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This paper deals with analysis of possibilities to use single board computers for purposes of teaching students in 

electromechanical subjects. The most appropriate subject for this purpose is electromechanical control systems. As an 
object  of  analysis  a  single  board  computer  Raspberry  Pi  was  chosen.  Basing  on  Raspberry  Pi  and  DC  motor  
Maxon 273688 with built-in gearbox and incremental encoder units, a simple electromechanical control system was 
developed. As object of control an RC car model was chosen, where developed control system was installed. 
Additionally, a possibility of video streaming using Raspberry Pi Camera Module was implemented. Developed system 
allows students to study principles of design and creation PC based control systems and specialized control software to 
study the basics of development, adjustment and analysis of such systems.  
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INTRODUCTION. The development of automation 
and control systems in electromechanics leads to 
growing demands for training students in related 
specialities. Nowadays students in electromechanics 
should not only know and be able to implement basic 
principles and theories of the electromechanical 
equipment operation and maintanence, but they also 
should be able to use, implement modern facilities in 
this area. One of such facilities are microprocessor 
systems, which could be used, for example, to control 
operation of electromecanical systems or their parts. 
Thus, students in electromecanics should be able to 
formulate demands for microprocessor systems 
depending on their task, develop all necessary 
schematics, choose hardware and develop software for 
them. As a base for studying all these techniques, a 
single board computers could be used. Their advanages 
are low price, simple construction, and possibility to 
directle work with related hardware parts. Analysing 
possible  systems,  which  could  be  used  for  this  task,  a  
single board computer Raspberry Pi was chosen. The 
one  of  the  advantages  of  this  board  is  its  opearating  
under Linux operating system which could hep to 
simplify task of teaching electromachanician students to 
the basics of software development.  

RESEARCH MATERIALS AND RESULTS. In 
everyday life the electric drive is constantly upgraded 
and finds the increasing application in various branches 
of production, including automotive industry, where its 
main purpose is to drive vehicle. Thus, there is a task of 
training electromechanical students in principles of 
creation automated controlled electric drive systems for 
vehicles. This task could be solved via creation small-
sized electric car model with its control system on the 
basis of modern automation and controlling facilities 
aimed to teach students basic principles of development 
such systems. 

As a platform for development of an experimental 
sample the following equipment were chosen:  

 single-board Raspberry Pi computer [1]; 
 DC motor Maxon 273688 [2]; 
 mechanical part of the RC car with complete 

mechanics. 
The Raspberry Pi is a credit card-sized single-board 

microcomputer became  known  thanks  in  part  to  its  
computing power, size, and price (Fig. 1). This low-cost 

device allows studying programming bases, carries out a 
wide range of programming tasks, allows controlling 
peripheral devices, and has wide possibilities of 
connecting different type sensor. The Raspberry Pi is 
based on the Broadcom BCM2835 embedded 
multimedia applications processor. It comes equipped 
with multiple connection ports and can be easily 
operated by plugging into a television or monitor and a 
USB keyboard. It is also compatible with many 
operating systems; however, Raspbian, a version 
of Linux adapted for the Raspberry Pi, is one of the 
most common operating systems in use. 

 

 
Figure 1 – General view of the single-board computer 

Raspberry Pi 
 

The Raspberry Pi has a Broadcom BCM2835 system 
on a chip (SoC), which includes an ARM1176JZF-
S 700 MHz processor, VideoCore IV GPU, and was 
originally shipped with 256 megabytes of RAM, later 
upgraded to 512 MB. It does not include a built-in hard 
disk or solid-state drive, but uses an SD card for booting 
and persistent storage [1].  

