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ABSTRACT 

In the area of the design of mechatronical systems it is 
difficult to find well educated employees in a 
sufficient number. One reason is that this subject is 
very complex, so it is taught in schools very late or 
not at all. EasyKit is a development system for 
mechatronical systems, which also can be used for 
educational purposes. The electronics of the EasyKit 
system, the software EasyLab and the methods of 
developing mechatronical systems are presented in 
this paper as well as the didactical thoughts behind the 
EasyKit system. It is also presented how schools can 
use this system to already teach children at the age of 
about 15 years. The system was donated to selected 
schools, where teachers were asked to give a feedback 
about the learned knowledge. Statistical data about 
the feedback is also presented in this paper. 

Index Terms - didactics, embedded, systems, 
microcontroller, graphical, software-design, modular, 
electronics 

1. INTRODUCTION

Today’s industry needs to enhance its products to be 
competitive on the market. The companies need to 
provide a fast response according to the wishes of the 
customers and at the same time they need to reduce 
the costs for prototype design and limited-lot 
production. This especially applies to traditionally 
mechanical or electrical systems like pumps or 
motors, where nowadays electronics need to be added, 
creating a mechatronical subsystem, which can be 
adjusted in the required way, to be integrated into 
other, bigger machinery, such as production lines. 
Especially electromechanical parts like pumps need to 
be controlled today. In former times many pumps 
were always pumping at 100% of power. If a lower 
pressure or flow was required, simply a valve was 
closed, but the pump was still working at full power. 
Of course this was a waste of energy and could cause 
damage to the pumps, the valves and other parts of the 
system. With the integration of electronics, the 
situation changed. Today the speed can be controlled 

very precisely and reliably. Normally the speed is 
controlled depending on the values of integrated 
sensors, using simple controllers like PID. For this 
purpose usually stored program controls (SPC) were 
used, adding a kind of intelligence to the machinery 
and controlling it entirely. In the last years, this 
intelligence was decentralized by adding 
microcontrollers to the subsystems. So the stored 
program control just sends a desired value to the 
microcontrollers of the subsystems. The 
microcontroller sets this value automatically, 
depending on values of sensors, which are very often 
already integrated into the small systems. It is 
probable that in the future more and more customer 
adapted systems with decentralized intelligence will 
be needed. To offer such products at a reasonable 
price, the companies need a sufficient amount of well 
educated employees. Unfortunately, many companies, 
especially small ones, do not have this kind of 
adequate educated employees for this purpose. The 
main reason for that is that students and pupils just get 
in contact with electronics very late or if they get in 
contact with it, the educational effect is not very high. 
This is mainly because the first contact with 
electronics is very difficult, because besides the 
electronics hardware, also the software needs to be 
understood, which normally means learning a text 
based programming language like C or Assembler. 
Another problem is that often no mechanical system 
is available, which is interesting enough for young 
people, to keep their motivation. 

At this point EasyKit can be used for two tasks. On 
the one hand, with EasyKit, mechatronical systems of 
small and medium complexity can be developed 
without expert knowledge in electronics and text 
based software design. So the developer can use this 
tool for saving time. On the other hand, EasyKit can 
be used to lower the barrier of getting in first contact 
with electronics. With its additional documentation 
children learn to program a microcontroller with a 
graphical interface and they also learn, why they have 
to program it in a certain way. With this knowledge it 
will be easier to learn more about electronics and 
software later. Besides, children learn that actually 
electronics is not such a difficult subject as expected. 
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Figure 1 Traditional design method of mechatronical 
systems 

2. EASYKIT AND EASYLAB 

EasyKit and EasyLab are the basic tools, which can 
be used for getting in contact with microcontrollers 
for the first time. Originally, the system was 
developed to assist in microcontroller design, but 
because of its simple structured design, it is a good 
basis to create a didactical tool. But for this purpose, 
additional components needed to be added. 

