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Anotace

Diplomova prace je za¥ena na porovnavani freeware sindaligh a vizualizénich
nastofi pro operani systém Linux. Prace se zabyva vyhledanim &@ltitelnych program
pro simulace elektronickych uloh a jejich zobrameniDale také demonstraci pouZziti
nasimulovanim jednoduché elektrotechnicé ulohy aled@diym porovnanim z hlediska

uzivatele.

Kli ¢ova slova

Linux, elektrotechnick& Uloha, simulace, instaladeascal, C++, freeware, siméha

nastroje, porovnani
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Abstract

The graduation thesis is about comparing of freeveamulation and visualization programs
for operation system Linux (Ubuntu, Mandrake.ts &bout searching for freeware programs
for simulation of electrotechnical tasks and th@sualization. It also include a use by

demonstration on simple electotechnical task amapesison from the view of the user.

Key words
Linux, electrotechnical task, simulation, instelat Pascal, C++, freeware, simulation

tools, comparizon
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Uvod

Tato prace je za#hena na porovnani freeware grafickych a vizughteh program
pro Linux.

Samotna prace mé tasti. Prvni popisuje pouzity opeérd systém, jeho prvni
instalaci a rady wlezité pro praci s nim. Druh& se zabyva programyzpgmi pro vytvaeni
koda pro hlavni program, jejich popisem, realnym vylmdias instalaci. fleti ¢ast popisuje
funkci prograni a vizualizaci.
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Seznam symbol G a zkratek

LinuX ... opetai systém

CH+oiieies programovaci jazyk
Pascal................. programovaci jazyk

OS. ., opefiai systém

PDA.........cccoe. maly kapesnitac

MAC.....cccoeeeennn. opetani systém pro potace Macintosh

MATLAB.......... Matrix laboratory

Jii Lupinek 2012
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1. Linux

1.1 Uvod do programovani
Freeware programy se rozvijeji jiz od¢atku vyroby sloZijSich program. Jedna se

vétSinou o zjednoduSené verze placenych prodrakteré maji za ukol navnadit budouci
zakazniky a donutit je ke koupi vylepSené verzeraki se tento typ prograinzaal pouzivat

u opergnich systéra Windows, ale postugrnse fesunul i na ostatni platformy.

S istem poptavky po specializovanych programech precifipka odwtvi lidské
¢innosti se objevili i programy preéeSeni nejtive jednodusSich elektrotechnickych uloh a
pozcji i pro ty slozité. Nejednalo se jen o samotnéodfp, ale postupentadi i o vizualni
simulaci. Diky zdokonalovani p@iacovych komponerit rostou i moZznosti detailniho

zobrazeni.

Bézni uzivatelé ovSem nezvladaji slé@it a dle nich nelogické programy. Proto se
zatal brat ohled nejen na vzhled a zobrazeni hodnoséedki, ale také na jednoduchost

ovladani. Ruku v ruce s ovladanim se rozvinulaadsia instalace.

V této praci budeme pracovat a porovnavat programwiojppzyky Pascal a C++. Oba
maji moznost vizualizace a hodi se k naprogramozadanych uloh dle pih uZivatele.
V naSem pipact byl pouzit freeware program Lazarus IDE v0.9.2B02pro zpracovani

jazyka Pascal a program QT4 pro jazyk C++ .

1.2 Popis Linuxu

Linux je moderni opetai systém (OS), jehoZz ovladani je steprivétivé jako u jinych

systéni a ktery obsahuje velké mnozstvi ovlatlaro nejizrejsi standardizovany hardware.

* Na Linuxu neni zpravidla nutné pouzivat zadny kokgvany zabezp#@vaci nebo

antivirovy systém.

10
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e Linux neodesila zadné citlivé informace bez vaSebdomi. V naprosté &tSiné

piipadi systém nevyZzaduje restart k projevengam

* Mezi aplikacemi kazdé &Si linuxové distribuce najdete kandsky balik, tzv.
office.

» V kazdeé linuxové distribuci naleznete velké mno#agjtiznéjSich aplikaci.

e Linux lze vykonow i vzhledow prizpusobit kazdému pozadavku.

* Linux je mozné pouzivat na velkém mnoZstvizeni od PDA, fes notebooky, stolni
pocitace az po specializované servery. Diky jeho zalo¥gak neni pdeba se na
kazdém dgit novému zachazeni. Stale se jedna o principigiejny systém.

