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This Master Class is an on-campus learning and orientation experience 
for high school students, combining visits to computer labs with 
informative interactive talks on scientific topics related to computer 
programming and Robotics that have direct relevance to young 
people’s lives. They should be planned so that they take place within 
the university and use available labs or other equipment. 

H O W  T O  U S E  T H I S  
R E S O U R C E  

 

Introduction  
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Programming of ABB Robots: The objective of the activity is to teach 
students how to program industrial robot ABB—IRB 360. For robot 
programming, the method “from point to point” via flex pendant will 
be used. This is the online programming method. 

 

 

 

For students and teachers of vocational secondary schools and general 
secondary schools 

 

 

 

Basic knowledge about industrial robots. 

 

 

 

3 academic hours 

 

 

 

The activity should be implemented by an assistant professor or a 
researcher at the University. Graduate students are a very good 
alternative to regular teaching staff. 

 

 

 

Participating student will develop knowledge and skills for online 
programming of ABB industrial robots, knowledge and understanding 
of kinematic structures of robots 

 

 

 

Participating school teachers will develop knowledge and skills for 
online programming of ABB industrial robots, knowledge and 
understanding of kinematic structures of robots; didactical skills to 
teach about industrial robots; pedagogical competencies to use 
demonstrations and practical activities in teaching. 

 

 

 

Participating university lecturers and students will develop their 
science communication skills and their educational outreach skills 

  

 

 

 

 

For the lecture: a multimedia projector and, in addition, printed 
handouts. If demonstration will be included in the informative talk, a 
robot and a teaching pendant will be necessary, too 

For the hands-on activity: ABB robot: IRB-360 and flex pendant; 
possibly hand-outs for the theoretical material or a multimedia 
projector for visualization of schemes or code. If handouts with 
theoretical information were distributed during the lecture, students 
should be instructed to keep them for reference during the practical 

T H E M E  O F  T H E  

C L A S S  

L E V E L  O F  
D I F F I C U L T Y  /  A G E  
O F  S T U D E N T S  
 

R E Q U I R E D  P R I O R  

K N O W L E D G E  

T I M E  R E Q U I R E D  
F O R  

I M P L E M E N T A T I O N  

I N S T R U C T O R S   

K N O W L E D G E  
G A I N E D  A N D  
C O M P E T E N C I E S  
D E V E L O P E D  -  

S T U D E N T S  

K N O W L E D G E  
G A I N E D  A N D  
C O M P E T E N C I E S  
D E V E L O P E D  ï 
S C H O O L  

T E A C H E R S   

K N O W L E D G E  
G A I N E D  A N D  
C O M P E T E N C I E S  
D E V E L O P E D  -  
U N I V E R S I T Y  S T A F F  
O R  U N I V E R S I T Y  
S T U D E N T S   

M A T E R I A L S  
N E E D E D  F O R  
I M P L E M E N T A T I O N  

O F  T H E  A C T I V I T Y  

Activity concept and lesson plan 
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exercise. 

 

 

 

This course is divided into 3 parts: 

1. Informative talk/Lecture: theoretical instruction and a questions-
and-answers session  

2. Hands-on activity – practical exercise: performing in practice what 
has been theoretically explained   

3. Self-reflection on the part of students. 

 

 

 

https://new.abb.com/ 

https://library.e.abb.com/public/b60548090c886120c1257b5f002f825
0/3HAC036958-en.pdf 

 

 

 

Application manual FlexPendant, SDK RobotWare 5.15, Document 
ID: 3HAC036958-001, Revision: B 

 

 

 

[1] Niku, Saeed.  2001. Introduction   to Robotics  Analysis,  Systems  and  
Applications, San  Luis  Obispo,  California,    Prentice  Hall,. 

[2] Abigo Izabo, Tarig Faisal, Mahmud Iwan, Al-Assadi, Hanif Ramli 
„Programming ABB Industrial Robot for an Accurate Handwriting” 

[3] „ABB Robotics IRC5 Training Manual”. 2011. 