2.1. EasyKit vs. traditional development methods 
The traditional way of designing mechatronical 
systems is a sequential workflow, which can be found 
in Figure 1 [1]. The sequential workflow increases the 
development time and also the expenses. In the first 
step, the mechanical prototype needs to be designed. 
For a good result, a mechanical engineer or another 
specialist is needed. At this point sensors and 
actuators have to be arranged on the mechanical 
system. For these sensors, in the second step, the 
electronics need to be designed. This electronics 
interacts with the sensors and the actuators of the 
system to add intelligence to the system, which can be 
used, e.g. to design a closed loop. For this step, a 
specialist in electronics or a similar subject is needed, 
if the result is supposed to be reliable. In the last step, 
the microcontroller of the electronics needs to be 
programmed. Of course for this purpose a specialist is 
required, too. Sometimes it is possible to find persons 
who can cover the electronics and the software part in 
a sufficient way, but very often for this traditional 
workflow at least three specialists are required to 
design a good product even if the final product has 
only a small complexity like a pump or a motor. 
These specialists need to be available, which is one 
problem, especially in smaller companies. The second 
problem is the sequential workflow. It is necessary, 
because during the second step the electronics can be 
tested together with the mechanical hardware and 
during the third step, the software can be tested on the 
whole system. This is needed to increase the 
reliability [2]. 

Figure 2 EasyKit development method 

Anyways, especially the design of the electronics and 
the software is still error-prone and time consuming, 
compared to new methods, using modular hard- and 
software approaches. 

2.2. The EasyKit method 
By changing the development process, according to 
Figure 2, the described problems can be solved. 
Because of the modular electronics components and 
the according modular software components, used 
with a graphical interface, just a small amount of 
electronics and software knowledge is required to 
build a system of medium or small complexity. 
Besides the software designers can schedule their time 
more flexibly, because, after the interfaces are 
defined, the electronics and the software can be 
already prepared and tested. 

2.3. The electronics components of EasyKit 
To reach a sufficient flexibility, while using already 
designed electronics, the electronics components were 
modularized as shown in Figure 3. Each of the 
components fulfills its own task, is pin compatible to 
the others and was tested in various circuits. The 
EasyKit system electronics includes power supply 
components, CPU components and a set of interface 
components. The power supply components transform 
an external power supply for the microcontroller and 
contain interfaces for the communication to a PC or to 
other systems. The CPU components contain the 
microcontrollers and circuits to drive them as well as 
transceivers for communication purposes. The 
interface components have a variety of purposes.  

Figure 3 EasyKit electronics components 
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Figure 4 Structured Flow Chart (SFC), in this case 
used for a closed loop to control the pressure and 

flow of a pump system 

Some of the components have high resolution analog 
digital changer, while others can be used for driving 
inductive loads. All of them contain integrated 
protection circuits. To connect the interface 
components to sensors and actuators easily, the 
components contain connectors. 

Of course not every possible circuit could be 
preconceived. Especially the interface components are 
mostly designed for standard sensor and actuator 
interfaces, because the amount of interfaces, 
especially of digital serial signals, is almost unlimited. 
Mostly analog inputs and analog outputs are 
supported. Digital inputs and outputs are just 
supported as Boolean, not with a serial protocol. 
Because of these reasons, the mechanical and 
electrical layouts were disclosed [3], giving the user 
the possibility to design components himself. Of 
course when designing an own component, a 
specialist is required, to design this circuit. But the 
advantage would be that it is just this component 
which needs to be designed, not the whole circuit. In 
the future the component can be reused for other 
purposes, saving time later. 

2.4.  The Software - EasyLab 
To design a program for the microcontroller and to 
burn it to it without extensive expert knowledge, the 
development tool EasyLab was created. The 
microcontroller program is designed in a graphical 
interface in two levels. On the upper level, a 
structured flow chart (SFC) is created, as shown in 
Figure 4 and on the lower level a synchronous data 
flow (SDF) is designed, as shown in Figure 5 [4]. The 
design of the SFC programs is mostly known from 
stored program controls. Various states are created 
and conditions are defined which determine the 
situation, when and how to change between the states. 
Each state is represented by an SDF program, which 
is combined of modular software components by drag 
and drop, which can be connected, similar to 
Simulink® [5] or LabView [6] [7]. 

