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Abstract: The paper deals with embedded systems, whichsareseparable part of mechatronic systems. The tasin
of them is to sense, monitoring and control of nadanic products activities. Embedded systems eareblised via
using of microcontroller, PLC, embedded PC or ashination of them. Embedded systems also can wmanketiwork as
collaborative systems.

1 Introduction _

Actually, several billions of microprocessors arac® Term “embedded systems” is used for: _
per year, but only few percent of them are usethin lof - Combination of hardware and software for exegutin
personal computer. Overwhelming majority  ofof specific tasks.
microprocessors becomes a part of embedded systems.- Embedded systems is a system which fully or gléyti
Embedded systems are special computer systemsh wh@gitonomously execute tasks depended on human
are completely embedded into devices, which arBtervention.
controlled with them. Embedded systems as a bastop - Embedded system is designed for executing ofaeve
everyday used products as car, printers, cameredicat tasks via using of the most effective way. B
devices, gaming devices, washing machine, grasmgut - Embedded system is computer system for specific

robots, vacuum cleaner robots, aeroplane, missileets, tasks. _ _ o
mobile phones, etc. (Figure 1). Using of embedded systems is practically unlimited

and new products with embedded systems are daily
introduced in market. This fact still causes thatprice of
microprocessors, microcontrollers and FPGA chipd, f
down. Developing of new product with implemented
flexible embedded systems is much cheaper then
developing of complicated control structure. Depéhg of
control system via using of embedded system besanye
simple thing.

Standard personal computer is usable for more
purposes (text processing, image processing, tern
email, listening of music, watching the video, ey
game etc., but embedded system is used only for one
purpose related to product. Striking impact of edules
systems is visible in automotive industry. Oneicaludes
several tenths of embedded systems used for various
activities as battery management, blind spot dergcair
suspension system, parking assistant and self ngarki
system, security system, tire pressure monitorysges,
seat control, window lift, emergency brake systeternal
combustion motor control, engine cooling systenojser
control, cross-traffic alert system, lane changsstent,
collision avoidance system, air condition etc [1-9]

Figure 1 Embedded systems using
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Tasks of embedded systems is very frequently tlate
to specific period and time keeping is marginal amant
for right functionality of whole product. Very good
example of embedded system is autopilot in aereplan
where embedded system has to react very fast dtiring
fly. This is the reason, why real time responsexjgected
from embedded systems.

Embedded systems are applied for controlling of
processes and functions of products. It is necgssar
obtain amount of information for this controllinghch
embedded system evaluate these information in mgnni
programme and make decision about next activities.
Mechatronic product also can communicate with aser - -
can make advice what user should make. This prodtict -
embedded system behaves as intelligent systemtasd i
able automatically decide about its activities. 8ebur of
this product is subjected to user, which has piggito
affect to its functions. Besides this, the prodizet has also
other functions unknown for user as checking odpob
status, check of battery status, user security kihgc
damage protection, etc. Product should be desiaisedor
unexpected situations caused by user or by othgradts.
Key task of mechatronic product is to help to uséh
safely using of product. In addition, the produlsbisd
eliminate bas steps of user, which can be dangdmus
product or for user or their environment.

2 Embedded system design

Embedded system development is supported also w
Matlab/Simulink package with “Embedded coder”.
Embedded system is also called as “Electronic ©bntr
Unit” — ECU or “production control unit. These whidre
designed with respecting of minimum production sast .
serial production. ECU very often consists of systeith ~SUPPOrted through the using of model-based design.
lower CPU (Microprocessor) performance and Iov9°u!d help to |dent|fy wgak places and mistakesrluct
memory and often with fixed point math. Simulationdel  9€sign. Overall design is then faster and moreesstal

of controlling is completed in Matlab/Simulink atien than before. For this reason the model of systeim tse
“Generator of production code” is used for generatf centre of product design process during the afjesteof

C-code with quality of hand-written source codetba proc_juct Ii_fe cycje as requi_r ement definiti_on, 0"“"!"1‘”“
design, simulation and verification of design agsting of

level of excellent programmers. It also enables th p dal i f d of oroduet Iodel
implementation of fix-point math routine and memoryP"educt and also recycling after end of produet IWode

optimization for selected microcontroller. Genedaig ~Simulation resuits show the problems and it is ibt&sso

code needs only minor revision and then it is resmgsfor _modify design in garly stage of design. Si_mulati;tmws
implementation into target microcontroller. if future product will fulfil of customer requiremes.
Fast product developing requires the model based

design as device for effective product design tghothe

using by:

« Common design environment for all members of team.

e Coupling of product design with customer
requirements.

e Simultaneous integration of design testing for
continuous identification of errors and repairinf o
errors.

