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Abstract: The main role of embedded system is to control gheduct behaviour or control of outside world.
Microcontroller as embedded system obtains infoienahrough the sensors and makes adequate ingpaatstide world
after sensor data processing. The microcontraltgract is realized through the actuators which cdrihe electrical
energy (or different type of energy) to mechanmalrk. These processes are executed because dfdudfiomer
requirements. Microcontrollers as signal contrsllevork only with low power signals. This paper disses the
possibilities and application of controlling thewsr subsystems via using the embedded systems.

1 Introduction

An embedded system is a computer system with .
dedicated function within a larger mechanical ectical
system, often with real-time computing constrajhig]. It
is embedded as part of a complete device oftendlirod —
hardware and mechanical parts. Embedded systertrsicon X L/
many devices in common use today [3]. Ninety-eight g
percent of all microprocessors are manufactured a S
components of embedded systems. Embedded systei @

range from portable devices such as digital wateves |5

MP3 players, to large stationary installations ltkaffic
lights, factory controllers, and largely complexstgms
like hybrid vehicles, MRI, and avionics (Figure 1). ‘

Because an embedded system is engineered to perfol|
certain tasks only, design engineers may optimize, s
cost, power consumption, reliability and performanc
Embedded systems are typically produced on broaldsc
and share functionalities across a variety of emvirents
and applications.

Embedded systems are managed by single or multip!
processing cores in the form of microcontrollersligital
signal processors (DSP), field-programmable gatayar Figure 1 Embedded systems application examples
(FPGA), application-specific integrated circuits SIK) ) o
and gate arrays_ These processing Components areAn embedded SyStem'S key feature is dedication to

integrated with components dedicated to handliegtét ~ Specific functions that typically require strongngeal-
and/or mechanical interfacing. purpose processors. For example, router and switch

systems are embedded systems, whereas a gengras@ur

Embedded

— systems
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computer uses a proper OS for routing functionalitf PWM). PWM is forming of the signal through the ylut
However, embedded routers function more efficietithn  cycle of the signal (Figure 4). Its main use igtlow the
0OS-based computers for routing functionalities]j1,2 control of the power supplied to electrical devjces
Embedded systems sense quantities from surround asgpecially to inertial loads such as motors. Theraye
make the actions via using actuators by the follgwown value of voltage (and current) fed to the loadastolled
algorithm (Figure 2). by turning the switch between supply and load ah @
at a fast rate. The longer the switch is on conthb&wehe
off periods, the higher the total power suppliethi®load.

Devices

+
Microcontroller T Uce
ND
v
Figure 2 Microcontroller with sensors and actuators
Vane anemometer (Figure 3) is also suitable fordwin -
speed measurement. It uses the propeller on heaizmxis
in wind direction.
2 Controlling of power systems D=—L

Embedded system realized through the microcontroll¢
includes signal processor. It means that it opsnaith low
voltage and low currents, which are safely for the ‘ i
controller. The maximum current is limited to seler t @
milliampers. Direct connection most of actuatorgito of Time [s]
microcontroller causes the immediately damagingjofal ~ Figure 4 Pulse width modulation principle for cooitmg of the

Amplitude [V]

overall microcontroller. DC motor speed
This problem can be solved via using of high power o ) ) )
part as transistor, thyristor, triac, relay etcuctive loads Switching frequencies varies from several times per

(DC and AC motors etc.) require big attention itkesing Minute in an electric stove; 120 Hz in a lamp dimme
of power parts and circuits. Protection diode ig/aften Petween a few kilohertz (kHz), to tens of kHz famator
used for this purpose (fig. 3). drive; and well into the tens or hundreds of kHairdio

amplifiers and computer power supplies.
+U.. The term duty cycle describes the proportion of ‘on
T time to the regular interval or 'period' of timeloav duty
cycle corresponds to low power, because the posveffi
for most of the time. Duty cycle is expressed incpat,
100% being fully on. The main advantage of PWNVhistt
power loss in the switching devices is very low. éfita
switch is off there is practically no current, amtden it is
on and power is being transferred to the load,ether
almost no voltage drop across the switch. Power lzeing
the product of voltage and current, is thus in brabes
close to zero. PWM also works well with digital tafs,
which, because of their on/off nature, can eastlytke
needed duty cycle. PWM has also been used in gertai
Figure 3 Microcontroller with power transistor aqmotection ~ COMMunication systems where its duty cycle has beed
diode for inductive load to convey information over a communications chafisiel
Many microcontrollers include on-chip PWM

Simple circuit (Figure 3) is useful for actuatorcontrollers. Advantage of PWM is that the signahains
activation (simple switch on of DC motor, relaylaetc.). digital all the way from the processor to the cofted
If it is necessary to control of DC speed rotatitinis System; no digital-to-analog conversion is necgsday
possible to make it via using the pulse-width matiah keeping the signal digital, noise effects are mined.