Figure 5 Example for a Synchronous Data Flow 
(SDF) program designed in EasyLab, in this case 

used for a closed loop of a speed control of a 
ventilation system 

To design the SDFs, there exist many software 
components libraries. The basic libraries contain a 
wide variety of mathematical, logical, comparison and 
hardware related operations. Besides, there are also 
libraries for more complex tasks included, e.g. a 
library for automation purposes. 

Similar to the electronics interfaces, the software 
components can also only include software for 
standard interfaces because of the wide variety of 
interfaces. Especially when thinking about digital 
interfaces with serial protocols, it becomes clear that 
not every protocol can be implemented. This results 
from the usage of graphical programming languages, 
which is essential for the simple usability. Anyways, 
it is possible to implement new protocols, because the 
software layout of the libraries was disclosed and an 
introduction of how to implement new components is 
included in documentation of EasyLab. 

3. A DIDACTICAL STRATEGY TO GET TO 
KNOW ELECTRONICS 

As already mentioned, EasyKit was developed 
primarily to be a development tool for industrial 
purposes, which could be used for developing 
mechatronical systems without extensive expert 
knowledge about electronics and software design. 
Anyways, another important thought of developing 
the EasyKit system was to create a didactical system, 
which could be used to teach the basics of designing 
electronics and software for mechatronical systems. 
While the EasyKit system and its software EasyLab 
are sufficient for the industrial purpose, they are not 
sufficient for the didactical purpose, but it is a good 
point to start at. For the didactical purpose, a variety 
of additional information was added to the EasyKit 
system and even a new test board for beginners was 
designed. 

3.1. Learning about microcontrollers 
Although the EasyKit system is really easy to use, the 
user has to know at least the basics of what a 
microcontroller can do and how it is working. This 
especially applies, if these basics should be taught to 
younger people or to other people, who never got in 
contact with this subject before. 
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Figure 6 Screenshot of the Web Based Training used 
for teaching the basics of microcontrollers 

To teach these people at least the basics of electronics 
and software, a web based training (WBT) was 
designed. The purpose was not to teach a certain 
programming language or to give the people the 
ability to design electronics on their own. It is just a 
first introduction to understand the processes inside of 
microcontrollers. 

The WBT was designed for pupil around the age of 
15 years. Another one, for professional education is 
already planned. To accomplish the lesson of the 
WBT, about one hour is scheduled. So in a typical 
lesson of 90 minutes with a break of five minutes, the 
WBT can be finished and the teacher has still enough 
time to give a small introduction and to assist slower 
pupil. The content of the WBT is explained by a 
spokesman and contains various examples during the 
chapter and a summary with small exercises in the 
end of every chapter, which causes it not to be boring 
even for younger children. 

The WBT starts with information about where 
microcontrollers are used in our daily life and what 
tasks they take over, explained on the example of a 
coffee machine. This chapter is necessary for the user 
to understand that today basically in everything 
microcontrollers can be found. This should be a 
motivation to get in a closer contact with this subject.  

The second chapter explains how data is stored 
inside the microcontroller and what data types are 
typically used. In this part it is important to 
understand, that the communication with the 
microcontroller has to be carried out in a different 
way, than the communication with another human. 
Typical numerating systems of microcontrollers are 
presented and it is shown that numbers need to be 
calculated from one system to another. Of course just 
superficial information is given, because the difficulty 
level needs to be adapted also to younger users. 

The third chapter consists of information about the 
structure of microcontrollers. Most information is 
about the theoretical architecture of the core, of the 
memory and of the I/O-modules. The main focus is on 
the I/O-modules to understand how the 
microcontroller communicates with its environment. 