Raspberry Pi allows creation a simple DC motor 
control system using its General Purpose Input-Output 
(GPIO) pins. GPIO pins could be configured as digital 
inputs or outputs, and also are able to control Pulse-
Width Modulation (PWM) signal. PWM is used for 
controlling a variety of devices – motor speed, servo 
positions and other things. In this project the PWM was 
used to control DC motor velocity and as sequence, 
control a vehicle speed. Most motors need to run at a 
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higher voltage than the Raspberry Pi’s 3.3V offers, and 
a higher current than the GPIO ports can cope with  
[3, 4]. So it should be solved a task of switching a 
higher voltage with the 3.3V from a GPIO port. For this 
purpose the chip L293D was used. It’s a monolithic 
integrated high voltage, high current four channel driver 
designed to accept standard DTL or TTL logic levels 
and drive inductive loads (such as relays solenoides, DC 
and stepping motors) and switching power transistors. 
The other thing this chip does is protect Raspberry Pi’s 
GPIO port from the voltage spike that can occur when 
an inductive load (a relay, solenoid, motor etc.) is 
switched off. It has built-in freewheeling diodes that 
give the required protection. Using this chip a motor 
control board was created.  

In this project DC motor Maxon 273688 (1.2 Watt, 
11000 rpm, 0.35 mNm) was used. Also this motor 
contains gear unit with planetary gearhead and rated 
torque of 0.2 Nm, and a sensor unit with two-channel 
and 16 pulses per channel encoder. Thus, basing on this 
equipment, a closed loop speed control system was 
created. Encoder outputs could be connected to 
Raspberry Pi GPIOs with I2C interface to collect motor 
velocity data. Basing on these data special software for 
calculation PID output and creation shape of PWM 
signal  was  created  on  Raspberry  Pi  using  Python  
programming language. This software could be used as 
a basic example for teaching electromechanics students 
to the principles of development the specialized 
software for control systems. A functional diagram of 
developed system is shown in Fig. 2. 

 

 
 

Figure 2 – Functional diagram of the device 
 
To imply possibility of car steering control, it was 

used another two GPIO pins configured as digital 
outputs. Steering unit was used from the base chassis of 
a car model.  

Developed model is controlled by Raspberry Pi 
script written using Python programming language. This 
script allows control car movement (forward, backward, 

left, right) and also vehicle speed via PWM shape. 
Additionally developed script allows calculate PID 
signal basing on desired speed value and real speed, 
derived from encoder signal. 

Additionally it was implemented the possibility of 
video streaming using Raspberry Pi Camera Module. 
This feature could be used as a basis for development 
electromechanical control systems basing on camera 
vision principles.  

All developed equipment, with its software, could be 
used for educational process while preparing student in 
electromechanical specialities to the principles of design 
and development control systems for electromechanical 
equipment. This equipment allows students the 
following possibilities: 

– to study the principles of designing control 
systems for electromechanical equipment; 

– to train in development the hardware for 
electromechanical control systems; 

– to study the principles of creating power electronic 
boards for control systems; 

– to study the principles of control software 
development for electromechanical control systems; 

– to analyze the operating and regulation quality of 
electromechanical computerized control systems. 

CONCLUSIONS. The project of experimental model 
of the electric car was developed. This model uses 
PWC–DC system developed on the basis of Raspberry 
PI.  Such  system  could  be  used  as  a  basis  for  training  
electromechanical student in skills of development 
hardware and electronics for automated control systems. 
Moreover, the simplicity of developed programming 
solutions could be used as a base for students in creation 
their own software for automated electric drive control 
systems in any branch of electromechanical duty. 

 
REFERENCES 

1. Internet source: www.raspberrypi.org 
2. Internet source: www.maxonmotor.com 
3. Internet source: http://raspi.tv/2013/rpi-gpio-0-

5-2a-now-has-software-pwm-how-to-use-it 
4. Internet source: www.embedded-

computing.com/guest-blogs/pwm-control-with-the-
raspberry-pi 

  
  

  

.  
 

. , 20, . , 39600, . -mail: scenter@kdu.edu.ua  
 

.  
, .  
 Raspberry Pi.  Maxon 273688,  

,  
.  ,   

.  Raspberry Pi 
Camera Module.  

 
, .  

: , , Raspberry Pi. 