Microcontroller

P
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Increased noise immunity is yet another benefit ¢ optical
choosing PWM over analogue control and is the jpaic -
reason PWM is sometimes used for communicatiol ,,

Switching from an analogue signal to PWM can inseea .
the length of a communications channel dramatic#ity -
the receiving end, a suitable RC (resistor-capgoitoLC
(inductor-capacitor) network can remove the modiudat £ SR
high frequency square wave and return the signal - JSSS- pdl P2

Microcontroller +Ug,
aial

7 & = +Uge,
analogue form [4,5]. o R qu ,’|<7 :RﬁJ-

The circuit on figure 3 allows only one directioh o e |
rotational speed of DC motor. This problem candeesi | Signal part | i _ Powerpart
via using the H-bridge composed from four transisto Figure 6 DC motor controlllng with H-bridge withesitric
switches (Figure 5). isolation protection

3 Controlling of RC servo

RC servo is positional servomechanism, which césisis
of DC motor, positional sensor and control eleatron
There are rotational and also linear servos (Fighre

Microcontroller PWM
signal

PWM =

signal 7

pam R o
- g ———— e ]

Figure 5 Principle of H-bridge for DC motor control

Connecting of PWM signal to base of transistor M@ a . ST e
T3 causes that DC motor rotates in one directiahvize- Figure 7 Rotational and linear RC servo
versa connecting of the PWM signal to base of tsams
T1 and T4 reverses the direction of DC rotation. NPW
signal must be connected only to one output (Fig)iref
controller. Short circuit occurs in case of simoéausly
activating of both pairs of transistors.

Inductive load as DC motor can cause the proble
because inductive load devices (DC motor, relalgnsmd
etc.) produce electrical spikes that damage thputsitof g
microcontroller or also it can be totally damagedr the 5,  |1ms 1ms
higher safety and reliability, it is useful to ustectric 1 H

Controlling of these servos is with conventional RC
signal. It is pulse-width modulation signal and thicf
pulse constitutes the value of desired positiomrafular
horn or linear shaft. Pulse width is in range frbms to 2

s and delay between the pulses is in range franms10

ms (Figure 8).

isolation protection that isolates the signal padontroller
from power part of DC motor (Figure 6). ov
Optocouplers and opto-isolators can be used om the l¢_10+20ms |
own, or to switch a range of other larger electatavices i
such as transistors and triacs providing the reduir 5V 1,5ms 1,5ms
electrical isolation between a lower voltage cdrgrgnal
and the higher voltage or current output signain@wn
applications for optocouplers include microprocesso gy
input/output switching, DC and AC power control, PC 10+20ms
communications, signal isolation and power supply
regulation which suffer from current ground loogts, The
electrical signal being transmitted can be eith@l@gue

(linear) or digital (pulses) [6]. “
ov__J| L
10+20ms |

Figure 8 Principle of rotational RC servo controif

A\

e 0°

\

5V 2ms 2ms

= 4900

v

Pulse with width of 1ms means that rotation semmh
rotates to position -90° and pulse with width of<2means
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horn rotation to position +90° (Figure 8). Lineans shaft There are two basic winding arrangements for the

is moving out to end position for pulse width ok and electromagnetic coils in a two-phase stepper mbtpalar

pulse with width of 2 ms causes the forward shiftdithe and unipolar.

linear servo shaft (Figure 9). A unipolar stepper motor has one winding with cente
Experiences shows that above mentioned conventitep per phase. Each section (A, B, C, D) of windiigy

(Figure 8 and Figure 9) may varies and every predbas switched on for each direction of magnetic fielthc in

different servo characteristic and also every pfem® the this arrangement a magnetic pole can be reversbowti

same producer can has the different behavious. good switching the direction of current, the commutatbarcuit

to make calibration of the servo before using of $#G/0 can be made very simple (e.g., a single transig&togach

in your application. Also loaded servo may haseddht winding (Figure 11).

characteristic.
E‘
5v A‘f“s 1ms @ H H ﬂ ﬂ H H D
] } - i I n =i B
B 10+20ms 5 H H H H ﬂ ﬂ B
- | B B N
—| —| d i J=n Microcontroller Time [s]
. 10+20ms - ‘. : o -
w - ARnan
ov —| —| . C 'Q
10+20ms >

Figure 9 Principle of linear RC servo controlling

Every microcontroller is able to generate the gsils

with specified width. Some of them can also gemera Stapper

motor

pulses on background of the main process. Conmeofio
the RC servo to microcontroller is simple. In eveage it B
is more safely insert the resistor for limitingtbé current
of output signal (Figure 10).

= 1-2ms

Microcontroller g soms B H H

=

£

< N

Time [s] &
N
R' @ _-:;UJCC
SERVO 4 . . .
J_ \é Figure 11 Controlling of the unipolar stepper motor
Figure 10 Connection of RC servo to microcontroller Bipolar motors have a single winding per phase. The
] current in a winding needs to be reversed in daerverse

4  Stepper motor controlling a magnetic pole, so the driving circuit must be enor

Stepping motor is a brushless DC electric motot thg@omplicated, typically with an H-bridge arrangement
divides a full rotation into a number of equal stephe (however there are several off-the-shelf driverpshi
motor's position can then be commanded to movénalttl available to make this a simple affair). Theretare leads
at one of these steps without any feedback seasayen- per phase, none are common [7,8].
loop controller), as long as the motor is carefgized to Measured data are relatively stable and it is dloske
the application in respect to torque and speed. reference value. Blower has been adjusted to fégreint

The stepper motor is known by its property to convevalues and it brought the ten various values dfoair
a train of input pulses (typically square wave ps)snto a velocity. From this data the averages have beee ¢lam
precisely defined increment in the shaft positilach comparing the results with reference value. lhisven on
pulse moves the shaft through a fixed angle. figure 8.
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5 Applications [6] Optocoupler Tutorial Electronic tutorials by
Controlling applications of embedded systems is AspenCore, Inc. [Online], Available:

almost unlimited. The biggest advantage is the Ismal http://www.electronics-

dimensions of the microcontroller which enableimatude tutorials.ws/blog/optocoupler.html  [24 Mar 2020],

the microcontroller into controlled machine (Figdi®. 2019.
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