[4] ABB Robotics. 2010. „Operating Manual RobotStudio“ 5.13,. 
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R E S O U R C E  
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Mikuláš Hajduk (Technical University of Košice, Slovakia)  

 

 

 

A robot is defined as an automatically operated machine that replaces 
human efforts although it may not resemble a human. A robot is 
designed and meant to be controlled by a computer or a similar device. 
Mechatronics deals with the study of robotics. Robotics is the art, 
knowledge base, and the know-how of designing, applying and using 
robots in human endeavours. A robotic system consists not just of 
robots, but also other devices and systems that can be used together 
with the robots to perform the necessary tasks. 

This class is focused on introduction to the programming of robots. 
There are different ways to program a robot: 

- Teaching pendant (online programming): Programming through a 
teach pendant is the most popular way of programming robots. In 
order to program the robot, the operator uses the pendant to move 
the robot from point-to-point, saving each position individually. When 
the program has been learned, the robot can perform the program at 
full speed. The robot can be programmed using precise coordinates. 
Such programming requires that the robot is put in “teach mode” and 
that other operations are discontinued 

- Offline programming (simulation): In this form of programming, the 
program is simulated and generated in advance on a computer. The 
robot’s other operations are not interrupted as the programming is 
done independently using a virtual model of the robot 

- Teaching by demonstration: the operator moves the robot around, 
either by manipulation of a force sensor or a joystick attached to the 
robot. Like with the teach pendant, the operator needs to store each 
position in the robot computer. 

This class is focused on creating skills for online robot programming 
using a teach pendant. 

 

 

 It is expected that in forthcoming decades, robots will execute an 
increasing variety of human activities. Apart from their continuing 
importance in industry and fields like medicine, they are becoming 
increasingly widely used in fields that have not be traditionally 
associated with automation, such as tourism. Considering this trend, 
knowledge and skills in robotics and Mechatronics is set to become a 
key employability skill. 

 

 

 Introduction 

ABB Robot Programming is the practice of configuring and 
programming industrial robots and nowadays it represents a well-
known brand of robots. ABB delivers the hardware for the robot, 

E D I T O R S  

I N T R O D U C T I O N  T O  

T H E  T O P I C  

I M P O R T A N C E  T O  
D A I L Y  L I F E /  
E C O N O M Y  

/ S O C I E T Y  

D E T A I L E D  
P R E S E N T A T I O N  O N  

T H E  T O P I C  

Background knowledge sheet 
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while the software is written by the ABB robot programmer in a 
language called RAPID, which is a specific ABB code. ABB robot is 
utilised to facilitate tasks performed by humans or to replace them 
completely and in general, robots are designed to be controlled by 
a computer or similar device. The motions of the robot are controlled through a 
controller that is under the supervision of the computer which is running some type 
of program. Thus if the program is changed, the actions of the robot will be changed 
accordingly. The robot can thus be designed to perform any task that can be 
programmed (within its limit and work envelope) simply by changing the program. 
(see sources used to develop the resource - [1] ) 

System description 

To illustrate the steps required to program a writing robot, a block 
diagram of the system is shown in Figure 1. 

 

Figure. 1: System block diagram [2] 

 

Robot hardware 

The IRC5 controller contains all the functions required to move and control the 
robot manipulator. The controller consists of two modules, the control module and 
the drive module. The control module contains all the control electronics such as 
main computer I/O boards and flash memory. The control module runs all 
software necessary for operating the robot system. The drive module contains all the 
power electronics supplying the robot motors. An IRC5 drive module may contain 
nine drive units and can handle six internal axes plus two or more axes depending 
on the robot model. [3] 
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Figure 2:  Robot hardware 

Teach pendant 

The FlexPendant which is also referred to as the teach pendant unit, is a hand held 
operator unit used to perform many of the tasks involved during the operation of a 
robot system such as modifying the work object, jogging the robot manipulator, 
modifying RAPID programs and creating instructions using teach method and 
jogging. [4] While moving the robot with a joystick (jogging) the user 
can choose a jog-mode and the following properties are presented: 

¶ Motion mode – determines how to use the joystick 

¶ Coordinate system - changes the jogging directions 

¶ Tool – affects the position and also the jogging directions if 
the Coordinate system is tool 

¶ Work object - affects the position and also the jogging 
directions. 

