROGRAMMING LANGUAGES
Ÿ C
Ÿ C++
Ÿ Java
Ÿ JavaScript
Ÿ Python
INTRODUCTION TO C++
C++ is a programming language, able to run on multiple platforms, from Windows devices to MAC OS ones.
Bjarne Stroustrup developed it in 1979 at Bell Labs. The purpose of the language was to enhance and improve
upon the existing C language.
WHY USE C++?
Ÿ C++ is used by many programmers in virtually every application domain.
Ÿ C++ is widely used int the ﬁeld of teaching and research because it is clean enough for the successful
education of basic concepts.
Ÿ Very fast - Can perform a lot of processing in a short amount of time
Ÿ Low-level / hardware access – useful for programming Arduino
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PSEUDOCODE
Pseudocode is a type of language used to describe the logic of a program for algorithmic design purposes.
ASSIGNMENT
Assignment is the process at which a variable receives a value. This is better understood if we have a look at how
algebra works in math. Where for example we say that y = x + 10. The same principle applies in pseudocode,
where an object, for example, a variable, is assigned a value. Example:
A ← 10
SEQUENCE
By sequence, we mean the logical order by which a series of commands is executed. Example:
A ← 10
B ← 20
C ←A+B
SELECTION:
When executing a program, a lot of times there might be more than one possible paths for the system to proceed.
Depending on the values of the variables used, our system's logic might follow different execution paths. These
are Selection processes. Example:
IF (A > 10) THEN
B←5
ELSE
B←6
END IF
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CASE SELECT
Case - Select is another method of chaining If - Else if. In the situation where you know all the different scenarios
that might appear in your code cases are a good solution to use.
Input Grade
CASE SELECT on Grade
Case = 100
PRINT “Excellent !”
Case > 89
PRINT “Grade = A”
Case > 79
PRINT “Grade = A”
Case > 69
PRINT “Grade = A”
Case > 59
PRINT “Grade = A”
Default
PRINT “FAIL”
END CASE
ITERATION
Another common programming paradigm is the concept of Iteration. In computer systems, some values might
need to be calculated over and over again. Example:
A←1
For (A < 20) Do
A←A+1
Next A
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WHAT IS A FLOWCHART?
A ﬂowchart is a method used when we want to convey the logic of a system. Systems tend to branch out into
many different complicated processes, in order to make things more understandable we utilise ﬂowcharts. It is
basically a diagram, which describes the execution of a program through the use of various shapes. Each shape
represents a different kind of action. They are a very convenient and easy way to explain complex designs and
systems to people not familiar with the subject (https://www.smartdraw.com/ﬂowchart/).
FLOWCHART BASIC SYMBOLS

EXPLANATION

NAME

START/END SHAPE

ACTION OR
PROCESS SHAPE

SHAPE

The oval symbol indicates the beginning or ﬁnishing point of
the system. It typically contains the word "Start" or "End.“
A rectangle can represent a single step ("add two cups of
ﬂour"), or an entire sub-process ("make bread") within a
larger process.
A parallelogram Represents material or information

INPUT/OUTPUT SHAPE

entering or leaving the system, such as customer order
(input) or a product (output).
A diamond represents a decision or a branching point. Lines

DECISION SHAPE

representing different decisions appear from different
points of the diamond.

CONNECTOR SHAPE

A circle Indicates that the ﬂow continues where a matching
symbol (containing the same letter) has been placed.
A box with vertical lines indicates a sequence of actions that

SUBROUTINE SHAPE

perform a subprogram embedded within a bigger program.
This sequence of actions could be described in more detail
on a separate ﬂowchart.
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FLOWCHART EXAMPLE
For better ﬂowchart understanding have a look at the following example: We ask the user for two inputs. The two
inputs are then added together and then printed for the user to see the result.

START

READ
number1

READ
number2

SUM ← number1
+ number2

OUTPUT
Sum

END

CREATE A FLOWCHART FOR THE FOLLOWING PROBLEM:
A school would like to check whether its students have passed their courses. The passing grade is 10 out of 20.
The system should notify the user accordingly depending on the results of each student. Also, the school would
like to know the average mark of a student.
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WHAT IS ECLIPSE?
Eclipse is user friendly environment in which users can write code and maintain it. But why use Eclipse instead
of a typical, plain text editor? Eclipse provides us with an assortment of tools which make the life of a programmer easier. It has tools which detect whether you are missing any necessary libraries, tools for bug detection and
advice provision for eliminating them. Through Eclipse you can set up test suites so that testing can be automated and receive your feedback in a nice and tidy manner. Last but not least, the whole environment is
designed to host code. Meaning that while you are writing your program, the environment will recognise familiar
pieces of code which can be made into functions so that there is no duplication. Or variables and data structures
not used will be highlighted, and the user will get notiﬁed.
DOWNLOADING AND INSTALLING ECLIPSE
Using the Eclipse IDE is a two-step process. First, we need to download and install Eclipse, in order to have an
environment to code in, and then we also need to install the C++ compiler so that our system is able to understand and execute our code.
1.

We ﬁrst need to download the Eclipse IDE from the following website:
http://www.eclipse.org/downloads/packages/

2.

Choose the version of Eclipse design for coding in C and C++

3.

Click on the Software version of your computer device and then in the screen that follows click download:

4.

After the download is ﬁnished, follow the installation instructions and open eclipse,
using this icon:
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TOOLS NEEDED BEFORE GETTING STARTED
1.
2.
3.

Text Editor: Eclipse Text Editor
C++ Compiler
Installing GNU C/C++ Compiler. For Windows we have downloaded MinGW from the following link:

4.

https://osdn.net/projects/mingw/releases/p15691
Add the bin subdirectory of your MinGW installation to your PATH environment variable so you will be able
to specify these tools on the command line by their simple names. MinGW is needed in order for the computer to understand and execute C++ code.
a.
b.
c.
d.

In order to accomplish this search in the taskbar for “Environment Variables” & click on the ﬁrst result.
Click on the button “Environment Variables” as shown below.
Then click new to add the correct path.
And lastly, add the details as shown on the third picture.

https://stackoverﬂow.com/questions/5733220/how-do-i-add-the-mingw-bin-directory-to-my-system-path
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COMMON TERMINOLOGY:
Ÿ Functions: A function is primarily an action or series of actions. A program can execute many functions. Func-

tions contain the logic of a system. They modify data and perform various tasks according to their code.
Ÿ Variables: each program contains a series of variables. Variables hold the data required by the program to

function correctly. As the name denotes, during the execution of the program the values that they hold may
change according to the needs of the system.
Ÿ Constants: just like variables, a program may contain a series of constants as well. Constants, unlike vari-

ables, hold a speciﬁc value, which can never be changed during the program execution.
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The Eclipse platform itself is organised with subsystems which are implemented in one or more plug-ins. These
subsystems are created on top of a small runtime engine. You can seein the following ﬁgure a simpliﬁed view.
EDITOR AREAS AND SECTIONS

WORKBENCH WINDOW
MENU BAR

STATUS LINE
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VIEWS

TOOLBAR

EDITOR

Ÿ Workbench Window: The windows which ﬁrst appears when opening the Eclipse Editor
Ÿ Menu bar: The bar which contains the commands used for opening, saving and modifying the various ﬁles

used for our program.
Ÿ Toolbar: This bar contains the tools necessary for the programmer to create a new project, class and even

modify their code so that it becomes easily readable and more efﬁcient.
Ÿ Editor Window: In this window is where the actual code is written.
Ÿ Status Line: Displays various information regarding the current state of the program.
Ÿ Views: On the left window, the user can see the project open currently, as well as all the ﬁles involved in the

execution of the program. On the right window information regarding the functionality of the system, like
bugs, as well as any potential outputs that the program generates are shown.
Ÿ Debugging: The Eclipse IDE, provides the user with an assortment of debugging tools as well. Debugging is

the process in which the user makes sure that the program logic does not contain any errors and behaves
correctly under ANY circumstances. These circumstances that the user should always consider when writing a program are stuff like the user providing the wrong type of input or the system receiving a rare kind of
input. Eclipse offers an assortment of tools which streamline and enhance the debugging process. In case
that a speciﬁc library is required for a command to be used, Eclipse notiﬁes the user for the appropriate
library. Or if a variable is never used, the system highlights it and lets the user know..
COMMONLY USED ICONS
Save Button: Saves the changes of the current ﬁle
Run Button: Compiles and Run the current program code
New C/C++ Project: Creates a new project
New Class: Creates a new class
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STARTING ECLIPSE
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1.

Creating a new project: In order to begin a new project follow these steps:
File → New → C/C++ Project

2.

Select the option for creating a new C++ project

3.

In the following step, we type in the desired name for our project and the compiler to be used in order for
our program to be understood and processed by the computer.

4.

If you select the “Hello World C++ Project” option shown above, Eclipse creates a very basic program
which just prints “Hello World”. This program contains just the bare minimum for a system to function.
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A typical C++ program can be broken down into some basic components which are required for a piece of code
to function normally. Let us have a look at the following code snippet.

