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A practical approach for introductory
embedded systems teaching
Peter Yakimov
Abstract. In order to prepare the students for the challenges of their future job the Faculty of
Electronic Engineering and Technologies at Technical University of Sofia accepted a new curriculum
for Bachelor degree in Electronics which was created after many iterations and discussions with the
partners companies and employers organisations. In this paper a part of the course programme in
“Practice on open source platforms programming” is presented. The course gives the students
theoretical knowledge about embedded systems programming and practical skills in this field. Some
examples from the laboratory work that represent the practical approach for introductory teaching in
embedded systems programming are given. The practical approach is useful for the beginners. With
emphasizing on the practice rather than on the academic theory they accept the material easier. The
open source hardware and software - Arduino development board and the software IDE are very
useful for the introductory education.
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Introduction
Embedded systems are affecting human lives in
many ways. Examples can be found in alarm clocks,
automobiles, mobile phones, personal digital
assistants, etc. [1]. Embedded systems are also found
in cars, airplanes, and robots. They far outnumber
traditional computers (which also contain embedded
processors) and it is estimated that there will be
thousands of embedded devices per person by 2015.
Learning to design and program embedded systems is
a critical skill that is necessary for many industry and
scientific jobs [2]. At the level of today’s technology
consumer, there appears to be an increasing desire to
interface our technological power-machines to the real
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physical world. And power-machines they are, our
personal computers, tablets and smart phones –
equipped with highly advanced man-machine
interaction technologies, communication possibilities,
location-determining hardware, acceleration sensors,
and more. However, for all their strengths and
possibilities, they do not offer the connectivity to the
physical world around us that many dream of [3]. So
there is a need of a physical interfacing which forced
development
of
projects
like
Wiring
(www.wiring.org.co) and Arduino (www.arduino.cc)
that offer immensely popular tools for lower- to
intermediate-level software and hardware design. This
affects on science and education. Scientists

increasingly use publicly available low-cost digital
prototyping systems to create measurement tools and
other experimental devices. To witness, a Google
Scholar (scholar.google.com) query for articles
containing the word “Arduino” in their title, excluding
legal document, patents and citations, yielded a result
of 490 scholarly articles (query result on September 2,
2013) [3]. The major benefits for using Arduino in an
educational setting are [4]:
• Ease of setup – plug and play;
• Many examples for controlling peripherals –
preloaded in the IDE;
• Many open source projects to look at;
• Works on Windows, Linux, and Mac;
• Low cost hardware – build or purchase prebuilt;
• Low cost software – free;
• Low maintenance cost;
• Students can prototype quickly;
• Can be programmed in a number of languages
including C.
Motivation for the practical approach
application
After many iterations and discussions with the
partners companies and employers organizations the
Faculty of Electronic Engineering and Technologies at
Technical University of Sofia accepted a new
curriculum for Bachelor degree in Electronics. In the
process of preparation lots of curricula from many
foreign universities with traditions in education in
electronics were investigated. It was created in order
to prepare the students for the challenges of their
future job. The goal was to emphasize on the
embedded systems and especially on the obtaining
practical skills in programming. Also it was accepted
that the practical training has to begin in the first
semester in order to the students to gain experience for
the specialized courses in the next years. As a
development environment was chosen the Arduino
platform which is an open-source hardware, designed
to make the process of using electronics in
multidisciplinary projects more accessible.
According to the philosophy of the new curriculum
a brand new course entitled “Practice on open source
platforms programming” with two hours laboratory
work per week was included. One major part of it is
based on the usage of Arduino. The development
board OLIMEXINO-328 based on the microcontroller
ATmega328P is the hardware [6]. The aim of the
course is with appropriate examples the students to
understand the relationship between computer devices
and the surrounding world. The experimental work
includes an application software writing and

debugging and measuring the response of controlled
peripheral circuits. Thus, students acquire practical
skills and obtain knowledge about basic electronic
circuits and devices, and the possibilities for their
program control. During the laboratory work
experiments on development boards are carried out.
Initially the given task is analyzed and the algorithm is
drawn. Then a program is written and run. Thus the
students individually find possible errors and after
analysis the results conclusions are made and mistakes
are corrected. The topics are directly related to the
field of the next courses [7].
New course implementation
The very beginning of the course is dedicated to
getting knowledge and skills in working with the
development board and the IDE. Only a personal
computer and a USB cable are needed for this.