» Flexibilita Linuxu umo#uje, Ze pi zmeéné hardwaru nebo celého fitace nemusite
pieinstalovavat cely systém.

* Nemusite seifhlaSovat a odhlaSovatimdministraci systému. Pracovatibe i
nekolik lidi najednou.
* Na Linuxu je mozné pracovat vzdatem to mnohaiiznymi zpisoby.

» V podstat vSechny linuxové distribuce jsou k dispozici zdarmrotoZe se jedna o
svobodny software.

1.3 Nejznan€jsi distibuce

e Ubuntu - celkem mladé distribuce, vyvoj pro odgimtitace jako desktopova
aplikace
- razné modifikace grafickych prasidi, moznost pu&ti pres Live CD ( Ize
spustit Linux bez nutnosti instalce)
* Gentoo — pro pokrdlé uzivatele, moznost nastavit si distribuci naupctitace a
pouzivani

» Debian - rozsahly, dlouho vyvyjeny

1.4 Instalace Linuxu

Z internetu si stAhneme instété soubory, naipklad ze stranekttp://www.linux.cz/.
Po vypaleni na cd / Dvd v reZimu systémoveho digkui problém naisntalovat systém na
pocitac.

11
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V naSem fipact jsem pouZil program Oracle Virtual Box, ktery ndmoziuje
Vytvoiit si virtualni p&itac v pasitaci s jiz nainstalovanym opefaim systémem Windows.
Odpadne timto problém s ragdvanim pevnych diskna vice oddil a nastavovani spoési
jednotlivych operénich systen.

Instalace Linuxu seifiiS neliSi od ¥tSirg lidi znamé instalace Windows. Riime
prakticky bez zasahu uzivatele a zabere necealthogdinuc¢asu.

ubuntu®

BOFP [ Pravy ctrl

Obrazek 1.4 — Instalace Ubuntu

1.5 Vzhled oper&niho systému

Prace v systému je \ipact distribuce Ubuntu prakticky totozna s Windows. déaje
zde plochu, systémovou liStu monitorujici pevn&ipgené disky, nastaveni obrazovek
klavesnice. V levém hornim rohu obrazovky jsou amesni systému, adrasaakladnich

e

sloZzek ( Dokumenty, R@ta¢, Plocha, Si) a pro nas nejdezit¢jSi — seznam aplikaci.

12
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V ném najdeme nejen nainstalované aplikace, ale takénzéme fistup ke stazeni

dalSich prograrinpomoci Centra softwaru pro Ubuntu.

43 Aplikace Mi ] 1 @) Ck, 7.cerven, 09:10 @ chio &
'E Grafika

B3 Hry

® internet

ﬁ? Kancelar

4/ Programovani

&, Prislusenstvi

sCreeny

ﬁ@ e IB Right Control I

Obrazek 1.5 — Vzhled plochy v Ubuntu
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2. Programovaci jazyky

2.1 Instalace

Oteweme si Centrum softwaru pro a zde si najdem# the kategorii¢i piimo dle
nazvu vhodny program. Po nalezeni programu se nama2anostech nabidne zobrazeni vice
informaci a samotna instalace. Uzivatel tak ma rossi najit program, ktery pokryva celou
Skalu potebnych funkci. Samotna instalace pak probiha autokyabez nutného zasahu od
nas.

Pro nas dalSi postup v Ukolu si nainstalujeme olb@ené programy. Lazarus pro
programovaci jazyk Pascal a QT4 pro C++. Po ndmsiai pak programy najdeme v zélozce

Aplikace a v podzalozce Programovani.

- W -5

3 Aplikace Mista Systém 5] 1y ) Ck, 7.cerven, 09:12 € chio

—

Centrum softwaru pro Ubuntu

-

Soubor Upravit Zobrazit MNapovéda

' @ Ziskatsoftware | | Ziskat software |°\|
I3 E Mainstalovany software
Historie Sekce
‘ﬁ Grafika Wb Hry
| O Internet ﬁ Kancelaf
E_ﬂ Motivy a tweaky m Pisma
| % 2
& Prislusenstvi G051 Systém
EB Véda a inZenyrstvi ,—f Vyvojarské nastroje
I [ vzdelavani € zpfistupnéni
& Zvuk a video
Oblibené Co ie nového : S
34814 dostupnych polozek

f Centrum softwarupr...