1

2

7

4
5

1.

6

3

Library Inclusion: In programming in general, in order to use speciﬁc commands we need to include what
is commonly known as “Libraries”. Libraries provide our system with the knowledge regarding speciﬁc
commands. In this case, in order for our code to be able to print a phrase, the “iostream” library has to be
ﬁrst included in the code. By including it, our code now knows how to print the phrase “Hello World”. To be
more precise, the “iostream” library allows our system to handle inputs and outputs. By making use of that
library, the user can both insert data into the system, as well as print them out on the monitor.

2.

Namespace std: This is a techniques used so that we can later use functions like cout without having to
redeﬁne each time in which library the function belongs to.

3.

Declaring a statement: In programming a statement can be roughly translated to a line of code. In order for
a statement to be correctly identiﬁed by the system, it should contain the correct commands, by syntactically correct and then be terminated by a semicolon “;”. The semicolon signiﬁes that the statement ends
there.

4.

“Main” Function: A program can have any range of functions performing myriads of tasks. However, they
should always contain a main function. This is the primary function from which the execution for a program begins. Also, we need to note that every function should contain its code in between curly brackets
“{ }”. The brackets denote the “body” of the function.
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5.

cout command: which is responsible for printing the phrase, is used thank to that speciﬁc library.

6.

The endl command speciﬁes that the system should change line after printing its data.
To include a library we type the following: #include <library name>

Good Practices:
7.

Adding Comments: When writing code a lot of times what a statement performs might not be clear. In
order to make our code easily readable, it is wise to add comments. By adding “//” the sentence following
the two dashes will not be read by the system as a code statement and by marked as a comment. Comments do not affect the program execution in any way. They are there purely for helping the user. Another
way to add comments is to use this method: /* Comments */. Anything written between the '*' will be marked as a comment, this method is used when more than one line of comments will be written.

8.

Meaningful variable names: During the development of a program a lot of functions and variables will be
declared and used. E.g.: If I'm writing a program in which I would like to save a student's name into a variable, the variable should be named something that makes sense like studentName and not something
vague like varA.

9.

Debugging: One of the most important principles of programming. A programmer should keep debugging
in the back of their minds constantly when coding. They should consider all the possible logical paths that
their system will go to, as well as the type of input (even no input) received. What is usually overlooked is
the level of computer literacy of the user. As such, as the system should be designed to be as user-friendly
as possible.
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During the development of a program, in order to carry out different kinds of operations, different kinds of virtual
objects need to be used. These objects, called variables, are responsible for storing data. Variables are essentially locations in the memory of the computer which are reserved by the system in order for the programmer to
use them for their code. Depending on the type of variable we can store a respective type of data. In the following
table we can ﬁnd a table with common types of variables used in C++ and examples of data stored in them:

DATA/VARIABLE TYPE

KEYWORD USED IN C++

EXPLANATION

EXAMPLE

'a'

Character

char

This type of variable is
used to store single
characters.

Integer

int

This type of variable is
used to store integers.
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Boolean

bool

This type of variable is
used to store Boolean
values.

True or False

Floating point

ﬂoat

This type of variable is
used to store real
numbers.

234.453
+/- 3.4e +/- 38 (~7 digits)

double

This type of variable is
used to store real
numbers but with a
larger number of digits
in the real part of the
number.

+/- 1.7e +/- 308
(~15 digits)

Double Floating point

These are the basic data types used in C++ and more will be introduced in later chapters.
https://www.tutorialspoint.com/cplusplus/cpp_data_types.htm
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Try the following lines of code and examine yourselves the differences between the various data types.

Observe that the data printed out by the system
is not what was originally passed to the variable.
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Operators are symbols which are used to execute numerous operations. Just like different symbols in mathematics perform different operations, using the same principle C++ utilises different kinds of operators in order to
carry out different calculations.
ARITHMETIC OPERATORS

OPERATOR SYMBOL

EXPLANATION

EXAMPLE

+

Performs addition between
two given values.

X + Y is equal to 50

-

Performs subtraction between
two given values.

X – Y is equal to 10

*

Performs multiplications
between two given values.

X * Y is equal to 600

/

Performs division between two
given values.

X /2 is equal to 15

%

Performs division between two
given values and returns their
remainder value.

X % Y is equal to

++

A given integer value is
increased by one.

X++ will provide 31

--

A given integer value is
decreased by one.

Y -- will provide 19

Try the following lines of code and examine yourselves the differences between the various arithmetic operators:
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RELATIONAL OPERATORS
For the following examples, A is equal to “dog” and B is equal to “cat”.
For the following examples, X is equal to 30 and Y is equal to 20.

OPERATOR SYMBOL
==

!=

>

<

EXPLANATION
Performs a check between two
values. If they ARE equal, then
condition becomes true and
false otherwise.
Performs a check between two
values. If they are NOT equal,
then condition becomes true
and false otherwise.
Performs a check between two
values. If the value on the left
of the symbol is greater than
the value on the right, the
condition becomes true and
false otherwise.
Performs a check between two
values. If the value on the left
of the symbol is less than the
value on the right, the
condition becomes true and
false otherwise.

EXAMPLE
A==”dog”

A !=B

X>Y

Y<X
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OPERATOR SYMBOL
>=

<=

EXPLANATION
Performs a check between two
values. If the value on the left
of the symbol is greater or
equal than the value on the
right, the condition becomes
true and false otherwise.
Performs a check between two
values. If the value on the left
of the symbol is less or equal
than the value on the right, the
condition becomes true and
false otherwise.

EXAMPLE
X >= 30

Y <= 20

Try the following lines of code and examine yourselves the differences between the various relational operators.
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Program Code

Program Output

LOGIC OPERATORS

OPERATOR SYMBOL

EXPLANATION

EXAMPLE

&&

Known as Logical AND. The
condition is true ONLY if BOTH
compared conditions are TRUE
and false otherwise.

If X > Y &&
A == “dog”
then
Z=X+Y

||

Known as Logical OR. The
condition is true if ANY of the
two compared conditions are
TRUE and false otherwise.

If X > Y &&
A || “dog”
then
Z=X-Y

!

Known as Logical NOT. It
basically ﬂips around the
outcome of a condition. If the
conditions is true is turned into
false and vice versa.

If !(A>B)
then
X = 10

Try the following lines of code and examine yourselves the differences between the various relational operators.
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In the case of && the area overlapping both circles represents the
case where both conditions are true.

In the case of || either circle represents a valid condition.

In the case of ! anything outside the circle meets the condition we
have set. So anything not in the circle is accepted.

ASSIGNMENT OPERATORS

OPERATOR SYMBOL
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EXPLANATION

EXAMPLE

=

This operator simply takes the
value to its right and assigns it
to its left operand.

X = 50

+=

This operator takes the value
to its right and assigns the
sum of that value and the
value of the left operand to the
left operand.

X +=10

-=

This operator takes the value
to its right and assigns the
difference of that value and the
value of the left operand to the
left operand.

Y -= 20

*=

This operator takes the value
to its right and assigns the
product of that value and the
value of the left operand to the
left operand.

X *=5

/=

This operator takes the value
to its right and assigns the
quotient of that value and the
value of the left operand to the
left operand.

Y /=5

%=

This operator takes the value
to its right, divides it with the
value to its left and assigns the
remainder of the division to the
left operand.

X %= Y

Try the following lines of code and examine yourselves the differences between the various assignment operators.

Program Output

Program Code
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TYPES OF NUMBERS
In programming, numbers are broken up into several categories. We have of course the typical variation between
an integer and real number but also some variations depending on the size of the number. These variations exist
due to memory management reasons. If for example, a program will only ever use integer values, there is no
need to reserve space in memory for a non-existing real part.
BASIC TYPES OF NUMBERS
Ÿ Short: A short int can contain an integer number of the range: -32768 to 32767
Ÿ Int: An Int number of the range: -2147483648 to 2147483647
Ÿ Long: A Long int holds the value of an integer number in the range of ...
Ÿ Float: A Float holds the value of numbers with a decimal part as well. Can hold the value up to 4 bytes.
Ÿ Double: A Double can hold the same type of values as a Float, but instead its ranges its doubles, so it can hold

values up to 8 bytes.
Restrictions: When performing operations using various data types, the user has to make sure that there is no
data loss. For example, when adding a ﬂoat number with an integer one, the system might convert the outcome
to an integer as well, resulting in the decimal part of the number to be lost. For this reason is it advised that
results are double-checked when performing operations and also when various data types are involved in an
operation, it is better that they have the same data type.
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Program Output

Program Code

COMMON FUNCTIONS USED FOR NUMBER MANIPULATION USING THE CMATH LIBRARY

OUTPUT PARAMETER
double

FUNCTION NAME
cos()

INPUT PARAMETER(S)
double

The cos() function takes as input an angle (in double format) and outputs the cosine.
double

sin()

double

The sin() function takes as input an angle (in double format) and outputs the sine.
double

tan()

double

The tan() function takes as input an angle (in double format) and outputs the tangent.
double

log()

double

The log() function takes a number (in double format) and outputs the natural log of that number.
double

pow()

double, double

The pow() function takes two numbers the ﬁrst being the number you wish to raise and the second being
the power you wish to raise it to (both in double format) and outputs the result.
double

hypot()

double, double

The hypot() function takes the length of two sides of a right triangle (both in double format), and outputs
the length of the hypotenuse.
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OUTPUT PARAMETER
double

FUNCTION NAME
sqrt()

INPUT PARAMETER(S)
double

The sqrt() function takes a number (in double format) and outputs the square root.
int

abs()

int

The abs() function takes a number (in integer format) and outputs the absolute value of it.
double

fabs()

double

The fabs() function outputs the absolute value of any decimal(double) number passed to it.
double

ﬂoor()

double

The ﬂoor() function outputs the integer which is less than or equal to the argument passed to it.