 

Figure 3:  ABB FlexPendant  

Coordinate systems 

In order to facilitate the programming stage, a number of coordinate 
systems can be defined. This can be calibrated with the help of a 
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robot. To start with, a tool coordinate system needs to be defined and 
a world fixed tipfrom in at least four directions needs to be 
approached. Then, the mass and inertia data can be identified using the 
pre-defined movements of the robot. 

The main coordinate systems are: 

¶ Word frame 

¶ Base frame 

¶ Tool frame 

¶ Work object / User frame 

 

 

Figure 4:  Rapid Systems  

A Rapid module (program) 

The language is originally developed in collaboration with SoftLab. 

 

Figure 5:  Controlling the program flow  
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Move instructions 

MoveL is an instruction that moves the robot linearly (in a straight 
line) from its current position to the specified position. Simple move 
instruction includes: MoveL p10, v1000, fine, tool0; 

¶ p10 specifies the position that the robot shall move to. 

¶ v1000 specifies that the speed of the robot shall be 1000 
mm/s. 

¶ fine specifies that the robot shall go exactly to the specified 
position and not cut any corners on its way to the next 
position. 

¶ tool0 specifies that it is the mounting flange at the tip of the 
robot that should move to the specified position. 
 

Program template 

 

Figure 6:  Program template 

 

 

 - Don’t be “just another teacher” – don’t just teach. Share with the 
students your passion for robots. This would typically entail telling 
them how you got into Robotics and Mechatronics and why you like 
doing it. 

- Establish your authority as an expert so that students feel confident 
about working with sophisticated machines under your instruction. 
However, avoid projecting a position of superiority. 

- Establish a more personal connection with the students. This would 
typically entail telling them something about yourself or making jokes 
during the activity. 

S C I E N C E  
C O M M U N I C A T I O N  
G U I D A N C E  T O  

I N S T R U C T O R S  
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- Ask the students about their prior knowledge of programming in 
order to try to link the new knowledge with what the students already 
know.  

- During the theoretical explanation, use demonstration with a real 
teach pendant  

- Try to make students curious about other ways of programming 
robots. 

- Tell students not just how to program the robot but also what (more 
sophisticated) functions can robots be programmed to perform using 
the same method. This would increase students’ motivation by hinting 
to them that learning the basics now can help them do some more 
exciting stuff later. 

- If you will be using visual material through a presentation or a 
handout, scale everything up in order to allow students to see clearly. 
For printing, print in colour if there are schemes of robot parts. 
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 Introduce secondary education students to online programming of 
ABB robots 

 

 
 - The activity is suitable for a group of up to 20 learners. The 

limitation is related to the need to see a demonstration using a real 
robot, as well as to practice robot programming 

- For this stage, it is not necessary to divide students in groups 

- If the talk will rely mostly on demonstration, students need to be 
located near the robot. This might necessitate that they stand rather 
than sit. Such organization is suitable for smaller groups. If 
presentations will be used, the multimedia projector needs to be 
located near the robot in order to avoid moving around. If the 
informative talk will reply solely on handouts or presentation via a 
multimedia projector, any hall at the university would be a suitable 
location. 

- The duration of this part of the activity should be between 45 and 90 
min., depending on the prior knowledge of the students and on the 
intended complexity of the lecture. 

 

 

  

Teaching hall or Robotics lab at the university  

 

 

 University students can be included in this activity as main instructors 
only if they have sufficient knowledge of the subject matter (e.g. last-
year talented students). In general, university students could only 
facilitate this part of the activity, for example, by carrying out the 
demonstration while the instructor is speaking. 

 

 

G O A L  

S E T T I N G  

L O C A T I O N  F O R  
T H E  

T A L K / L E C T U R E  

P O S S I B I L E  
I N V O L V E M E N T  O F  
U N I V E R S I T Y  
S T U D E N T S  I N  T H E  

A C T I V I T Y  

Lecture planning sheet 
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 Phase 
no. 