P ) (3 | B 3] richt Contrl

Obrazek 2.1 — Cetrum softwaru pro Ubuntu
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a

| 2 @ Ziskat soibware | 1 | | Ziskat software /) Grafika > Kresleni | }éL
| Nainstalovany software : : -

m Cenon

Historie Vector graphics tool For GNUstep

Fontmatrix

Editor pisem
“_Inkscape . . .
"+ Program pro tvorbu 3 Upravu vektorové arafiky (SVG)

LaTeXDraw
Graficky editor pro PSTricks

?f OpenOffice.org Kresleni
% Vytdret a upravovat obrazky, grafy a loga.

P pencil k'
Kreslici nastroj

l QElectroTech
Editor elektrickych schemat.

ﬁ salasaga

Tvorba eLearningovych kurzl

Synfig Studio

Tworba a Gprava 2D animaci a kompozici
J#£ xaraxtreme
1 it A

10 dostupnych polozek
fi Centrum softwarupr...

@@@:j I @@mghmonm

Obrazek 2.1 — Detaily o programu
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g

4= Aplikace Mista

/B Grafika

| B3 Hry
M internet
<ancelar

Programovani B % Lazarus

Ul E: Centrum softwaru pro Ubuntu 0 Qt- =
| @ ot 4 Linguist

screeny

Ty <)

Jii Lupinek 2012

Ct, 7. cerven, 09:16 €L chio

SOP P [ @ Brsrcom

Obrazek 2.1 — Rehled nainstalovanych progran
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2.2 Lazarus

2.2.1 Zakladni informace

Toto vyvojové prosedi je dostopné nejen pro Linux, ale i pro windoRsuziva se
k vyvoji v jazycich Pascal, ale také Deplhi. Jeytadhodny jak pro programovaniigs
piikazovy fadek, tak pro objektovou praci. Vyvojové piesti se podoba Delphi. Debug
informace se ukladaji primo do exe souboru. Jelstabrozsahlymi moznostmi vizualizace.
Lze kompilovat pod Linux, Windows a Mac. Da se piopro kompilaci aplikaci pro mobilni
telefony. PouZiti tohoto programu v roce 2011 udawdalka.

Widget set Supported Operating Systems Status

Windows API, GDI Windows Mainstream use

Windows CE API, GDI Windows CE Mainstream use

GTK+ 1.2x .Linux (via X11) . Deprecated

GTK+ 2.8+ .'»"u’indows_ Linux (11 and framebuffer) and Mac OS X (via ?{11}. Mainstream use

Qt 4.5+ .\,"a’indo‘;-xs_ Linux (X11 and framebuffer), Mac OS X Mainstream use. Works in Windows, Linux, Mac 0S X, Maemo, etc
Cocoa .Mac 0s X In progress

Carbon Mac OS X Mainstre;a‘m use

foGUI Windows, Windows CE, Linux {via X11) Initial stage

Lazarus Custom Drawn Controls.Android. Windows, Linux (via X11), Mac OS X Initial stage

Obrazek 2.2.1 — Tabulka pouzivatelnosti v roce 2011

2.2.2 Pouzivani databazi

Lazarus také podporuje pouzivani databazi. Po tasonani dopiki se niize pouZivat spolu
s MySQL, PostgreSQL a dalSimi. Lze ho také pouZvatwebovy vyvo;.

Seznam pouzitelnych databazi s potrebnymi kompoperanglictiné:

+ PostgreSQl with thePSQL package

+ dBaseandFoxProcan be supported without the need for an exteseraier or library
through thel Dbf component

+  MySQL works

« InterBase Firebirdworks via standard SQL DB Package, and the Openc8dBX
for Lazarus (see external link below)

+ SQLiteneeds a single external library and the TSqlitaBettcomponent

+ MSSQLis working withZeoslibh FPC versions after 2.6.0 will allokreeTDSfor
MSSQL access.

+ InterBasé Firebird also works with the late&eosLib

+ SQLdbwhich is shipped by default provides connectiatainstPostgreSQ| Oracle
ODBC, MySQL, SQLiteandInterBase

« ZeosDBOoriginally written for Delphi, now works for Lazas as well, providing
connectors roughly as many as SQLdb

17
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2.2.3 Porovnéni s Delphi
Rozdily mezi Lazarusem a Delphi:

» VvetSi velikost soubdr oproti Delphi kwli ukladani debug informaci do exe souboru.
Lze zredukovat nastavenim kompilat@rygouZzitim program Strip ¢i UPX.