CODE EXAMPLE
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Program Code

Program Output

CHARACTERS AND STRINGS
The signiﬁcant difference between a string and a char is that a string is a series of characters. For example: 'a' is a
character, where “aaaaaa” is a string. Common functions used for string manipulation using the cstring library:
Observe the following code where the following actions are being performed on strings: String Copy, String Concatenation and Return of String Length. Example Code:

Copies the contents of the
variable word1 into the
variable copyString.
Combines the contents of
the variable word1 and
word1 into the variable
concatenateString.
Return the length of the string
concatenateString into the
stringLength variable.
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C++ I/O takes place in streams, which are sequences of bytes. If bytes ﬂow from a device, for example, a keyboard or disk drive, to the main memory, this is referred to as an input operation. In the case where bytes ﬂow from
the main memory to a device like a monitor, a hard disk drive, a printer, or a network connection, this is referred to
as an output operation.
COMMAND LINE INPUT/OUTPUT:
Ÿ Standard Output Stream – cout: The cout stream is the command we use in order for our program to print

some data on our monitor during the programs execution
Library inclusion: This library
allows our code to receive
inputs from the user and print
to the user any potential
system outputs.

Command which prints the
contents of the variable “word1”

The output of our program

Ÿ The cin stream is the command we use in order for our program to read some data from our computer, which

the user will type, during the programs execution.

Command which asks
the user for an input to
placed inside “word1”

Command which prints
the contents of the
variable “word1”

The output of our program
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FILE INPUT/OUTPUT:
In order to read the contents of a ﬁle or write into one, the user will have to work a bit harder than in the previous
step. First we need to import the proper library, in order to be able to use the required functions.

LIBRARY NAME

EXPLANATION

<ofstream>

This is the output ﬁle stream and its usage is to create ﬁles and also to write
information to ﬁles.

<ifstream>

This is the input ﬁle stream and its usage is to read information from ﬁles.

<fstream>

This is the general ﬁle stream, and it incorporates both ofstream and ifstream
which means it can create ﬁles, write information to ﬁles, and read
information from ﬁles.

Ÿ Opening a ﬁle: Before reading, writing or modifying in general a ﬁle, you ﬁrst need to open it.
Ÿ Closing a ﬁle: After a ﬁle is opened and all the necessary actions have been performed on it is good practice to

close the ﬁle, so that resources dedicated to maintaining it can be used in other parts of the system.
Ÿ Writing to a ﬁle: A ﬁle can be created or opened for a singular purpose such as writing in it.
Ÿ Reading from a ﬁle: A ﬁle can be created or opened for a singular purpose such as reading from it.

EXPLANATIONS FOR EXAMPLE CODE (SEE NEXT PAGE):
1.
2.
3.

Creates a character array which holds up to 100 characters.
Opens a ﬁle in which we will ONLY write in and name it studentInfo.txt
Prompts the user to type in their name and then reads up to 100 characters of what the user has typed.

4.
5.

The data received is written in the open text ﬁle created.
Prompts the user to type their favourite subject and read in data until the enter button has been pressed.

6.
7.

The data received is written in the open text ﬁle.
The ﬁle is closed.

8.
9.

The created ﬁle is opened but this time for the user to ONLY read from it.
The system acquires the ﬁrst text ﬁle line.

10. The system prints the line acquired.
11. The system acquires the second line of the ﬁle and prints it to the monitor.
12. The ﬁle is closed.
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1
2
3
4
5
6
7
8
9
10
11
12

Program Output
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There is a case where a programmer will need to execute a block of code several times. In general, programming
statements are executed in sequential order: The ﬁrst block of code in a function will be the ﬁrst to be executed,
followed by the second block, etc. Programming languages provide ways which permit for more complicated
execution paths. A loop statement allows us to execute a statement or group of statements multiple times and
the following is the general form of a loop statement in most of the programming languages

LOOP TYPES

EXPLANATION

While Loop

A While Loop us used in order to execute a
series of statements, while a condition is
still in effect. Once the set condition is no
longer true, the loop breaks. The condition
is checked before executing the statements inside the loop.

For Loop

A For Loop executes a series of statements, for a set amount of times, once the
counter exceeds the boundaries set by the
user, the loop breaks.

Do While Loop

A Do While Loop executes a series of
statements, while a condition is still in
effect. Once the set condition is no longer
true, the loop breaks. The condition is
checked after executing the statements
inside the loop.

Nested Loops

A Nested Loop is not a speciﬁc type of loop
but a loop which contains a loop inside of it.

Syntax

Warning – Inﬁnite Loops: When declaring a Loop, we must always be cautious of a very speciﬁc type of error,
Inﬁnite Loops. As the name suggests, these types of Loops run continuously and never stop. Usually, this is due to
an error in the Loops logic causing it never to reach its termination. Inﬁnite Loops can quickly drain a computer of
its resources and processing power and eventually cause a system crash. In order to avoid these cases, users
should make sure that their Loops logic allows it to terminate at some point.
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During code execution things are not always straightforward. Depending on the values that the system
generates and the required output, a program might have to take different paths. These paths cannot be
changed will the code is executed, so the programmer has to take into consideration all the possible outcomes
of a program and make sure that their code handles them correctly. For example: If we write a program where we
ask the user to input their age. However instead of writing their age using numbers they use words. The program
should be able to recognise this case and inform the user of their mistake. The following ﬁgure is the general
form of a typical decision-making structure found in most of the programming languages:

CONDITION

CONDITION
IS TRUE

CODE
EXECUTED IF CONDITION
IS MET.
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CONDITION
IS FALSE

Following are detailed explanations of the most commonly used Control Statements and examples of code:
IF STATEMENT
This statement takes a mathematical or logical expression which is in parenthesis followed by a single
statement or a block of statements. If the expression is logical true, then the statement or block of statements
gets executed otherwise (if false) these statements are skipped.

Condition which
dictates control ﬂow
Code Outside the
Conditional area is
executed no matter
the condition result

Code executed only if
the condition is met

IF … ELSE STATEMENT
An if statement can then be followed by an optional else statement. This will be executed when the expression is
false.

Condition which
dictates control ﬂow

Code executed
only if the
condition is met

Code is only
executed in case
that the condition
set is not met.
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IF… ELSE IF … ELSE STATEMENT
There are situations where the if statement can be followed by an optional else if...else statement, which can be
used to test various conditions using a single if...else if statement.

Condition which
dictates control ﬂow

Code executed only if
the condition is met
Condition which
dictates control ﬂow
only if the previous
condition was not met
Code executed only if
all other conditions
are not met

SWITCH CASE STATEMENT
The switch/case is used tocontrol the ﬂow of programs similar to the if statements. By allowing the programmer
to specify different codes which can be executed in various conditions.

The appropriate line of code is
executed depending on the
value of the case value set. In
this case depending on the
value of the variable grade, the
output receives the
corresponding phrase and
prints it out.
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ARRAYS
Arrays are a type of digital structure used to store a speciﬁc type of data. What makes an array different from
other digital constructs is that it can store values in consecutive memory locations. By creating an array, the programmer can store data of the same type and use in a single construct to be easily accessed and processed at a
later stage. Note: Array locations start from the 0th one. So a 10 slots array will have address values ranging from
0 to 9. Following is a representation of an array. As you can see it contains 10 consecutive slots but the 10th slot
is referenced as the 9th one.
0th

1st

2nd

3rd

4th

5th

6th

7th

8th

9th

Example: An array is a suitable object to store the marks of a class after taking a test. The following program ﬁlls
up an array of integers.