Figure 7 Starter board of the EasyKit system 

The architecture is explained with the help of the 
already known example of the coffee machine. It is 
shown how the sensors are read, how the information 
is stored and processed in the memory and in the core, 
and how these values are used to set actuators. The 
information was cut to a useful limit, to make sure 
that the users still stay interested. Anyways, for 
people, who are interested in this topic, there exist 
some additional pages in this chapter. On these 
additional pages, more information is given about the 
architecture, e.g. how an analog digital changer is 
working. 

The last chapter of the WBT is about logical and 
mathematical operations in the microcontroller. A 
variety of operations is presented and explained. The 
users of the WBT can calculate simple examples 
inside the WBT and can understand how the 
calculations take place. 

The content of the WBT is not as extensive as a 
schoolbook, which was never the intention. It was just 
intended, to give the children a first impression of 
microcontrollers. For the next step, to use EasyKit 
and EasyLab, it is not necessary to remember 
everything from the WBT. It is just important to get a 
basic feeling about, how a microcontroller works. 

3.2. A first test application with a simple program 
After the WBT is accomplished successfully and the 
user has understood the basics about microcontrollers, 
it is the right time to try a first test application. For 
this purpose a starter board [8], as shown in Figure 7, 
was designed. It is based on the EasyKit infrastructure 
and can be programmed with EasyLab. The board 
cannot be as flexible as the final EasyKit system for 
the industrial purposes, e.g. the board uses a Cortex-
M3 microcontroller of the STM32F family [9], which 
cannot be replaced. The communication and 
programming interface is realized through a USB 
connector, where the system also gets its power 
supply from. The interfaces of the microcontroller to 
sensors and actuators are already on the board, which 
increases the dimensions of the board, compared to 
the industrial EasyKit system. 
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Figure 8 The first and most simple test program of the 
starter board of EasyKit 

Besides these components, which are based on the 
industrial EasyKit system, the board contains switches 
and light emitting diodes of different colors, which 
can be used, to design small test programs with 
various complexities, e.g. a traffic light simulation. 
This option is implemented, because the user should 
have a very quickly feeling of success, when 
designing the first test program with the board and 
EasyLab, giving the user motivation to continue. 

To put the board into operation, EasyLab needs to 
be installed and the board needs to be plugged to the 
USB of the PC. An installation manual and a quick 
start guide are included, which also give short 
information about handling the board. In the 
documentation, there are also small test exercises with 
detailed instructions to solve them, which are 
intended to get used to the handling of EasyKit. To 
test the programs, the integrated simulation tool can 
be used, before the program is loaded to the board. 
Like this, not every computer needs a connected 
starter board, when designing the program. So, even 
homework exercises are possible, because the 
software can be downloaded freely from the internet. 
The software for the controller can be designed and 
tested at home and the result can be compared at 
school. After the exercises are solved or if they are 
too difficult for the user, the solutions can be found in 
the program folder of EasyLab. One of these 
programs can be found in Figure 8. It simply reads the 
values of the switches and sets the light emitting 
diodes according to the switches. To put this program 
into operation and to get the first results from this 
“Hello World” program, just a few minutes are 
required. Compared to other development tools, the 
user gets the feeling of success very fast and stays 
motivated. 

0,0%

10,0%

20,0%

30,0%

40,0%

50,0%

60,0%

70,0%

80,0%

90,0%

100,0%

Schools for 
professional 
education

Schools for the 
education of 

future students

Other schools

Use of microcontrollers

Programming

Logics

A/D-Values

Sensors

Actors

Control theory

Figure 9 Statistical data of the questionaire given to 
the teachers, about the topics of the schools education 