» Komponenty pro Delphi Ize pouzit po konvertaciliazarusu

* Chybi propojeni s MS Ofiice (Excelové tabulky)

* Prace se sovymi prostedky je diky mnoZstvi dodatkovych kigdii na dobré arovni

* Nepodporuje knihovny .NET, Ize ovSem pouzit kddchrobsazeny

e Od verze 2.2.0 podporuje COM

* Nepodoruje dynamické baky

* Neni plr¢ kompatibilni s VCL kli designu, jeiteba rén¢ doupravit

2.2.4 Aplikace
Anglicky popis aplikaci pouzitelnych pro prograrazarus:

« Audio X is a media management tool that can organize arid/sur media without
using a separate database, so the data set issadyaghronized. Many audio formats
are usable directly but you can also organize y#uor CD collection with it. It stores
data in XML files so they are also viewable with a web browddade with
Lazarus/FPC.

e Cactus Jukebois an audio player that comes with a databaseganize yourMP3

file collection. It is platform independent and i@ntly available for Linux and 32-bit
Windows. Made with Lazarus/FPC.

» Cartes du Cieis a freeplanetariumprogram for Linux, Mac OS X and Windows. The
software maps out and labels most of the constatist planets, and objects you can
see with a telescope. It's fully written in LazdRBC and released under GPL.

» Becapeis an open sourceackup tool aimed at personal/desktop usage. It does
incremental backups and stores the backup infmi®@Lite database allowing the
restoration of the exact state of the backed fiiea chosen date. It's fully written in
Lazarus/Freepascal.

« CORLOGIs an advancettam radiologger based on Birebird database. Provides

radio control based on hamlib libraries (currerstiypport of over 140 radio types and

models), DX cluster connection, QRZ callbook (wedysion), a grayliner, ON6DP

18
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QSL manager database support and a most accuratgrycaoesolution algorithm
based on country tables developed by OK1RR. CQRIis#&ongly focused on easy
operation and maintenance. Made with Lazarus/FPC.
« Cheat Engines an open source memory scanner/hex editor/deouggs useful for
cheating in computer games. Since version 6.0cibmpiled with Lazarus/FPC.
e Dedaluis a collection of small and simple projects depedd in Lazarus/FPC by
Giuseppe Ridino (aka Pepecito). They are gamewmrsdutilities, etc.
» DarGUIlis a graphical interface for Denis CorbiBar backup utility, developed using
Lazarus/FPC.

« HJSplit for Linuxis a freeware file splitter. HISplit supports fizes of over 100

Gigabytes, Split, Join/Recombine, MD5 checksumg;dompare and "run without
install”. Runs on Linux. Created using Free PaandlLazarus.

« KCommis a ham radio logging program developed spedtlfidar Elecraft K2 and
K3 transceivers. It works under Windows or Linuxisldesigned for the average ham
radio operator who wants an easy to use loggingrpro also suitable for casual
contest use. It supports CW Transmit from the keytpoCW decoding, PSK31/63
transmit and receive. DX Cluster client and intdigrawith CW Skimmer. Made with
Lazarus/FPC.

» LockHuntera free utility used to force deletion of any fileven those that are locked
by some processes. Made with Lazarus/FPC, currsaopports Windows 32 / 64 bit
only.

* Master Mathsspecializes in computer based training and mdths.third incarnation
of their flagship product is developed using LazaRirebird database antiOPF v2
The product has two parts. An Administration apgdiien and a Learner Browser
(used to view and mark the teaching modules). Tharher Browser use&dobe
Flash extensively and is a CGIl web application. The cleteproduct runs under
Linux and Windows. Made with Lazarus/FPC and usesfpGUI Toolkit as its

widgetset.

« MRIcron is a medical image visualization and analysis pgek The software
provides tools for drawing volumes of interest armdume rendering. In addition, it
includes non-parametric statistical mappimgprf) and conversion of images from
DICOM format to NIfTI format cm2ni). Made with Lazarus/FPC, it is currently

19
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available for Windows (using WinAPI), Linux (GTKGTK2 or QT) and Mac OS X
(Carbon or GTK1).

* MRIcroGL usesGLSceneto provide hardware accelerated volume rendelingan

display grayscale images (e.g. CT, MRI) or fullarolmages (e.g. photographs from
the visible human dataset).

* Music Player by Freebyte.cois a freeware no-frills music player designedLmux.