» Debugging of the algorithm using the multi-domain
simulation.

» Automatic generation of software code.

» Developing and repeated using of testing system.

Figure 2 Design of embedded system

Initial stage of mechatronic product design can be
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e Automatic generating of documentation. (system values that remain constant unless yougehan
« Repeated using of design for distribution of system them), states (variables in the system that chavge
more processors and hardware devices. time), and signals (input and output values thange
dynamically during a simulation).
3 Model based design Modeling the System with Equations - the third step

Model-Based Design helps engineers achiey@odeling a system is to formulate the mathematical
certification to safety standards by supportingduations that describe the system. For each sebsysse
requirements traceability, verification, and docutagion he list of system components that we identifiedescribe
(Figure 2). These capabilities span multiple desigmes. he system mathematically. Model may include: aigieb
For example, requirements linked to model are tedens  €9uations, logical equations, differential equatjofor
comments in generated code. Qualification kitsjlapee ~COntinuous systems and difference equations, farelie

for several verification tools, can reduce the ancof SYSIEMS €tc. o _
manual review needed. Building the Simulink Block Diagram - after we have

It is also increasingly common for organizations tglefined the mathematical equations that descrilmh ea

adopt Model-Based Design on large programs spannifigPSystem, we can begin building a block diagraruof
multiple  organizations. This allows system-leveffiodel for example in MATLAB/Simulink. Build the bba

performance to be assessed and integration issubs t diagram for each of our subcomponents separatélgr A
uncovered much earlier in the design process. we have modeled each subcomponent, we can then

When detailed models from multiple organizatiores arntégrateé them into a complete model of the system.
combined, resuling models can contain hundreds of RuUnning the Simulation - after we build the Simkin
thousands of blocks. Modeling tools have evolverhest Plock diagram, we can simulate the model and aeadlye
these challenges with improved support for largeesc _results. S_lmullnk allows us to interactively defisgstem _
modeling, including support for composite modelsnfr inputs, S|mqlate the model,_ and observe changes in
other model files and support for signal buses. behavior. This allows us to quickly evaluate youdal.

When organizations adopt Model-Based Design, they _Valldatmg the Simulation Results - finally, we nhus
improve product quality and reduce development tipe validate tha; our model accurgtely represents Hysipal
50% or more. It also causes that product will beagier Characteristics of the dynamic system. We can bee t
and more competitive on market. linearization and trimming tools available from the

In generally, there are six steps to modeling gsjesn: MATLAB command line, plus the many tools in
« Defining the System. MATLAB and its application toolboxes to analyze and
 Identifying System Components. validate our model.
* Modeling the System with Equations.
* Building the model.
* Running the Simulation.
» Validating the Simulation Results.

4  Conclusion

Model-Based Design with MATLAB and Simulink is
an efficient and cost-effective way to develop cterp
embedded systems in aerospace, automotive,
communications, and other industries. It enablasesy-
and component-level design and simulation, autamati
code generation, and continuous test and verificgf].

Plant models provide another perspective on the
system. Modelling the non-software parts of theeys
gives engineers another view into system behaviour.
Engineers can often learn more about system dymsamic
through simulation than from the real system beeaus
simulation provides details on force, torque, aurr@and
other values that are difficult or impossible toasere on
the actual hardware.

Creating plant models requires engineering effout,
this effort is often overestimated, while the vafwevided
by plant modelling is underestimated. When develgpi
fplant models, it is a best practice to start aigh kevel of
abstraction and add details as needed. Choosienghdf
abstraction that is just detailed enough to prodihee
needed results saves modelling effort as wellraalation
time.