Array Declaration
Array
Initialization
Access array and
print contents
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Output:

Ÿ Declaration: When declaring an array we need to specify the type of data it will store, as well as its length. By

length we mean the amount of consecutive memory locations the computer needs to reserve for data to be
stored.
Ÿ Initialisation: An array is initialised as any other variable, with the only difference being that the programmer

has to make use of a loop in order to initialise all of the array's location fast and efﬁciently. In the above
example, since we know the arrays length, we declare a For-Loop and have the system go through each array
location in order to set the required values.
Ÿ Data Access: An element of the array can be accessed by indexing the array name. This can be done by

inserting the index of the element within square brackets after the name of the array. Note: It should be noted
that the setw function is used in order to print the program output into two columns.
For example: number = numberArray[5];
The above statement will take the 6th element from the array and assign the value to the number variable.
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INTRODUCTION TO FUNCTIONS
A function is a combination of statements which “work” together in order to perform a speciﬁc task. In C++, when
writing a piece of code there should always be at least one function called main. This is the function which controls the ﬂow of the rest of the program. A good methodology to follow is to break up your program into smaller
functions, each one responsible for a speciﬁc task. It is highly advisable to avoid having a function performing a
number of different tasks.
FUNCTION DEFINITION
A function has a certain structure. More precisely it has a return Type, Function name, Parameters and a Body.

FUNCTION NAME

PARAMETERS

RETURN TYPE

FUNCTION
BODY

Ÿ Return Type − A function in most cases may return a value. The return type is the data type of the value which

the function returns. There are some cases where functions perform the desired operations and do not return
a value. In the case above, the return type is int (an integer number).
Ÿ Function Name − This is the name of the function which is used to call the function to execute ist code.
Ÿ Parameters − A parameter can be seen as a placeholder. When a function is called, a value is passed to the
parameter. This value is mentioned to as the actual parameter. The parameter list refers to the type, order, and
number of the parameters of a function. Parameters are optional; there are cases that a function may contain
no parameters.
Ÿ Function Body − The function body holds a group of statements which contain the actual code the function
executes.
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CALLING A FUNCTION
After a function has been created, it will only execute its statements after being called from somewhere else in
the program. Following our previous example, in order for the calculatePower function to perform its calculations it has been called from the programs main function:

Function Call and
Parameter Passing

As we can see in the code above, we are calling the function while at the same time providing some values to be
calculated. Since the function requires two integer numbers to function normally we have provided two ﬁves.
Then, since the function returns an integer number, we have speciﬁed that the value returned by the
“calculatePower” function should be assigned to the integer variable “total”.
A COMPLETE PROGRAM STRUCTURE
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INTRODUCTION TO PROGRAMMING
http://yearofcodes.tumblr.com/what-is-programming
WHY CELEBRITIES WANT YOU TO START PROGRAMMING
https://www.youtube.com/watch?v=nKIu9yen5nc
FLOWCHARTS
https://www.smartdraw.com/ﬂowchart/
SETTING UP THE ENVIRONMENT FOR C++
https://osdn.net/projects/mingw/releases/p15691
https://stackoverﬂow.com/questions/5733220/how-do-i-add-the-mingw-bin-directory-to-my-system-path
THE BASIC DATA TYPES USED IN C++
https://www.tutorialspoint.com/cplusplus/cpp_data_types.htm
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Notes
_
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Part Three
Teaching Material:
Arduino Robotics
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With the advancement of technology today we are able to surpass human limits and capabilities. More
speciﬁcally, using robots, we build cars and aeroplanes on a large scale of production. Tasks requiring extreme
accuracy and skill are easily performed by machines. People tend to have a speciﬁc picture in mind when it
comes to robots. Take for example the picture on the left. However, a lot of today's robots look more like this.
There are myriad types of robots, each with their own speciﬁc set of tasks to perform. People coming into
modern society should know about robots and their role in society's advancement due to their tremendous
impact. The more they know and understand, the more capable they will be to someday even automate their own
lives and others around them. Have a look at the following links for a more in-depth view of modern robotics:
Ÿ https://www.techwalla.com/articles/the-importance-of-robots
Ÿ Importance of robotics: https://www.youtube.com/watch?v=uoC2ZGRI8a8
Ÿ Importance of robotics in education: https://www.youtube.com/watch?v=xJADUtzRuks

Arduino is an open-source platform. By that, we do not mean that you can get it for free, but that the developers
of the board have released the designs and blueprints of the board and its software to the public so that anyone
can replicate it, as long as they credit the company of course. Arduino is a programmable circuit board. Users
can program the board through the use of the also open-source Arduino IDE (Integrated Development
Environment). But how does the Arduino Board relate with robotics? Well, every robot requires a “brain”, and the
Arduino UNO board in an excellent, cheap and user-friendly ﬁrst brain for people to start programming and
understanding robotics.
Ÿ https://www.arduino.cc/en/Main/Education
Ÿ https://www.arduino.cc/en/Main/FAQ
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Follow the instructions in order to build the Robot Car or you can watch the videos from the following links
(Reference: Ofﬁcial Elegoo assembly instructions manual):
Ÿ https://www.youtube.com/watch?v=C0RBPQV0dto
Ÿ https://www.youtube.com/watch?v=8FxT8TC-EVU

STEP 1

STEP 2
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STEP 3

STEP 4
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STEP 5

STEP 6
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STEP 7

STEP 8
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STEP 9

STEP 10
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STEP 11

STEP 12

76

STEP 13

STEP 14
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STEP 15

STEP 16
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STEP 17

STEP 18
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STEP 19
Last Step is the connection of the robot to our computer device. We use the specialised cable provided by our kit
in order to connect the robot to our computer.
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Let us take a look at the main components which make up the Arduino chip. These components are integral for
the robot to function as they provide the platform on which the robot can receive our program, understand it and
properly execute it

17

15

16

14
1

13
12

2
3

11

4

7

5
6

9
8

10
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NUMBER

COMPONENT NAME

DESCRIPTION

1

Power - USB

Through this port, the board can be supplied with power. The
user simply plugs in a USB cable into the board and their
computer device. It is through this port that the code is
transferred from the computer to the robot.

2

Crystal Oscillator

This component is a crystal oscillator. It is responsible for
keeping track of time for the board.

3

Voltage Regulator

As the name implies, this component is responsible for keeping
the voltage in check and making sure that the board receives a
steady stream of Direct Current (DC) voltage with no ﬂuctuations. Power ﬂuctuations can cause an electronic system to
misbehave and even get damaged.

4

Power - Barrel Jack

Another way to power up the board is through this barrel jack. It
supplies the board with Alternating Current (AC) voltage.

5 / 17

Arduino Reset

Sometimes the uploaded program might not function correctly,
and a reset is needed. You can accomplish this with two different methods. Either use the reset button (17), or connect an
external reset button using pin 5.

6

Pin 3.3V

It provides the connected pin with 3.3 volts. Arduino components work with either 3.3 or 5 volts of power.

7

Pin 5V

8

Pin GVD

Ground or GVD pins are integral to the proper function of
electronic devices as they prevent the device from being
damaged in the event of a power leakage.

9

Pin Vin

Another way for the board to be powered up, through an external
source.

10

Analog Pins

These pins are responsible for receiving analogue input, such as
from sensors and converting it to digital values so that the board
may process it.

11

Main Microcontroller

This is the component responsible for understanding and
carrying out the various commands that programmer has
uploaded to board; it is essentially the brain of the board. In our
case, we are using an Arduino UNO microprocessor.

It provides the connected pin with 5 volts.

12

ICSP Pin

The ICSP Pins work as an extension tool for the board. On those
pins users can plug in external components, if they are Arduino
compatible, and effectively expand the board's functionality.

13

Power LED Indicator

Just as the name implies, it indicates whether the board is
correctly powered. If the LED is not turned on even if the board is
connected to a power source, then there must be a faulty
connection.

14

TX and RX LEDs

These LEDs are activated when serial data is Transmitted (TX)
and Received (RX). The Digital Pins 0 and 1 are responsible for
serial communication and these two LEDs are responsible for
ﬂashing when the communication takes place.

15

Digital I/O

The Arduino UNO board contains 14 digital Input/output pins. 6
of those provide PWM (Pulse Width Modulation) output, which
we will examine later. These pins can either be used for input or
output of digital data.

16

AREF

Analog Reference (AREF), is used in order to set a voltage limit
for the analogue pins.

https://www.tutorialspoint.com/arduino/arduino_board_description.htm
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Before using our robot, we ﬁrst need an environment in which to program its Arduino Board. Following are the
steps required to set up your personal computer's settings in order to “host” the Arduino IDE.
STEP 1
Navigate to the following website: https://www.arduino.cc/en/Main/Software. You should see the following
screen segment:

STEP 2
In this tutorial, we will be using as an example the Windows version of the installation, however all version work in
similar ways. After clicking on the download version that suits you, the following page will be displayed. Arduino
offers its software and services for free and will kindly ask you for a contribution, which you can choose to ignore
by just clicking on the circled area.
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STEP 3
A pop-up window should appear prompting you to select the location you wish for the ﬁles to be downloaded,
choose a location that makes sense to your ﬁle organisation and is easily accessible. The download shouldn't
take more than a couple of minutes to ﬁnish.
STEP 4
After the executable ﬁle is downloaded open it and follow the instructions to complete the Arduino IDE
installation. For more information on each step you can consult the following website:
https://www.arduino.cc/en/Guide/Windows

FILE USED FOR INSTALLATION

FILE USED FOR OPENING THE IDE
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In this chapter we are going to explore how we can create a program using the Arduino IDE.
CREATING A PROGRAM
First of all let us open the actual IDE, when opening the executable ﬁle, this window should pop up:
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This is the window in which we will write any future code. Before creating a program, we have to specify the board
for which our program is being written for. There is a plethora of different Arduino boards, each with their own
features and capabilities. For our case we are using the Arduino UNO.