It supports MP3, Wav, OGG and AIFF files. Creatsthg Lazarus, Free Pascal and
the Bass audio library.

* MyNotex s a free software for Gnu/Linux useful to takel &am manage textual notes.

« OutKafe is a next-generation free and open sowrgbercafe management suite.
OutKafe is licensed under the GNU GPL version 3 @& thus considereftee
software OutKafe is developed by A.J. Venter with sponsgrsrom OutKast I.T.
Solutions C.C. and the kind contributions of seivedunteers. OutKafe is running
hundreds of cybercafe’s at business, schools ahdr astablishments around the
world. Made with Lazarus/FPC.

* Peazipis an open source archiver, made with Lazarus/FPC

* QFrontis a platform independent frontend for the CPU latou QEMU. Made with
Lazarus/FPC.

e SimThyr is a continuous numerical simulation program foyrotropic feedback

control used for research and education (open sources ptaform for Mac OS X,
Windows and Linux).

*  Smith4VNA s a program for driving "miniVNA" Vector Analyzefia USB port. The
results of measurements are both table and SmitdrtClMade with Lazarus/FPC,

Linux + Windows32 platforms.

* SPINA is amedical cybernetisoftware package that allows for calculating cantst

structure parameteref endocrinefeedback control systems from hormone levels
obtainedin vivo. This free software comes with source code in tissA#aPC and
PocketStudio

» TreePad Lite for Linuxis a freeware tree-based personal information geméor

Linux. It has been designed to manage, store, edjgnize and browse any type of
textual data, such as: notes, emails, articleksJiphone numbers, addresses, scraps
pasted from the Web, etc. Created using Lazarus-sewlPascal.

20



Freeware simulani a vizualiz&ni nastroje Jii Lupinek 2012
pro GNU/Linux
e TruckBites business management software for independentitrgctompanies and
owner/operators in the USA. Written with LazarusZFinder contract by Tony Maro
for both Linux and Windows for "Partners in Truogir,LC".
» Virtual Magnifying Glassis a free, open source, screen magnification fool
Windows, Mac OS X and Linux.

* Double Commandes a cross-platform open source file manager it panels side

by side.
* Wireless Orders for Mini Bar Cal@in32 TCP/IP Application Server, Win32 TCP/IP
Client, WinCE TCP/IP Client.

2.3 QT4

2.3.1. Popis

Prezdivany taky jako cute ( mily) je multiplatformoftsamework pro aplikace. Pouiva
se hlavis k vyvoji softwaru aplikaci s grafickym uzivatelskyrozhranim (GUI). Lze ho také
vyuZzit pro konzolové aplikac& nastroje pro fikazovytadek pro servery. Pouziva se pro
Adobe Photoshop, VLC Media Player, Virtual BéixMathematica. PouZzivaji do firmy jako
ESA, Dreamworks, Panasonic, Philips, Google, Hpongiemens. Webovy prohliZépera
dho pouziva jako toolkit pro vzhled v Linuxovyctagibrméach.

2.3.2 VYVOj

QT je vyvyjen jakoopen sourcePivodre ve firmeé Troltech, pak Nokia a pozj byla
licence prodana spdleosti Digia. | v dnesni dabse vyvojdi od Nokie aktivié podili na
VYVOji.

V kdédovani se pouziva standartniho jazyka C++,ykferobohacen o specialni generéator
kodu. Lze ho pouzit proétSinu mobilnich¢i desktopovych platform. Umi pracovat s SQL
databazemi, zpracovanim XML, podporou siti, spudpmcesé a multiplatformovy vystup

pro zvladanitiznych tym soubot.
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2.3.3 Podpora programi

Podporuje kompilaci jazyka C+¢t kéd pro Visual Studio. # praci s C++ nebo Javou
je k dispozici gkolik bali¢ka, které v sob obsahuji mnozstvi pomocnych vychytavek,

grafickych textur, Uprav stifla dalSidch, p@bnych k vyvoji modernicho vzhledu prognam

3. Regulace proudu v kotve DC motoru

3.1 Matlab

Zdrojovy kéd pro Matlab byl zadan jako sast Ukolu. Nasim cilem jefguklat ho
pomoci vybranych prograinpod operéni systém Linux. Jedna se o program eegulace

proudu v kotve DC motoru napajeneho ze 4-kvadraatto\pulsniho menice (H-mustku).