Description of phase Time 
allocated 

1 Introduction to the online programming of ABB 
robots (and comparison with other methods of 
programing) 

10 min. 

2 Instruction in the  programming method “point 
to point” 

15 min. 

3 Explanation of main functions in the RAPID 
language 

10 min. 

4 Questions of clarification  

This is a possibility for the instructor to give additional 
explanations in order to link any new knowledge to 
knowledge related to the compulsory curriculum or to prior 
knowledge 

10 min. 

 

Role of instructor: present the concepts and theoretical material so 
that they are understandable to the learners, taking into account their 
prior knowledge and other characteristics of the age group; be 
responsive to any questions of clarification; maintain the schedule in 
order to allow time for the practical exercise. 

Role of learners (students): understand the presented programming 
method so as to be able to then put it in practice; can ask questions of 
clarification. 

Role of the teachers: can ask questions of clarification, especially when 
they consider that the presented material may be too difficult for the 
students; may co-create the training sessions by providing additional 
explanations aimed at linking the new knowledge to the compulsory 
curriculum or prior instruction. 

 

T I M I N G  &  R U N -

D O W N  
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 The goal of the activity is to guide students to program an IRB -360 
robot via a flex pendant. This will allow them to understand and 
remember the theoretical instruction, as well as to develop practical 
skills for operating robots. 

 

 

 - 2 to 5 learners in one group 

- 4 groups 

- 2 to 4 instructors 

 

 

 The hands-on activity should take place at the university laboratory. 
The laboratory should have at least four ABB robots: IRB-360 and flex 
pendant. 

 

 

 University students can be actively involved in this practical exercise as 
facilitators. While the instructor goes from group to group, one 
university student can stay with each group to supervise its work. In 
general, university students should be engaged in such an activity only 
if the number of involved teachers is not sufficient to provide one 
facilitator per group. Students should not duplicate the facilitator role 
of teachers.  

University students, however, can be asked to join the groups of 
secondary school students if the programming task is more difficult or 
more creative. This would have very positive impact of teamwork, as 
they can allow younger students to become co-creators in more 
complex programming projects. This co-creation scenario is more 
suitable for longer training sessions. 

 

 

 Online programming of IRB-360 via flex pendant through the 
programming method “point to point”. 

 

 

 Phase no. Description of phase Time allocated 

1 Introduction 5 min. 

2 Testing the main functions of the robot 10 min. 

3 Examples of online programming 10 min. 

4 Creating program via flex pendant 35 min. 

5 Testing and debugging the program 10 min. 

6 Feedback  and self-reflection 5 min. 

Roles of instructor: demonstrates the main functions of the software, 
but only if necessary; works with all the groups in turn, in cooperation 
with the teacher (if a teacher is available to stay with the group during 

G O A L  

S E T T I N G  

L O C A T I O N  A N D  

E Q U I P M E N T  

P O S S I B I L E  
I N V O L V E M E N T  O F  
U N I V E R S I T Y  
S T U D E N T S  I N  T H E  

A C T I V I T Y  

C O N T E N T  O F  T H E  
H A N D S - O N  

A C T I V I T Y  

T I M I N G  &  R U N -
D O W N  O F  T H E  
H A N D S - O N  

A C T I V I T Y  

Hands-on activity/experiment planning sheet   
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the whole exercise, the instructor may instruct them how to proceed 
supervising the group as s/he moves to the other group). 

Roles of teachers: demonstrates the main functions of software, but 
only if necessary; work with the groups during the whole time (may 
need to work with different groups in turn). 

Roles of students: learning to operate the robot, practical 
programming. The exercise requires that students in a larger group 
allow all group members to work with the pendant, e.g. by rotating. 
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University Students  

Selection  

The following university students can be involved in the design and delivery of the activity: 

- Students of Mechatronics, Engineering or Computer Science, in any year of studies, as 
long as they are knowledgeable in robot programming. 

- Students should be selected by the faculty member responsible for the activity and 
should have worked with this faculty member before (in class or in educational outreach 
activities). 

The selected students should stand out for their science communication skills rather than their 
excellence and academic achievement per se. 