Fig.1. User button with name BUT connected
to ATmega328P pin 32 (digital signal D2).

Fig.2. Light emitting diodes connected to ATmega328P
pins 17 (LED1 - digital signal D13)
and 13 (LED2 - digital signal D9).

Learning the examples from the preloaded in the
IDE the students study the basic statements of the
programming language for control of digital inputs
and outputs. No external tools are needed. The onboard button and LEDs are enough. To use them the
students have to know preliminary that the digital
input reads logic “0” from the pressed button and to

light the LED a high level must be set from the digital
output as it is shown on Fig. 1 and Fig. 2 [6]. Some
code examples help to study statements related to
digital inputs and outputs control are presented in [7].
With the progress of the course in order to study
loops and working with arrays additional components
are used. A breadboard and 7-segment LED display
with current limiting resistors are enough. This
exercise will help the students to understand the
operation of one of the most often used indicator
elements. A common cathode organization of the
display (Fig. 3) is chosen in order to use the same
logic levels to control its diodes like the on-board ones
as it is depicted in Fig. 2.

Fig.3. 7-segment LED display.

The following code example illustrates loop
organization and using one-dimensional array. The
program is intended to turn on successively the
segments of the display with 1s delay.
/*Setting outputs for every segment*/
int a = 4; // segment a is connected to pin 4
int b = 5; // segment b is connected to pin 5
int c = 6; // segment c is connected to pin 6
int d = 7; // segment d is connected to pin 7
int e = 8; // segment e is connected to pin 8
int f = 9; // segment f is connected to pin 9
int g = 10; // segment g is connected to pin 10
int segment[] = {a, b, c, d, e, f, g};
void setup()
{
pinMode(a, OUTPUT); // the pin is set as output
pinMode(b, OUTPUT); // the pin is set as output
pinMode(c, OUTPUT); // the pin is set as output
pinMode(d, OUTPUT); // the pin is set as output
pinMode(e, OUTPUT); // the pin is set as output
pinMode(f, OUTPUT); // the pin is set as output
pinMode(g, OUTPUT); // the pin is set as output
}
void loop()
{
for(int i = 0; i < 7; i++)
{
digitalWrite(segment[i], HIGH); // turns the pin on

}

delay(1000); // delay one second
digitalWrite(segment[i], LOW); // turns the pin off
}

The next example is slightly harder than the
previous and it is intended to show the using of twodimensional array. The purpose of the program is to
display successively the numbers from 0 to 9 with 1s
delay.
/*Setting outputs for every segment*/
int a = 4; // segment a is connected to pin 4
int b = 5; // segment b is connected to pin 5
int c = 6; // segment c is connected to pin 6
int d = 7; // segment d is connected to pin 7
int e = 8; // segment e is connected to pin 8
int f = 9; // segment f is connected to pin 9
int g = 10; // segment g is connected to pin 10
int segment[] = {a, b, c, d, e, f, g};
/*Two-dimensional array - table with 7-segment codes of
the numbers from 0 to 9*/
int pattern[10][7] = {
{1,1,1,1,1,1,0},
{0,1,1,0,0,0,0},
{1,1,0,1,1,0,1},
{1,1,1,1,0,0,1},
{0,1,1,0,0,1,1},
{1,0,1,1,0,1,1},
{1,0,1,1,1,1,1},
{1,1,1,0,0,0,0},
{1,1,1,1,1,1,1},
{1,1,1,1,0,1,1}
};
void setup()
{
pinMode(a, OUTPUT); // the pin is set as output
pinMode(b, OUTPUT); // the pin is set as output
pinMode(c, OUTPUT); // the pin is set as output
pinMode(d, OUTPUT); // the pin is set as output
pinMode(e, OUTPUT); // the pin is set as output
pinMode(f, OUTPUT); // the pin is set as output
pinMode(g, OUTPUT); // the pin is set as output
}
void loop()
{
for(int x = 0; x < 10; x++)
{
for (int y=0; y < 7; y++)
{
digitalWrite(segment[y], pattern [x] [y]);
}
delay(1000); // delay one second
}
}