3.2 Lazarus

Jednd se o konzolovou aplikaci, kterd je procawiniky jednoduSsi
Kostra a schéma programu je prakticky totozné dad¥latn. Pouzijeme pouzeikazy pro
Pascal. Vmém ffpact doSlo k problému s vykreslenim finalnich grafz hodnot
dvourozngrného pole. | fes veSkerou mou snahu se mi nepibalaykreslit vysledek. Je to

zpiasobeno malymi znalostmi prace s grafikou a znalastipilatniho programu.
3.3QT4

Jde o grafickou aplikaci naprogramovanou v jazy¢e € vyuzitim knihovny Qt 4. Qt
4 vyzaduje od programatora objektoviigiup a neni tedy pro &aeniky tak jednoduché,
jako napiklad Lazarus (Pascal).

Vlastni kéd vypétu a uchovani hodnot je velmi podobny kédu v Mailabe pouze
nutné dbat na spravné datove typy, které jsou doxzy.

Problém vSak nastav&ipykreslovani graf do aplikace, protozZe je nutny objektovy

piistup. Bylo by pravépodobri nutné, napsat vlastni komponentu implementovanou
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objektow, ktera se poté bude starat o vlastni vykresleafiigiTento postup rozhodmeni

vhodny pro z&ateinika a také se mi bohuZel neptitadosahnout poZzadovaného grafického

vystupu.
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Zaver

Poddilo se mi UspSre nainstalovat pozadované programy k otestovarii. j8jich
porovnavani jsem zjistil, Zze snazsi prace budé&gmpilovani v programu Lazarus vzhledem
k jednodusSimu fiistupu k aplikaci. BohuZel u obou prognaggem nedosy ke grafickému
vystupu, cozn je Zjsobeno nutnostiffdavnych aplikaci a mé pouze zakladni znalosti

V programovani.
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PFilohy
Piiloha 1 — Rivodni program v Matlabu

%regulace proudu v kotve DC motoru napajeneho lreadirantoveho pulsniho
%menice (H-mustku)

clear,
dt=5e-6;%][s] %krok simulace

%parametry regulatoru
kr=2;
Taur=0.003;

fp=5000;%frekvence nosne pily, Hz
urmax=1;%rozsah ridiciho napeti mustku
U=50;%napajeci napeti mustku [V]
R=1;%odpor vinuti [Ohm]
L=0.05;%indukcnost vinuti [H]

dupila=4*fp;%derivace signalu nosne pily

%pocatecni podminky
t=0;i=0;sum=0;ur=0;iw=0;compareReg=0;
u=0;Ui=0;up=-1,

%vlastni vypocetni smycka
while t<0.02
%definovani pozadovaneho prubehu proudu
if t>0.002 iw=1; end;
%definovani prubehu poruchy
if t>0.01 Ui=30; end;

%pila tvorici PWM (symetricka)
up=up+dupila*dt;
if up>urmax dupila=dupila*(-1);end;
if up<-urmax
dupila=dupila*(-1);
compareReg=ur;%do compare registru PWMrisadd vystup regulatoru z minule
periody PWM - doba vypoctu algoritmu Pi regulatoma celou 1/fp (nejhorsi pripad)
e=iw-i; %regulacni odchylka
%Pl (P) regulator
if abs(ur)<urmax sum=sum+1/Taur*e/fp; enahdgrace reg. odchylky, pokud neni
vystup omezen
ur=kr*(e+sum);
%omezovac regulatoru
if ur>urmax ur=urmax; end;
if ur<-urmax ur=-urmax; end;
end,;
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% PWM
if compareReg>up u=U; else u=-U; end;

% vypocet diference proudu (z rovnice u=R*i+L/td)
di_dt=1/L*(u-R*i-Ui);

% numericka integrace Eulerovou metodou
i=i+di_dt*dt;