System behaviour is defined not only by the embédde
ontrol software, but also by the electronic andmaeical

We perform the first three steps of this procedsida
of the software environment before we begin buddiur
model. Mainly, these first three steps are impdareamd
many people make mistakes in these steps. Firvatiign
system is modeled through the equations, nextibgildf
the model is more or less routine operation. inigortant
to say that every model is not perfect and evengetive
have to neglect any points and simplify system dgtan.
Overall process requires the experiences. Whenilivizyw
to make absolutely prefect model, very complicatedlel
and slowly simulation will be as the result of them

Defining of the system - the first step in modeliag
dynamic system is to fully define the system. If ae
modeling a large system that can be broken intts pae
should model each subcomponent on its own. Theéer, a
building each component, we can integrate them @to
complete model of the system.

Identifying System Components - the second stépein
modeling process is to identify the system comptsen
Three types of components define a system: parasnetg
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components, including the connected sensors and Electronic Control Unit (ECU)  Controller
actuators. Early simulations in which the architeetis Development by applying High Performance Real-
executed provide more insight when they are peréorin Time System, [online], [2018-08-08],

http://home.hiroshima-
u.ac.jp/pros/jusfa02/jusfa_tutorial_B.htm
[10] KARNOFSKY, K.: Putting the system in electroni
system design, EETimes Newsletter 2/4/2008, UBM

a closed loop with plant or environment models.t8ys
level optimization requires multi-domain simulatsorit is
impossible to optimize today's sophisticated systdmyg
tuning one parameter at a time. To deliver maximum
energy efficiency and highest performance at mihima  Tech, Also available online, Cited 07-11-2013,
material cost, engineers must optimize the systsnma a http://www.eetimes.com/document.asp?doc_id=127
whole, and not just the embedded software [3-19]. 1606

[11] KOHL, S., JEGMINAT, D.: How to Do Hardware-in-
the-Loop Simulation Right. dASPACE GmbH. SAE
International, 2005, 2005SAE World Congress
Detroit, Michigan, April 11-14, 2005. SAE Technical
paper series. Reprinted From: Controller System
Software Testing and Validation (SP-1928).
[12] DHALIWAL, A., NAGARAJ, S., JOGI, S.:
Hardware-in-the-Loop Testing for Hybrid Vehicles
dSPACE GmbH, Evaluation Engineering, November
2009, NP Communications, LLC. dSPACE, 50131
Pontiac Trail, Wixom, Ml 48393. Also available
online, Cited 07-08-2018.
http://www.evaluationengineering.com/articles/2009
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Abstract: The paper deals with experimental stand for testihgctuators. Shape memory alloy has been onkeof t
possible tested actuators on this stand. Experaheggults gave recommendation for design of tleyaets with tested
actuators. This stand is also able to test dyngnaoigerties of actuators.

1 Introduction Conventional actuators is based on electromagnetic

Actuator is a device for conversion of any enemy tPrinciple and on the base of theory, the efficieimcgmall
mechanical work. The main aim is to use the actusith ~ dimensions (less than 10 mm) is lower than in higge
minimum losses and minimum size and low price. dimensions.

Mechatronics applications grooving up and thera is
need for actuators as base part of mechatronieragsffig.

1, fig. 2, fig. 3).

Also smaller miniature products need also smalle
actuators. Conventional actuators are sometimes 1
successful for using in this area, because of fificiency
and overall costs.

Figure 3 Machine with shape memo?y alloy actuator

This is the reason of using of unconventional aonsa
as shape memory alloys actuators, piezoelectriatars,
magnetostrictive alloy, electrostatic actuators . etc
Piezoelectric actuators uses the piezoelectricqrhenon
where the connected electric voltage is convedesdroke
or displacement of piezoelectric material. Magnteitctsve
materials need magnetic array for generation oferadt
stroke. Magnetostrictive alloy and piezoelectrituators
have fast response time (several nanoseconds or
\““\m\\“\_\\\\\\\\,\\\\\\\\\\\\\\\\\\&\\\\\‘ microseconds). Obtained strokes for these actuat@s
3 5 - 5 low (only about 0.1 percent).

Shape memory alloy needs thermal activation for

{ g\\\\\\\\\\\\\\\\\\
1

Figure 1 Machine with e ectromagnetic actuator generation of displacement. Displacement is about 5
percent from dimension of shape memory alloy achsat
/ AR Main disadvantage of shape memory alloys is vesw sl

reaction time (several seconds).