With the selection of the correct board now we need to select the appropriate port. The port is the physical
passageway that our computer will pass the information from in order to reach the board and upload the code. If
the wrong port is selected, then the code will just be dumped to an invalid location. The easiest way to learn which
port the board is using is to navigate to the Port location shown below, observe the available Ports, then proceed
to unplug the board and observe which port has disappeared, that one is the port that we need. In the following
example, we are using Port COM1.
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UPLOADING A PROGRAM TO THE BOARD
After creating our program, we then need to ﬁnally upload it to the board in order to be executed. Following is the
toolbar of the IDE containing a certain series of symbols, which are essential to know of and their functionality.

2

4

1

6

3
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5

1.
2.
3.
4.
5.
6.

VERIFY BUTTON: By pressing this button, the system checks whether there are any bugs in the code.
UPLOAD BUTTON: By pressing this button the system uploads the code to the board.
NEW SKETCH BUTTON: By pressing this button a new ﬁle/sketch is opened.
OPEN SKETCH BUTTON: Opens an existing sketch ﬁle.
SAVE SKETCH BUTTON: Saves your currently working ﬁle.
SERIAL MONITOR BUTTON: By pressing this button the user can observe serial data as well as send serial
data to the board. Serial data is the continuous stream of values that are passed from the computer's port to
the Arduino board. Example: This program just repeatedly prints “Hello World!” to the Serial Monitor.

THE SERIAL MONITOR

Reference: https://www.tutorialspoint.com/arduino/arduino_installation.htm
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Arduino programs can be separated into three principal parts: Structure, Values (constants and variables), and
Functions. In this chapter, we shall study the Arduino software program, step by step, and how we can write a
program with no syntax or compilation errors. Let us start with the Structure. Software structure consists of two
main functions:

Ÿ SETUP FUNCTION: When a program is ﬁrst executed, it calls the setup() function. This function is responsible

for the initialisation of variables, pins and in general all the resources that the program will need during its
execution.
Ÿ LOOP FUNCTION: The loop() function is executed just after the setup() function. Its job is simple; it just

repeatedly executes the same block of code that is contained within it.
https://www.tutorialspoint.com/arduino/arduino_program_structure.htm
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The data types used in the Arduino IDE are none other than the ones used in C++ plus some additional data types
which are necessary when programming chipboards. The variable's type will deﬁne how much space it will
occupy in the storage and how the bit pattern stored is interpreted. Following are the most prominent data types
used during Arduino programming.
VOID DATA TYPE
EXPLANATION

Example

Used ONLY in function declarations. It speciﬁes that
the function will NOT return any data to the function
that it was called from.

Void Loop() {//Code section}

BOOLEAN DATA TYPE
EXPLANATION

Example

Boolean data types can only contain one of two
values: True or False.

boolean state = false;
OR
boolean state = true

BYTE DATA TYPE
EXPLANATION

Example

Numbers can be represented in bits; a byte data
type can hold an 8-bit unsigned number. Namely a
number ranging from 0 to 255.

byte m = 25 ;
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CHAR AND UNSIGNED CHAR DATA TYPE
DATA TYPE

EXPLANATION

Example

Char

This type of variable is used to store single
characters.

char characterA = 'a'

Unsigned Char

Characters hold an integer value in the
internal system storage, as such having an
Unsigned Char data type means that we
can store characters with larger numerical
values. Namely numbers from 0 to 255.

Unsigned Char characterB = 121 ;

INT AND UNSIGNED INT DATA TYPES AND LONG, UNSIGNED LONG AND SHORT DATA TYPES
DATA TYPE
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EXPLANATION

Example

Int

This type of variable is used to store
integers.

int counter = 3;

Unsigned Int

Just like any other Unsigned data type, an
Unsigned int can hold much larger integer
values. However, these values can only be
positive.

Unsigned int counter =
60390430943;

Long

Long data types are simply variables or
constants which can hold much larger
number values. Up to 4 bytes, both positive
and negative integers.

Long longNumber = 102445;

Unsigned Long

Just like before, Unsigned Long can hold 4
bytes long positive only integer numbers.

Unsigned Long reallyLongNumber
= 101050;

Short

A short data type holds integer values
ranging from -32,768 to 32,767.

short value = -27;

FLOAT AND DOUBLE DATA TYPES
DATA TYPE
ﬂoat

double

EXPLANATION
Float Data types hold numbers that contain
a decimal part. This data type is used when
the programmer wishes to address a
problem with accuracy. They can range
from -3.4028235E+38 to 3.4028235E+38.

Example

ﬂoat num = 1.352;

NOTE: On the UNO boards, Double data
types are exactly the same as the ﬂoat ones
and do not offer more numerical range.

WORD DATA TYPE
EXPLANATION

Example

A word data type is another type which holds 2-byte
unsigned numbers.

word w = 20000 ;
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The scope of a variable or constant is essentially the area of inﬂuence of that data type. Based on the scope of
the variable/constant different functions and processes may or may not be allowed to utilise them. Variables
can be declared in three distinct code locations:

Ÿ

Variables declared inside a function are known as local variables.
Formal parameters are the parameters required for a function to be executed correctly.

Ÿ

Variables declared outside functions are known as global variables.

Ÿ

LOCAL VARIABLES
This type of variables may only be called from inside the function in which they were declared. Any other function
cannot call them. They are only known to their “local” code. Following is an example using local variables:
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GLOBAL VARIABLES
This type of variables is accessible by any function at any part of the program. Any function can access and
manipulate a global variable; this may be both convenient but also dangerous at times, as a small miscalculation
from the programmer's point of view can corrupt the code's logic. The following example uses both global and
local variables:

Global
Variables

Local
Variables
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Operators are symbols which are used to perform various operations. Just like different symbols in
mathematics perform different operations, using the same principle C++ utilises different kinds of operators in
order to carry out different calculations.
ARITHMETIC OPERATORS
For the following examples, X is equal to 30 and Y is equal to 20.

OPERATOR SYMBOL

EXPLANATION

EXAMPLE

+

Performs addition between
two given values.

X + Y is equal to 50

-

Performs subtraction between
two given values.

X – Y is equal to 10

*

Performs multiplications
between two given values.

X * Y is equal to 600

/

Performs division between two
given values.

X /2 is equal to 15

%

Performs division between two
given values and returns their
remainder value.

X % Y is equal to

++

A given integer value is
increased by one.

X++ will provide 31

--

A given integer value is
decreased by one.

Y -- will provide 19

Try the following lines of code and examine yourselves the differences between the various arithmetic operators:
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RELATIONAL OPERATORS
For the following examples, A is equal to “dog” and B is equal to “cat”.
For the following examples, X is equal to 30 and Y is equal to 20.

OPERATOR SYMBOL
==

!=

>

<

EXPLANATION
Performs a check between two
values. If they ARE equal, then
condition becomes true and
false otherwise.
Performs a check between two
values. If they are NOT equal,
then condition becomes true
and false otherwise.
Performs a check between two
values. If the value on the left
of the symbol is greater than
the value on the right, the
condition becomes true and
false otherwise.
Performs a check between two
values. If the value on the left
of the symbol is less than the
value on the right, the
condition becomes true and
false otherwise.

EXAMPLE
A==”dog”

A !=B

X>Y

Y<X
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OPERATOR SYMBOL
>=

<=

EXPLANATION
Performs a check between two
values. If the value on the left
of the symbol is greater or
equal than the value on the
right, the condition becomes
true and false otherwise.
Performs a check between two
values. If the value on the left
of the symbol is less or equal
than the value on the right, the
condition becomes true and
false otherwise.

EXAMPLE
X >= 30

Y <= 20

Try the following lines of code and examine yourselves the differences between the various relational operators.
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LOGIC OPERATORS

OPERATOR SYMBOL

EXPLANATION

EXAMPLE

&&

Known as Logical AND. The
condition is true ONLY if BOTH
compared conditions are TRUE
and false otherwise.

If X > Y &&
A == “dog”
then
Z=X+Y

||

Known as Logical OR. The
condition is true if ANY of the
two compared conditions are
TRUE and false otherwise.

If X > Y &&
A || “dog”
then
Z=X-Y

!

Known as Logical NOT. It
basically ﬂips around the
outcome of a condition. If the
conditions is true is turned into
false and vice versa.

If !(A>B)
then
X = 10

Try the following lines of code and examine yourselves the differences between the various relational operators.
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In the case of && the area overlapping both circles represents the
case where both conditions are true.