% zapis vysledku do pole
if t==0 vys=[t,iw,ur,u,Ui,i]";
else vys=[vys [t,iw,ur,u,Ui,i]]; end;
% posun casu na dalsi vypocetni krok
t=t+dt;
end;

subplot(3,1,1);
plot(vys(1,:),vys(2,:));hold on;
plot(vys(1,:),vys(6,:),r);hold off;
legend('iw[A]','i[A]);
subplot(3,1,2);
plot(vys(1,:),vys(3,:));
legend(‘ur[V]);

subplot(3,1,3);
plot(vys(1,:),vys(4,:));hold on;
plot(vys(1,:),vys(5,:),r");hold off;
legend('u[V]','Ui[v]);
set(gca,"YLim',[-U*1.1,U*1.1]);
xlabel('time [s]);
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Piiloha 2 — Program predélany pro Pascal v programu Lazarus

program motor;
{$mode objfpcH{$H+}

uses
{$IFDEF UNIX}{$IFDEF UseCThreads}
cthreads,
{$ENDIF{$ENDIF}
Classes, SysUtils, CustApp, CRT, Graph
{ you can add units after this };

var kr,pole,j,n:integer,;
ovladacg,modg:smallint;
Taur,fp,urmax,U,R,L,dupila:extended;
di_dt,dt,t,e:extended;
I,sum,ur,iw,compareReg,um,Ui,up:extended;
vys: array [1..100,1..6]of smallint;

type
{ grafy }

grafy = class(TCustomApplication)
protected
procedure DoRun; override;
public
constructor Create(TheOwner: TComponent); odeyr
destructor Destroy; override;
procedure WriteHelp; virtual,
end;

{ grafy }

procedure grafy.DoRun;
var
ErrorMsg: String;
begin
/I quick check parameters
ErrorMsg:=CheckOptions('h','help’);
if ErrorMsg<>" then begin
ShowException(Exception.Create(ErrorMsg));
Terminate;
Exit;
end,

/I parse parameters
if HasOption('h','help’) then begin

28



Freeware simulmi a vizualiz&ni nastroje Jii Lupinek 2012
pro GNU/Linux

WriteHelp;
Terminate;
Exit;

end;

{ add your program here }

begin

/I parametry regulatoru

kr:=2;

Taur:= 0.002;

dt := 5e-6; // krok simulace

fp:= 5000.0; // frekvence nosne pily, Hz
urmax:= 1.0; // rozsah ridiciho napeti mustku
U := 50.0; // napajeci napeti mustku [V]

R :=1.0; // odpor vinuti [Ohm]

L := 0.05; // indukcnost vinuti [H]

dupila:= 4 * fp; // derivace signalu nosne pily

/I pocatecni podminky
t:=0.0;i:=0.0; sum :=0.0; ur :=0.0;
iw := 0.0; compareReg := 0.0;

um :=0.0; Ui :=0.0; up :=-1.0;

pole :=1;

end,

Il vlastni vypocetni smycka

while (t <0.02) do begin

/I definovani pozadovaneho prubehu proudu
if (t >0.002) then iw :=1.0;

/Il definovani prubehu poruchy
if (t>0.01) then Ui := 30;

/I pila tvorici PWM (symetricka)
up :=up + dupila * dt;
if (up > urmax) then dupila := -1 * dupila;

if (up <-urmax) then

begin

dupila := -1 * dupila;

compareReq := ur; // do compare regiBWM se priradi vystup regulatoru z minule
periody PWM - doba vypoctu algoritmu Pi regulatowa celou 1/fp (nejhorsi pripad)

e :=iw - i; // regulacni smycka

end,

/I P1 (P) regulator

if (Abs(ur) < urmax) then sum :=sum +Taur * e / fp; // integrace reg. odchylky,
pokud neni vystup omezen
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ur :=kr* (e + sum);

/I omezovac regulatoru
if (ur > urmax) then ur := urmax;

if (ur < -urmax) then ur:=-urmax;

Il PWM
if (compareReg > up) thenu :=U
else um :=-U;

Il vypocet diference proudu (z rovnice ueR*di/dt)
didt:=1/L*(@u-R*i-Ui);

/I numericka integrace Eulerovou metodou
i=i+di_dt*dt

Il zapis vysledku do pole

vys[pole,1] := round(t);
vys[pole,2] := round(iw);
vys[pole,3] := round(ur);
vys[pole,4] := round(u);
vys[pole,5] := round(Ui);
vys[pole,6] := round(i);

// posun casu na dalsi vypocetni krok
t:=t+dt
Inc (pole);

end;

Clrscr;

Initgraph(ovladacg,modg," );