Role (in order of relevance) Guidance  

Pedagogical co-designers of learning, teaching 
and assessment; facilitators in hands-on and 
lab experiments 

The selected university students: 

- should work together with high school 
students during the practical activity and help 
them handle the IRB-360 and the flex pendant.  

- should participate in the assessment of 
student performance during the Master Class  
and in the evaluation of the effectiveness of 
the training 

- should also be actively engaged in the self-
reflection phase, staying with the student team 
in which they worked. 

Mentors of SE VET students The selected university students can be asked 
to share their contacts with bright or 
motivated high school students who may want 
to learn more about Robotics and Robot 
Programming. The possibility of involving 
high school students in teams working on 
university projects or contests in the field of 
Mechatronics or Robotics should be explored. 

Consultants in planning and designing the 
learning and teaching process 

The selected university students should be fully 
engaged in the design of the hands-on activity 
in order to ensure that the tasks would be 
manageable for younger students without prior 
experience with programming. 

Students can be given the task to prepare the 
Power Point presentation for the activity, as 
well as any handouts and supporting materials. 
They should, however, do this on the basis of 
clear instructions from the faculty member 
who will lead the course. 

Annex I: Co-Creation 



 

The European Commission's support for the production of this publication does not 
constitute an endorsement of the contents, which reflect the views only of the authors, and the 
Commission cannot be held responsible for any use which may be made of the information 
contained therein. 

16 

Co-researchers contributing to subject-based 
research  

The selected university students can be asked 
to design small additional practical tasks 
involving robot programming. They should be 
instructed to keep the level of difficulty close 
to the skills and knowledge of high school 
students.  

 

High School Teachers (supporting role is suitable for teachers in Computer Science or 
Physics) 

Consultants in planning and designing the 
learning and teaching process 

The accompanying teachers should have the 
leading role in selecting trainees from among 
the students. 

They should be approached in advance and 
consulted about the relevance of the presented 
examples and the level of difficulty of the 
theoretical presentation (in view of the 
intended group of trainees). Special attention 
should be paid to the selection of manageable 
practical tasks and the avoidance of tasks that 
have no relevance to the compulsory 
curriculum. 

Teachers should be consulted about the best 
way to draw parallels and to link the content of 
the course to the compulsory curriculum. 

Pedagogical co-designers of learning, teaching 
and assessment; facilitators in hands-on and 
lab experiments 

The accompanying teachers should work 
together with high school students during the 
practical activity in order to help operate the 
robots and use the teach pendant, as well as to 
provide clarification to those of them who  
have failed to understand the presented 
material or apply it in practice.  

Most teachers would be in position in which 
they themselves will engage in robot 
programming for the first time. They should 
be given the chance to learn themselves.  

High School teachers should be the primary 
source of feedback about the effectiveness of 
the training. They will also be in the best 
position to assess the performance of their 
students. 

Teachers should play a central role in 
maintaining discipline during the activity. 

Teachers should be specially instructed about 
safety rules in the Robotics Lab. Safety 
instruction most likely would be given to the 
students by the Lab staff or the Master Class 
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instructor. However, teachers should be tasked 
with monitoring functions during the activity 
in order to ensure that safety instructions are 
strictly observed by the students. 

 

University-high school partnerships 

This course in particular would be a suitable addition to study programs in secondary schools 
with a profile in Computer Science, Engineering, Mathematics, or the Natural Sciences. It can be 
the beginning of a series of extra-curricular courses on Mechatronics and Robotics. If there is 
such an interest, contact between the accompanying teachers and the university should be made 
well in advance and the course should be planned as part of a larger set of topics. The course can 
be combined with workshops organized at the school by visiting university lecturers. One 
particular high school teacher or administrator and one particular university faculty member 
should be tasked with the organization of this Master Class and these people can later act as 
contact persons and “boundary spanners” for future collaboration. For further collaboration to 
be planned, it is advisable that an educational manager from the school attend (part of) the 
Master Class in order to witness the effectiveness of the training. If this is not possible, then a 
report on the achieved results and the satisfaction of students should be presented to the school 
management, together with a proposal for further collaboration. 

 

 

 

 

 

 

 

 

 

 