3.3. Teaching the teachers 
The starter board was designed to be used in schools. 
For a first validation of the concept and the board, 
about 900 boards were given to almost 300 German 
schools. Additionally, a workshop was offered to the 
teachers. First they got a small introduction and later 
they did a practical training with the boards, in which 
they needed to solve exercises with and without help. 
In the end, the teachers were asked to answer a 
questionnaire about the workshop, the board and 
EasyLab. 83 teachers completed the questionnaire, of 
which a part of the statistical data is shown in Figure 
9. 98.6 % of the teachers, who answered these 
questions, had the opinion, that the EasyLab 
programming interface is an advantage over the 
programming with C and Assembler. The same 
amount had the opinion that the integrated simulation 
tool is really helpful. Many of the teachers put 
additional information next to their answers, saying 
that with the board and especially with EasyLab it 
would be possible to concentrate on the task of 
teaching control theory and not programming. The 
teachers also recognized very quickly, that with the 
simulation tool, not every child or computer needs a 
board and that like this, schools can afford the system. 
Besides questions about the workshop and the 
EasyKit system, the teachers were also asked about 
their schools. An interesting result is the fact that 
75 % of the teachers of the schools for professional 
education, but only 36.7 % of the teachers of schools 
for normal education, said, they would already use 
microcontrollers in their education. With 43.3 % the 
German school type “Gymnasium”, which educates 
the future students, has a little bit of a higher 
percentage, but still is far away from schools for 
professional education. The reason given by some 
teachers is that in school there is no time to learn the 
required information about electronics and 
programming. But that means that students will have 
to learn all this information later besides their studies 
and when they have to learn it, they will have to start 
from the absolute basics. EasyKit, EasyLab and the 
didactical additional information can help to teach at 
least the basics of designing mechatronical systems. 
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3.4. Replacing the starter board with the industrial 
version

After getting to know the basics of microcontrollers, 
the user probably wants to advance. Because of its 
inflexible design, the starter board is restricted in the 
possible actions. With the knowledge about the 
programming of the starter board in EasyLab, the user 
can also program the industrial version of the 
electronics. It is more flexible and has more options. 
When knowing the starter board, it is actually not 
necessary to read the manual, but it is encouraged to 
do so. The datasheets of the electronics components 
are actually sufficient to put the system into operation, 
because they are well structured. The best option for 
getting used to the system is to start with a simple 
program, e.g. switching light emitting diodes with 
switches or analog inputs. 

3.5. Substituting the EasyKit electronics or the 
EasyLab for more flexibility 

As already mentioned, EasyKit can be used as 
development tool for mechatronical systems, but it is 
also a didactical system. Because of the didactical 
purpose, an option was left available, making it 
possible to replace the EasyKit system step by step. It 
is possible to start with any, either the electronics and 
continue to work with EasyLab or to replace EasyLab 
and continue to work with the EasyKit electronics. 
This might be necessary, if the limitations of the 
system, which result from the modular architecture, 
disturb the user. 

When replacing any, either the electronics or 
EasyLab, additional programming hardware is 
required, because EasyLab is transferring the program 
to the microcontroller by a serial interface, which is 
included in the EasyKit system. The microcontroller 
contains a boot loader, which reads the new program 
from the serial interface and burns it to the memory. 
The programming hardware must be chosen 
according to the used microcontroller. When 
replacing the electronics components, an option in 
EasyLab has to be changed, the rest works like before. 

4. SUMMARY 

EasyKit is a good tool for getting into a first contact 
with microcontrollers. The additional didactical 
documentation, especially the web based training 
provides an easy to understand introduction, which 
contains interesting exercises, to keep the motivation 
of the user. 

EasyLab leads very fast to a first success, when 
designing software. The main reason for this is the 
usage of graphical programming languages. 
Especially the combination of these languages in 
EasyLab and the starter board with its variety of basic 
functions, gives the user the ability to put the system 
into operation in a very short time. 

The knowledge, learned during the usage of the 
EasyKit system, is important background information 

about microcontrollers, which can be very helpful, 
when designing mechatronical systems without 
EasyKit later. 
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