Writeln('zavislost proudu nsse );

for j:= 1 to n do begin
setcolor(3);
putPixel(100+vysJj,1]sfj1],10);
setcolor(2);
putPixel(100+vysJj,1]sf}2],10);
setcolor(1);
putPixel(100+vysJj,1]sf};6],10);

end,
Closegraph;

putPixel(pole,3,10);

putPixel(pole,4,10);
putPixel(pole,5,10);
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putPixel(pole,6,10);

subplot(3,1,1);
plot(vys(1,:),vys(2,:));hold on;
plot(vys(1,:),vys(6,:),'r");hold off;
legend('iw[A]''i[A]);
subplot(3,1,2);
plot(vys(1,:),vys(3,)));
legend('ur[V]);
subplot(3,1,3);
plot(vys(1,:),vys(4,:));hold on;
plot(vys(1,:),vys(5,:),'r");hold off;
legend('u[V]','Ui[v]);
set(gca,"YLim',[-U*1.1,U*1.1));
xlabel('time [s]');*/

end,;
// stop program loop
{ Terminate; }

constructor grafy.Create(TheOwner: TComponent);

begin
inherited Create(TheOwner);
StopOnException:=True;
end,;

destructor grafy.Destroy;
begin

inherited Destroy;
end,;

procedure grafy.WriteHelp;
begin
{ add your help code here }
writeln('Usage: '\ExeName,' -h");
end;

var Application: grafy;

begin
Application:=grafy.Create(nil);
Application.Title:='grafy";
Application.Run;
Application.Free;

end.
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Priloha 3 — Hlavni struktura v programu C++

#include "MainWindow.h"
#include <QDebug>

MainWindow::MainWindow(QWidget *parent) :
QMainWindow(parent)

{
ui.setupUi(this);

float dt = 5e-6; // krok simulace

/I parametry regulatoru
int kr = 2;
float Taur = 0.002f;

float fp = 5000.0f; // frekvence nosne pily, Hz
float urmax = 1.0f; // rozsah ridiciho napetistku
float U = 50.0f; // napajeci napeti mustku [V]
float R = 1.0f; // odpor vinuti [Ohm]

float L = 0.05f; // indukcnost vinuti [H]

float dupila = 4 * fp; // derivace signalu nespily

/I pocatecni podminky
float t = 0.0f, i = 0.0f, sum = 0.0f, ur = 0,0/ = 0.0f, compareReg = 0.0f;
float u = 0.0f, Ui = 0.0f, up = -1.0f;

Il vlastni vypocetni smycka
while (t < 0.02f)
{
/I definovani pozadovaneho prubehu proudu
if (t > 0.002f)
iw = 1.0f;

/I definovani prubehu poruchy
if (t > 0.01f)
Ui = 30.0f;

/I pila tvorici PWM (symetricka)
up = up + dupila * dt;
if (up > urmax)

dupila = -1 * dupila;

if (up < -urmax)

{
dupila = -1 * dupila;
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compareReg = ur; // do compare regiB¥M se priradi vystup regulatoru z minule
periody PWM - doba vypoctu algoritmu Pi regulatama celou 1/fp (nejhorsi pripad)
float e = iw - i; // regulacni smycka

/I PI (P) regulator
if (qAbs(ur) < urmax)
sum =sum + 1/ Taur * e / fp;nfagrace reg. odchylky, pokud neni vystup omezen

ur = kr * (e + sum);

/[ omezovac regulatoru
if (ur > urmax)
ur = urmax;

if (ur < -urmax)
ur=-urmax;

}

Il PWM

if (compareReg > up)
u=u;

else
u=-u,

Il vypocet diference proudu (z rovnice u=R*di/dt)
floatdi dt=1/L*(u-R*i-Ui);

/I numericka integrace Eulerovou metodou
i=1i+di_dt*dt

Il zapis vysledku do pole
Vysledek vys;

vys.vys[0] = t;

vys.vys[1] = iw;
Vys.vys[2] = ur;
vys.vys[3] = u;
vys.vys[4] = Ui,
vys.vys[5] = i;

pole_vysledku.append(vys);
gDebug() <<t <<iw << ur << u << Ui<<j
// posun casu na dalsi vypocetni krok

t=t+dt;
}

[*subplot(3,1,1);
plot(vys(1,:),vys(2,:));hold on;
plot(vys(1,:),vys(6,:),'r");hold off;
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legend(iw[A]','i[A]);
subplot(3,1,2);
plot(vys(1,:),vys(3,)));
legend('ur[V]);

subplot(3,1,3);
plot(vys(1,:),vys(4,:));hold on;
plot(vys(1,:),vys(5,:),'r");hold off;
legend('u[V]','Ui[Vv]);
set(gca,"YLim',[-U*1.1,U*1.1));
xlabel('time [s]);*/
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