In the case of || either circle represents a valid condition.

In the case of ! anything outside the circle meets the condition we
have set. So anything not in the circle is accepted.

ASSIGNMENT OPERATORS

OPERATOR SYMBOL
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EXPLANATION

EXAMPLE

=

This operator simply takes the
value to its right and assigns it
to its left operand.

X = 50

+=

This operator takes the value
to its right and assigns the
sum of that value and the
value of the left operand to the
left operand.

X +=10

-=

This operator takes the value
to its right and assigns the
difference of that value and the
value of the left operand to the
left operand.

Y -= 20

*=

This operator takes the value
to its right and assigns the
product of that value and the
value of the left operand to the
left operand.

X *=5

/=

This operator takes the value
to its right and assigns the
quotient of that value and the
value of the left operand to the
left operand.

Y /=5

%=

This operator takes the value
to its right, divides it with the
value to its left and assigns the
remainder of the division to the
left operand.

X %= Y

Try the following lines of code and examine yourselves the differences between the various assignment operators.

Program Output

Program Code
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During code execution things are not always straightforward. Depending on the values that the system
generates and the required output, a program might have to take different paths. These paths cannot be
changed will the code is executed, so the programmer has to take into consideration all the possible outcomes
of a program and make sure that their code handles them correctly. For example: If we write a program where we
ask the user to input their age. However instead of writing their age using numbers they use words. The program
should be able to recognise this case and inform the user of their mistake. The following ﬁgure is the general
form of a typical decision-making structure found in most of the programming languages:

CONDITION

CONDITION
IS TRUE

CODE
EXECUTED IF CONDITION
IS MET.
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CONDITION
IS FALSE

Following are detailed explanations of the most commonly used Control Statements and examples of code:
IF STATEMENT
It checks a statement enclosed in parenthesis, and in the case that the statement condition holds true, the
system proceeds to execute a speciﬁed piece of code, otherwise it is skipped altogether.

Condition which
dictates control ﬂow

Code executed only
if the condition
is met

Code Outside the
Conditional area is
executed no matter
the condition result

Program
output
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IF … ELSE STATEMENT
In addition to the If statement seen above, an Else statement may be added in case that the primary statement is
false then this second block of code will be executed.

Code executed
only if the
condition is met.
Code is only
executed in
case that the
condition set is
not met.

Program
output
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Condition which
dictates control
ﬂow.

IF… ELSE IF … ELSE STATEMENT
This is just an extension of the statements seen above. We can change a series of if statements so that we can
check an assortment of cases and execute the appropriate pieces of code.

Condition
which dictates
control ﬂow.

Code executed
only if the
condition is met.
Condition which
dictates control
ﬂow only if the
previous
condition was
not met.
Code executed
only if all other
conditions are
not met.
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SWITCH CASE STATEMENT
Switch Case Statements are similar to the If Else If Statements, with the only difference that the programmer
can specify a series of values that a variable may contain and the appropriate code to be executed if a case is
met.

The appropriate line
of code is executed
depending on the
value of the case
value set. In this
case depending on
the value of the
variable grade, the
appropriate message
is printed out.

Program
output
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There might be a case when a piece of code needs to be executed several times. Generally speaking, statements
are executed sequentially: The ﬁrst statement in a function is executed ﬁrst, then the second, and so forth.
Programming languages give us the ability with various control structures to allow for more complicated
execution paths. A loop statement allows us to execute a statement or group of statements multiple times and
following is the general form of a loop statement in most of the programming languages

LOOP TYPES

EXPLANATION

While Loop

A While Loop executes
a series of statements,
while a condition is still
in effect. Once the set
condition is no longer
true, the loop breaks.
The condition is checked before executing
the statements inside
the loop.

For Loop

A For Loop executes a
series of statements,
for a set amount of
times, once the counter exceeds the boundaries set by the user,
the loop breaks.

SYNTAX
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LOOP TYPES

EXPLANATION

Do While Loop

A Do While Loop executes a series of statements, while a condition is still in effect.
Once the set condition
is no longer true, the
loop breaks. The condition is checked after
executing the statements inside the loop.

Nested Loops

A Nested Loop is not a
speciﬁc type of loop
but a loop which contains a loop inside of it.

SYNTAX

WARNING – INFINITE LOOPS:
When declaring a Loop, we must always be cautious of a very speciﬁc type of error, Inﬁnite Loops. As the name
suggests, these types of Loops run continuously and never stop. Usually this is due to an error in the Loops logic
causing it never to reach its termination. Inﬁnite Loops can quickly drain a computer of its resources and
processing power and eventually cause a system crash. To avoid these cases, users should make sure that their
Loops logic allows it to terminate at some point.

This While Loop will never
terminate as the value of
booleanVariable will never
change to false.
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When writing a program, you might end up with a variable size of code depending on the complexity of the
problem you are trying to solve. Larger programs can be easily broken down into smaller modules. These
modules we call Functions.
They allow us to structure and tidy up our code, making it more readable and user-friendly. Also, by having
functions we can easily test our codes effectiveness and in case of an error, be able to pinpoint the area which
misbehaves. Another great advantage of using functions is the fact that we may call a function at any point in the
execution of a program. So, for example, if we want to carry out a speciﬁc mathematical operation (e.g.:
calculation of a circles circumference) several times in your code, you can just call the function responsible for
doing so. This way there is no need of duplicate lines of code.
As we have seen, there are two required functions in an Arduino sketch or a program i.e. setup () and loop(). Any
other functions that the programmer wishes to use, they must create on their own. Following you can ﬁnd the
structure of a function deﬁnition:
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For a function to be correctly declared there are a set of speciﬁc components needed:
Ÿ FUNCTION RETURN TYPE: The data type of the value which the function returns at the end of its execution.
Ÿ FUNCTION NAME: What the function is called, so that it may be called later from any part of the program.

Careful, each function should have a meaningful and unique name.
Ÿ FUNCTION ARGUMENTS: The parameters required by the function in order to be executed correctly by the

system.
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In programming when we are talking about arrays, we are talking about a series of consecutive locations in the
computer's memory. If we were to visualise the computer as a large storage room with columns of shelves, an
array would be one such column. For example: This is an array called numberArray and contains a series of
integer numbers. Make a note of the notation used: By typing the name of the array and then adding an integer
inside square brackets, e.g.: numberArray[4], we are referencing the value at the speciﬁed array location.
REMEMBER THAT ARRAYS BEGIN THEIR NUMBERING FROM 0 SO IF AN ARRAY CONTAINS 10 ELEMENTS, THE
LAST ELEMENT WOULD BE THE NUMBERARRAY[9] AND NOT THE NUMBERARRAY[10].

Array type,
name and size
declaration

Print the contents
of the array, again
by using a for loop
to go through all of
its location

numberArray[0]

10

numberArray[1]

15

numberArray[2]

20

numberArray[3]

25

numberArray[4]

20

numberArray[5]

35

numberArray[6]

40

numberArray[7]

45

Array population
using a for loop to
go through all of its
locations
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Program
output

https://www.tutorialspoint.com/arduino/arduino_arrays.htm
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In the Arduino IDE Environment, we are going to be using two data types which can seem quite similar at ﬁrst.
However, they have some very fundamental differences, and we are going to spend the following section
explaining just them. We are referring to the String and String Object data types.
STRING DATA TYPE
The string data type is used to store characters (text). We can make use of these variables to display data on our
IDE Serial Monitor window or on an LCD screen if our Arduino board comes equipped with one (or is connected to
one). During our C++ tutorial, we have seen that a String is basically an array of characters. Characters or Chars,
as they are called in C++, are variables which hold single characters as their value. So, in order to pass a series of
characters, a phrase let's say, to a variable one way is the creation of a character array. It is essential to understand that when talking about a String and an array of characters, we are basically talking about the same thing.

Array type,
name and size
declaration
Print all of the
arrays contents

Passing values to
each memory
location of the array
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Program
output

https://www.tutorialspoint.com/arduino/arduino_strings.htm

STRING OBJECT DATA TYPE
So, what is the difference between a String and a String Object? A String Object takes care of the array declaration for the user. So basically, the user can just declare a variable as a string and assign to it an alphanumeric
value without having to declare an array or its size.