Because of that the world around is analog but the
computers and embedded systems are digital devices
of great importance is the mastering of the principles
of analog-to-digital and digital-to-analog conversion.
The Arduino platform gives opportunities the students
to obtain practical skills in this area.
The next code example is dedicated to analog-to-

digital conversion studying. A 10k potentiometer is
connected between AREF and ground and the voltage
derived from its wiper is attached to the analog input
A0. The connections and the possibilities of Arduino
to convert analog signals are described in [7]. This
example also presents the operation of the serial
monitor which is used to display the information. The
program reads the code which is in the range between
0 and 1023 and it is corresponding to the analog value
of the input voltage. The maximum value of the code
corresponds to voltage value of 5V. After calculations
the digital value of the voltage is determined and
displayed. The display is refreshed every second.
const int analogInPin = A0; // Analog input pin
long analogIn = 0;
// Digital code
float analogValue = 0;
// Analog input voltage value
void setup() {
// initialize serial communications at 9600 bps:
Serial.begin(9600);
}
void loop() {
// read the analog input value:
analogIn = analogRead(analogInPin);
//calculates the analog voltage value:
analogValue = analogIn * 5.000 / 1024;
// print the results to the serial monitor:
Serial.print("code = " );
Serial.print(analogIn);
Serial.print("\t voltage = ");
Serial.print(analogValue);
Serial.println("V");
delay (1000); // delay one second
}

Mastering the principles of the analog-to-digital
conversion is a preliminary stage to understanding the
conversion of physical quantities from the real world.
For this purpose are used sensors with defined transfer
characteristics. The next code example represents
temperature measurement using the sensor LM35. The
connection is shown on Fig. 4. The program reads an
analog input pin, converts the result with + 10.0
mV/°C scale factor and prints the results to the serial
monitor. The display is refreshed every second.
const int analogInPin = A0; // Analog input pin that the
// sensor is attached to
long analogIn = 0;
// Digital code
float sensorValue = 0;
//sensor analog output voltage
//value
float temperatureValue = 0; // temperature value
void setup() {
// initialize serial communications at 9600 bps:
Serial.begin(9600);
}
void loop() {
// read the analog in value:

analogIn = analogRead(analogInPin);
//calculates the sensor output voltage:
sensorValue = analogIn * 5000 / 1024;
//calculates the temperature:
temperatureValue = sensorValue / 10;
// print the results to the serial monitor:
Serial.print("sensor = " );
Serial.print(sensorValue);
Serial.print("\t temperature = ");
Serial.println(temperatureValue);
delay(1000); // delay one second
}
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Fig.4. Temperature measurement
using analog sensor LM35.

Results
After completing the laboratory work dedicated to
programming using Arduino board the students obtain
basic skills in using C programming language and the
implementation of the program control. Also they
realize the philosophy of the embedded systems and
their application in all fields of the human activities
and especially in the technical area. The students are
given basic knowledge about the most popular
indicator elements and skills to work with them. The
initial explanation of the principles of the sensors and
data conversion introduces the students in the world of
the modern information technologies.
Conclusion
After the first approbation of the course “Practice
on open source platforms programming” from the new
curriculum for Bachelor degree in Electronics at the
Technical university of Sofia can be concluded that
the material attracts the attention of more of the
students. The direct program control of simple devices
like sensors and indicators convinces the students in
the flexibility and the universality of the embedded
systems. Emphasizing on the practice rather than

using the academic theory helps the students to accept
the material easier. The open source hardware and
software - Arduino development board and the
software IDE offer friendly environment for beginners
and are very useful for the introductory education. The
students obtain knowledge and experience that will be
in use in the further courses.
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