Shape memory alloy with acronym SMA is very
interesting material activated with temperaturengea It
, means that material has defined shape and aftenahe
Bristle : heating, it is deformed, but after cooling, it ret to

previous defined shape. This thermal activatiopaigsed
: i from internal structure transformation between erasite
Piezoactuator and austenite.

Shape memory alloy actuators are available in uario
forms as wire, roods, spring etc.

Shape memory alloy is available as two-way SMA,
which provides pull and contract force, but withadier
displacement in comparing with one-way SMA, which
provides only contract force and return to previposition

_ Bristle

Figure 2 Machine with piezoe ectric actuator
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has to be made with bias force from spring or #ofu lﬁC\
y

. = =
force (mass gravity etc.) [1-5]. ‘ = ] = '
Shape memory alloy needs bias mechanism fi _:, W
ensuring of properly function (fig. 4). There aevaral 7
ways of biasing as using of weight for generatibpul

force, using of spring and antagonistic arrangeroétwo  Figure 6 Crimping of the shape memory alloy actuators
shape memory alloy actuators for alternate usinbias

®
-

1
R

S
; 2

mechanism. Shape memory alloy can be activated using thereati
caused by passing electrical current. Activatiometi
[ Gravitation bias mechanism | depends on value of electrical current. Maximunugaif
Pulley electrical current is defined by actuator manufastu

SMA

Activation time is also affected by way of shapemmoey
///y;;h alloy application (attaching to other parts, thdrma
isolation, air flow, surround temperature etc.).
Weight
G

e there is only passive convection is used. But thera
forced ways of actuator cooling.

The shape memory alloy is frequently used in
automotive industry, aeronautics, medicine, maclyiate.

1 Deactivation time is longer than activation, beeaus

Current source

| Spring bias mechanism

SMA <~ 2 Testing stand for experimental
,,,,,;,h Spiing verification of shape memory alloy
actuators
Current Activation and deactivation of wire shape memory
source | 515 Y alloy causes the change of this length - strolas @ctive
stroke allows to lift any weight or active forceetid for
any application. Useful force is decreased withuiregl
| antagonistic bias mechanism bias force or bias weight.
SMA << SMA Experimental stand (fig. 7) has been developed for
experimental testing of the shape memory alloy.
Predefined bias weight is used for tested actuétoe. end
is fixed and connected to power supply. Second isnd
i (/ connected with tension rope to bias weight. Se@ntdlis
oo [ %o d also connected to power supply and control unisito
Current source Current source of second movable end is measured as actuatoes#go

additional weight can be added during the experinidre
aim is to obtain power characteristic of actuatiomeans
dependence of useful active force and stroke ofeaot.

There are more than twenty alloys of materials,cwhi  "Eng position is sensed via using of permanent ntagne
have shape memory effect. The most famous alloy id magnetically sensitive sensor.

Nitinol, which is as alloy from Nickel and Titanium
Thermal activation can be made with external hgatir Power supply Pulley

and cooling system. The most frequently used iarthe Magnet

activation with joule heating caused with electrimarent  |gign and pasition

. . . . . sensor
through the material. Cooling is with passive hee
exchange with surroundings or active cooling witty a
cooling systems. FLEXINOL

Figure 4 The SMA applying with biasforce[1, 2]

Bias
weight

Practical using of shape memory alloy meets wit SMA wire Pulley G
problem of attaching to mechanical parts. Actuatavire .!
00

form cannot be welded or soldering. There is aipibitg . . :
of using of crimp technology of attaching to thedesf ~ Figure 7 Experimental test stand for testing of shape memory

actuator (fig. 6). alloy

Apparatus allows to slowly change of supply eleetri
current. Stroke of actuator has the significanttdrgsis
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also occurs during the loading of actuator. Thisténesis Figure 10 shows experimental stand for testindnape
can be as problem in control process. memory alloy actuators.

Permanent magnet is used as reference point of
movable end point of shape memory alloy actuatedl H3  Conclusion

sensor has been used for sensing of the magnétoposi  Shape memory alloy is actuator, which is as thirewi
(fig. 8). and it is able to generate up to 5% stroke (froraral
length) under the loading. Output mechanical wet&ted

to its dimensions is much bigger than from others
conventional actuators. This type of actuator e good
corrosion resistance and biocompatibility. Thedeators
produces no noise, no dust and no electromagnetyg. a
All these properties give the great possibility for
application in many various application [4-27].
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