Both lines have the
exact same effect.
Why choose one
over the other?
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Since, the String Object is more easily manipulated why even ever use a String? The answer is that since the user
does not have to specify the exact amount of memory required for the String Object, this means that the system
might lease a large amount of memory and as a result drain the boards RAM. This would have as an effect
reduced performance, and potential system crashes. It is advised to use Strings when the exact amount of
memory required is known.
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One of the most basic functionalities offered by Arduino is the time functions. Like any other kind of processor,
Arduino as well keeps track of its clock cycles, this way it can keep track of time. Programming a robot integrates
a series of disciplines due to the factors that need to be considered for a robot to perform physical actions. Speciﬁc actions require time to be executed or time to “rest” before continuing execution. For this reason, we make
use of the time functions.
DELAY() FUNCTION
Another important functionality is the ability to delay the system normal execution cycle. This may not be immediately apparent when programming a robot, but there is a fundamental difference when programming a system
that just operates digitally than when programming a piece of code which will have a physical outcome to the
real world. When programming a robot, we need to take into consideration that speciﬁc actions take real time to
be performed. Motors must move and actions to be executed. This all takes time, and the programmer must
make sure that the robot is provided the necessary time in order to perform set actions. The delay() function simply receives an integer value and pauses the processes of the board for that many milliseconds. A second is
equal to a thousand milliseconds.
DELAYMICROSECONDS () FUNCTION
Just as above this function behaves exactly the same with the only difference that it pauses the board processes
for the speciﬁed amount of microseconds. One millisecond is equal to one thousand microseconds in a millisecond.
MILLIS() FUNCTION
This function returns the number of milliseconds that the board has been running its current program.
MICROS() FUNCTION
Just as above, it returns the number of microseconds that the board has been running its current program. This
number will reset back to zero after approximately 70 minutes.
https://www.tutorialspoint.com/arduino/arduino_time.htm

116

Analogue to Digital Conversion is a very important function performed automatically by the Arduino board on
our robot car. As the name implies, an analogue signal is converted into a digital one. But why is this important
and how does it affect us? Analog signal is the signal that our robot receives from various sensors. What keeps
the signal apart from a digital one is the fact that while on a digital signal we have two values, e.g., 0 volts and 5
volts, in an analogue signal we have a much larger range of values. Due to this basic difference, computers have
trouble “understanding” an analogue signal; in order to remedy this we convert an analogue signal to a digital
one. That way the microcontroller can decipher the various readings and make use of the data accordingly. Our
Arduino UNO board contains an Analog to Digital Converter (ADC) and it is able to “detect 1024 discrete analogue
levels”. Hence it contains a 10-bit ADC. For the conversion the following formula is used:

Resolution of the ADC
System Voltage

ADC Reading
=
Analog Voltage Measured

ANALOG SIGNAL REPRESENTATION

DIGITAL SIGNAL REPRESENTATION

117

The four motors we have installed on our car will act as the power generators for each of our wheels. Each of the
motors is connected to the L298N motor driver board, which is then connected to the Arduino UNO board.

When we were building up our car we connected all the components needed to properly control the motors to
speciﬁc pins. By connecting to speciﬁc pins it means that we can choose to activate or deactivate speciﬁc
components of the robot, giving us full access and control to the speed and wheels.
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COMPONENT NAME ON L298N

Pins Number on Arduino UNO

In1

6

In2

7

In3

8

In4

9

ENA

5

ENB

10

For the left wheels pins 8 and 9 are used, while for the right ones pins 6 and 7. ENA and ENB control the speed of
the motors. Now in order to make the car move we need to ﬁrst have a look at the following table:

ENA

IN1

IN2

0

X

X

STOP

1

0

0

BRAKING

1

0

1

FORWARD

1

1

0

BACKWARD

ENB

In3

In4

MOTOR STATUS

0

X

X

STOP

1

0

0

BRAKING

1

0

1

FORWARD

1

1

0

BACKWARD

MOTOR STATUS

Reference: Ofﬁcial Elegoo instructions manual
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Declare the pin numbers as variables so
that our code is understandable and readable. IN1 and IN2 are
responsible for the
right wheels while IN3
and IN4 for the left
wheels.

Make sure that you choose the correct pins.
Referencing the wrong pin will cause the
robot to remain inactive, since each wire is
connected and powers speciﬁc pins.
Declare the physical pins and there location
on the board. pinMode() command locates
the pin referenced through the number
associated with the pin. The pin number can
be found on the board, next to each pin. The
ENA and ENB pins are set to high in order to
provide power to the motors, while the rest
of the pins are set as output, meaning that
they will perform some kind of action.

Makes the car
move forward.

The delay() function
pauses all robot activities for 5 seconds
(500 milliseconds)
and then continues
operations normally.
Makes the car
move backwards.

Try all the different pin combinations to see how the robot will react.
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EXERCISE
Create an environment where your robot can move around. Take a large piece of paper and try to move to a speciﬁc location.

START

FINISH
Find an example code of how the robot can be programmed to move on its own in the directory of the tutorial
ﬁles.
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The Bluetooth module, also known as the Hc-06 module, is the component used in order to remotely control the
robot. It has a form very similar to a USB Flash Drive and is placed in the appropriate board location as shown by
the assembly instructions.

Through the module and a speciﬁc app on the user's smartphone, the robot car can be controlled using your
mobile device.
Reference: Ofﬁcial Elegoo instructions manual

122

INSTALLING THE BLUETOOTH APP
Before getting there however we need to install the APP on our phone. The apk, the ﬁle needed to install the app
on our phone, is located in the accompanied cd of the Elegoo Car package. Connect your phone to your computer
and simply drag and drop the ﬁle com.shenyaocn.android.BlueSPP.apk into a suitable location on your device.
Then simply click on it and follow the instructions on your screen in order to install it.

The app will appear as a blue icon name BlueSSP on your device. When you open the app, it will prompt you to
open your devices Bluetooth functionality.
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Then the app will proceed to search for any available Bluetooth devices in order to pair up with them.

Click on the HC-06 and in the password prompt either enter 0000 or 1234.

The main app interface will open and by sliding left you can proceed to the key pattern screen.
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You can then deﬁne each button, such as shown below. What you deﬁne is basically the character or string
characters sent over Bluetooth to the robot car's Bluetooth module. As we are going to observe later on, the type
of character sent can activate different subroutines for the car.

GETTING USED TO THE BLUETOOTH APP
Before getting to the rough part let us start with something relatively simple, in order to familiarise ourselves
with the Bluetooth functionality. The following code is simply turning a LED on and off.

1

2

3
4

5

6
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1. By this ﬁrst line of code we deﬁne the physical pin location on which the LED is connected.
2. The second line of code sets up the initial characteristics or state of the speciﬁed integer variable. More
precisely this sets the LED as being initially turned off when the program begins execution. The volatile keyword is there due to the fact that the LED's state can be affected by some other exogenic factors such as
another program running at the same time. For more on volatile variables read the information on the following link.: https://www.arduino.cc/reference/en/language/variables/variable-scope--qualiﬁers/volatile/
3. The third line of code then is responsible for declaring the variable which will receive the Bluetooth character.
So, any potential input from our mobile device will be assigned to this variable.
4. Serial.begin(9600) is responsible for enabling communication between the Bluetooth module, Arduino UNO
board and mobile device. 9600 is a speciﬁc port which enables such communication. For more information
read the following website: https://www.arduino.cc/en/Serial/Begin
5. This is the function responsible for turning the LED on and off. What it does is simply just alternating between
the LED states, if it's on it turns it off and vice versa.
6. This line of code is responsible for reading the data arriving from the speciﬁed serial port (9600) and according to the data the appropriate function will be triggered. In this case, if the character received is 'A' then the
LED state will be reversed.
Important: The Bluetooth module should be pullout out when you upload the program, or the code will not be
uploaded. Try the code above and then experiment with the code, see if you can control multiple LEDs.
CONTROLLING THE ROBOT CAR THROUGH BLUETOOTH
Now to the main challenge which is controlling the robot car! Just like when setting up the app environment in
order to control the LED, now the only difference is that we should input commands for more functions such as
ordering the robot to go forward, backward left, right and to stop.
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For example, in case that we want the robot to go forward we can set the app to send the character 'f' and then
have a simple check to see whether the character received matches our desired character.

You should already be familiar with how to make the robot car move in the various directions, however let us have
a look on another issue, the speed of the robot car. We need to regulate the speed since we do not always need it
to go at full speed. For example, it is better to have lower velocity when turning just so that we can maintain better balance and handling.
As we have seen before the speed of the motors is controlled by the ENA and ENB pins. The speed values can
range anywhere from 0 to 255. Using a technique called Pulse Width Modulation we are going to regulate our
robot's velocity. The main principle behind these techniques is that we take advantage of the initial speed that
motor provides to our wheel and even if we stop providing power to that motor the motor keeps turning and a
slower of course rate due to the initial speed. So the idea is that we reduce the amount of power given to the
motor when turning so that we have a reduction of speed. Find more amount PMW at the following link:
https://en.wikipedia.org/wiki/Pulse-width_modulation

As we can see in the move forward function the ENA and ENB velocity values are set to HIGH, which is equal to
255 while in the move left function we switch to an analogue command in order to specify the exact values that
the ENA and ENB pins should receive. Find an example code in the directory of the tutorial ﬁles.
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REVISITING THE LED EXAMPLE
Let us see how the code changes on a familiar example. As in the previous chapter, we are going to control the
LED state, but this time using our IR Remote. Following is a code snippet in which the differences will be stated.

1
3

2
4

5

6

7
9

8
10

11

12
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1.
2.
3.
4.
5.

Inclusion of the library required to use the Infrared functionalities.
The pin responsible for receiving the IR signal.
The pin connected to the LED.
The initial state of the LED. LOW means the LED is turned off.
The IR signal for turning the LED on or off can be deﬁned as an integer value. Having the signal in this format
makes it easier for us to actually determine whether this is the signal we are looking for. By using the deﬁne
keyword, are basically saying that whenever a reference to the letter 'L' is made, we really mean the signal

number. This is made just so that we do not need to write the whole number each time.
6. Initialisation if the variable, responsible for receiving the IR signal.
7. Declaration of the structure responsible for “translating” the received IR signal into a viable command the
robot can execute.
8. We specify that the selected pin will act as an output.
9. Again, we open the communication channel by which data will go through.
10. The IR receiver starts receiving data.
11. The function responsible for turning the LED on and off.
12. The loop constantly checks whether a signal was received and whether the signal received is the signal
responsible for turning the LED on or off. If it is then the function responsible for the LED is called.
Upload this program and press the button with number 1 on the remote in order to turn the LED on and off.
CONTROLLING THE ROBOT CAR THROUGH IR SIGNALS
Like before we can control the robot using the IR remote. The only difference is that now, instead of checking for
a speciﬁc character received through the Bluetooth app we are going to be looking for the appropriate signals.
Remember the code for controlling the robot car using the Bluetooth app. In order for the program to determine
that function needed to be executed it received the Bluetooth command as a single character, e.g.: 'f' for move
forward.
Similarly, in order to control the robot car through Infrared signals we need to know what type of signal we are
going to receive and tie it down to a speciﬁc behaviour. This is the purpose of the table that follows. It lets us
know what each signal from the IR Remote buttons is acknowledged as.
Following are the number values matching speciﬁc signals. Consider how the LED program works and try to
ﬁgure out how to control the robot car using the IR remote.
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IR REMOTE ICON

IR VALUE

Middle Red Button

16712445

Triangle Pointing Up

16736925

Triangle Pointing Down

16754775

Triangle Pointing Left

16720605

Triangle Pointing Right

16761405

Find an example code in the directory of the tutorial ﬁles.
Reference: Ofﬁcial Elegoo instructions manual
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Using the line tracking modules, we can program our robot to follow a color coded path. Meaning that it will proceed on a path based on its colour. The following example presents a program which orders the robot to move on
a black line.

1

2
3

4
5

6

7
8

9
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Shown below are the line tracking sensor modules. These components have been placed at the bottom of the
car. Each module possesses an infrared transmitter and infrared receiver tube.

These sensors are used to detect colours. What this sensor basically does is constantly receive readings from
the environment regarding the levels of illumination. As any kind of data that the computer receives, it is converted into a numerical data format so that the system can easily read it and understand it. All colours can be
recognised by a system due to their speciﬁc readings. Black refracts a different light value than red.
However, one should take into consideration that depending on the environment that the readings are taken
each colour's value might change. This is due to the illumination of the room which the sensor is inspecting. A
well-lit room will produce different readings than a dim lit room when observing the same colour. In order to avoid
these kinds of errors we perform what is referred to as calibration. During this process, we place our sensors in
the environment in which our robot will move and carefully observe the range of values which are observed for
each colour.
LINE TRACKING ROBOT
It is easier to visualise the robot behaviour through a ﬂowchart before proceeding to the coding:
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START

m_forward

Read the line
tracking
module values

Is the right
module sensing the
black line?

YES

m_right

NO

Is the left
module sensing the
black line?

YES

m_forward

NO

Is the middle
module sensing the
black line?
NO
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YES

m_right

1. Again, we open up the communication channel.
2. We deﬁne the pins from the location form where these variables receive their input. More speciﬁcally, these
are the variables receiving the line tracking module constant data stream.
3. What this check does is that it basically checks whether the robot car remains in the centre of the black line.
If it has strayed the necessary corrections are made. If the leftmost sensor detects the black line the robot
car moves to the left.
4. A check to observe that the previous correction was effective or not.
5. A correction set as a failsafe in case the previous correction was not effective.
6. Check similar to step 3 only this time the program checks a different scenario. In this case if the rightmost
sensors detects the black line the robot car moves to the right.
7. Same as step 4.
8. Same as step 5.
9. If all checks fail this means that the robot is going straight and should continue on the same course.
EXERCISE
Try to create your own line tracking robot with your own improvements on speed and correction techniques. See
how fast the robot can traverse the track and then move on to more complicated. Find an example in the directory of the tutorial ﬁles.
Reference: Ofﬁcial Elegoo instructions manual
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The HC-SR04 ultrasonic sensor, as the name implies, uses sonic waves in order to calculate the distance
between the sensor and an obstacle up to 400cm. More precisely it emits a sound wave at a speciﬁc direction
and then expects the wave to be refracted back to the sensor. Then after a series of calculations, the device can
accurately detect whether any potential objects are in the direction that the sensor is aimed at, as well as the
distance from it.
This feature is very useful when programming a robot. When designing a robot, we need to develop a device
essentially which will carry out a speciﬁc set of actions with as little human interference as possible. These
actions might require that our robot move around a speciﬁed area, however as a programmer we need to take
into consideration the possibility of obstacles. Material, such as cloth can be difﬁcult to be detected due to their
molecular structure.
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HOW TO DETECT AND AVOID OBSTACLES USING THE ULTRASONIC SENSOR
As a ﬁnal challenge, we are going to program our robot car to avoid obstacles and choose an appropriate obstacle-free path. In order to achieve this, we have to make use of the ultrasonic sensor and the SG90 Servo. The
servo allows us to rotate the sensor and effectively have our robot look towards different directions. As with the
infrared sensor, we need to install the appropriate libraries to our robot for the servo to be controlled and function
properly. Simply add the following line of code at top of your code: #include<Servo.h> The way the servo rotates
might seem a bit weird at ﬁrst. Depending on the amount of degrees by which you wish to rotate it you have to
apply a signal, a pulse, for a speciﬁc amount of time (in milliseconds).
DURATION

DEGREES

0.5 ms

0 degrees

1.0 ms

45 degrees

1.5 ms

90 degrees

2.0 ms

135 degrees

2.5 ms

180 degrees

In order to better understand the logic behind the Obstacle Avoidance Routine it is easier to observe the following ﬂowchart:
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START

m_forward

Read the sensor
module values

Is there an obstacle?

No

Yes
Rotate servo

Read the sensor module
values from the right

Read the sensor module
values from the left

Is left greater
distance greater
than right?
Yes
m_left
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No

m_right

Have a look at the following code snippets, in order to understand how the servo and sonic sensor work behind
the scenes:
1

2

1. We create a servo object. This object can be used to control the servo.
2. We assign the servo to pin 3, so now we know from which pin to control it.

What this function basically does is trigger the sensor to ﬁre and receive pulses. It then receives an echo of the
send signal back and by performing the following mathematical formula, calculates the distance of the object
detected: timeInterval / 58 = distance in centimetres. We use the time interval between sending and receiving
the signal as an indicator for distance. The result is then returned to the main program for processing, so that the
best path can be selected. Find an example code in the directory of the tutorial ﬁles.
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1
2

2

2

3

1. We initialise the servo position.
2. We call a function in order to determine the direction at which the obstacles are further away. See below for
further explanation of the function.
3. According to the results of each direction test the robot selects the appropriate path.
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A MORE IN-DEPTH VIEW OF MODERN ROBOTICS
https://www.techwalla.com/articles/the-importance-of-robots
IMPORTANCE OF ROBOTICS
https://www.youtube.com/watch?v=uoC2ZGRI8a8
IMPORTANCE OF ROBOTICS IN EDUCATION
https://www.youtube.com/watch?v=xJADUtzRuks
ARDUINO PLATFORM
https://www.arduino.cc/en/Main/Education
ELEGOO CAR ROBOT CONSTRUCTION
https://www.youtube.com/watch?v=C0RBPQV0dto
ARDUINO BOARD PARTS
https://www.tutorialspoint.com/arduino/arduino_board_description.htm
INSTALLATION OF ARDUINO SOFTWARE
https://www.arduino.cc/en/Guide/Windows
ARDUINO PROGRAM STRUCTURE
https://www.tutorialspoint.com/arduino/arduino_program_structure.htm
ARDUINO ARRAY PROGRAMMING
https://www.tutorialspoint.com/arduino/arduino_arrays.htm
ARDUINO STRING PROGRAMMING
https://www.tutorialspoint.com/arduino/arduino_strings.htm
ARDUINO TIME FUNCTION
https://www.tutorialspoint.com/arduino/arduino_time.htm
UNDERSTANDING ANALOGUE TO DIGITAL CONVERSION
https://learn.sparkfun.com/tutorials/analog-to-digital-conversion
ARDUINO VARIABLES
https://www.arduino.cc/reference/en/language/variables/variable-scope--qualiﬁers/volatile/
ARDUINO SERIAL PORTS
https://www.arduino.cc/en/Serial/Begin
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